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Abstract: [Objective] Rice pigments not only have important physiological effects on their own development, but also
have been widely used in rice breeding, by-product improvement, and so on. Phenotypic analysis and gene mapping of
pigment-related genes could lay the foundation for the further study of rice pigments metabolism and regulation mechanism.
[ Method] A golden hull and internode rice mutant, gh881, was isolated from an elite japonica cultivar Changlijing (CLJ)
using ethyl methane sulphonate(EMS) mutagenesis strategy; the main agricultural traits of gh881 and its wild type(WT)
were measured at mature stage; we crossed gh881 with WT and ZH8015, respectively, followed by observation of F; and
BC/F, plants phenotype, and we made genetic analysis using Chi-square test in BC,F, population and gene mapping using
map-based cloning in F, population; the related-genes expression of young panicles, internodes and flag leaf sheaths of
gh881 and WT at various stages were studied by gPCR. [Result] Compared with wild type, gh881 exhibited golden hull
and internode at the mature stage. Except for no significant difference in the number of panicles per plant, there were
significant reduction in plant height, the seed-setting rate, the number of spikelets per panicle, the number of grains per
panicle and 1000-grain weight between WT and gh881. Genetic analysis and gene fine-mapping results suggested that
gh881 was controlled by a single recessive gene and the mutant gene was mapped to a region of 33.2 kb in which four open
reading flames (ORFs) existed on the short arm of chromosome 2 between markers FH-13 and RH-25. [ Conclusion]
Sequencing analysis revealed that a single base mutation (G to A) occurred at the site 3563 bp of OSCAD2 (0s02g0187800)
encoding a Cinnamyl-Alcohol Dehydrogenase (CAD), which led to a G297D mutation (codon GGC to GAC). This implied
that gh881 might carry a novel allele of OSCAD2. The quantitative real-time PCR analysis showed that the relative
expression level of OSCAD2 decreased significantly in the internode, while it almost increased significantly in the flag leaf
sheath and panicle, and the related-genes also almost changed significantly. These results demonstrated that OSCAD2 is an
important gene involved in lignin metabolic pathway, and may regulate other related-genes expression feedback.
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OsCAD2(0s02g0187800)f 3 563 bp Kb AET 1 NEIRIETRAR(G iy A), FEOZEEFMIBX I 297 Are
Bt HE R RN R LR, BN NZ 548 Ay OsCAD2 J K] BLos 3L 58 45 11 3 4437 JE K] . qRT-PCR 45 K1,
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Table 1. Primers used in this study.

467

7E b 2 ml B, B T W ¥ Gramene(http:/www.
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K HE K 4H DNA 77 & (RNase-Free DNase Set)Z:fk
BL[RZH DNA J5, SKHSC & & PCR #4571 &
(ReverTra Ace qPCR RT Master Mix, TOYOBO)# 17
% 15 cDNA 5 8. #), KM TAKARA SYBR
qPCR Mix [ Jvif& R 7E Roche Light Cycle 480 I~
AT qPCR. WS H KA OsActinl( & % 5 A
LOC_0s03g08020). #txf sl &Y) S5ARM R AE
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Primer name Forward primer(5'-3") Reverse primer(5'-3") Purpose
FH-1 TTACCATATAGTATAGCTGGTTGG AACGATTTAGAAGTCAAATTAAAA FE4lE AL Fine mapping
FH-5 ATTTTGATAATGGATAGAGATATTG CACTTATAAATATAGAGAACGGATCT FE4lE AL Fine mapping
FH-13 ATTTGGTTACATCCGCCTTT CAGTTCAGCCGTCCAATAGA FE4lE AL Fine mapping
RH-1 AGGAGCCTTGGATTACTACGA GTTCACTGCCATGAACACATG FE4lE AL Fine mapping
RH-4 GAGAAGAGCACAAACAATCACA GTTTTTCGGTGTCTCTCAACTA FE4lE AL Fine mapping
RH-7 TGCCAAACATATCGTGTCAC ATTCCAAGCCCACTTCTTAA FE4lE AL Fine mapping
RH-10 TGAAACTGTTTTAAACTAGATTCG TGCTGAAAAGACTACAAAGATATG FE4lE AL Fine mapping
RH-21 TTGATTGATTTTTTTCGATACAC GGATTGTTAACTTTTAAAACTTCTG FE4lE AL Fine mapping
RH-25 TATGTGACTTGTATGTGTCCAGC TTCCTATCATTTGATTCATTGTT FE4lE AL Fine mapping
SE-5 GGTGTAGACGTCGTTGTAGG AGATGGATCATGGCTCATG WFF Sequencing
0s4CL3 CCAGCAGGTGGATGGAGAG AGCACGGAGTTGAGCGAGTA qRT-PCR
OsMYB48 TGTATGGGTGGTGTGTGGCT CAGGAATGCTCTTGGCGA qRT-PCR
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T SEOREHS0ORD Rz 2 A5 o R 2 IR A 3 PR AIG
(3R 2), AT G T SAR A iy F0 e A0S ) AR 4 3 5
HIEREFDCAERZ 2, NTsem 1 IE& 14
KRB =B
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ZIREREEPVUKBRENMLE T S WS
FRAE VSN T8, 43 0 WL B A= AT gh881 A4
FHAERT 15 d(S1)~ FHAEERT 7 d(S2). AT 3 d A4
(S3) LA R Ui R B (S4)FIFFTE 24 H (SS) T AN HA )/
L ) DA K Sl i R B AR A I (B 2) . SR
RIL, B4R A AR IR, A ST F] S5 I,

