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Characterizations of a Mutant Gene hw-1(t) for Green-revertible Albino, High
Tillering and Dwarf in Rice (Oryza sativa L.)

GUO Tao ", HUANG Xuan , HUANG Yong-Xiang, LIU Yong-Zhu, ZHANG Jian-Guo, CHEN Zhi-Qiang’,
and WANG Hui’

South China Agricultural University / National Engineering Research Center of Plant Space Breeding, Guangzhou 510642, China

Abstract: A rice (Oryza sativa L.) mutant hfa-1 exhibiting green-revertible albino, high-tillering dwarf was detected from a M,
population of an American variety Francis by space mutagenesis. 4fa-1 displayed distinctive albino before 3rd leaf stage but fi-
nally turned to normal green after 3rd leaf stage, and the expression of this phenotype was conditionally controlled by develop-
ment and temperature. Examining ultrastructure and measuring chlorophyll content indicated that hfa-1 showed albino due to
abnormal development of chloroplast, which resulted in inhibiting chlorophyll synthesis and decreasing photosynthetic efficiency.
Moreover, the increased tiller number of Afa-1 was ascribed to initiate more higher-order tiller buds. Further endogenous hor-
mones analysis demonstrated that the enhanced tillering capacity of Afa-1 might not result from inhibiting the synthesis of [AA. In
addition, the dwarfism of Afa-1 was caused by shortening internodes and was independent of biosynthesis and signal transduction
of GA. Genetic analysis indicated that the phenotype of green-revertible albino, high-tillering dwarf in hfa-1 was controlled by a
recessive nucleic gene, namely sw-1(f). Using a large F, mapping population derived from a cross between Afa-1 and an japonica
rice variety, 02428, hw-1(f) was fine mapped into a 46.9 kb of physical distance between two InDel markers, HW27 and HW7 on
chromosome 4, where 13 open reading frames were predicted. In the mapping interval LOC_0s04g57320 encoded a
IMMUTANTS protein, which was the most properly candidate gene of hw-1(2).
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Fig.1 Phenotypes of the mutant hfa-1 and the wild type
Francis at seedling stage
A~D: 1~4 ; E~H: (157C
20°C 25C 30C) hfa-1,
Francis

A-D: Phenotypes of the mutant and the wild type at the 1st—4th leaf
stages; E-H: Phenotypes of the mutant and the wild type under
different temperatures (15°C, 20°C, 25°C, 30°C). Left: ifa-1; Right: .
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Table 1 Content of chlorophyll and the photosynthetic rate of the mutant hfa-1 and the wild type ( X £SE)

a b a+b alb
Developmental stage Material (Ii:;i) (r(;;l;') Ché$g+g€,};1-b Chl-a/b N?Liﬁt(ggﬁﬁﬁi;f?te
hfa-1 0.08+0.00" 0.01£0.017" 0.09+0.01" 6.56+1.99" 6.92+0.82"
2nd leaf stage Francis 2.24+0.14 0.71+0.05 2.95+0.20 3.14+0.04 10.70£0.15
hfa-1 2.18+0.11 0.71£0.03 2.89+0.14 3.05+0.03 13.08+0.67
Jointing stage Francis 2.30+0.12 0.79+0.04 3.09+0.16 2.92+0.08 14.11x0.86
" (1%); (5%)
" Significant difference at the 1% levels;  significant difference at the 5% levels.
2.4 hfa-1 2
hfa-1 )
, hfa-1 ( 4-A)
41.4, (7.8) 431 ( 3 2) (93.28 cm £ 1.17 cm) , hfa-1
8.7 d, hfa-1 , (67.88 cm + 0.38 cm) 27.2% hfa-1
19.2 d )
48.9% (40.5£1.0 vs 27.2+1.6) , hfa-1
2 7, 3, , 3
8 31.02%

2 3 , 1 33.89% 37.55% 59.51% 50.25% 50.83% ( 4-B,
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Fig. 2 TEM analysis of the wild-type and the hfa-1 mutants
A: ; B: ; Ce ; D: ; B:
; F: C: ; CW: ; G: s M: s N: ; O: ;P
;S ; Ve
A: Mesophyll cells and chloroplasts of the wild-type; B: Mesophyll cells of the mutant at the 2nd leaf stage; C: Initial developing plastid of
the mutant at the 2nd leaf stage; D: Fusiform plastid of the mutant at the 2nd leaf stage; E: Chloroplasts of the mutant at the 3rd leaf stage. F:
Chloroplasts of the mutant after turning into green. C: chloroplast; CW: cell wall; G: grana; M: mitochondrion; N: nucleolus; O: osmiophilic
globule; P: plastid; S: starch particle; V: vesicle.
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Fig. 3 High tillering capacity of hfa-1 2.6 hfa-1 GA
A: hfa-1 1 s ; B hfa-1
; C: hfa-1
(gibberellin acid, GA)
A: The first tiller of Afa-1. The arrow indicates the first tiller in [38-39]
hfa-1, which is absent in wild type (WT) at this stage. B: Tiller
composition of Afa-1 and WT. C: Dynamic analysis of tiller number GA

between hfa-1 and WT. ’
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Table 2 Tillering characteristics of hfa-1 and the wild type ( X £SE)

