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WE: HEefETYalmbe A, REA ¥ akBN e, AT AR B (EMSARE AR BHR 1B
(WD), k- ABZEE, 22 FHH A HE TR LTIK yellow-green leaf20 (ygl20), 5 H £ A WT 481k,
vgl20 &, ZRHEH BREEM, HEEL5TEREANE FTH(Hp<0.05 K 0.0D), »t K Frot4 % a(Chla),
"t 4% b(Chlb), ot % E(ChID A LA E £ (Can AT FBAK(p<<0.0D), kA4 F(P,), LILFE(G)
Fo R R (TOHARBEFRTH AR WT(p<<0.01), JLE CO, REC)HOM B F3m(p<<0.05), &4 5h 0%
RET: ygl20 sF AR FER DRI S, ABEMREFEER, AR A ENH, BESEN . ygl20 9%t 2 1 A5
WA RER ., A RBAL ARG EN YGL20 AR 245 £, XIYGL20 #9 G/T £RmAH % FRT ygl20 k4t
W R T AR, H A E A A M UK B 4 )L K iR R B (Geranylgeranyl Reductase, GGR)., qRT-PCR % #7 & A .
YGL20 TR A5 T rb s & & /ARt 4a X 69 R 42 W 4%,
X 8 O KA TR EAR ygl205 BAE S E; 4B ILKR AL F

JLAE R B (GGR)
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Abstract; Leaf-color related mutants can directly influence the photosynthesis of plant, eventually affecting

the grain yield and quality of rice. A novel yellow-green leaf mutant ygl20 (yellow-green leaf20), was
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screened from the mutant library of elite restorer line Xinong 1B chemically induced via EMS (ethyl meth-
ane sulphonate). Compared to the wild type (WT), plant height, secondary panicle branches, filled grains
per panicle, setting rate, and 1000-grain weight of yg/20 significantly decreased (p<C0. 05 or 0. 01). Cont-
entS of carotenoid (Car), chlorophyll a (Chla), chlorophyll b (Chlb), and total chlorophyll (ChlT) of
leaves of ygl20 were also extremely decreased (p<C0.01). The photosynthetic rate (P,), stomatal con-
ductance (G,) and transpiration rate (T,) of the mutant were significantly lower than those of WT (p<<
0.01), while intercellular CO, concentration (C;) was significantly increased (p<C0. 05). The results of
transmission electron microscopy showed that in the chloroplast of yg/20, number of osmiophilic corpus-
cles increased, the stacking density of grana was low, and the stromal lamellae was loose. The results of
genetic analysis indicated that yellow-green leaf color of ygl20 was controlled by one pair of recessive
nucleic genes. The map-based cloning was used to map and lone the YGL20. It was found that a G/T
single base substitution of YGL20 led to the mutant phenotype of yellow-green leaf of ygl20, which coded
a product of geranylgeranyl reductase (GGR). RT-qPCR results showed that YGL20 may be involved in
the regulation network related to chlorophyll synthesis/metabolism. The results laid a foundation for
further identification of the function of YGL20 gene.

Key words: rice (Oryza sativa L.); yellow-green leaf mutant (yg/20); map-based cloning; geranylgera-

nyl reductase (GGR)
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I, F. RBEETR LR ygl20 5 R SRR E B R IR 3

1 ME5R*E
1.1 #H;EHFH

M RAMERZE PG R IBCIIBMEF: ) 4 EMS BT HRAER ., BRREBRIL, Bma N yellow-green
lea f20 (ygl20) , ML RIKE REER 10 55 ygl20 2438, K15 F, SR 7, [F4E 9 A% F, 1T 15 K
S AR IR Fy ACRN 75 AR 3 H¥EAS F, UK T8 RIUR S Se i Fe b Fhi . F, 5 F, AUHER
T BARPER W8 4% 5087 s Fy ACHEAR b i BeoE AR T E AR 25 DR ARG 48 2 o7
1.2 MiRAE
1.2.1 A&

HARZMETS . T 3 H ) 76 3 PR AG 6 1) S 50 356 iy 5 ol T A R0 R o 4 i AR AR vg120, 4 AR AP
F A5 100 BRLABREE 17 cm . A7FE 27 em B4k 2 7] — PO 56 [, WS4 A B WA bk R A0 5 0] B AL BB 2
HHEEATHY 10 BREFAEBIPE R IBCWT) HI 10 Bk RABIK ygr20 , X H R B . — OB R, 2558 R K Tk
JoT o A B AR MR AT AL
1.2.2 @mpHEF oM

Z: M8 Shan %577 0k, 4% TR R AR R XU [ S . 2 BERR E R GO . B, AR . AR R
F e R FH S R U4 A R T A R A OB £, HL600 78 375 Bt L 45 (Hitachi, Japan) WEEE - F- 41 i 48 154 45 4
1.2.3 k& e&F42HN

