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Advances on Gene Isolation and Molecular Mechanism
of Rice Leaf Color Genes

YANG Yan-rong, HUANG Qian-qgian, ZHAO Ya-nan, TANG Jia-yu, LIU Xi
( School of Life Science, Huaiyin Normal University , Jiangsu Huaian 223300 )

Abstract: Leaf color mutants in rice are important materials for studying the regulatory mechanism of photosynthesis,
chlorophyll synthesis and degradation, and plant growth and development, and they are also with high practical value in producing
hybrid seeds and improving biomass. To date, over 120 genes modifying the leaf color have been cloned on 12 chromosomes,
including chromosome 3 where the most number of genes were reported. Rice leaf color regulation mechanisms were identified,
including pigment biosynthesis and degradation, plastid transcription complex, post transcriptional modification, nuclear and
cytoplasmic signal transduction, chloroplast protease, transcription factor and epigenetics. In this paper, the genetic mechanism
and molecular isolation of leaf color genes, the regulation mechanism and the practical use in rice breeding were summarized and
prospected. This might provide a basis for high photosynthetic breeding and the exploitation of leaf color germplasm resources
suitable for hybrid seed production in rice.
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Table 1 Cloned genes controlling leaf color in rice

1S 35 e AT BESE KR (5 56 PR 23 A PR,
(2 1)e KAEM A RAL R Z 5 2 35 i K A
SR IAR T A K. SERER KR (SR IE [
FISRS0S P B A 514 AL BRI 28 4,
IRERIEINAT 16 4>, AALBOELIEEINA 12 4>, TRk (Ff
Zx ) FEIAT 8 A BEE LA 7 AN (R 1),

B PAJEREN A SN TRE E= PN
Gene Chromosome Mutant phenotype Gene function Reference
WFSLI 1 4L Z 5 GARE YA R [3]
NYCI 1 K&k 4R b i il [4]
GLK?2 1 ek Bk Al [5]
OsPAPSTI 1 g 3 BRRRIRTT 5'- BEEER R i 1, 2 5 DU As S5k [6]
YGL8 1 B BEIFNNIR X SRR PR AL B fhe b T [7]
WP3 1 EE A URIISE R [8]
OsCAF1 1 EEi# e 4k RNA 351 [A [9]
WSL 1 SF=3e PPR 1, 2 54k LA RNA 351 [10]
PDFIB 1 SRS JHR I8 P g B i [11]
ALS3 1 FIfbEst PPR M [12]
ASLI 1 LS RSN P N S [13]
WLPI 1 P TR R AR L13 R [13]
ALR 1 SFiS3's dCMP i 2 il [14]
TCM1 1 EEi4 pTACI2 [15]
IspE 1 Bk S IR R [16]
GRA78 1 [EF 32 T A URR 5 B il [17]
OsHAP3A 1 REk HAP &A1) —~ HAP3 7.4 [18]
WLP2 1 PR JRIRZRAL I RNA B ERHICE A [19]
YGL8 1 HEn PRWEEAZ AT TR B [20]
OsGIuRS 2 e Ak AL (RNA & 1 [21]
LIL3 2 ik SRR [22]
YLI 2 LR Pz R SN [23]
Zebra524 2 BE L T B - FML [24-25 ]
ALS2 2 FILETE hEk{R 50S MR L21 [21]
LAS 2 FfLEsE IR (RNA [ R [26]
GRY79 2 ARG &8 - B - NBERERE - IR A A [27]
WSL4 2 EREL PPR # [, 2+ 51444 RNA 551]] [10]
0sDG2 2 pigliss B EmREN [28]
IspF 2 ek S ZIEAA R [29]
LYLI 2 Eiid ek L AR LA S5 R [22]
cpSRP43 3 gt RS YN R PHIPUTE A [30]
Z3 3 Bty PR L iE A [31]
OsPDS 3 M1k ABA Ak [24]
OsCIpP5 3 R4k ISR HE IR 5L [32]
PHYB 3 R4k ez [33]
V2 3 T2k L [34]
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F1(4)

