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process of chloroplast development. Nowadays, extensive attention has been paid to the leaf-color mutation, and certain
achievements have been made by studying various organisms, but the mechanism of mutation and the responsible loci
have not been fully understood at molecular level, especially in rice. Up to now, many leaf-color mutants were reported
in rice, mainly featured by etiolation, albino, brilliant green, stripe, temperature sensitive allochromasia, turning green
and purple in leaf color. In this study, a rice yellowish green leaf mutant ygl-63 was identified, which derived from Nip-
ponbare ( Oryza sativa ssp. japonica) treated by ethyl methanesulfonate (EMS). The mutant ygl-63 exhibited distinct
yellowish green leaf trait throughout the growth period. To characterize the yellowish green leaf phenotype of the ygl-63
mutant, we measured its chlorophyll contents at the seedling stage. Compared to that of its wild-type parent Nipponbare
the content of chlorophyll (Chl) a, Chl b and total chlorophyll decreased significantly in the mutant ygl-63, with
31.9%, 42.2% and 34.1% respectively, indicating that the mutant phenotype of ygl-63 was resulted from reduced chlo-
rophyll level. In addition, the ratio of Chl a/b was increased, due likely to the potential of Chl b synthesis in suffering a
more severe decline than Chl a in the yg/-63 mutant; and at maturity, the number of productive panicles per plant and
seed setting rate reduced by 8.9% and 8.5%, respectively; the 1 000-grain weight increased by 10.4%; but the plant
height, panicle length and the number of spikelets per panicle were not affected remarkably with its wild-type parent
Nipponbare. Meanwhile, by measuring the contents of micronutrients, we found that the Fe and Zn contents in the seeds
of ygl-63 mutant were significantly reduced by 85.7% and 64.8% respectively, compared with its wild-type parent Nip-
ponbare. Genetic analysis of F; and F, generations of ygl-63 mutant crossed with the normal green variety Minghui 63
(Oryza sativa ssp. indica) showed that the mutant trait of ygl-63 was controlled by a single recessive nuclear gene. Ge-
netic mapping of the mutant gene was conducted by using SSR and InDel molecular markers and 166 F, plants from the
cross of ygl-63 with the normal green variety Minghui 63, and the mutant gene of ygl-63 was finally mapped on the long
arm of rice chromosome 11. The genetic distances from the target gene to the markers InDel-3 and InDel-5 were 0.9 and
1.5 ¢M, respectively. The gene ygl-63 was considered to be a new rice yellowish green leaf mutant and its mutant gene
was tentatively named as ygl-63(g). These results will provide the information for the cloning and functional analysis of
vgl-63(g) gene in the future.

Key words: rice, leaf color mutant, ethyl methanesulfonate, micronutrients, molecular marker, genetic analysis,

gene mapping
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BT ygl-63 FEFAEREAALE SN BEWI AR (A) S PP T RY LA (B)
Fig. 1 Plant phenotype of the ygl-63 and the wild type at tillering stage (A) and comparison of the mature grains (B)

It KRR M 10 D g, 12 ] LU Ak K R HhiEk &
I 4R a Felb WP M 58 K a( Wang et al,
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Table 1  Agronomic traits of the ygl-63 and the wild type

- VBT AE AU s
i

R Trait W%]'(?—:li vgl-63 Compared with
ra ype wild type (%)

B 103.6 £ 27  101.2 3.5 -23

Plant height (cm)

B L 10.1£08 9207 -8.9 %

Productive panicles

per plant

SIS 203+.9 20111 -0.9

Panicle length (cm)

ESTEETR TR 95.7+35  96.2 3.7 0.5

Spikelets per panicle

EARIE S 923+12 845x15 -8.5 %

Seed setting rate (%)

ThiE 23.1 0.3 255 04 10.4 =

1 000-grain weight (g)

A FFIRET a2 a HOR

x2 ygl-3MBFLERNHEESE
Table 2 Chlorophyll contents of the ygl-63 and the wild type

- BIERE R HRED R
Chl Chla  Chlb a/b

Material (mg-g") (mg-g") (mg-g') Chlab

Lisgacsitl 2.96 + 232 0.64 + 3.63 +
Wild type 0.19 0.17 0.07 0.12
ygl-63 1.95 + 1.58 + 0.37 + 427 +
0.08 0.12 0.06 0.19
bR BES 3, -34.1% * -31.9% * -42.2% * 17.6% *

Compared with the
wild type (%)

2IMEERTENESENT

T A 00 B A TR SR AR SRR AR ygl-63 Bk
VRO TR 1o i, RINGEARIA ygl-63 Fh itk
MR SR 2.32 F113.7 mg - kg, Y0 LA
TR A R AR 8L (16.26 mg - kg ) FIEF
(38.9 mg - kg ) B I, 3 IS 85.7% 1 64.8% , ik
B2 E K- (P<0.05) (R 3)

®3 yel-6a3MFEBANPHNENESE
Table 3 Fe and Zn contents in grains of
the ygl-63 and the wild type

B B

ML Material Fe (mg - kg") Zn (mg - kg")

W A= 7Y 16.26 38.9
Wild type

ygl-63 2.32 13.7

Ll B A 7 3 ik -85.7% = -64.8% *

Compared with the wild type (%)

= P=0.05 258%, T,
Note: * Significantly different at P = 0.05. The same below.

