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Discovery and Analysis of Folate Anabolism Genes during Grain

Development in Minshuangse No.6
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(Maize Research Center, Institute of Crop Research, Fujian Academy of Agricutural Sciences, Fuzhou 350013, China)

Abstract Folic acid is an essential vitamin for human body. The sweet maize is one of most important
cereal crop, which has fruit, vegetable and food functional characteristic. However, the folate content and regula-
tion genes are still unclear in sweet maize. The different kernel development stages of Minshuangse No.6 were used
as materials to determine folate content and genes expression. The different expression genes were performed by
Mfuzz time Cluster analysis. The Cluster genes were studied by GO and KEGG enrichment analyses, aiming to-

explore potential folate synthesis genes and molecular regulatory pathways. The results showed that folate content
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in sweet maize decreased gradually with the increase kernel development time. The folic acid content were above
50 pg/100 g from 10 to 20 days after pollination, and showed a rapid decline after 20 days. This study obtained
six Clusters by Mfuzz time Cluster analysis, among which Cluster 3 gene expression pattern had a similar trend
with folate content change. The GO and KEGG enrichment analyses also revealed that the folate biosynthesis and
metabolism pathways were enriched by the Cluster 3. This study found 19 genes had involved in folate biosyn-
thesis in sweet maize, among which seven genes were involved in GTP (guanosine triphosphate) as a substrate for
processing new compounds. In addition, the expression pattern of Zm00001d031995 (DHNA), Zm00001d018733,
Zm00001d023817 (DHFS) and Zm00001d026549 was consistent with the change trend of folate content. Mean-
while, the expression of Zm00001d039264 and Zm00001d016866 had opposited trend with folate content. There-

fore, these six genes maybe play a key role in the regulation of folate molecular pathways, which provides genetic

resources for high-folate breeding in sweet maize.
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Table 1 List of the primers
514 SV I(5'—3")
Primer name Primer sequence (5'—3")
Zm3817-F CTC CGA CGA CGG GTTTGA C
Zm3817-R CTC ATG ATATTG GAC AGG AAT GCA G
Zm1995-F GTT GGG ACA GAA GTT CGT GGT TGA C
Zm1995-R AGG CTT GCC AAC CTT CACTCG GACT
Zm8733-F GAT CCA GCA CCT CATACG CTCTTC T
Zm8733-R GGA GTT AGG AGC GGA GGA GGAAGA G
Zm6549-F AGA TGA CCC GCT TAT GTG GGG ATT C
Zm6549-R TCT TGA TAA ATC CCA CCC CCT CTC G
Zm9264-F AAG GAG ATG ATG AGG TCC CTG TGT A
Zm9264-R ATG TGG TCG TCG ATG GGG AGAACC A
Zm6866-F CAC GGT TGA TAC TAT GAA GGCACG A
Zm6866-R GGA ACC TCC CAA ATG AAT CAA CAA G
ZmUBI-F TGG TTG TGG CTT CGT TGG TT
ZmUBI-R GCT GCA GAA GAG TTT TGG GTA CA

F: IEF 51405 R: RIFI5190

F: forward primer; R: reverse primer.
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Fig.1 Dynamics of folate contents at different days after pollination of Minshuangse No.6
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Fig.2 Correlation analysis of expressed genes under different periods
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Fig.3 Temporal expression changes in six Mfuzz Cluster genes
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Table 2 Information of genes involved in folate synthesis

FKIEHID PR HLR 44 PR i R R A

Maize genes 1D Chromosome  Genes name Characteristics of encoded protein

Zm00001d026531 10 GCH2 GTP cyclohydrolase 2

Zm00001d017053 5 Unknow Alkaline Phosphatase D Precursor

Zm00001d031995 1 DHNA Dihydroneopterin Aldolase 2

Zm00001d021338 7 HPPK Folate synthesis bifunctional protein

Zm00001d007318 2 DRTS Bifunctional Dihydrofolate Reductase-Thymidylate Synthase

Zm00001d018733 7 IDP9129 Folylpolyglutamate Synthase Pseudogene

Zm00001d023817 10 DHFS Dihydrofolate Synthetase 1

Zm00001d026549 10 Unknow N-acylphosphatidyl ethanolamine synthase

Zm00001d031254 1 Unknow Monofunctional riboflavin biosynthesis protein RIBA 3

Zm00001d036484 6 ADCS Probable Aminodeoxychorismate synthase, chloroplastic

Zm00001d039264 3 adcl? D-amino-acid transaminase chloroplastic

Zm00001d026449 10 Unknow Hypothetical protein

Zm00001d025761 10 Unknow NAD(P)-binding Rossmann-fold superfamily protein

Zm00001d034715 1 raf2 Rubisco Accumulation factor2

Zm00001d016866 5 cl26243 1 Cyclic pyranopterin monophosphate synthase mitochondrial

Zm00001d003415 LOC100282527  Cyclic pyranopterin monophosphate synthase accessory protein mitochondrial

Zm00001d050783 4 Unknow Molybdopterin Synthase Sulfur Carrier Subunit

Zm00001d026515 10 vpl0 Molybdenum Cofactor Biosynthesis Protein

Zm00001d034178 1 Unknow PLP (pyridoxal phosphate)-dependent transferase superfamily protein
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Fig.6 Folate synthesis gene expression changes and pathway analysis
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