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Analysis of Growth Response and Gene Expression by Waterlogging Stress on B73
Maize

Young Sam Go"', Jung-Tae Kim?, Hwan Hee Bae', Beom-Young Son', Gibum Yi®, Jun Young Ha®, Sun-Lim Kim°, and
Seong-Bum Baek®

ABSTRACT Maize is thought to be an alternative crop to rice in paddy fields for efficient field management and maintenance
of rice production at appropriate levels in Korea. Thus efforts to breed waterlogging-tolerant maize cultivars have been ongoing.
However, molecular studies related to waterlogging tolerance are limited for developing molecular markers to select waterlogging
tolerant maize varieties. In this study, we examined molecular biological changes of B73 in the V3 stage after immersion treatment
for 7 days. Overall growth of maize was lower in treated samples compared to non-immersed control samples. The length of leaf
and root decreased by 21.3% and 50.6%, respectively and the weight of root reduced by 21.6%. Soil plant analysis development
(SPAD) value and chlorophyll content of leaf also decreased by 55.7% and 35.3%, respectively. Reactive oxygen species (ROS)
content of root increased by 46.5% at 2 hours in immersion treatment. In addition, immersed roots were 2.5-fold thickened with
additional aerenchyma formation in the cortex. In order to identify the causes of these changes, we performed a microarray and
found increased expression of genes, such as WIPI, PMIP2, EXPAI, TPS1, and MAS1, in immersed samples. These differentially
expressed genes and expression of previously reported genes, including ALDH?2, Wusl1032, UP-1, UP-2, and CAT2 were further
confirmed with qRT-PCR. Here, we report 7 differentially expressed genes after immersing treatment, which may be utilized as
useful resources for breeding waterlogging- tolerant maize.
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Fig. 1. The morphological phenotype, plant height, root length, weight of leaves and roots of maize inbred line (B73), 7 days
after waterlogging initiation. Error bars represent standard deviation (n=5, * P <0.05). C, control, W, waterlogging.
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Fig. 2. The morphological phenotype, SPAD value, content of total chlorophyll of maize leaves (B73), 7 days after waterlogging
initiation. Error bars represent standard deviation (n=5, * P <0.05). C, control; W, waterlogging.
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Fig. 3. The microscopic analysis and ROS contents of roots of maize inbred line (B73), 7 days after waterlogging initiation.

Red arrow indicates aerenchyma. Error bars represent standard deviation (n=5,
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Fig. 4. mRNA expression analysis of waterlogging related genes in roots of maize inbred line (B73), 7 days after waterlogging
initiation. Total RNA was isolated from maize roots and subjected to RT-PCR and qRT-PCR analysis. Relative expression
measured by qRT-PCR. The Actinl gene was used as a quantitative control. Error bars represent standard deviation (n=3,
*P <0.05). C, control; W, waterlogging.
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Fig. 5. Transcriptomic analysis of the maize inbred line (B73) under the waterlogging stress Gene profiler of differentially
expressed genes in waterlogging treated maize relative to control maize. Significantly enriched GO in terms (Biological
process, Cellular compartment, Molecular function) of up-regulated genes was observed in waterlogging treated maize.
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Table 1. Partial list of up-regulated genes in waterlogging-treated B73 compared with non- treated B73.

Accession number Fold change Description
GRMZM2G156632 11.3 Bowman-Birk type wound-induced proteinase inhibitor (WIP1)
GRMZM2G136032 9.9 Plasma membrane intrinsic proteinl (PMIP1)
GRMZM2G113033 8.7 Ribulose bisphosphate carboxylase small subunit2 (SSU2)
GRMZM2G112247 5.9 Cellular retinaldehyde-binding/triple function, C-terminal
GRMZM2G703077 5.7 Deoxyhypusine synthase 2
GRMZM2G028393 5.5 Subtilisin-chymotrypsin inhibitor CI-1B
GRMZM2G047368 5.2 Plasma membrane intrinsic protein2 (PMIP2)
GRMZM2G339122 5.1 Aalpha expansinl (EXP1)
GRMZM2G137535 5.1 Lichenase-2
GRMZM2G039993 4.7 Anthranilic acid methyltransferase 1
GRMZM2G049538 4.4 Terpene synthasel (TPSI1)
GRMZM2G085381 4.2 Benzoxazinless1
GRMZM2G125023 3.9 Porin2
GRMZM2G100754 3.7 O-methyltransferase ZRP4-like
GRMZM2G042756 3.2 Dehydration-responsive element-binding protein 105 (EREBP105)
GRMZM5G858417 3.2 Permease 1
GRMZM2G102183 3.1 Malate synthasel (MASI)
GRMZM2G162755 3.0 Anthocyanidin 3-O-glucosyltransferase
GRMZM2G056908 2.7 Tonoplast intrinsic protein2 (TIP2)
GRMZM2G181236 2.5 Putative cytochrome P450 superfamily protein isoform 1
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Supplementary Table 1. Primers of waterlogging stress-related genes in this study.