2.2 ygl-63 MR ESEN
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MR b & 5 A B R 4 i s 34.1% |
31.9% 1 42.2% , M43 3% a/b {858 B 4= S5 A 16 i
17.6% , 43K 31| 2% 54 1 K (P<0.05) (£ 2)
F 2 R R F I R B ygl-63 WSk
s AR PRIR B A, IF H ygl-63 HIFEEE b &
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(AR S11 R, S8R BI RS (5 58 166 1R, 4R
JrOXC) Mg, s a3 1(X= 0.06 <
X0 = 3.84) , %M ygl-63 BZARVEIRSZ 1 X Babk 3
PR K2 R B A 44 vgl-63(g) .
2.5 ygl-63(g) W5y FHriE E L

FEKRE 12 25y iR I, BEER 230 X425 4 A
() SSR 5144 48 5 v BER A BE DNA i 6 H HLAT
ZAPEMG1Y AR5 P 65| P 14 1E 5 3 P 3 A
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GRAGFE W, A5 R A& 514 RM2110 F1 RM4601 7
Pith 2 (B R BA B B 25 55 M S I rT BE S yel-
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SENLFERRE vgl-63 (o) FEPE M AE KRGS 11 SYf
514 RM2110 Fl RM4601 2 [d] £ 12.0 M (75 Fl
W, BEETERE ) 2 (A1 —2 B A i 22 1 53
TR, ¥ ygl-63 (g) B 4 & A 7E 514 InDel-3
(F: TGCTTTCATCAAGATTGTGC, R: GGGGTAC-
TGCTTGACTGCTC) 1 InDel-5 (F: CCACGCGATGA-
TGTTAAGGT, R: GCAGCACAGTTTGCATTAGC) =
(]2 2.4 M WG 8L B 7351290 0.9 M Hl
1.5 cM(E 2),

Chr. 11 n=166
Cl
Marker (Recombinants)
RM2110 51 (17)
RM1341 3.3 (1)
InDe|-3 0.9 ¥
ygl-63(g)
InDe -5 1.5 ®)
RM2859 4.5 (15)
RM4601 6.9 (23)

B2 ygl-63(g) BEIFESS 11 Yo KR 3L e A
Fig. 2 Gene mapping of ygl-63(g) on the

long arm of chromosome 11

3 W54 n

A5 AT AL EMS 37572588 A5
st H A 3RS T — 0y 3t AR R E 1 K R 2 AR AR
ygl-63 LGS IRTE 4 A4 T I R B0 B it 1y 5
ARRAY . ET T A K 2 BOKAS (0 8 42 L A
AR e A AR Ak 1 TR] R 2 5 | Ak At R 1) 2l
A5, BN KFE R gkt S AR R D83, % B AR IR B A
RUKA LE, i 2 300 A A R B8R T R 43 ol e 2D
9.45%F1 10.76% ( Z£ 75 22 %5, 2010) 5 /K Fg B 4 il 58
AR 507ys , 5 BF A AR L, ZRABAR 507ys FE LA
PR BRI R R A AR BSORN 285 52 6 4 il b
8.3% .7.4% 51.0% M1 11.6% ( Z=HEREE | 2014) ; /K AF

WAk 58 AR K ygl10, 5B A RUAH L, 22 AR ygl10
FERCA R R R RN 25 SR B T B I BRAR
sOE (ISR, 2014) , [ARR, 8RR ygl-63 BR
AR S A0 AP A SR A A5 ARORN 445 5% I 3
(AT T o A R ) O Rl s R G N R Y S
B 45 SRR R D KRR T o Y R TR R X
ygl-63 H— 2L ISR F TR I KA 7 e PR 2 AL
B 2Tk R e A B R X,

PEAh, AT P R OT R R IR AR A
ygl-63 FfFH AR FNEE T R & A B A R E A . 3
WA, 23 BII070 85.7% H1 64.8% . &k FIEEE g A 4K
TR B FROC R, X AT A B A fdt A Sy
RN, 1999) BBk F% i AEEE T 51 %8 7%
AR REEYIRE TR AR KRB IREME SRS —
FRYVE , O3 A ] R i e At 2 R A i T
EL R, G2 A kB S T i B SR T R 2 T R 1Y
& E AR SR (T —7 %, 2012) . AR EE S i
BRICER, AR (FE R 45 ,2003) , /KA
YERIRE EZ R EEY, £EA T =02 WA
FTRAREDR Sy 2, WA T 5 Bl B, G 48 = A
KB FRICR & i, 2 2 A KRB R — 0
BT (MR SE,2006) , X F5RARK ygl-63 1)
BE— RSO A B T R K RS A P S SRR A
SR AR AILER, A Ei R KR i 0 B B FE A

W ATAE S B RRA, FRATHG SR AR SE I ygl-63(g)
ENLTEK RS 11 G @ik, i T 45 ic InDel-3
InDel-5 Z ], st fL BEBS 2928 2.4 <M, H AT, 78 [ —
U R I 6 A R 5 3 X e 7, B Vo
(Satoh et al, 1984) ,tscl1( Dong et al, 2001) ,OsPPR1
( Gothandam et al, 2005) ,Z1 ( 5Ki& .55, 2008) , 22
(Chai et al, 2011) Fl 4711 (XEHRES ) 2012) , H
Hr VO SRARRAE L B IR B P-4l A o, FERS AR
Je I R BRI G 0 0 8 K 1scl 2R 7AE PR —
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TR IEH 2k €6 ; OsPPR1 2828 KR ik B 4k, IF
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