TEAREIY] . BEALEBUK S — SO B A4 8 WT FIR AR ygl20 4% 3 Bk, H¥E Lichtenthaler ™ iy 77 ¥ &
1 M (Topl) . 8] 2 i (Top2) , ] 3 B (Top3) It £EE a(Chla), 4 ZE b(Chlb), BMFLE (ChIT), 2
TS N (Can)
1.2.4 kRéesZng

FEIE R W B FE AT, FHEEREGEI TS BEREHRIIITIRE . RALE IR 3 54 R
WT Fl 3 BRFEARK ygi20 . R FIE RO E L (GFS-3000) M5 HOLA (P, . KALFE(G,) . Ml
CO, WBE(C,) . ZZEHAF(T HE AACESE I8k WT MR FDEERE,
1.2.5 HARZEA

ERANEFTIICE F, AR A MRS 8, 555t 58 AR WT MR AR K ygli20 M€ kH U 4
T, 38RO IR X AR R vgl20 EATHAL AT . T MR DNA SE sk CTABY 42 B, I FH 3 55 % A
IKFESE AL 400 Z4F SSR Al InDel ARiC#E AT %A Z MM, TG IE RS (D), M aE B R |

D=[(H +2A)/2n] X 100

Xrf. H @ MR R 22 A B BARR R A SN IE 3 B BARR A n S 8 67 B AR 1) ek PRk B
1.2.6 RNA #35 qRT-PCR 4 #7

TEZA R, Gl B RNA S el Al 5n & CRARZE AR R 28 7D AEFAE AL WT RIS AR 1K ygi20 it v 4
BUS RNA, ZifbIFR RNA WBE, # I RNA R 50 &6 L cDNA, R qRT-PCR J7 & 66 1E
JFH R G 35 DR o B A 80 0 58 A8 A A e v 1) 655
1.2.7 HESHEHRB

AW A EE Y2k H Excel 2019 #EATEIRFAER  JF#E4T ¢ K, p<70.05 RRERA LI L,

2 ER55MH

2.1 REE5RZHER

E AR H R FAE ST, BPA PR IBOWD FEREAE R A KB AEE AR R E h i GER £
TEB B Z 0 #RORFR SR 0, T2 AR MR ygi20 AT IF 5 NS 1 b B IR b R B 0 (18] 1, 1b) . ygl20 MR
10 o A €0 1 0 IR AE I 2, RS 2R ¥ 1) PP S A L B S5 B 3R . A BE L BATRIE S T, vgl20 BB
A, CHRMRTER i A, 2B AR E . SO RO BB E 1ole), vgl20 B 3 ASDIRER
Topl W HEALRE B e i % . HOKJE Top2 F1 Top3(F 1d. 10,
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AR ZHREE E R TR B — BRI, RARK ygr20 MTA MR BERMGE D, 5
AR WT AHEG . vgl20 W43 BERN N 5. 30 4>, FRET 41.76 %6 (p<<0.01) 5 By . RS . T 10 SokL
RO B R SOR B T 1060 L B, 25 Rk B A O 2 KOs M REAG  Z5 IR TR 3 SRR B
IR AR X H54% , (H 25 S 9 ok 3 B 2 sl i /KOF (GR D

a. 4MHHp

d. EIRHER
BAER WT 5RTE ygl20 HHRE

B 1

e. JEIRHRMEILIT

£ LM

R1 FER WT SRR ygl20 IR MR
PER WT vgl20 p1E
W& /cm 80. 75+4. 36 69. 32+3. 05 34X 10"
SYBER/A 9.10+1.73 5.30+1. 64 37X 10
K /em 22.32+1.35 20. 52+ 1. 64 015 7
— B/ A 10. 4041. 07 9.50240. 97 065 2
B/ A 29. 4042, 84 23.8942. 80 000 5
B SRR/ R 151.10+23. 01 132.50+13. 07 039 3
B AR SRR/ KL 133.30422. 61 105.10411. 48 002 5
90/ % 88.0143.28 79.3243. 44 77X 10
TR/ g 22.5141.08 20. 2840. 68 038 8

2.2 REABRAESXREGHESN

TESARI, B A WT MIRAK ygl20 FFRME 1 (Topl), 8 2 1 (Top2) Flf# 3 M (Top3) H 2 HL
M4 % a(Chla) . 42 b(Chlb) | B4R E (ChIT) M2 E N & (Car) . 2R BIR, ygl20 MRt & @
R WT ¥ B EBEK(p<<0.01, K 2a-2¢), 5 WT M, ygl20 B Topl # Chla, Chlb, ChIT F1 Car
B T RET 91.85% . 93.95% . 92.32% M1 79.60%, Top2 H FFE T 84.43% . 88.97% . 85.49%
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1 67.61%, Top3 I RIET 63.97% . 60.72% . 63.23% 1 56. 69% , 45 REKH, RAK ygl20 LA F
FEEAMAPLEOERSTEWN R ERMITE, HH Topl, Top2 Ml Top3 GO X EEEMERL, 5H
BGRB8 11 e A — 2,