FEPH POERES GRAFFI SR E =P
Gene Chromosome Mutant phenotype Gene function Reference
OsCHLH 3 Hk BER TG NG H O [35]
CS3 3 Hifk Yef54 Z5H i 1 [36]
OsDVR 3 LR 1 205348 ) iy [37]
OsYLC2 3 e AR L2 2N A it [38]
VYLI 3 SRS 2R A it [32]
ALI 3 11k IR A [39]
OsCHLI 3 iy PR EG I 1A [40]
Y54 3 4 Fk PPR #HH [41]
HSAI 3 (S ISE A JERPEIE R A [42]
NOL 3 K&k M4 b i S [4]
Vi 3 iR S R o SRR [33]
OsFdC2 3 LR BRAL R I [43]
WGL2 3 Hik SR Y N e [44]
OsPILI 3 R4k 55e @R B AERZE bHLH N7 [45]
TSV3 3 ek GTP 45 [46]
OsCHLD 3 #ik BERSFEEG S D A [40]
OspTAC2 3 L PPR #E [47]
WSPI 4 EF SR ET: LR IARKE RNA i N1 [48]
MPR25 4 e PPR 11,25 nadS §%544< RNA il [49]
OsPORA 4 Hifk L 3R R T A A 5 A [50]
AM1 4 Fifk ik T AMIE LS EE [51]
WSLS 4 AR PPR # [, 2 514K RNA 551 [52]
YSSI 4 4L DUF3727 # %% [53]
GIC 4 oS PARCS [H] [54]
z15 5 BEh I KR [55]
Hsp70CPI 5 [SRIEIavE PR TR [56]
OsDjA7 5 1k A [56]
OsDjA8 5 EEi4 SR [56]
YGLI 5 Lk AR 2 R [50]
TCD5 5 ek BNk [57]
TCMS5 5 =P Deg # [ [58]
WSLS 5 [SF 3 AR TR T [59]
BGL 5 FLegknt B RS R R 28 4 I+ OsRopGEF 10 [60]
OsHAP3B 5 REk HAP & A1) —~ HAP3 WA [18]
WSL6 5 48 GTP #5341 [61]
OsHAP3C 5 R4k HAP & &K1 —~ HAP3 A [18]
OsPPR6 5 FIfkEE PPR # [, 2 5140k RNA i 5574 [62]
RAI 6 L H A E (RNA 4 A [63]
ZN 6 BE b RERL G HA [64]
V3 6 LSk TR A S T [33]
Stl 6 plTRaie a8 L A SN YN S [33]
GLKI 6 ek B A1 [5]
NYC3 6 ERE S o/ B YT KGR [4]
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F1(4)

FEPH POERES GRAFFI SR E =P
Gene Chromosome Mutant phenotype Gene function Reference
OsBTI-3 6 EF =4 PR BRI A AT TR 45 [65]
YGL2 6 et JITEAREg)IE=01: [66]
OsAld-Y 6 LR b -1, 6- BRI 4G [67]
SPP 6 SRt FE TN TR [44]
OsBEI 6 EEi%e7 WK 13 FGE N [68]
WPI 7 S G R IPE S AR (RNAS BT [69]
OsSLA4 7 EEi4 PPR # 1,25 RNA 574 [70]
0sZDS 7 FIEETE C- A DRI A [24]
OsCHR4 7 Ffk Ju o ST e DNA 45458 11 [71]
CHR729 7 RakeE Yo ST IERG DNA 255 [71]
OsV4 7 IGIR L PPR [70]
ObgC 7 H1k SpOB HHICHY —HARR 1145 & A [46]
VALI 8 Pt sk RS H TR EE W & U [72]
Zl16 8 B Lhnf B - FRNRME -ACP LK [73]
DYEI 8 Figgk FEARARIT A 1 W [74]
EF8 8 ek HAP & &) —~ HAP3 T3k [75]
AL2 9 Mk AR TIA BN & F B2k ] [76]
OsV54 9 o OsVs, 5 OsPORA F OsPORB T A T 5: 245 [50]
OsPPRI 9 FfbEsE PPR M [77]
DUAI 9 i1 PPR #[1, 2 504K JLH RNA i [48]
SGR 9 e EL Ly [4]
TCDY 9 TR 4 Sy F AR [78]
CYoI1 9 Fifk Tt A B [79]
TCDI0 10 TR 4k =ARIKEE X EN [78]
WSL3 10 EF 32 Jifk RNA A B [80]
OsPORB 10 REk JEUER R TR A AL G B [50]
OsHemA 10 R4k A2 -RNA iR 5 [81]
0sCA02 10 R 2E MR E a g [82]
0sCAOI 10 REk Lk a 4G [82]
Rey(k2) 10 piglaigss AR SR M B ALK LA Tty [42]
ETLI 11 1k PPR #EH [48]
YGLI38( 1) 11 EEdy {55 UM F 54 kD # 1 [30]
0sSIG24 11 iR A RNA K& o H+ [83]
OsABCIS 11 FIfbit sk ATP 454 GiHs M [84]
ZEBRA?2 11 B Ey - FE R ELIEIN 00 ] [24]
CFM3 11 L IR R U] 5 [9]
BGLII(1) 11 SELRIT T AU AR R R [60]
ETL2 12 #ik PPR [ [48]
OsPGLI 12 ek PPR #[1, 2 504K JLH RNA Zif [85]
CSP41b 12 S RS0 S 787w B [86]
TCMI2 12 ST ISE UBERH T R A AR WA R - Teh R 5 {5 il [87]
WSLI2 12 [SF4' T IR G [88]
TCDII 12 TR L4 RSN N S [77]
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21 S5BZLEVMERSKBEERER

