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Identification and Transcriptome Analysis of the High
Methionine Mutant Zmts1 in Maize Kernels
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Abstract: Methionine is the primary limiting amino acid in maize-soybean meal diets for livestock and
poultry. An imbalance in amino acids can inhibit protein synthesis in animals, thus affecting the quality of meat
and milk. To analyze the regulatory mechanism governing methionine accumulation in maize grains, this study
used homologous cloning strategy to identify a candidate gene, ZmTSI (Threonine Synthase 1), which affects
methionine content. Methionine content in Zmts/ mutant seeds increased by 60%. SDS-PAGE analysis revealed
that the methionine residue-rich 10 kDa-J alcohol-soluble protein in mature Zmts/ mutant kernel was
significantly elevated compared to the wild type, confirming that this gene could significantly increase
methionine content in maize kernels. Bioinformatics analysis indicated that the gene contained a threonine
synthase structural domain and the encoded protein was hydrophilic. Transcriptome analysis revealed 1144
differentially expressed genes associated with methionine metabolism, of which 571 and 573 were up-regulated
and down-regulated, respectively. GO and KEGG enrichment pathway analysis showed that the differentially
expressed genes were mainly involved in the biosynthesis and metabolism of amino acids. qRT-PCR was used to

further analyze seven key candidate genes that may be involved in methionine metabolism pathway. The
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transcriptional patterns revealed by both in RNA-Seq and qRT-PCR implied indirect functions of these genes in

the methionine metabolic pathway. This study provides new germplasm resources for breeding methionine-rich

maize, and offers a theoretical basis for understanding methionine regulation mechanisms in maize.

Key words: maize ; methionine; Zmts/ mutant;transcriptome analysis
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Table 1 Information of the primers in this study

Sras EIf31(53) 1314 (53) i
Primer name Forward primer (5'-3") Reverse primer (5'-3') Function
CDS-ZmTS1 CTGCCCTCCCTAAACGAAA GGAAAGGCTAGAGCAAACAAC [FE] i e bt
EMS-Zmts1 AGGGTTTCTCTGCGTGGTACG TGCATAGATATTCCCAAGATTGC RAFRYSE
ZmUbi TAAGCTGCCGATGTGCCTGCGTCG CTGAAAGACAGAACATAATGAGCACAG qRT-PCR 5|4
RT-ZmTS1 CGCCATCGTGTTCCTGC GCTGTCTTCTGCCCCTCAA

Zm00001d008883 AACCTCGAAGCCTTCTTCTCTG TGCTCTCCACTTAAACCACTACTGA

Zm00001d018386 GTAGTCAAGAAGGCTGAAAATC ATCCAGTGCCCGAGAGA

Zm00001d034460 GAGAGGATAGGAATAAGAGAGG TCCAGAACCAGAAGAGAGC

Zm00001d049823 GCCAAAGGAGCAAGCA GGGGACACATATCCAGAGA

Zm00001d050495 TTCTGCTGTCCACGGCT TGGTTGCACAAAGTTTCCT

Zm00001d048060 GCCTAAACCATCTCATTCTCA TCCTCCAACACCCCCAT

Zm00001d050133 CGCCTGTCTTCCTACCT TCCAATACGACCTTCTAACT
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Fig. 1 Evolutionary tree analysis of ZmTS1 and homologous cloning of ZmTS1 gene
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A: Wild-type B73 and ZmTS! gene structure; B: ZmisI genotype testing, [] indicates a variant site;C: Ears phenotype of Wild-type B73 and Zmts
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Fig.2 The genotype and ears phenotype of Zmts1
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Fig. 3 Determination of methionine content and SDS-PAGE analysis of B73 and ZmtsI mutants
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Fig. 4 Spatio temporal expression patterns of the ZmTS1 gene in different tissues of B73 and ZmtsI mutant
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Fig. 5 Bioinformatics predication analysis of ZmTS1 protein
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ZEI (K 5D) . SOPMA EZR /3 , ZmTS1 1)
ER T 5 AT 2024 o 1R T5E (38.33%) ,39 4 B %
1(7.40%) , 209 A~ LE 1% (39.66% ) , 77 A~ TC 45
Hi(14.61 %) (A SE).
2.5 Zmts] ETENERAS
I P At S 2HL 00 I 5 AR A3 A S8 AR R v Zm TS 1

ZHINF o IR 6 A i B S A1 43T 3545 43.74 Gb
I EE . 6 NI RE i 1Y Q20 X 7E 97.66% LA
b, Q30 {H 47 93.59% L) o BAANBRIEAL B (i
%35 2 5l 0.029%~0.03% , Clean Reads ¥ 5 T 97%
(F62) . KRz R BB (RO AE gtk W o 55 A ek
MIPEAG T b , 45 S B, A= W24 0 52 K S AD 1 R>

DR AR T B HA S D (g 3k . X B73 M1 Zmesl 0901 (&1 6) o 45 5 S/ 0 5038 I g AR i 1] A1)
RASKIENY G 20 d PRI IR LB RNA HEFT8E 5 RIYERIE, A T F—440#r
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Table 2 Summary of datasets by Illumina sequencing

v n g Sl . . 01 33 .
S#a:piﬁ’ Nurnb(:rJ i}:::j:ﬁngig reads jl:_i—l{fr)iil::jz %ifj r(ai/z) Q20(%) Q30(%) GC(}:CE::(it(eZDt)
WT_R1 43540100 42844478 0.02 98.03 94.39 53.12
WT_R2 48380496 47012800 0.03 97.66 93.59 54.42
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Pearson coefficient R* was used to evaluate the correlation of biological replicates
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