A R B AR AR OB RBOR B e, FE R AR g 7Y AR R WT ORISR AE AR ygl20 YOG A B
HK(P,), RALFEG) . MiE] CO, WREE(C) , ZBHEBE(THOFE AN NESH., &R ER, ygl20 1
P,.G, M T, 5% KT 57.02%. 28.04% . 20.97% ., HW B EMT WT(p<<0.01, K 2d. 2e. 2g),
C, W3 (16. 220, p<<0.05, K 2D, W ygi20 W@ ARALTE G, B, Mt & 15 F 2
YRR 55 . 3] CO, WIEM R,

@ Ir B WT W T R W [ 8 WT
o O ® y2/20 2 6r1 = or | y2/20
£ s % st % st
?ﬁ 4 &4 &4
W 3 @3- @3-
- = =3
ﬁ 2 e 21 e 2t
8 1 @ 1t @ 1
4o 4o 4o
0 P 0 R 0
R Chla Chlb  ChIT  Car ~ Chla Chlb  ChIT  Car g Chla Chlb ChiT  Car
a. {Bl1M(Topl) b. 28 (Top2) c. fEI30(Top3)
8 -
25¢ 8 wrT 0.71 B wWT 3507 | :Wszo
B ygi20 = 300¢ ~ TR
o~ 201 o = Toor
A w < 250} :
o 2 E qua 5t
2 1 : < 20 g 4
ER E 5 150} E 3t
= < = I =3
< | o - 100 o a2t
ar 50t 1t
0 0 0
WT ygl20 WT ygl20 WT ygl20 WT ygl20
d EAEEP) o. SILSEG) f. HIEICO,REE(C) g FIRE(T)

2 MEHIT AR WTIRER ygl20 A BERESBMLENE

2.3 HEEMNE

R FH 375 555 R X v S T AR R WT RSB AR ygi20 8] 1 v 384T 005, S5 R o, WT Rl ygl20 Hyt
WA BRI E B RIFWBER S, ek R 2 05RE A, (RINA SR 2. WT MRSk Ik F &, 3L
R 2 BEHES (B 3a), 0 ygl20 Mgk g/ Mii 2, ORI MBS AL, KR Z6n, REKRSH 2
AZS L 3b) s KB ygl20 MR K E 58 SO BIREIR . BRI SRR AR fR A1, WT 1) 40 L N BE 83 J0RL A T
vgl20 2 (p<<0.01, K 3g), Ut WT Mot Re g, FEGERPRET AR R RE L,
2.4 REUERMEEIHAMBRERNS FEM

FAm R B R IR E R K 10 5 (JH10) 5 R AR ygi20 J83¢, F, ACHE MR M6 5 JH10 4
W, F, ACBEGR A ) s B0 0 2 2B, I BLIE W R B s gk nt RA, e A A F, CHEIRE 3 579 #hp,
2 T13 BREA IEH M@, HAx 866 MW RAMMEL., RAMKBERE R, EWHKREREHRNITE
ek 3. 13, 54 3 1Rl (X2 =1.23<<X% .00 =3.84), FHIEAMK ygl20 &4 H PR H 1
X I A 5 DR 4 ol

MNF, AR BE AL B 10 KR IE 5 BRI 10 RS AR, 43 Sl A 8 1 ¢ TR Ik PR 3l R 28 A e R L PR 3
I 0 2 2] 9 80 XF JTH10 FIPEAR 1B Z AW 28R, P HEEA . IE 8 3P f 28 48 JE P o . 45 SR %
B, 5 2 PR K L dRic RM13986 78 M > 3 X 3 1] 77 76 25 5, UZ bR ic vl BB 5 YGL20 JE I i
B, B 92 Bk F, AR B SR BARRIGIE . #f % RM13986 5 YGL20 i, 1E RM13986 fHix JF & # g B £
BYER InDel #1 SSR 31, & YGL20 He K ) 20 & (i FEARIC ZW2-12 F1 RM13986 Z [H] (&l 4a, 4b);
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WT ygl20
. o A T
b. REEy20M IS B EE c. WIEyg20M R Bk &