MYPLE R EFLERMSR SIS MR, it
R A NS A BE -t(RNA JF IR B 5 4% 2 a A
b 255, 1 27 N SEH AT 1S FRESE AL, H AT, K
IO 5ok 14 N HiEES S8R G R, X
SEL N R AB R xR A 5 H . OsCAOT Zifith it
SR a AT, LA R B Rk fg Fe
OsCHLH . OsCHLD F1 OsCHLI 3 5\ % it Mg- Ji i
Wk IX B RY 3 3, AR R AR I R R i A
AL YGLI GRS A, AL S K R
Wi a B AL N4 ER a, AR R B R il a0, 2%
R N R 5 R A, v AR
B GHE, R R . KIS 5K NRAEY
G ER R 44> FEILN C 4 % 2, B OsPDS
(NAFEMLLRMEN ), OsZDS (- A% N EMA
). OsCRTISO (K18 N 54406 ) & f-OsLCY
(T/ALLE B - BALEG )00 X 4 DR SEHRS
FEAEMRARNEIA S N RS EEEL, TRk
ARSI AN B 5 LT R A R R AR 1
FRHRA WG A A58 . MaR2—KE
BRI DURLLIE 3R | J20/T 22 2 BT AT, T DU Rtk s A )
B HGEREA 2 03, SR JRINHRIX 5 Fe®" #ATE
JRMLET 35 0 Mg™ G ™ A B bk IX e i —
AR, MLLR S ESE ot Rm G
B, ST S B R AE 7 . OsYLC2 5 YGL2 4t
MLTRINAR, Z 5 ML RNEY G, RARTIA
N EARH
22 MRELXEHEIEER

R A —Fh B AL Y B A E A0 A
SRR ) & B H 53 =B B — S AR &2 il
FUFIAR DNA G — ek Randsr; —
MO EE- RS R ET
221 FREERESVMSESMRENET ikl
A% Gt R 110 5 R 2 5 2 AR T A% B T 4 i 7 RNA
R4 ( NEP, nuclear-encoded RNA polymerase ) Fll
JAARFE D St () RNA 47 ( PEP, plastid-encoded
RNA polymerase ), PEP J&— ™ i i {4 5 4% 5k R 3t
[t i 8 F B E &9, HEr, KEC &%
FE T S AL i Y PEP & AWy, WSL3
Gt — i RNA R5 B AERZ 0 IE 2k OsPAPL/
OspTAC3, HA AR I N FALBUE ™, OspTAC2
g ith— A~ 4 10 /> PPR ( Pentatricopeptide repeat )

45 K0 S B W Sk A EE 1, OspTAC2 58 748 H kR B
o 1AL BOBE, PEP 35 1k 2 8 Z 4. OsTRXz 4
i —A~ Z B AL R, R R R By A1k
AL, OsTRXz 5 M > Rt i i FLN1 Al HSA1/
FLN2 .1, 2 5 PEP & & W 10 & W' #. TCMI
i ity — I S TE MR 4 1K ( TAC, transcriptionally
active chromosome ) I M- Z¢ {& & 11, 2 5 4 ¥ 1)K
sk L Ew ", PEP E AL A 26, %
E ORI AL 2 80, % T PEP & & W78 K F 55
AR T B AL SR R B A K AL A T
5% .

