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Characterization of the Regulatory Gene hrd1(t) Involved
in Anthocyanin Biosynthesis
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Abstract:  Objective  The objective of this study is to conduct genetic analysis and gene mapping for the purple leaf
character of rice germplasm hrdl (Oryza sativa L. ssp. indica). Method  The regulatory gene Ardl, is a rice germplasm with
purple leaf which originated from the hybrids of two green leaf accessions Texianzhan 13 and 02428. Major agronomic traits of srd1
was firstly investigated, and the segregation ratio of purple and green leaf characters was assayed by using the Fj, F, and BC,F,
populations derived from the crosses of Ardl and 02428. Fine mapping for the gene contributed to purple leaf character was further
conducted by using F, population, and the candidate gene was identified. = Result = The purple character initiates on leaf apex of
hrdl at the 2™ leaf stage and gradually spreads to most parts of the whole plant. At the ripening stage, the agronomic trait of hrdl
was significantly different from the control cultivar (Texianzhan 13). Chlorophyll content was equal between hrdl and the control,
while the anthocyanin content in srd] was much higher than that in control. A recessive gene named /rdl(t) controls the purple leaf
character in Ard] according to genetic analysis, and it was mapped to a 32.5 kb region on chromosome 4 between InDel markers
HRD10 and HRD21. By sequencing for genes within the mapped region, a single base mutation (A to C) was found in the 3™ exon of
LOC_0s04g50660 (encoding a WD and G-beta repeats containing protein), which leads to the predicted amino acid at position 196
converts from lysine in control to threonine in Ardl.  Conclusion hrdI(t) encodes a WD40-class transcription factor and may be
involved in a regulatory mechanism of pigments.
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A: Phenotype of hrdI(right) and TXZ(left) in filling stage; B: ird1's leaf morphology from tillering stage, jointing stage, booting stage, heading stage; C: Spike
of hrdl; D: hrdl show stigma exsertion when bloom

1 hrdi
Fig. 1 Phenothpe of hrdl

1 hrdl TXZ 02428 4
Table I The comparison of chlorophyll and anthocyanin between Ardl, TXZ and 02428 (4 developmental stages)

A B

Material Stage Chlorophyll A (mg-g™) Chlorophyll B (mg-g™) Total chlorophyll (mg-g™) Anthocyanin (ODs30/g'FW)
hrdl ™ 5.0%* 1.4%* 6.4%% 2.92

2 7.7 2.5 10.2 8.27%*

31 6.3 2.0 8.3 17.73%*

4 9.4%* 3.3% 12.7# 8.94%*
02428 1 9.1 22 11.3 2.15

2 7.6 3.1 10.7 1.68

31 8.3 2.1 10.4 2.11

4 8.7 3.0 11.7 3.26
TXZ ™ 8.6 2.8 11.4 3.11

2m 8.7 2.8 115 2.69

31 7.0 2.1 9.1 2.87

4" 7.0 23 9.3 4.52
*P 0.05 **P0.01 *P  0.05 significant difference; **P  0.01 very significant difference

2 F. BCF
Table 2 Phenotypic segregation of F, and BC,F, populations
Phenotypes r
Combinations Green leaf Purple leaf Actual ratio Theoretical ratio
hrd1/02428  F, 2154 742 290 1 31 0.60
hrd1/02428//hrdl ~ BC4F; 15 13 1.15 1 11 0.14

xz 005=3.84 v=1 xz xzvos x20‘05=3.84, v=l1, xz xzo‘os, show no significant difference

?1994-2014 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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33 41cM 2-A high resolution melting
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3 6 InDel hrd1><02428 F,
2 273 3 hrdi(t) InDel
hrd1 () BAC Table 3 InDel primer information used for gene mapping of
hrdl(t)
AL662952  InDel HRD10  HRD2I
32.5kb 2-B Markers Primer pairs (5'-3") Amplification size (bp)
2.4 hrdi(t) HRD7  CGACTAAACTCGTCCTCGTTTT 238
TGATTAGTGGTGCGGTTTAGTG
hrdl (t) BAC AL662952 InDel HRD9 ACTAACAAGGGTCAGGGTCTCA 233
HRD10 HRD21 32.5kb TAGGTACAGCTAGGCAGCGTTT
GRAMENE hrdl (1) HRD10  CTACTCCTGTTGTGAGCGTGGA 177
ATGCTACTCCCATCGTTCGTAA
6 2-B HRD21 GTTGCGCTGGCCTCCTAT 177
6 CATCAAGCCTACGCTCAACTC
1 LOC OSO4g5066O HRD13 CTGTATGACACCTGCCGTAAGT 191
- ATGACGTTCGCCCTATCTGTAT
13 02428 hrdl hrdl HRD17 TGCAAGGACTGATCTAACATGG 196
LOC_0s04g50660 3 GCGACGGTTGCTATACTCCTTA
Marker R.RISI’/HIU]’ HT]W }{RIE]!D . }{‘I(l)ll HRD13 HR]liI’ /K]\[l’-i&’
—/ | [ ] K4 -~
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AL662951 ALGO7004
AL6629%2

C
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LOC_0s04g50660
6.59 Kb
Substitution Non coding region Extron - Intron
A hrdl(t) 4 InDel HRD10 HRD21 B GRAMENE 32.5kb 6 C hrdl(?)

hrdl
A: hrdl(t) was fine mapped to the interval between InDel markers HDR10 and HRD21 in chromosome 4; B: Six putative genes were annotated in the 32.5 kb
mapping region in GRAMENE database; C: Gene structure with the mutated site of hrd!(t)

2 hrdi(t)
Fig. 2 Fine mapping of hrdi(t) gene
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Fig. 3 Genotyping of hrd1, purple plants from F, population and green leaf materials by using HRM
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Fig. 4 The mutation of 196™ protein amino acid between hrdl(t) and WT
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