ch WG IR sL WSR2 s og WIEHUME; s HER.
B3 EFAER WIMREL ygl20 HE 1 AR RSN
HE— 25 BT AR IE X YGL20 SEATHE 4l v (£ 2) 5 e Bl 3] ZW2-12 5 RM13986 #ric X [A] £7 78 &
M5 AL BIEFRIC ZW2-14, F26-9, ZW2-30, F90-52 Fl ZW2-29 (& 4b, 4c), WiEHAH 4, ¥
YGL20 X540 & i AE ZW2-30 5 F90-52 Z [a] 48 kb 194 B8 Bl N (&l 40,

a.  2BHGEK —
________ f
_____ 1
e i}
————— 1
—————— ]
w212 - ZW2-14 ZW2-29 ! RM13986
s a- -7 - '
b tRid | YGL20 |
T 2BREHK v
n=210
. RM13924 F26-9 ZW2-30 F90-52
FRig | | 7S |
¢ Z%% @{Z‘S 15 8 3 1 8
BAEK=E I | n=507

ORF1 ORF2 ORF3 ORF4 ORF5

a H YGL20 7E chr2 LRIFIEEAL s b g 210 DN EdE F, AR YGL20 5E 475 ¢ 79 507 A Fy FBATEAMART YGL20 BAS 40 52 {37 7045 10k ) 78

ESTTE I
4 YGL20 W% FEL
F2 B EHFALXNESRIESY

Frid EMm3I#HG-30 KI5 #G'-3"
ZW2-12 CTTCGGATATACGAGGCTGTTC GATGCTATCAGCTTGCCGCT
ZW2-14 GCCGATGATAAACACCGGAG GGGCTGGTTCCACGTACTACTA

F26-9 TGCACAATGTGCTCAAGCA TTCTGCCCTACGCATTCTAA
ZW2-30 CGCTTAATTGTGGTCAGGCTC ATCTCAGTCAGACGGCCATTG
F90-52 CTACCTAAGAGTTTTCAACCTGC GCCAAATCTCAGAATACATCATG

ZW2-29 CACAGATTGAGTTTGAATCTGAAGC CTCTGCCTCTAAGCCATTCTATCTC
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I, F KB RGETR IR ygl20 895 T 5% %K R AR 7

2.5 REEESH
W IE Gramene FUHE % (www. gramene. org) B R 45 F, XM EN Y B X NFRET 5 DIFIHE
BEHE ORFs(Open Reading Frame), B ORF1-5, 43 4 % 3 45 & oG 1 . 4 40 L RR 4 40 LB I il . &
RWP-RK &5 #3801 8 1157 B 320K 8 ATP il FRE P 6328 8 3 (GR 3D,
®3 RBATHMYERERNTIBRER

FF I 1 HE B 2 B B A TR
ORF1 LOC_Os02g51070 TE M G A 11
ORF2 LOC_0s02g51080 g 2 LR A L iE 5Ll
ORF3 LOC_0s502g51090 “r RWP-RK %5 58 19 7 14 52
ORF4 LOC_Os02g51100 IR S ATP Fg
ORF5 LOC_0Os02g51110 Tk N VAL 5 s R T

it — e B EEE, iR ST, PR AR WT FIR 28K ygl20 H iR 5 4~ ORF iy 5 [
FE31), FERE4s R R, ORF1 A ORF3/4/5 78 WT Ml ygl20 Z ] B A F I F 5. 1ifE ORF2 55 1 4k .1
470 i, Bl LOC_Os02g51080 , #IMEI N GCWT) B T (ygl20) By %, 5 2 4 i 19 22 3L 82 M H & R (Gly,
W) R R (Val, ygl20) (JE 5a), %} Gramene $03E B (Ref) /i 7 51 dE 47 98— 25 HE %), I WT Al
ygl20 Y B, SR WK, Ref Ml WT 7E 470 (i fi kb BA M A G FE. 10 vgl20 0904 ¥ DUAE Rl — 7 &
HEA AR T B EE (& 5b) . BR T 470 A7 s AR B B 4 5k . Relf, WT I ygl20 19 i A 5 DUES H A A [H] 1
B9, 45 ERTR, LOC _Os02¢51080 BT A YGL20 (i 5L .

YGL20(LOC_Os02g51080) BA 3 AR FH1 2 AW & F (K 5a), ZitS =) YGL20 &4 463 P2 3
B2, srF1x A 50 kDa(& 5¢), 3 F NCBIChttps: //www. ncbi. nlm. nih. gov/) i BLAST X 45 3R Wos,

