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Abstract  Gibberellins are an important class of plant hormones. They play an important regulatory role in all stages of growth and develop-

ment of higher plants. The use of mutants to study gibberellin metabolism and signal transduction pathways is currently a research hotspot. This

article takes the data of Affymetrix chips of rice as an example, bioinformatics method was used to study rice SLR1 mutant and mine differenti-

ally expressed wild-type genes, thus exploring the expression regulation network of gibberellin signaling pathway-related genes.
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1 Introduction

Gibberellins (GAs) are an important class of plant hormones, be-
longing to diterpenoid compounds. Up to new, more than 100
kinds of GAs have been discovered from different higher plants.
However, only some of them have biological activities regulating
plant growth. GAs play an important role in all stages of the
plant’s life cycle, such as seed germination, root growth, stem
elongation, flowering, seed development and fruit formation'' ™'
During plant growth and development, it is desirable to synthesize
and accumulate the appropriate level of active GA. Plants can
transport GAs from synthetic sites to tissues and organs that re-
quire GAs. The NPF protein family and the SWEET protein family
play an important role during the transport of GAs"'. In recent
years, with the research and utilization of various mutants with the
developments of advanced molecular biology and functional genom-
ics, great progress has been made in the study of signal transduc-
tion pathways of GAs and their regulation of plant growth and de-
velopment. The GA signaling pathways are relatively conserved in
plants. The DELLA proteins located in nuclei are negative regula-
tors of the GA signaling pathways. Rice SLR1 is a DELLA pro-
tein. After the GA signaling pathway is activated, the active GA
binds to the receptor GID1™ ™" | promoting the interaction between
GID1 and SLR1. The GID1-SLR1 complex is recognized and
bound by GID2, which causes SLR1 to be degraded by ubiquitina-
tion, releasing its negative regulation, thereby activating GA sig-
nals and regulating plant growth and development'® ™. The objec-

tive of this study was mining of the microarray data of rice SLRI1
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mutant and its wild-type rice plant Taichung 65 as well as analyses

of the differentially expressed genes between the two.

2 Materials and methods

In NCBI'S GEO database, search was
conducted by keyword " rice gibberellin signaling pathway". In
the results, the GSE15046 chip data were selected for analysis.
The chip data was submitted by Sakakibara et al. , a total of 12

samples. The samples of rice SLR1 mutant and wild-type rice

2.1 Source of material

plant Taichung 65 were selected””’. This experiment used the Af-
fymetrix Rice Genome Array chip platform.

2.2 Data processing and screening of differential genes Da-
ta processing was performed using R software and the Bioconductor
project’”’. The data set was subjected to background correction,
standardization and log2 transformation using RMA ( Robust Multi-
chip Averaging) algorithm. If multiple probes corresponded to the
same gene, the average was used. The two groups of samples were
compared using the limma package[m]to find the differentially ex-
pressed genes between the SLR1 deletion mutant and the wild-type
plant Taichung 65.

2.3 Bioinformatics analysis of differential genes After find-
ing these differentially expressed genes, they were subjected to
Gene Ontology (GO) analysis and metabolic pathway analysis

using the Plant MetGenMAP online analysis system'"’.

3 Results and analysis
3.1 Screening of differentially expressed genes in expression
profiles

Bioconductor’s limma toolkit, a total of 228 differentially expressed

After comparing of the two samples groups using

genes were found. Among them, 130 genes were up-regulated and
98 genes were down-regulated.

3.2 Gene Ontology analysis of differentially expressed genes
Cluster analysis was conducted using GO analysis in the Plant
MetGenMAP database. The molecular functions of the differential

genes and the involved biological processes ( Process ) were



Weihua LIU et al. Analysis of Gene Expression Profiles of Rice Mutant SLR1 Based on Microarray Data 55

checked. The results of the GO analysis are shown in Fig. 1 and
Fig.2. The Gene Ontology analysis can help to better understand
the changes in gene expression after SLR1 deletion. The GO anal-
ysis showed that the molecular function of genes differentially ex-
pressed in rice SLR1 deletion mutant is mainly related to catalytic
activity. The biological processes involved include mainly cellular
process, metabolic process, response to stimulus, efc. This lays a
foundation for further study of the molecular mechanism of action

of GAs in rice.
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3.3 Changes in metabolic pathways The changes in rice meta-
bolic pathways were analyzed using the " Significantly changed path-
ways" in Plant MetGenMAP. As shown in Table 1, there are signifi-
cant differences in multiple metabolic pathways between rice SLR1
detection mutant and wild-type plant. This result suggests that GAs

may be involved in the regulation of these metabolic pathways.

Table 1 Changes in metabolic pathways

Pathway name P value

Betanidin degradation 0.003 066 8
Brassinosteroid biosynthesis 11 0.031 178 6
Cytokinins degradation 0.049 1829

4 Discussions

Since the " green revolution" in the 1960s, breeders have cultivat-
ed a number of new crop varieties, such as semi-dwarf, lodging-
resistant high-yielding rice and wheat. This has greatly increased

]

the yield of major crops worldwide'"®'. Research has shown that

the semi-dwarf mechanism of crops in the " green revolution" is
closely related to the gibberellin signaling pathway'* ™" | such as
sdl in rice and Rht in wheat. Rice sdl gene encodes GA200X2
oxidase. Loss of function of this gene hinders the conversion of
GAS3 to GA20 in the gibberellin synthesis pathway, which ulti-
mately leads to a decrease in GA and a semi-dwarf phenotype of
the plant'"’. The DELLA protein encoded by the wheat Rhil gene
is a negative regulator of the gibberellin signaling pathway, which
inhibits gene expression in the GA pathway and inhibits plant
growth"”.

In rice, SLR1 is a DELLA protein. In wild-type rice, SLR1
encodes a protein consisting of 625 amino acids. It is highly ho-
mologous with wheat RHT-D1, maize D8, and arabidopsis GAI.
The SLR1 protein contains a DELLA configuration and is a nuclear
localization signaling protein. Rice SLR1 protein is an important
negative regulator of GA signaling. It prevents the GA signal from
being conducted downward. lkeda et al. believe that the continu-
ous activity of the SLR1 gene during signal transduction promotes
endogenously antagonized ABA level, i. e. , promotes ABA syn-
thesis and inhibits GA synthesis'*’. The slr phenotype is charac-
terized by weak stems, elongation at the base, shortened root
length, and reduced number. Recent research has shown that
DELLA-mediated GRF4 is involved in the coordinated regulation
of crop growth and nitrogen metabolism in rice, improving nitrogen
use efficiency and yield while maintaining rice semi-dwarf excel-
lent trait'"*’.

In this article, bioinformatics method was used to mine the
expression profiles chip data of rice SLR1 mutant and its wild-type
rice plants. After analysis, a total of 228 differentially expressed
genes were found between the two groups of materials. Compared
with wild-type plants, 130 genes are up-regulated and 98 genes
are down-regulated in SLR1 mutant. The GO analysis showed that
the molecular function of genes differentially expressed in rice
SLR1 deletion mutant is mainly related to catalytic activity, and
the biological processed involved mainly include cell process, met-
abolic process and response to stimulus, efc. This study lays a
foundation for further study of the molecular mechanism of action

of GAs in rice.
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tem, humidifier, and intelligent temperature and humidity control
system. And the tray conveying equipment includes seedling tray
holder, forklift, and seedling conveyor. Through many years of re-
search and development, China National Rice Research Institute
in cooperation with Hangzhou Fengzhu Agricultural Technology
Company developed the overlapped tray seedling raising model for
mechanical transplanting of rice and established the construction

scheme.
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