. Francis hfa-1
Material
Total No. of tillers 7.8+0.5 41.1£2.0"
Tillering node II-VII [-VIII
No. of effective tillers 6.4+0.3 37.0£2.0"
Days of tillering after transplantation (d) 19.2+0.8 8.740.5"
Days of tillering duration (d) 27.2+1.6 40.5+1.0"
H (1%);” (5%)
™ Significant difference at 1% levels; ~ Significant difference at 5% levels.
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Fig. 4 Phenotypic analysis of the mutant hfa-1 and the wild type
A: hfa-1 s 10 cm; B: Afa-1 ; C: hfa-1
, P: , -V ; Dt 133
A: Phenotype of the mutant and wild-type (WT) at heading stage, bar 10 cm. B: Phenotypic exhibition of panicle and internodes of the mutant
and the wild type. C: Comparison of the contribution of panicle and each internodes to the plant height in the mutant and the wild type; P:
panicle, [-V: the respective internodes from top to bottom. D: Internodes elongation patterns of various rice dwarf mutants and wild type!**..
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Table 3 The 2nd leaf sheath elongation of the mutant hfa-1 and the wild type with GA; treatment

2 Length of the 2nd leaf sheath (cm) (+GA/-GA)
Material —GA +GA Elongation length (cm) Ratio (+GA/-GA)
hfa-1 2.76+0.07 5.99+0.06 3.23+0.07 2.17+0.06
Francis 2.87£0.16 6.04+0.08 3.17+0.16 2.10+0.08
+GA; GAs; -GA; GAs
+GAj; means GA treatment; —GA; means without GA treatment.
" e~ RM17605 RMI1113
~ hw-1(t)  RM17605 56 ,
’ hw-1(1) RMI1113 11
, hw-1(t) 2
\ - . ' L 1.55cM 044cM( 7)
N, HFA-1-GA, ' HFA-1 +GA, hw-1(t) ,
R,
9311 ,
RM17605 RMIl1114 38  InDel ,
7 hfa-1 02428 (95
F, (hfa-1x02428) HW2
HW21 HWI15 HW3 HW27 HW7 hw-1(1)
42 30 24 22 9 7 2 ,
HW36  hw-1(1) ,
hw-1(1) HW27~HW7 ,
0.186 cM  0.053 cM 7-C
B 6 hfa-l FIEA o-EMEEE SRS ¢ M 70
Fig. 6 Plate assay of a-amylase induction on hfa-1 and the 2.9 hW-l(t)
wild type (WT) .
1GA, GAy: —GA, GA, Gramene (http://www.gramene.org/)
+GAj3 means GA treatment; —GA; means without GA treatment. hw-1 ( t) )
£4 FBEEUMEHERNDE : RMI7605~
Table 4 Segregation of albino and green plants in F, popula- RM1114 , 9
. tions iga-1 AL606999
2
c F, popula- Normal Mutant (3)(2,1) AL606646 AL606619  AL606652 (
10Ss . .
tion type type 8), hw-1(1) HW27
hfa-1xFrancis 1223 943 280 2.78
HW7 AL606619 292 kb  73.1
Francisxhfa-1 598 467 131 2.89
kb , hw-1(t) HW27  HW7
hfa-1x02428 1428 1089 339 0.72
46.9 kb , 4
5 F, (5'-3") 33 902 708~33 949 569 bp (http://
hw-1(1) 4 Www.gramene.org/)