YGL20 fE/KFEH k5 & P4 JLFE e 4+ )L FE 18 g () D RE (38 3)
a  LOC 0s02g51080

(WT) G 470 T (yg/20)
(WT) Gly 157 Val (ygl20) Position: 470
v
b. Ref CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGCCG|GICGCCGAGGTCAATGGTCTCTTCCTGAGGTA
CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGCCG|GICGCCGAGGTCAATGGTCTCTTCCTGAGGTA
WT CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGCCGGICGCCGAGGTCAATGGTCTCTTCCTGAGGTA
CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGCCG|GICGCCGAGGTCAATGGTCTCTTCCTGAGGTA
CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGCCGTICGCCGAGGTCAATGGTCTCTTCCTGAGGTA
yai20 <|:CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGC TICGCCGAGGTCAATGGTCTCTTCCTGAGGTA
CGACGCCTACCTCCGCTCCCGCGCCGAGGGGGCCG|T ICGCCGAGGTCAATGGTCTCTTCCTGAGGTA

C. 1 75 150 225 300 375 463
s, emmm—
eecific bt e T ]

Noa=specific r ChiP
hits

Superfanilies NADB_Rossmann superfamily
PLNOOOS3 superfamily
FixC superfamily

a N YGL20 i3 F LOC_0s02g51080 MIZ5H (ZE A 86 2640 31k 5" UTR M1 3" UTR, L& NP R T, BEL WA ETT); b A
DNA JF 31| b 4h 8 7% 35 470 i (Ref 24 Gramene 33 5t LOC_O502¢51080 1% % 551 . 228 i 4T GOMLIAFRIT) 5 ¢ B YGL20 &3k
FEP LOC_0s02g51080 % 5 1t 0 I 43 1iF 76 14

5 RIEEEYGL20 MAIFIEXMELLEMETEE
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HF LOC_0s02g51080 BARvE A MiFE T HM 15, FILIAT I T# B8, DGR YGL20 #
il i B ek R R R AOLIE R SR W, ISR ygl20 WA Chla, Chlb, ChIT #l Car 7
wYET WT A3, Hr, yg20 W ChIT S B EHm T WT &3, Mok, i WT Fl ygl20 #i tk {5
1 i (Topl ) 3 B 8 43 oA 0 B 0 4 0 4 28 & & i 28 4k, 00 2% 30 78 3 B 40 B 0 18], A5 B Aok i 5
A5k (F 6a, 6b)

BERAL P 8 d BF . ygl20 (9 4 M X Chla, Chlb, ChIT #il Car & & %K T WT, {H{XZ4 Chlb F1 ChIT
EFAHEGI B L (p<<0.05, B 6, LR F W E 2 16 d B, kbFErF X ygi20 # Chla F1 ChIT
SEBEET WT(p<<0.05, K 6e), SARBEHAIABELY 8 d 1945 (B 6c. 6d)FH . IR &b 3 11
ZEREW, ygl20 Wt R B EBAZ TS, X 45 R W#H PR T LOC_0s02g51080 4% YGL20

) H bR B A
\ |
j l" .WJ’ i ‘ '

a. WT5ygl20 Topl AiEF S HIRFEAE(R BIEFTIE) b. WTEygi20 Topl REIFR O HIIRIBAMBEI 2 ER)RE

iy
\S]
—
\S]
1
e
[\S]

XEBERENH/(ng-gh)
tEBERENHH/(ng-gh)

a WT
m yg/20

a WT
m yg/20

a WT
m yg/20

O

3
3LL
0

Chla Chlb  ChIT Car

(98]
*
*

sk
skok

Chla Chlb ChlT  Car
c. RiERF4LE d. LS dfE c. IERFALIEI6 AR

tEBERENHH/(ng-gh)

