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Phenotype analysis and gene mapping of small kernel 7 (smk?7) mutant in maize
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Abstract: In this study, a stable small kernel mutant, named small kernel 7 (smk7), was isolated from ethylmethane sulfonate
(EMS) mutagenesis of maize inbred line B73. Compared with wild type, the smk7 mutants showed smaller kernel size, defective
embryo and endosperm development and a significant decrease in 100-kernel weight. The smk7 kernels showed a low level of
germination rate at 10% and cannot grow into normal plants. No significant changes were detected in protein, starch and oil con-
tent between mature wild type and smk7 kernels, but the starch grains became significantly smaller and irregular in smk7 kernels
compared with wild type. The smk7 kernels could be clearly distinguished from the wild type as early as 12 days after pollination
(DAP), on the basis of their smaller and emptier phenotype. Microscopic inspection of the paraffin sections revealed that the de-
velopment of embryo and endosperm were delayed, and the cell wall in growth in basal endosperm transfer layers (BETL) were
arrested in smk7 compared with wild type. The F, populations with multiple backgrounds were constructed by crossing heterozy-
gous plants (+/smk7) with several other inbred lines. Genetic analysis showed that the mutant phenotype was controlled by a sin-
gle recessive gene. Based on genotyping by target sequencing (GBTS) strategy, the SMK?7 was initially mapped on the short arm
of chromosome 2. The fine mapping results suggested that SMK7 was located between markers RM1433917 and RM1535316,
with a physical distance of 120 kb. There were eight protein-coding genes in this region. This study laid a foundation for further
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genes cloning and research of the SMK7 function in regulating maize kernel development.
Keywords: maize; small kernel mutant; genetic analysis; gene mapping
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Table 1 Primer sequences for gene mapping used in the study

Primer Forward sequence (5'-3') Reverse sequence (5-3")
In4.3 AACGCATCATCCTATGTCCAAC GGGTGAAGCCAGCCATTATTT
Inl.9 ATGGTACGATCAACATAAAGGGAA GGCGTCACCGAAGAAATACAC
In0.83 GCAAGAAGCACCAGCCCT CGAGCGAAAGAAAGGAATGT
Inl.16 ACATGACCCACGATCCAGACA TGCAGCCACTCTCCTTATGGT
SNP1 TTAGGGTGGAGTTGCTTCGC TTATGAATGAAGCACGGAAATGA
SNP2 TTAGGGTGGAGTTGCTTCGC TTATGAATGAAGCACGGAAATGA
SNP3 AAGGAATGGAGGCTTGGGTT ACAGCCGCCTTCGGATTC
SNP4 AGCGGTCCTTGACTTTATTTGA CATTACACGACCAATACAGCCA
SNP5 TGGCTTTTCATACCCTCCTCC CCTTCGCTGTGACTTGGATGT
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Fig. 2 Hundred-kernel weight of wild type and smk7 kernels

*x 0.01

** represents significant differences between the smk7 mutant and
wild type at the 0.01 probability level.

T — 2.2 smk7
Fig. 1 Morphological phenotypes of the smk7 smk7 , My
A: M, s B:smk7 3 C:smk7

smk7

A: maize ear of My generation, B: comparison of the phenotype
between smk7 and WT kernels; C: comparison of the phenotype
between smk7 and WT seedlings. F, smk7

3 smk7 REEBKAFRABEERR

Fig.3 Scanning electron microscopy (SEM) of mature smk7 and WT Kernels

A: ; Bismk7 ; SG ; PB ; 20 pm

A: wild type endosperm; B: smk7 endosperm; SG: starch granule; PB: protein body; Bar = 20 um.
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Fig. 5 Observation of embryo and endosperm of WT and smk7 at different development stages

A: 12 15 18 21 25 30DAP ; 3mm B: (smk7) 12 15
18 21 25 30 DAP ; DAP: ; 3 mm

A: the observation of embryo, endosperm and whole seed of wild type at 12, 15, 18, 21, 25, and 30 DAP; Bar =3 mm. B: the observation of
embryo, endosperm and whole seed of smk7 at 12, 15, 18, 21, 25, and 30 DAP; DAP: days after pollination; Bar = 3 mm.
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Fig. 6 Observation of paraffin sections of wild type and smk7 kernels on different days after pollination

A: 12d ; 1000 um B: smk7 12d ; 1000 pm C: WT 12d ;
150 pm; D: smk7 12d ; 150 pm; BETL:

A: wild type kernels at 12 DAP; Bar = 1000 pm. B: smk7 kernels at 12 DAP; Bar = 1000 pm. C: the basal endosperm transfer layer of WT

endosperm at 12 DAP; Bar = 150 um. D: the basal endosperm transfer layer of smk7 at 12 DAP; Bar = 150 pm; BETL: basal endosperm

transfer layers.
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Table 2 Genetic segregation test of different populations

Populations Total kernels Normal kernels Mutant kernels Actual ratio Theoretical ratio $
M, 6372 4742 1630 291:1 3:1 1.1151
M; 9821 7412 2409 3.08:1 3:1 1.1367
F, Mol7xsmk7) 5123 3870 1253 3.09:1 3:1 0.7730
F, (Z58%xsmk7) 2016 1512 504 3:1 3:1 0.1120
x2 (0.05) = 3.84
1400 In0.83 Inl.16 Inl.9 In4.3 InDel ,
1200 1 SMK7 0.83 Mb~1.9 Mb
E 10004 399, SNP1 SNP2 SNP3 SNP4
é SNP5 SNP , SMK7
z ¥ 2 SNP2  SNP3 SNP
S 600 , 4,
—g 4001 9, 120 kb ( 9)
z
200 Gramene (http://www.gramene.org/)
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Table 3 Gene information in the candidate region

Locus name

Gene annotation

ZM00001D001818
ZM00001D001819
ZM00001D001820
ZM00001D001821
ZM00001D001822
ZM00001D001823
ZM00001D001824
ZM00001D001825

Probable polyol transporter 4

N-acetylglucosaminyl-phosphatidylinositol de-N-acetylase family protein
Protochlorophyllide reductasel

Unknown

Unknown

Anthranilate synthase beta subunit 1 chloroplastic

Dof zinc finger protein DOF1.6

Transducin/WD40 repeat-like superfamily protein
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