35 SSR 2 (RM17605 (http://
RM1113) WWww.gramene.org/) , 13
RM17605 RMI1113 126 F, , ORF, 8 (expressed pro-

, hw-1()  RM17605 15 , tein), 4 1
RM1113 6 hw-1(t) (hypothetical protein)(  6) LOC_
RM17605~RM1113 (7 0s04g57320 IMMUTANTS , immutants
hw-1(1), F, 1 882 (im) ,
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Table 5 PCR-based SSR and InDel markers linked to hw-1(t) gene
. . . . " a Amplicon
Marker Forward Primer (5'-3") Reverse primer (5'-3") Start position (bp) size (bp)
RM348 CATGAAGCTGTGTTGCTGTTGC CGCTACTAATAGCAGAGAGACCATCG 32650358 170
RM17595 GGGATCACGGAGCTCAAGTACC  GCTCCTCCCAAACCCAAATCC 33468481 171
RM17605 ATTAAGGGCCTGCTCTGTTCTGC GTCCACTCCTCTCCCTATCATGC 33680591 194
HW2 TGTCAGCCATCGTCATCG AGCCGTCAGTCAGCAAAGGTC 33692557 255
HW21 ATCCAAGCCTCCCGTCTG AGGGCTCTTCTGCACTCTACTC 33777634 288
HWI5 CTCCACCATTCATTTCTAC CGAGATGCCGTCGTTAGG 33866129 169
HW3 TGTCGCATGGTGAGATAGG TGAAGGAGACGGGAAAGAT 33879892 299
HW27 AGCAACAGGCGTTAGTCT TTCGTGGTCTCATAGGTT 33902519 189
HW36 ATGGTATGCTTTTCAGACGG GAGACGAGAGTTATACTCCT 33923819 860
HW7 TCGTCGTCCTCTTCTCTTCATCG GCTAACACCGAAAGAGGCAAAGC 33949569 289
RMI1113 GTTCTTGGGTTGGTGAGCTTCC TAGGGCGCATGTGTATTTCTTCC 34085973 428
RMS559 AGAGCGATGGGTGTCAGTTTGC CGTACGTACACTTGGCCCTATGC 35151595 169
? 4
* The genomic position of chromosome 4 in rice cultivar Nipponbare.
A Marker RM348 RMI17595 RMI17605 RMI1113 RMS559
N | | |
W | . ki) —> | Chr.4
Recombinant 15 w-It)
L 6. N=126
B Marker RM1'1?605 HW2 HW21 HW15 HW3 HW27 HW36 HW7 RMI1113
A\ hw-ljt)
o A\ |
Ge“e“: :;m“ 1488 1116 0797 0.638 0239 0.186 | 0053cM 0292
¢ H
BAC AL606646 AL606652
Recombinant 56 42 30 24 9 7 0 2 11 N=1882
C Physical distance | < 469 kb iy
Geemsuy |(C I O] 0 d [ CO X G‘
1 2 3 4 5 6 7 8 9 10 11 12 13
7 FFA F, {EEBHK(hfa-1x02428)FE 4L hw-1(t)E
Fig. 7 Mapping of the hw-1(t) gene using the F, population (hfa-1x02428)
(A) hw-1(1) 4 SSR RM17605 RMI1113 5 (B) hw-1(1) 4 InDel HW27
HW7 ; (O) GRAMENE 46.9 kb 13 ( 6)

(A) hw-1(t) was mapped to the interval between SSR markers RM 17605 and RM1113 in chromosome 4; (B) hw-1(¢) was fine mapped to the
interval between InDel markers HW27 and HW7 in chromosome 4; (C) In the 46.9 kb region, 13 putative genes were annotated in
GRAMENE database (Table 6).

, M )
0s04g57320 hw-1(1)

LOC
im )
[58] :

im
3 g
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Table 6 Gene annotated in mapping region

No. Gene Description Location
1 LOC_0s04g57220  Ubiquitin-conjugating enzyme, putative, expressed Chr. 4: 33,902,638-33,905,573
2 LOC_0s04g57230  Regulatory protein RecX family protein, putative, expressed Chr. 4: 33,906,501-33,910,311
3 LOC_0s04g57240  Hypothetical protein Chr. 4: 33,910,630-33,911,740
4 LOC 0s04g57250  Latency associated nuclear antigen, putative Chr. 4: 33,913,726-33,914,352
5 LOC_0Os04g57260  Expressed protein Chr. 4: 33,915,428-33,917,365
6 LOC_0Os04g57270  Expressed protein Chr. 4: 33,919,573-33,919,779
7 LOC_Os04g57280  Expressed protein Chr. 4: 33,921,534-33,922,056
8 LOC_0s04g57290  OsFBX153 - F-box domain containing protein, expressed Chr. 4: 33,925,215-33,927,102
9 LOC_0s04g57300  Phosphatidylinositol 3- and 4-kinase family protein, putative, expressed Chr. 4: 33,929,014-33,931,816
10 LOC _0s04g57310  Thiol-disulphide oxidoreductase DCC, putative, expressed Chr. 4: 33,934,397-33,938,496
11 LOC_0s04g57320  Immutans protein, putative, expressed Chr. 4: 33,937,718-33,940,830
12 LOC_0Os04g57330  Expressed protein Chr. 4: 33,942,870-33,946,059
13 LOC_0s04g57340  AP2 domain containing protein, expressed Chr. 4: 33,948,761-33,949,333
> > >
: W25 .
G9 [23] ’
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>
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>
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s R immutants
, hw-1(1)
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>
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Fig. 8 Model of green-revertible albino and high-tillering dwarf in hfa-1

PSII: II; PSI: I; PQ: ; PDS: ; CCD: ;
P450: P450

PSII: photosystem II; PSI: photosystem I; PQ: plastoquinone; PDS: phytoene desaturase; CCD: carotenoid cleavage dioxygenases;
P450: cytochrome P450.
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