Chla Chlb  ChIT Car

Elo MEHEHLEFFAR (W) ygl20 kA BEFRESHTL

2.6 YGL20 REMBXERERRESH

qRT-PCR &5 R %W, YGL20 fEMR . 25, nh | nH8E A4l B4R 28 B rh 38 2R3k . o fe i 5 b (i 4 6 3%
KA ST AR RIZE Y 6. 2 £ A1 9. 6 %, MAEAR R4 B8 20 U AR X R A eIk, WoR IR SRR
PR (E 7). 58 AR WT M, YGL20 J& R 1E R AE K ygi20 335 K F W B & B A% B %
YGL20 WRIBAEA . 75 17 AOLGE A G R & A= 7 A I i 28 4k . B HEMA K35 B, HAb 16 4>
HEEFEFHEE 7, R RSB A CIEERFE CHLM . DVR, CAOI fl PORA £ ygl20 W )5
KRB WT 45 FRET 52.33% . 57.52% . 89.25% F1 31.22% . K% N ZACM B M LN PSYI
M PSY2 7 ygl20 I RBEUIEA TR b, XRZGE I Z AW PSS, KRZGE L Z AW (PSI)
MER DI EEYRRERE P EENEAREZEGY. 5 WT MK, ygi20 19 3 4 PST 4 i1 5 A
(psaA . psaB. psaC). 34 PSIl 4ty 5 A (psbA . psbB . psbC) Fl 2 A~ 41 Jd €8 F b6 4 i 5 [H (perA |
petB) W R HE 1 1 2 T, AR LAY T R B2 43 00 S 33,2600, 36.51%0 ., 47.22% ., 40.35% . 39.28%
47.36% . 59.21% ., 77.65% (E 7b),
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AL LI R, 25 T KRG HE 4 JL 3L 4 )L % i 4% 3 (Chl-geranylgeranylated, Chlgg) Fl4E 4 JL
g 4 )L 3L £ B MR (Geranylgeranyl Pyrophosphate, GGPP) 3| i £ & I £ it (Chl-phytol, Chl,,, ) 1A 3 £
W2 (Phytyl Pyrophosphate, PPP) 134 J5 A2 B8 | [yll -1 €380 LYL1 JEFAESS 1 4b % T 182 bp Ab il
CERNT, FERMHEEAMNAMBEIL L NG AR, RAKMEEZEANET B RA AN E %
RIS YGL2 AR G i e A L A LA R B . AE AR K ygl2 R, T YGL2 55 3 Ah B Y B Ak
AL (T1361G) , PRI =W 5 LR AF (LAS4AROY . 5 LYLI |, YGL2 # k. YGL20 W75 i B H —
SEXESE, HAES 1 AT 745 470 ikl G 28K T, SEEEFH M 157 A2 31 b 2 MR 2 411
W, e A BE & LYL] . YGL2 By &3,

W AR PR AEAE B 2, 5 T, TR i dnic T R A E Y YGL20 Sif i 4 JLSE M 4 )L SE A
J T, X % R A D, KRR AE Ry B R VE Y, o I O 5 L 2 T R A T AL X i — 20
NS RAEY A REAEEE X, Hit, ygi20 WAE R — L0580 5k 3R G BUR 53 F ML 9 358 0% bR
3.2 Hig

ygl20 TN REs e, LGRS EACAEEREM. A A SE R, e, B
Koo — R, BRSO R N TR & T I, ygl20 MM 052 1 X RRPER L R, YGL20 1o T45 2
O ARbRIE ZW2-30 Fil FO0-52 Z [B] 2 48 kb Y BHBE B N, A f& 5 MIEREILRH . P Xt & B, w4 4 JL
Fel - JLEIE R LOC_Os02¢51080 52 YGL20 $¥if5 ., qRT-PCR 45 IR, YGL20 FEAEM Frhakik, H
FRH B E R E N T AR EOE G MR,

S
(1] Sk, sk, B0, 5. RNAM@IEH S SMEY M R S 2 WETT 0 R [J] WAl K224, 2022, 56(2):
171-179.

(2] FENG B H. YANG Y. SHI Y F, et al. Genetic Analysis and Gene Mapping of Light Brown Spotted Lea f Mutant in Rice [J7.
Rice Science, 2013, 20(1): 13-18.

[3] WANGZ W, LV ], XIESZ, etal. OsSLA4 Encodes a Pentatricopeptide Repeat Protein Essential for Early Chloroplast
Development and Seedling Growth in Rice [J]. Plant Growth Regulation, 2018, 84(2): 249-260.

[4] LEES.KIM]JH., YOO ES, et al. Differential Regulation of Chlorophyll a Oxygenase Genes in Rice [J]. Plant Molecu-
lar Biology, 2005, 57(6): 805-818.

[5] GOH C H, SATOH K, KIKUCHI S, et al. Mitochondrial Activity in Illuminated Leaves of Chlorophyll-deficient
Mutant Rice (OsCHLH) Seedlings [J]. Plant Biotechnology Reports, 2010, 4(4) . 281-291.

[6] DENG XJ, ZHANG H Q, WANG Y, et al. Mapped Clone and Functional Analysis of Leaf-color Gene Yg/7 in a Rice
Hybrid (Oryza sativa L. ssp. indica) [J]. PLoS One, 2014, 9(6): ¢99564.

[7] ZHANG H, LIUL L, CAIM H. et al. A Point Mutation of Magnesium Chelatase OsCHLI Gene Dampens the Interac-
tion between CHLI and CHLD Subunits in Rice [J]. Plant Molecular Biology Reporter, 2015, 33(6): 1975-1987.

[8] SAKURABA Y, RAHMAN M L., CHO S H, et al. The Rice Faded Green Leaf Locus Encodes Protochlorophyllide
Oxidoreductase B and is Essential for Chlorophyll Synthesis under High Light Conditions [J]. The Plant Journal, 2013,
74(1) . 122-133.

[9] WU Z M, ZHANG X, HE B, et al. A Chlorophyll-deficient Rice Mutant with Impaired Chlorophyllide Esterification in



%7 E

=

I, F. KBEETRER ygl20 57 5% AR L E 11

Chlorophyll Biosynthesis [J]. Plant Physiology, 2007, 145(1): 29-40.

