F a2 2 RS SRS T2 %4 J. Radiat. Res. Radiat. Process. Vol.42, No.2
2024 £ 4 A www.fs.sinap.ac.cn April 2024

BETREFFEKRBERREHREGHEN T FHIE

B W OH RGN KN mEY B B
CHlFEEZR A ESIREMIFT Kb 410125

WE RERLEEEMAEBAERIER, SR, A RIS RAL RS S AR e 8 AL L AN
B o AW FUR R I SR B SR 55 B T SR IR 1) OsNramp 5 587848 G A, R FH 10 kb WRECS 6
TZ AR R 10 M, AR RAE ML AR 411 SNP/InDel & 4 I A% gt A% 4 B RRAIE . S5 RR W KFE M, R & 1k
G I B K] OsNramp5 5 PR 584807 5 R BAL 28 MLA,  BIZE M A4 48 JE ARG 0 280 1) 0 A8 7 553 A b N A W 4 i it
oy SiAh, FEM EEFATABRA T, FR R 24, BNEIE — AR R AR E = MR, AR DAL R
kB AT RERIGIX . ARG 1B EST AR HRS AL 10 A4 i M AR G A 1 5 R 2 A8 S AR AIE B HAE ML AR
(RTBALRAE , BT FUBK B8 1 AU HEUS 1 RS R AR N L ) AN £ 15 28 B MR 7 $R 1 5%
KB BRSO, fEATAAER, BRREZE, A, BERR

FESES  Q319, S335

DOI: 10.11889/j.1000-3436.2023-0117

5| HiZX:

EURYE, TRA, TR, 55 R R SRS KRR R R SR AR e B AR 3 FRFIE LD, SRR S
RS T 2R, 2024, 42(2): 020401. DOI: 10.11889/5.1000-3436.2023-0117.

LYU Siwei, ZHANG Li, ZHANG Yiyan, et al. Molecular characteristics of rice chimeras contain-

ing gene mutations induced by carbon ion beam radiation[J]. Journal of Radiation Research and Ra-
diation Processing, 2024, 42(2): 020401. DOI: 10.11889/j.1000-3436.2023-0117.

Molecular characteristics of rice chimeras containing gene mutations induced by

carbon ion beam radiation

LYU Siwei ZHANG Li ZHANG Yiyan ZHANG Yuanhai PENG Xuanming YANG Zhen
(Hunan Institute of Nuclear Agricultural Science and Space Mutation Breeding, Changsha 410125, China)

ABSTRACT  Chimeras are universal phenomena in the M, -generation plants obtained following radiation-
induced mutagenesis; however, the mutational effects and variant inheritance mechanisms of related rice chimeras
have yet to be sufficiently clarified. In this study, we used target capture-seq technology to obtain OsNramp5 mutant
chimeras via carbon ion beam irradiation, and used a 10 kb liquid chip to determine the SNP/InDel mutational

occurrence and genetic isolation characteristics of the chimeric M, generation and mutational M, genomes. The
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results revealed that the mutation detected in the OsNramp5 gene of M, chimeric rice was not inherited by the M,

generation; that is, the mutation detected in somatic cells of the M, population was not passed to the subsequent

generation via the germ cells. In addition, conversion was established to be twice as common as transversion among

the M, genomic mutation types, although more than half of the variant sites were inherited by the M, generation.

However, these sites were rarely located within the functional coding regions of genes. Our findings in this study

revealed the genomic variation characteristics of somatic M -generation chimeras induced by carbon ion beam

irradiation and their genetic characteristics in the M, generation. These findings will provide a reference for further

studies that seek to elucidate the mechanisms underlying chimeric mutation effects and for selecting appropriate

procedures for mutagenesis breeding following carbon ion beam irradiation.