Symbol Gene name Forward primer (5’—3”) Reverse primer (5°—3)
ALDH2 Aldehyde dehydrogenase 2 CTCTACGTGGCCAACCTCCT CCTTGGACTTCTCCACGAACT
GA200X2  Gibberellin 20 oxidase 2 GTTCAGGAACATCCGTGTCG GGCGATGCGTATCATGAAGT
GIDIL2-1  Gibberellin receptor GIDIL 2 AACTTTGTCCACAACGTCGC AAAGAAGGCGACCAGTCGAT
GIDIL2-2  Gibberellin receptor GIDIL 2 GTTCAGGAACATCCGTGTCG GGCGATGCGTATCATGAAGT
GIDIL2-3  Gibberellin receptor GIDIL 2 TCCTCCTGTCCCTGTTCCTC TCTGCATCAGCTCCTCGTTC
GASA2 Gibberellin-regulated protein 2 GTTGCTGGCCTCCTCTTCTT GCACTTGGGCCTGGTGC
EREBP193  AP2-EREBP-transcription factor 193 CGACGCCGAGGACTCC GTCGGACACCTGTGCGC
EREBP148 AP2-EREBP-transcription factor 148 GACGCCGAGGACATTCATG AGCAGCAGCAGCAGCAGA
EREBP179  AP2-EREBP-transcription factor 179 CGTGCTCCAGGAAGTACAGG CAGCGATCTCCTCCATCTGA
EREBP180 AP2-EREBP-transcription factor 180 GAGACGCAGAGGAAGGAAGG GAACTCGTCGAAGCTCCACA
ADHI Alcohol dehydrogenase 1 CGATTGCTTTCCTGGACCC TGAGGGTTGATCTTTGCAACA
ALDI Aldolase 1 AATGAGCCATCACAGCTTGC GTTCATGGCATTGAGGTTGC
ENO2 Enolase 2 GCGACAGCCTGAAAGACCTG GTATCTTGACCAGTTGACAGCGTA
GAP1 Glyceraldehyde-3-phosphate dehydrogenase 1 GGCCAATGGAAGCACAGC GAGGCCCCCTTCTCGATT
PGI1 Phosphohexose isomerase 1 TGGCCAGCACAGCTTCTATC CCCTCAACAGGCTTTCCTTC
PDCI Pyruvate decarboxylase 1 ATGGAGACCCTCCTGGCTG GGCGTACTCCAGGTTGGC
Shl Shrunken1 GAGGATGTTTCCAGTGAAATAATGA GTTTCCGTATACGGGTAGTAAACACT
SUS1 Sucrose synthasel CGTCTTCACCAGGCTGAAAA GGGTATCAGCTTGTAGGGTGGA
wusl1032 Wusl1032 ACTGCTTCATGCGGTACGAG GCACGACGATCTTGGTGTTC
UP-1 Unknown protein-1 CACAGACACAGTTGGGAAAGA CCAACTTTCGCAGTCACAAAC
UP-2 Unknown protein-2 CTTTCGCAGACCAAGGACAT GAGCGTTCCAGAGAAGTTGAG
UP-3 Unknown protein-3 CTGAGGTGAGGTGTTTCCTAAA TGAGAGTCGTTGCCTCTACTA
RbohA Respiratory burst oxidase protein A CAGCGCACACAAGAACTCTC CCCCGCACACAAGAACTCTC
RbohB Respiratory burst oxidase protein B TTGGGTTACACGTGAGCAAG AATGGAGCAAAGGCAACTGT
RbohC Respiratory burst oxidase protein C GGCACAGGAACTAAGCAAGC AAACTCATCGCCAAGAAAGC
RbohD Respiratory burst oxidase protein D TGTCTCTGGTCGTTCTCAGC CTCATCGCCCTCTAGAACCC
SOD Superoxide dismutase GCTTGAAGATGATTTGGGGA ACAGCGTAGCTCAACTGCAA
CAT2 Catalase 2 TAGCACGCAAACTGAATCGC TGGAAACCCAGCCAAACATT
Actinl Actinl ATGTTTCCTGGGATTGCCGAT CCAGTTTCGTCATACTCTCCCTTG