222 HREEIGABEMEERE FIAEHE
i LA 22 [ 2 sk A5 2H B, WG S AR i L3 1ok
£ B 5 )5 & 1 (RNA 59 J) . RNA i 5 . RNA 24
fift \RNA F2E ) JE USRI e SR A . Y 5 5 i
PRI PR e s e B i Y A 1 25 PPR #5111 . MORF
( MORF, multiple organellar RNA editing factor ) £
H DA R — S A P S I 5, FE KA E &4
JE 1 16 1 PPR #1411 MORF 45 1 DA )2 3 5
VI F 2 5 i A5 [ RNA i 8 5 RNA 55 9] (%
1), WSL % % — > PLS ( Pentatricopeptide repeat
long short ) M. ZZ % ) PPR £ H , H: 28 4% 5 20 #K
MR RS0 B R B WSL 2 5 Ak pl2
N & 7 3 DUAL 4% 7 — 4 PLS-DYW
( Pentatricopeptide repeat long short-Asp/Tyr/Trp ) V.
KGR PPR 25, 2 51K T rpoB 55 rps8 1) RNA
Y 5. 6] BF, DUAL 5 RNA % % K -+ MORF &%
1 WSP1 B4, 4 SRR T WSP1 & e s
WSPI 5875 8 b th 30 S 80t 5 BB A R AL, [
1K AR L K] ndhD . ndhG . rps14 5 rpoB 1Y) RNA %
BRGNS, AL2 S — ISR P T B AR
R 7, Ho A2 B vk LAk, 20 24 B iR B P A
TP, OsCAFI 4 — 4~ % 4 CRM 5 4y
WA EH, 25 6 DMBUAREERH CatpF | ndhA |
ndhB . rpl2 . rps12 . ycf3) W) N & F 55 Y], OsCAFI
FASRF BN FALEBE, PEP G 1E % R, K
FE JE R 4145 477 4~ PPR % 11 5 7 1~ MORF 2 11,
IXEEBL A D) RE R —— B, A R AR .
223 BRESESESS5RERE LM
ZIBVAFTEAR A5 3 , A A% REAE B B iRl b &
T DR A A T A AL P 52 o A 147 4 P A 5 A
ik, KRG OsGUN4 7] DL 5868 T3 Al H I
BERRZE G, A TN N bk S SN ) £E )5 1, M
PP LR R A E . PRI, B - TR IX Bl 2