o gh88I

A, B, Cand D represent the phenotype of panicle/grain and internode of gh881 and its wild type(WT) at maturity stage, respectively.

B 1 38%{k ghssl FIFRE SR
Fig. 1. Phenotype analysis of mutant gh881.

*2 FHHEBE ghgsl MEZERZMRILR(EHET#REE, n=10)
Table 2. Comparison of main agronomic traits between gh881 and its wild type(WT)(Mean=£SD, n=10).

AR Trait WT ghss1 P
Hk# Plant height/cm 74.75+0.96 72.80+1.62 #*P<0.01
HERA 203 No. of panicles per plant 11.20+1.69 12.40+1.43 P=0.07
FHEERIEL No. of spikelets per panicle 132.31£6.19 104.03+8.08 **P<(.01
FRESRIEL No. of grains per panicle 117.46+4.94 65.31£10.99 *#P<(0.01
459 Seed-setting rate/% 88.82+2.15 62.87+9.71 #*P<(.01
T-hiE 1000-grain weight/g 28.92+0.51 27.13£1.12 **P<().01
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gh881

WI  ghss! [WE  gh8sI

WT gh§81 | WIT ghk&’i WII'  h&8I| WT gh881 W1 gh881 WT 2gh881 T  gh881

A—gh881 5 WT T /M RSB 28 th: B— & A FHZLHERTRS BIEBCK I C—gh88L 5 WT 4 MY & - S 4 28 4k; D—gh88l 55 WT %
AN I B AR . S1—JHAEHT 15 ds S2—JWAEAT 7 ds S3—JWAERAT 3 ds S4—sARIN: SS—ITHEMH.

A, Panicle color in five stages of gh881 and wild type; B, The magnified picture corresponding to red box in picture A; C, Flag leaf sheath color in various
stages of gh881 and wild type; D, Internode color in various stages of gh881 and wild type. S1, Fifteen days before heading; S2, Seven days before heading; S3,
Three days before heading; S4, Initial heading stage; S5, Heading day.

2 gh8sl 5EAER(WT)ZMNETHIFEER. 518 LUK S H3HER & R T S X EE

Fig. 2. Panicle, internode and flag leaf sheath color in various developmental periods of gh881 and its wild type(WT).
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%3 gh88l L mHNER I
Table 3. Segregation of gh881 locus.
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Re 17  _ Bo==== =3 2075kb 5 aman.. S 15 21 29 34 n=944
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- - - - - < -+ -+ e
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:h || || #:J
B C

WT: 6 CcT|eE€EC|G GTG AT

\'I|
ﬂ m, \/\/\" I fq‘|
A AT AT
/\/\’ \ i \ / \& w ‘; |

3550-AAGGCCATCACUGGUAGCTTCATC-3573
WI: 203k A T T G S F 1300

gh881: 293-K A I T D S F 1-300

3550-AAGGCCATCACGCTTCATC-3573

A—gh881 RAIEF KNG E L. &I Re R EA BMEL n AARPTAIRNE MRS L OF SRR RBLAFTEN B, B—EFAER 5 RAL /K ghssl &
AL 5 PRI P U IR B o e L DA B 5 0 P AR ) PP B B € — AR il R IR 51

A, Fine mapping of the mutant gene of gh881. Re and n represent the number of recombinants and recessive plants, respectively and red arrow marks the

mutation site. B, Sequencing results of WT and gh881. The peak maps were

3 gh88l R EFEMEI 52 &
Fig. 3. Map-based cloning of the gh881 mutant gene.

B2 T (E4-E); RIS b S AN 3 PR 2 A
w3 LRE(E4-F). T, RARF OsCAD24:
DAL B 1 2R A 2 RS HL R R AR AR 5 3R 5 2R SR
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3 TR
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FIGRANT R e AT 7L . S5 RERH, 1R A2
1 SR PEREFE R0, AT 5 2 Jeta ik i —A
PRI T i S i 3 [F] OsCAD2 A8 4 AN B F N R E T

obtained by reverse sequencing. C, The mutation site analysis.
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B HMIUG—A 8L C—T)PIEB LR, %500
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B R A 1 SR A

IKFE 4 38 B 5T R [ 2 A8 & gh2 & il T
OsCAD2 i [K| 4wt (1 85 17 51 N 2 185 AL H &R
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