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Morphological characterization and genetic mapping of shrunken
endosperm mutant s22021 in maize

REN Wenchuang m, WANG Xin, ZHANG Yahui, TANG Yunqi, HUANG Jun™
(College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To analyze the phenotypic characteristic of maize shrunk endosperm mutant and fine
mapping of related genes, and lay a foundation for further understanding molecular mechanism of maize kernel
development. [Method] The spontaneous shrunk endosperm mutant shank2021(sh2021) was isolated from
maize inbred line B73. Morphological and cytological characteristics were observed. A segregating population
was developed, and the bulked segregant analysis (BSA) was used for preliminary gene mapping. The
recombinant plants were screened for further narrowing the mapping interval. Finally the candidate genes

controlling grain defect traits were speculated by transcriptome sequencing combined with gene function
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annotation analysis. [Result] Compared with wild type, sh2021 displayed sunken and shrunken kernels, darker

color, irregular grain arrangement, and lower 100-grain weight. The scanning electron microscope observation

revealed that s42021 had smaller endosperm cells and starch granules, and the starch granules were varied in

size. The genetic analysis results indicated that s22021 was caused by a single recessive gene mutation. The BSA

indicated that the target gene was located on a 13.25 Mb fragment at the end of chromosome 3. By further

expanding the segregating population and screening recombinant plants, the target gene was narrowed down to

an interval of 529.60 kb between markers ID5 and ID9. Transcriptome sequencing and gene annotation of

sh2021 and wild type indicated that Zm00001d044119, Zm00001d044120, Zm00001d044122, Zm00001d044129,

and Zm00001d044142 mighted be candidate genes controlling maize kernel development. [ Conclusion] The

identification of s42021 provides abundant experimental materials for the study of kernel development, and lays

a foundation for further map-based cloning and functional analysis of s22021.

Key words: Maize; Shrunken endosperm mutant; Genetic analysis; Fine mapping
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Table 1 Primers used for gene mapping of s42021

1A TR JEHI(5'—3")
Primer name Sequence
ID1 F: TACAGCTTGTAAAAATACAGGGCC
R: ATGAGAGTGCATGGTCCGTG
ID2 F: GGCAGCAGGATCAGAAGAGA
R: GGAACTTGTTGTGCCAAGG
D3 F: TCTCGAATCAAGAACCAGCA
R: GGAGGGATTGGGTGAAGATT
1D4 F: GTCTACAACCGGCTCCTCAA
R; GTGGAAGTGTCGTCCGTTCT
IDS5 F: GCCATCTACAGTGTCAGCCA
R: GTCAACGAGATTCTCAGGGC
1D9 F: CTTCCCGTCGAGATCCACG
R: GTTGACAGCTTGTGGGGTCT
ID10 F: GCTAGAGATGGCTATTAGGTGCA
R: AGCGTGTCTAACCTCACTTATAACA
IDI11 F: TAACTGTCTCGCTGGGCTTT
R: GGCGTCCGTCCAAATAAA
D12 F: CCATGAGGAGGCATGTGTGG
R: CAGCTGGTTCACGCCACATC
ID13 F: TGCACTTCGAGAGGTTTGTT
R: TCATAATAGTCTCGTATCCAGCCT
ID14 F: ACCCAAGGACCCCAAAGAGA
R: GCCCTATGCTTGGGGAGTG
IDI15 F: GCCTGTCTAGCATATGATGTGAA
R: GTCTCATGCCAAACGAGGAT
C3-102  F: CTAGCCAGCCCCCATTCTTC
R: GCAAGGAGTAGGGAGGACGTG

1 F§ Primer3Plus(https://www.primer3plus.com)
# il qRT-PCR 5% (3 2), LA UBQ7 NN S A,
i 2xSYBR premixe Ex Taq 1I(Takara) 21T qRT-
PCR Al ZE R A &, 9 I89F 9 94 'C 30s; 94 C
5,60 'C 30s, 40 MEFL; BN EHIZE, 95 °C 10,

# 2 qRT-PCR EEIES|4
Table 2 qRT-PCR quantitative verification primers

514 JPHI(5'—3")
Primer name Sequence
HX1 F: TTTGAGCGAAACTCCAGTGC
R: ATGTTCATGTGCTGCAGGAC
HX2 F: GAGTCGGAGATCAGCATCGG
R: AAAGTGTCGGCGAAGAACCT
HX3 F: TTGGGAAGACGAAGCCATTG
R: AGGTCGGCTTTCCATATGGAC
HX4 F: TCACTGAGCAGCCTTCCAAG
R: GACACGTGAGCAGACTCCAA
HXS5 F: GCCACGGGATCATGAAGGAG
R: TCTCCTCCAACAGACCCTCC
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A B 7359 WT. sh2021 ¥PRIHEFL; C. D 735129 WT. sh2021 FFRijEshi
A and B are the endosperms of WT and s42021 grains respectively; C and D are starch granules of WT and 542021 grains respectively
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Fig. 3 Scanning electron microscope observation of WT and sh2021 grains
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