KEYWORDS Carbon ion beam, Irradiation mutagenesis, Gene mutation, Chimera, Heritable variation
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GTCACTACCACCATTCTCTTCTTCGTCTACTTCCAGCTAGCCTGAGCTCTAGCTTAGCTCTAGCTTAGCCTGAAGAAGCTAAGAGAGGAAGCAACAATGGAGATTGAGAGAGAGAGCAGT
GAGAGAGGGAGCATCAGCTGGAGAGCTAGTGCGGCACATGATCAAGATGCCAAGAAGCTCGACGCAGAT GATCAGCTGCTAATGAAGGTCAGTTGCTACCTTAATTATCACAAAGTTGTC
GTTAGTTTCTCAGTTTTGGTAAATTGTGTACAGGAGCCTGCATGGAAAAGGTTCCTTGCCCATGTTGGTCCTGGATTCATGGTGTCTTTAGCCTACTTGGATCCTGGCAATTGTGAGAAT
TGTCACAAAATGAAACAGTGGAAACCGATCTGCAAGCCGGAGCCAACCACAGATATGAGGTACGTACAGTCGACTTTATTTTACTGTTTACGCACTGAATGACTGAAAGCATGAGTAACT
AGCTGCTCTGGGTGATTCTGATTGGACTCATCTTCGCACTTATCATACAGTCGCTAGCAGCTAATCTTGGAGTGGTTACAGGTGACTAAAT GACACGCAATTAAACTGTAATTACCAACT
TCCTAGGGAGGCATCTGGCTGAGATCTGCAAGAGTGAGTACCCCAAGTTCGTCAAGATTTTCCTATGGCTGCTGGCAGAGTTGGCCGTCATCGCTGCAGATATCCCAGAAGGTATATACT
TGCAGTTATAGGGACGGCCTTTGCTTTCAACATATTGTTCCATATTCCGGTGTGGGTCGGCGTCCTCATCACCGGCACCAGCACTCTACTGCTTCTTGGCCTCCAAAAATACGGGGTATA
TTTCTGATATCGATGCTGGTGTTCGTGATGGCGGCGTGCTTCTTCGGGGAGCTGAGCATCGTGAAGCCHttGGCGAAGGAGGTGATGAAGGGGCTCTTCATCCCCAGGCTCAACGGCGAC
ACGCAACAATCAATCAATTAATTCATACAACTAATCAGTTAATTAACTACTGCATGCATTTATATATATGCAGCCACAATCTGTTCTTGCATTCTGCCTTGGTGCTATCGAGGAAGACAC
AGCCACAATCTGTTCTTGCATTCTGCCTTGGTGCTATCGAGGAAGACACCGGCATCAGTCAGAGGAATCAAGGTAGCTATATTCAGCCTGGGCAGATCGAGATAGGTATAGGGTAGCTAG
ATATATGCAGCCACAATCTGTTCTTGCATTCTGCCTTGGTGCTATCGAGGAAGACACCGGCATCAGTCAGAGGAATCAAGGTAGCTATATTCAGCCTGGGCAGATCGAGATAGGTATAGG
ATCCAGGCTAATAATTAATATGTACTATATGGT GTGTGAATT GCCACGTAGGACGGGTGCAGGTTCTTCCTGTACGAGAGCGGGTTCGCGCTGTTCGTGGCGCTGCTGATAAACATCGCC
AGAGGACGCCGACAAGTGCGCCAACCTCAGCCTCGACACCTCCTCCTTCCTTCTCAAGGTCATTCATTCATTATTACTTCCTACTCCTTAATATTAAAAATTTTTAAATGGATTAGACGT
TCAGAACGTGCTGGGCAAGTCGAGTGCGATCGTGTACGGCGTGGCACTGTTGGCATCTGGGCAGAGCTCCACTATTACCGGCACATACGCTGGACAGTACATCATGCAGGTAATTAATTA
GTGCATGCAGATGATACTGTCCTTCGAGCTGCCGTTTGCTCTCATCCCTCTTCTCAAGTTCAGCAGCAGTAAGAGCAAGATGGGGCCCCACAAGAACTCTATCTATGTAAGATCGTACAC
GATAATAGTGTTCTCGTGGTTCCTGGGTCTGCTCATCATCGGCATCAACATGTACTTCCTGAGCACGAGCTTCGTCGGCTGGCTCATCCACAACGACCTCCCCAAGTACGCCAACGTGCT

