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Abstract: Mutation induced by irradiation is one of the efficient ways to innovate crop germplasm
resources. In this study, a drooping-panicled mutant rice with other variations in the panicle, named JD-1, was
derived from Jindao 565 by carbon ion beam irradiation. Compared with the agronomic traits of the wild type

Jindao 565, JD-1 had a highly significant ( P<0.01 ) increase in neck-panicle curvature, number and density
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of main panicle grains by 305.90%, 66.86% and 47.79%, respectively. In addition, panicle length, number of
main panicle filled grains and number of main panicle secondary branches increased significantly ( P<0.05 ) by
12.11%, 63.06% and 74.19%, respectively, but the 1000-grain weight significantly decreased by 11.54%. The
whole genome sequence alignment revealed the existence of 18639 single nucleotide polymorphisms ( SNPs )
with a conversion/transversion ratio of 2.34, and of 3428 insertion-deletions ( InDels ) , between Jindao 565
and JD-1, which were distributed in clusters and mainly located on chromosomes 5 and 11, accounting for
25.19% and 22.98%, respectively. Through the structural analysis of mutated genes, the mutations occurred
in intergenetic regions had the maximum proportion of 45.22%, while those detected in splicing hold the
minimum proportion of 0.08%. GO functional analysis of the mutated genes revealed that most of them
were involved in cell physiological process. The sixteen genes related to plant height, 1000-grain weight,
panicle length and secondary branches were identified from the cloned genes which were mutated in JD-
1. The molecular markers for these genes were further designed based on the mutation sites, and the twelve
SNP markers and the nine InDel markers were proved to be polymorphic in nine genes between Jindao 565
and JD-1. This study created a new rice germplasm and explored the allelic variation related to yield trait
in rice.

Key words: rice; carbon ion beam; whole-genome resequencing; allelic variation; molecular marker
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Fig.1 Comparison of plants between Jindao 565 and
mutant JD-1
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Table 2 Main agronomic traits of Jindao 565 and JD-1
1K} Material
PRk Trait HEAE 565 (CK) Iy Dl s CK
Jindao 565
M£SD M +SD (%)
Bk (ecm) Plant height 101.78 +2.69 106.64 = 11.16 478
RIS (°) Neck-panicle curvature of the main panicle 29.48 +10.33 119.66 = 5.84" 305.90
FHEK (em) Main panicle length 17.83 £0.67 19.99 +1.79" 12.11
FHE R Number of main panicle grains 169.00 + 20.26 282.00 + 59.49™ 66.86
FHEF R Density of main panicle grains 9.50 + 1.00 14.04 +2.26" 47.79
F YK EL Number of main panicle filled grains 157.00 + 17.70 256.00 + 62.83" 63.06
FHLESIE (% ) Seed setting of main panicle 90.06 + 0.02 87.29 + 0.08 -3.08
FH—YRAAF%L Number of main panicle primary branches 14.00 + 1.48 16.00 + 1.87 14.29
FERE T RAATEL Number of main panicle secondary branches 31.00 + 10.22 54.00 +15.39" 74.19
T-ki# (g ) 1000-grain weight 26.09 £2.10 23.08  1.60" -11.54
A (mm ) Grain length 7.52+0.16 7.30 £0.29 -2.93
Fi%E (mm ) Grain width 321+0.17 3.10+£0.11 -3.43
i) (mm ) Grain thickness 2.25+0.06 2.17+0.06 -3.56
F2E#—M-K (cm ) Flag leaf length 25.82+2.40 24.90 + 8.67 -3.56
F 2508 —M- 9% (cm ) Flag leaf width 2.06+0.11 2.04+£0.36 -0.97

1S BIAEIRE] 0.05 F110.01 148 4K T

"and " indicate significant difference at P<0.05 and P<0.01, respectively
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Table 3 Analysis on genome resequencing data of JD-I and Jindao 565
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R IR EKET S ERIEE (bp) GC &8 (%)  HXFE(%)
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Material No. of clean reads HQ clean data . GC content Mapped rate .
quality = Q30 ratio Average depth
HEFE 565 105844306 15756586812 14480717742 43.76 92.27 89.36 42
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JD-1 89622224 13285184651 12165196653 44.88 90.92 78.36 35
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Fig.2 Variation annotation of JD-1 genome
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Fig.3 Density distribution of mutational SNP/InDel in JD-1 genome and
sixteen cloned genes related to yield traits
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Supplemental Table 1

