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Characterization of a Novel Spotted Leaf Mutant sp/32 and Mapping of Spl32(z)
Gene in Rice (Oryza sativa)

ZHONG Zhen-Quan”~, LUO Wen-Long", LIU Yong-Zhu, WANG Hui, CHEN Zhi-Qiang", and GUO Tao"

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

Abstract: A dominant spotted-leaf mutant of rice was isolated from F, (Yuejingsimiao 2/H4) population. The mutant, designated
as spl32 (spotted-leaf 32), initiated brown spots on leaf apex at the panicle differentiation period, and then gradually spread them
to whole leaf and sheath. Trypan blue staining indicated that the formation of spots was not caused by cell death. Taken normal
green leaf plants segregated from heterozygous Fs as control (CK), we found seeds per panicle and seed setting rate of spotted leaf
plants were significantly lower than these of CK. After appearance of spots, the POD activity and MDA content of sp/32 were
significantly higher than these of CK, while photosynthetic pigment content in sp/32 was reduced, without significant changes in
chlorophyll fluorescence parameters. The resistance to rice bacterial blight in sp/32 was greatly improved by inoculation of Xan-
thomonas oryzae pv. oryzae at heading period. The spotted-leaf trait of sp/32 was verified to be controlled by a dominant gene that
temporarily designated as Sp/32(t). The novel rice spotted-leaf gene was mapped between markers Ind-c and RM206 on chromo-
some 11 with a F, (02428/spl32) population.
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Fig.1 Phenotypes of spi32
A: spl32 ; B: () spi32( ) ; Ce () spi32( ) ; D: spl32

; E: spl32
A: field phenotype of sp/32 during the filling stage; B: phenotypes of CK (left) and sp/32 (right) during the milky stage; C: leaves of CK (left)
and sp/32 (right) during the filling stage; D: sheath of sp/32 during the mature stage; E: phenotypes of leaf and panicle during the filling stage
in spl32.

£ 1 MBCKM spl32 BIRE IR
Table 1 Agronomic traits of the control (CK) and sp/32

Material Plant height Panicle weight per ~ Number of Grain number Filled grain number Seed setting 1000-grain
(cm) plant (g) panicles per panicle per panicle rate (%) weight (g)
CK 93.60+1.69 22.43+2.83 6.33+0.21 235.80+7.22 217.90+6.73 92.41+0.48 19.68+0.29
spl32 95.08+1.02 20.37+1.41 7.33+0.61 214.87+4.81" 183.20+5.54" 85.13+1.45”  19.24%0.15

T 0.05 ;70001

" Significantly different at P<0.05; ™" significantly different at P<0.01.
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Fig. 2 Effects of shading on sp/32 leaves
A: ; B: spl32 ; C: 7d
D: 7d E: 7d
A: CK; B: sp/32 during the maturity stage; C: part of non-spotted
leaf after shading for seven days; D: leaf shaded for seven days then

under normal light for seven days; E: spotted leaf after shading for A B C D
seven days. o .
ven 3 spl32 RERMBLULE N
Fig.3 Histochemical analysis of sp/32
2.3 A: ; B: ; C: spl32
D: spl32

( 3-B) spi32
A: control; B: control stained; C: spotted sp/32 leaf; D: stained
( 3-D) , spl32 leaf.
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Fig. 4 Physiological characteristics of the control (CK) and the sp/32 mutant during different growth stages
A: (SOD)(U g™'); B: (POD)(U min"' g™); C: (CAT)(umol g™ min™"); D: (MDA)

(umol g ); *  0.05 ;¥ 0.01
A: superoxide dismutase (SOD) (U g™'); B: peroxidase (POD) (U min~' g™"); C: catalase (CAT) (umol g~' min~"); D: malondialdehyde (MDA)
(umol g™'). * Significantly different at P<0.05; ** significantly different at P<0.01.
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Fig.5 Pigment content in leaves of sp/32 and control (CK) during different growth stages
A: a (mgg); B: b (mgg); C: (mgg'); D: (mg g"); E: Chl a/Chl b; ¥ 0.05

;¥% 0 0.01
A: chlorophyll a content (mg g™'); B: chlorophyll b content (mg g™'); C: carotenoid content (mg g'); D: total chlorophyll content (mg g');
E: Chl a/Chl b. * Significantly different at P<0.05; ** significantly different at P<0.01.
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Fig. 6 Chlorophyll fluorescence kinetic parameters of the sp/32 mutant and control (CK)
A:CK  spl32 F\/Fy ;B:CK  spl32 AF/Fy ; C: CK spl32 g» NPQ ;
D: CK spl32  gp NPQ
A: F\/F,, of spl32 and check during different growth stages; B: AF/F,,' of sp/32 and check during different growth stages; C: the gp and NPQ
of sp/32 and check during heading stage; D: the gp and NPQ of sp/32 and check during filling stage.
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Fig. 7 Association analysis of the spotted-leaf trait and bacterial blight resistance
A: 3 ;B:3 ; C: Fy(spl32/ ); D: F»(02428/spl32)
*0.05 ;¥*0.01
A: spots on the three functional leaves when inoculated; B: lesion length of the three functional leaves in CK and Sp/32(cm);
C: F, (spl32/Nipponbare); D: F, (02428/spl32). * Significantly different at P<0.05; ** Significantly different at P<0.01.
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Table 2 Genetic analysis of spotted leaf mutant sp/32

F, Phenotype of F,
o 3:0) 7
Cross Phenotype of F, LAS X 003
No. of spotted plants No. of normal plants Total Ratio
spl32/Nipponbare Spotted plant 683 261 944 2.6211.00 3.391

3.841
02428/spl32 Spotted plant 1960 613 2573 3.20:1.00 1.835
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Table 3 Four Indel primer sequences used for Sp/32(t) mapping

Marker Primer (5'-3") Length of the amplificated products (bp) Location (bp) Annealing temperature ()
Ind-a F: GATGGATGGAAGGTCCAACTC Japonica, 197; indica, 211 19282003 60
R: CAACAGCGTACACACACACAAG
Ind-b  F: GGCTATTGGCTAGGCGTTTTAG Japonica, 226; indica, 237 19576926 60
R: GTCCTTTACTCCTGAGCATGT
Ind-c  F: TTCACTACTTGCGTTTCATGTCA Japonica, 185; indica, 198 19840743 60
R: GATACGGGTCCTATGTTTCAA
Ind-g F: ACCCCAGATTGTCCAGTCCT Japonica,151; indica, 142 22645403 60

R: AAACAGCGTGATGAAGGTGA

(IRGSP-1.0) BLAST
Physical coordinates of primers were identified through BLAST searching in the Nipponbare rice genome (IRGSP-1.0).

Marker ind-a Indb RM21 Ind-c  spi32f) RM206 Ind-g
Chr 11 7/// I I I I I I I
Recombinant 80 64 51 37 35 48 =505

8 RIRER SpI32)W¥ T E AL
Fig. 8 Primary mapping of Spl32(z)
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