0s07t0257200-17: CTCGTCTACATCGTCGCIGTtGTtTACCTCACCATCAGGAAGGACTCCGTCGTCACCTTCGTCGCCGACTICTCICTCtGCIGCIGTIGTtGACGCCGAGAAGGCCGACGCCGGCGACCT
0s07t0257200-18: AGCCCTTGCCGTACCGCGACGACCTGGCCGACATCCCGCTCCCAAGGTAGAGAAGAAGAAGATCGACATGCATACGTAT GGTATAGCGTATGTATACGTACGTATATACGCGTACATTGT
0Os07t0257200-19: TGTATACGTACGTATATACGCGTACATTGTGAATATACGTACTTACGTACGTATATGTGCATCCTCTATGGATGCCACGTGCGTGCGTCGGAGCCGTTCGTTTATATTTGTGCGGTCCAG
0Os07t0257200-20: ATCGCTCGCAGATCGATCGATCGACAAGGGTGTGCAATTAATATATAAGCATTTGAGGGGAGGTGGCTCATGTATCCTTGTAATTTATATGTACGATATGATTTATCATAATTCAGGGCA
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Fig.2 Molecular probe sequence of the OsNramp5 gene

1.7 B#rMAR OsNramp5 B [F 22T 16 IE

T 1% ) (5% OsNramp 5 FE R R G487 5 3EAT
#o% = M PCR, K H 9l W AN F: 5§
-GGTTTCTTGGACATCAGGATG-3'; R: 5
-AGCTACATAAATCCGCACGA-3'. {fi il Genstar
WA EY 1 HAr X, PCRAYIMA LAY TR
KV PR 7 HEAT Sanger M, Hff 78 AR KT,

2 HEREHSWHR

2.1 M, K OsNramp5 BEEF#HEHRREMN SR KRE
FFIE
BT ) £ (0 R DNA 45 B B 1) 1l 38 00 55 4

(a) (b)

N8

AR, KBk B8 AU 42 175 78 (I 1822 (1) M AR Rk
BT, RIS A92 HIIE M F 7E OsNramp5 &
[R5 11 M2 T 8874008-8874013 7. i ik &% 4= 6 bp Bkt
J(GCCGAT/-), HiEFIE— N AE RN M. B
ZERPRI 8 AN BERER Jr, $2HUDNA, MR4E %R
AL BT R S A T 91 W4T PCR ¥ 3F
Sanger M7, 559 W3, HAL T [FMAH AR 1) FE M-
92, M-1. M-2. M-4 & RAHRF M (K3
(b)), AHARAEEW-93, W-3. W-5. W-6F K4 RE
(WD) (E3(c)), SR 8k A e T A AR5
(El3(a)) o WHZHEEH R A R AT A 2R %
g O(RD , HEELRBKT 50%, FHg59R
N40.37%, FEFREVET R, R4 Y
PN

o ' ' 'Wi[dl)‘lp.e '
T

n* it ‘\"f\'_ I M,

250 260 270

Heterozygous mutation

| Y
7 “ |

3 JKHE OsNramp5 HE KI5 23 53 HT = () IKFE OsNramp 5 35 IR 548 Hr Ak I J FE 98 AR AR
(b) /K FE RIS & RAL YN 7 5 5 5 (o) 7K R AR A 0 e 6 R G € DL I 288 gD
Fig. 3 Analysis of OsNramp5 mutations in rice: (a) fan-shaped mutated pattern of rice chimeric line with OsNramp5 gene
mutation; (b) heterozygous mutant sequencing result of rice panicle; (c) wild-type sequencing result of rice panicle (color online)
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Table 1 Agronomic traits of chimeric line with OsNramp5 gene mutation