4 14 71U N R GRS W e s I i 799

R RS A% S5 FIE S0 Tl Rey(k2)
i — IR S B Ut A A, S 5%
ESRIE S, o SEOK R A B 2 FR,
YO 2 ST EARR T R B A D
AWOISERIFFE .
224 MEGEEEHBETHRERE HKE
P ) 3 fifp 2 AR T B A B R AR TG, i
1A Z 50 86 1 1Y R 75 22 SPP ( Stromal processing
peptidase ) 5 TPR ( Thylakoid processing peptidase )
HHWZS 5, Mg b A8 0 R A% S 2O
T FtsH ( Filamentous temperature sensitive ) I Clp
( Caseinolytic protease ), 7K & SPP %8 78 {& & 3L hy
LI AL, AR B9 A K2 R, Clp 2
ATP A Y - A I ot 22 IR 28 1 g, FEZE A ST
SRR ZE AWM. KRBT T T A
Clp LK OsCIp5 Fl VYL1,, OsClp5 F&75RFEH Ayt
RORE, SR B AE ;s VYLT 465 Clpe, Hi%E
R RIUA A AT I Al AR R DL ROFF
RiAE /N AR SR T — AR 22 R R R
F i OsClp8, H: T-DNA i A 58 A8 (4 B0 A 1 3 A
AT N = D8
225 EFRBEFERAEEFEMHEELE &%
KL DX 25 1 B0 O (8 R SO EL A TN L GLK2 3 H
( Golden2-like proteins ) A & CAAAT-box 45 & &
41K HAP 75 ¥ AH Y M Sk & & ol % 8 2AE
Fo $LHEIF PIF1 R PIF3 () 5 78 (R 3 B0 0 (1 1k,
Mok A BIR%, EIESLAEHH T, tlaR
PHYB %75 R F B IR Gk ity R A, — B 5T
F W PHYB V8 ¥ CHLH 5 GUN4 (1) 32 35, 3 il i
BREA T KRG (0 F H A R 2E bHLH
F OsPILI H % i 4% OsPORB 5 OsCAOI ) &
Ik, TR il 4 R AR W 1, 98708 3 BURE i
bt A e 2 LA B BT AR 0 AR B O
GLK2 FE [ 58 AR Fe 0 R o IR &%, T AE 7K e v
it %35 GLK2 1y [ J5 5 [ OsGLKI 5 OsGLK2 %
FOA 7 LR S 1) 5, PR SR R T
OsHAP3A4 . OsHAP3B fll OsHAP3C %% fi% CAAAT-
box 44 & AUk HAP3 W7 3, 45 K R - 1A 2
G R g R B R e A R R E . e )
T F ik OsHAP3A/B/C W) IR AR T R 52 7%
é%@L 18JO

Yoo i T W8 [N T OsCHR4 5 7K A5 1z Bl - 1A
2 L - A LD S04, LT e A 2 BELAS 30 A - 1R
RN SRIAR R T AR R i R Ak

IR BRI D AR R F T ok R e
&, JF 55 W K F OsCHR729 228 (K Y 5 oschr4
AR FIL, i AL R A EEm T
X BegE B W R AL B M T REAE K R SR L B
R R

226 HtWMRELEHEXER MEEAR
11 3000 4, X EE R [ (19 28 AR AR A TT BT EORE R T
5o A RKRE R R BT — e SRR A
BRI R A FHOT AR T (£ 1), OsDG2 4ty
—ANE B AR W SRR 1, DR R oy S,
GEAE SRR BALT 2 g — A i Sk
FNZERLARRCE 7 1) & H BRI , 25 AR B 7 S
BIF RS, R SEURIE T M A A4,
GRAT78 % tth— A~ 52 A0 T - SR 44 () B0 350 R B 1L g
HRAS RTINS 480 SR AL LA S AR SE 3R 1 3
T TSV3 4t —4-2 Obg GTPase 1, % 51
PR 50S AR K I B ) A, AR S
HURIRM A BT, KRS SR R @ L
Fad 120 A4, (HAR Z2 (a3 R R SRR % 75 A9 AL
Tl 1 A 52 A AT, T B — 25 s AR SC PR R AL 1
5t

3 MeEREKEEMHRRINA

KRB R, 5 TR 5500 3l HAE R
EAEbRICH TSmO R RS, AA4SCS R
PG ER S AR RN cbd] | ysa ., ted9 FERERAN R A=K
I 1 B8 — T 51 Rl PN 9 B P € 6 A8 %o K R 1Y)
FEERZHRFE RN, X AR AR KA B
e W R THE S HFE A ERS.
2l AE—MAT R, LB RERAREIER
AR ARER TSR = . 280 BES I LLRR
LRGABR N yll | zebra2 | fol TEALAE R E AL /7 BE
R A 2 U IS Be N S b8 A N
P RS K R I B 2= . R, S R B R — it
RMEAE KRG T PP N, B Sk o8 AR ygll
1R R Y B ORISR A T 32 A i R 1, A4 4%
RGO KR T A SRS N DI A
Yy R 20.6%~22.9% , K 451 1 6 6 UK R
B 7 8.1%~21.0% %, Zhang %' B 5% & Bt 22
TR ISR A 7 (A B TR A W e H 2 i 2 il VAL T ]
DL B v e R UK RE O S E I RE 1. L,
AT DAA) R B b s S R TR B AR 12 2 S
R A B8 R A R S KR AR 2E 5 &5
FEE
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