57 mutation sites of 16 genes

BRKH AR
otk BRBMGM K BREIA R A8 565 HEHEEHRR R ZRERES EERKS
JD-1 Variation typ Controlled
Chr Start End Jindao565 Structure type Gene locus Gene )
e traits
Chrl 4005679 4005679 C T SNP upstream LOC 0s01g08220 0sGA30x2 1735
Chrl 4005717 4005717 T C SNP upstream LOC_0s01g08220 0sGA30x2 1735
Chrl 4005868 4005868 T A SNP upstream LOC_0s01g08220 0OsGA3ox2 VR
Chrl 4005869 4005869 C T SNP upstream LOC_0s01g08220 0OsGA30x2 VR
Chrl 4005889 4005889 T A SNP upstream LOC_0s01g08220 0OsGA30x2 VR
Chrl 4005917 4005917 A G SNP upstream LOC_0s01g08220 0OsGA30x2 VR
Chrl 31815542 31815542 G A SNP exonic LOC_0s01g55280 OsMY1 T E
Chrl 31817225 31817237 GGGGGGGGGGGGG - Deletion upstream LOC_0s01g55280 OsMY1 BRI
Chrl 31817245 31817245 G A SNP upstream LOC_0s01g55280 OsMY1 TR
Chrl 31817353 31817358 GGGGGG - Deletion upstream LOC_0s01g55280 OsMY1 TR
Chrl 32461329 32461329 T C SNP upstream LOC_0s01g56330 FLR2 735
Chrl 32502328 32502328 C T SNP exonic LOC_0s01g56380 e 1735
Chrl 32502556 32502556 A G SNP exonic LOC_0s01g56380 e 735
Chrl 32502598 32502598 C A SNP exonic LOC_0s01g56380 e 1735
Chrl 32503237 32503237 T C SNP upstream LOC_0s01g56380 TYDC FkE
Chrl 32503542 32503542 A G SNP upstream LOC_0s01gh6380 Nve VR
Chrl 32503783 32503783 T G SNP upstream LOC_0s01g56380 TYDC V=
Chr2 7723374 7723374 cC - Insertion intronic LOC_0s02g14130  OsGSK3 T
R, A R
Chr2 33444327 33444327 T C SNP upstream LOC_0s02g54600  OshKKk4 %
R, A R
Chr2 33444346 33444346 A G SNP upstream LOC_0s02g54600  OshKKk4 %
Chr2 33444353 33444353 T C SNP upstream LOC_0s02g54600  OsMkK4 "
Chr3 26403214 26403215 - GG Deletion intronic LOC_0s03g46650  OsRGBI 1735
Chr4 19563713 19563713 T C SNP upstream LOC_0s04g32510 LAX2 TRFE T AL
Chr4 31203828 31203828 C T SNP UTR5 LOC_0s04g52479 NALI 1735
Chr4 31525157 31525157 - GGAGGGTAATATATG  Insertion intronic LOC_0s04g52920 GSD1 TR
Chr4 31525197 31525197 - A Insertion intronic LOC_0s04g52920 GSD1 TR
Chrb 15040320 15040320 - GG Insertion upstream LOC_0s05g25840  OsAGSWI T
Chrb 15040439 15040439 A G SNP upstream LOC_0s05g25840  OsAGSWI BRI
Chrb 15040462 15040462 A G SNP upstream LOC_0s05g25840  OsAGSWI T E
Chrb 15040478 15040478 G A SNP upstream LOC_0s05g25840  OsAGSWI T E
Chrb 15040495 15040495 T - Deletion upstream LOC 0s05g25840  OsAGSWI T-Hi
Chrb 15040530 15040530 T C SNP upstream LOC_0s05g25840  OsAGSWI T E
Chrb 15040644 15040647 TTTT - Deletion upstream LOC_0s05g25840  0sAGSWI TR
Chrb 15040818 15040818 C - Deletion UTR5 LOC_0s05g25840  0sAGSWI TR
Chrb 15042606 15042606 A G SNP intronic LOC_0s05g25840  0sAGSWI TR



Chrb 15070937 15070937 C T SNP upstream LOC 0s05g25910  0sOFP19  #fwm, FEK

Chr5 15071381 15071381 G A SNP upstream LOC 0s05g25910  0sOFP19 ¥k, K
Chrb 19730814 19730814 TGCATGTAATT - Insertion intronic LOC_0s05g33570  OsPPDKB T F
Chrb 19731595 19731595 T C SNP intronic LOC_0s05g33570  OsPPDKB T F
Chrb 19731723 19731723 C T SNP intronic LOC_0s05g33570  OsPPDKB T H
Chrb 19731769 19731769 C T SNP intronic LOC_0s05g33570  OsPPDKB T F
Chrb 19732390 19732390 T - Insertion intronic LOC_0s05g33570  OsPPDKB T F
Chrb 19732460 19732460 C T SNP intronic LOC_0s05g33570  OsPPDKB T F
Chrb 19732637 19732637 C T SNP intronic LOC_0s05g33570  OsPPDKB ThiE
Chrb 19736114 19736114 - G Deletion intronic LOC_0s05g33570  OsPPDKB T E
Chr6 26594071 26594071 A - Insertion upstream LOC 0s06g44100 GlW6a T-Hi
Chr7 2984067 2984067 A - Insertion upstream LOC 0s07g06130  OsEIN2 T-Hi B
Chrll 7194646 7194648 CTT - Deletion intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7194715 7194715 A G SNP intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7194728 7194728 C T SNP intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7194734 7194735 - TG Deletion intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7196051 7196051 C G SNP intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7196062 7196062 A T SNP intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7196071 7196071 A G SNP intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7196093 7196093 A T SNP intronic LOC_0s11g12740 OsNPF4. 1 K
Chrll 7196305 7196305 G A SNP intronic LOC_0s11g12740 OsNPF4. 1 K

Chrl11 7196314 7196314 T G SNP intronic LOC_0s11g12740  OsNPF4. 1 (SIS