TG 5 L3S SR EL ek SR BRI %
Panicle No. Panicle length Full-grain count ~ Unfilled-grain count Total grain count ~ Seed-set rate
M-92 28.8 142 171 313 45.37

M-1 26.7 113 149 262 43.13

M-2 214 65 74 139 46.76

M-4 214 56 78 134 41.79

W-93 25.3 129 214 343 37.61

W-3 25.0 102 114 216 47.22

W-5 25.8 107 120 227 47.13

W-6 30.5 101 284 385 26.23

1y 25.6 102 151 253 40.37

Mean
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Fig. 4 Genome sequencing Varlatlon locus analysis in rice M, chimeric mutant: (a) the proportion of SNP variation in different
structural domains of whole M, genome; (b) the variant loci number of SNP substitution types on whole M, genome (color online)
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2 M,'ﬁ OsNramp$5 FERBEREAE SNPEA AR R

Table 2 SNP allele variation among OsNramp$5 chimeric panicle mutants in M, population

FE a4 7R 95 5 CK AL / % ABALYE 23 #T Similarity analysis
Sample name Code Similarity percentage ~ SBS RABH(HME-FIX)  InDel 8454 5 Nramp5 FEK R
to CK Single-base-substitution  InDel mutation loci Nramp5 genotype

mutation count (SBS in

exon region)

92-1 M-1 99.73 25(2) 1 %4471 Heterozygous
92-2 M-2 99.75 22(3) 2 %% 41 Heterozygous
92-4 M-4 99.71 27(1) 1 %% 411 Heterozygous
92 M-92  99.74 24(0) 1 %% 4 74 Heterozygous
92-3 W-3 99.74 24(3) 1 4= 7 wild type
92-5 W-5 99.77 21D 1 42 7 wild type
92-6 W-6 99.72 26(2) 1 242 7 Wild type
93 W-93  99.65 34(5) 0 9725 7 Wild type

e B AR IRE S OsNramp5 7 R RAS , 5 CK — 80 425 8L : OsNramp5 157 sUR LR TRAS , R I 1L
Note: Wild type: no mutation at OsNramp5 locus in predicted sample, the same detection to CK; Heterozygous: deleted mutation on
OsNramp3 gene locus and performed heterozygous.
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Fig. 5 Differential sites located on genome between chimeric mutant and CK: (a) the variation sites of panicle with OsNramp5
mutation; (b) the variation sites of panicle without OsNramp5 mutation (color online)
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(a)

OsNramp5 genotype

) Original heterozygous rice stump
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)
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284 plants and 6 Panicles .
from M1 rice stump %
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Fig. 6 Osnramp$5 genotype: (a) the Osnramp5 genotype of the original heterozygous rice stump and 284 per plant in M,
generation; (b) regenerated tillers of original heterozygous rice stump (color online)
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K3  OsNramp5 B4 FLAEM, I SNPs B R &

Table 3 SNPs variation rate of OsNramp5 chimeric mutant in M, generation

M, % 5 5 M AL / % 5M, Z R BRALETM, S/ %
M, code Similarity percentage to M, Number of differential sites with M,  Percentage of M, in variant loci
M,-1 99.20 80 12.5

M,-2 99.18 82 14.6

M,-3 99.20 80 11.3

M,-4 99.18 82 13.4

M,-5 99.21 79 13.9

M,-6 99.24 76 13.2

M,-7 99.21 79 13.9

M,-8 99.23 77 14.3

M,-9 99.16 84 10.7

M,-10 99.19 81 13.6

M,-11 99.24 76 11.8

M, — 124 10.5
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Fig. 8 Variation types and its inheritance of whole-genome in M, generation: (a) the substitution types and variant loci number in
M-92 panicle with OsNramp5 mutation; (b) genetic variation pattern and SNP number of M-92 genomic variation (color online)
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