[10] KONGW Y. YU X W, CHEN H Y, et al. The Catalytic Subunit of Magnesium-protoporphyrin IX Monomethyl Ester
Cyclase Forms a Chloroplast Complex to Regulate Chlorophyll Biosynthesis in Rice [J]. Plant Molecular Biology, 2016,
92(1): 177-191.

[11] JTANG HW, LIM R, LIANG N T, et al. Molecular Cloning and Function Analysis of the Stay Green Gene in Rice [ J].
The Plant Journal, 2007, 52(2): 197-209.

[12] KUSABA M, ITO H, MORITA R, et al. Rice NON-YELLOW COLORINGTI is Involved in Light-harvesting Complex
II and Grana Degradation during Leaf Senescence [J]. The Plant Cell, 2007, 19(4): 1362-1375.

[13] YAMATANI H, SATO Y, MASUDA Y, et al. NYC4, the Rice Ortholog of Arabidopsis THF1I, is Involved in the
Degradation of Chlorophyll - Protein Complexes during Leaf Senescence [J]. The Plant Journal, 2013, 74(4):
652-662.

[14] SUN, HUM L, WU D X, et al. Disruption of a Rice Pentatricopeptide Repeat Protein Causes a Seedling-specific Albino
Phenotype and Its Utilization to Enhance Seed Purity in Hybrid Rice Production [ J]. Plant Physiology, 2012, 159(1):
227-238.

[15] L1J Q, WANG Y H, CHAIJ T, et al. Green-revertible Chlorina 1 (Grcl) is Required for the Biosynthesis of Chloro-
phyll and the Early Development of Chloroplasts in Rice [J]. Journal of Plant Biology, 2013, 56(5): 326-335.

[16] LIN D, JIANG Q, ZHENG K, et al. Mutation of the Rice ASL2 Gene Encoding Plastid Ribosomal Protein L21 Causes
Chloroplast Developmental Defects and Seedling Death [J]. Plant Biology, 2015, 17(3): 599-607.

[17] LIU X, YI X, YANG Y R, et al. A Rice Geranylgeranyl Reductase is Essential for Chloroplast Development [J]. Jour-
nal of Integrative Agriculture, 2021, 20(10) . 2592-2600.

[18] JIANG H Z, ZHANG A P, RUAN B P, et al. Identification of Green-revertible Yellow 3 (GRY3), Encoding a
4-hydroxy-3-methylbut-2-enyl Diphosphate Reductase Involved in Chlorophyll Synthesis under High Temperature and
High Light in Rice [J]. The Crop Journal, 2023, 11(4): 1171-1180.

[19] LV Y S, SHAO G N, QIU J H, et al. White Leaf and Panicle 2, Encoding a PEP-associated Protein, is Required for
Chloroplast Biogenesis under Heat Stress in riceOpen Access [J]. Journal of Experimental Botany, 2017, 68(18):
5147-5160.

[20] ZHOU L G, LIU ZC, LIU Y H, et al. A Novel Gene OsAHLI Improves both Drought Avoidance and Drought Toler-
ance in Rice [J]. Scientific Reports, 2016(6): 30264.

[21] MA J, WANG Y F, MA X D, et al. Disruption of Gene SPL35, Encoding a Novel CUE Domain-containing Protein,
Leads to Cell Death and Enhanced Disease Response in Rice [J]. Plant Biotechnology Journal, 2019, 17(8): 1679-1693.

(227 SHENG Z H. LV Y S. LI W. et al. Yellow-Leaf 1 Encodes a Magnesium-Protoporphyrin IX Monomethyl Ester Cycla-
se, Involved in Chlorophyll Biosynthesis in Rice (Oryza sativa L.) [J]. PLoS One, 2017, 12(5): ¢0177989.

[23] CHEN H, CHENG Z J, MA X D, et al. A Knockdown Mutation of YELLOW-GREEN LEAFZ2 Blocks Chlorophyll
Biosynthesis in Rice [J]. Plant Cell Reports, 2013, 32(12): 1855-1867.

[24] SATO Y, MORITA R, KATSUMA S, et al. Two Short-chain Dehydrogenase/Reductases, NON-YELLOW COLOR-
ING 1 and NYCI-LIKE, are Required for Chlorophyll b and Light-Harvesting complex II Degradation during Senescence
in Rice [J]. The Plant Journal, 2009, 57(1): 120-131.

[25] MEHEB, T, R, % KGN KN Yellow-Green Leaf 6 (YGLE) MR BHR G E A EM [J]. EW¥IR,
2018, 44(5): 650-656.

[26] ZHU X Y. GUO S, WANG Z W, et al. Map-based Cloning and Functional Analysis of YGL8, which Controls Leaf
Colour in Rice (Oryza sativa) [J]. BMC Plant Biology. 2016, 16(1) . 134.

[27] SHAN X Q, WANG H O, ZHANG S Z, et al. Accumulation and Uptake of Light Rare Earth Elements in a Hyperaccu-
mulator Dicropteris Dichotoma [J]. Plant Science, 2003, 165(6): 1343-1353.

[28] LICHTENTHALER H K. Chlorophylls and Carotenoids: Pigments of Photosynthetic Biomembranes [ J]. Methods in
Enzymology, 1987, 148. 350-382.

[29] PANAUD O, CHEN X, MCCOUCH S R. Development of Microsatellite Markers and Characterization of Simple



12

BHERXFFHROAAAFZR http://xbbjb. swu. edu. cn AT %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Sequence Length Polymorphism (SSLP) in Rice (Oryza sativa L.) [J]. Molecular and General Genetics MGG, 1996,
252(5): 597-607.

WANG Y, ZHU Z, SUN Y, et al. Identification of a Novel D3 Allele Playing a Role in Nitrogen Utilization []].
Euphytica, 2020, 216(3): 55.

GUSTAFSSONA. The Plastid Development in Various Types of Chlorophyll Mutations [J]. Hereditas, 1942, 28(3-4) :
483-492.

AWAN M A, KONZAK C F, RUTGER J N, et al. Mutagenic Effects of Sodium Azide in Rice [J]. Crop Science,
1980, 20(5): 663-668.

MASUDA T. Recent Overview of the Mg Branch of the Tetrapyrrole Biosynthesis Leading to Chlorophylls [J]. Photo-
synthesis Research, 2008, 96(2): 121-143.

CHEN N G, WANG P R, LIC M, et al. A Single Nucleotide Mutation of the IspE Gene Participating in the MEP Path-
way for Isoprenoid Biosynthesis Causes a Green-revertible Yellow Leaf Phenotype in Rice [J]. Plant and Cell Physiology,
2018, 59(9): 1905-1917.

SHEN L, ZHANG Q, WANG Z W, et al. OsCAF2 Contains Two CRM Domains and is Necessary for Chloroplast
Development in Rice [J]. BMC Plant Biology, 2020, 20(1): 381.

HAN S H. SAKURABA Y, KOH H J, et al. Leaf Variegation in the Rice Zebra2 Mutant is Caused by Photoperiodic
Accumulation of Tetra-Cis-lycopene and Singlet Oxygen [J]. Molecules and Cells, 2012, 33(1): 87-97.

YANG Y L, XU J, HUANG L C, et al. PGL, Encoding Chlorophyllide a Oxygenase 1, Impacts Leaf Senescence and
Indirectly Affects Grain Yield and Quality in Rice [J]. Journal of Experimental Botany, 2016, 67(5): 1297-1310.
MORITA R, SATO Y, MASUDA Y, et al. Defect in Non-yellow Coloring 3, an «/f Hydrolase-fold Family Protein,
Causes a Stay-green Phenotype during Leaf Senescence in Rice [J]. The Plant Journal, 2009, 59(6): 940-952.

YOO S C, CHO S H, SUGIMOTO H, et al. Rice Virescent3 and Stripel Encoding the Large and Small Subunits of
Ribonucleotide Reductase are Required for Chloroplast Biogenesis during Early Leaf Development [ J]. Plant Physiology,
2009, 150(1) . 388-401.

ZHANG Q, SHEN L, WANG Z W, et al. OsCAFI1, a CRM Domain Containing Protein, Influences Chloroplast Devel-
opment [ J]. International Journal of Molecular Sciences, 2019, 20(18): 4386.

ZHOU Y, GONG Z Y, YANG Z F, et al. Mutation of the Light-Induced Yellow Leaf 1 Gene, which Encodes a Gera-
nylgeranyl Reductase. Affects Chlorophyll Biosynthesis and Light Sensitivity in Rice [J]. PLoS One, 2013, 8(9);
e75299.

LIUC H, ZHU H T, XING Y, et al. Albino Leaf 2 is Involved in the Splicing of Chloroplast Group I and II Introns in
Rice Open Access [J]. Journal of Experimental Botany, 2016, 67(18): 5339-5347.

DU Z X, HAO HY., HEJ P, et al. GraS is Critical for Chloroplast Development and Affects Yield in Rice [J]. Journal
of Integrative Agriculture, 2020, 19(11): 2603-2615.

HUANG R, WANG Y, WANG P R, et al. A Single Nucleotide Mutation of IspF Gene Involved in the MEP Pathway
for Isoprenoid Biosynthesis Causes Yellow-green Leaf Phenotype in Rice [J]. Plant Molecular Biology, 2018, 96(1);:
5-16.

REHRE AR



