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Abstract. Shi-related sequence (SRS) proteins are plant-speciﬁc transcription factors that play important roles in developmental processes, including regulating hormone biosynthesis, response or signal transduction. However, systematical analysis of the SRS gene family
in maize has not yet been conducted. In this study, 11 SRS genes with 13 transcripts were identiﬁed and characterized. The characteristics of
the gene family were analysed in terms of phylogenetic relationships, chromosome distribution and gene structure. RNA-sequencing data
analysis showed that the expression patterns of SRS genes were quite different from each other in maize, indicating their divergence in
function. Interestingly, the GRMZM2G077752 gene is highly expressed in senescent leaves. Using further coexpression network analysis,
we determined that the module containing GRMZM2G077752 were over-represented by genes related to abscisic acid (ABA) stimulus and
carbohydrate metabolic process. This result indicated that GRMZM2G077752 might perceive ABA signal and cause the activation of
carbohydrate remobilization during leaf ageing. This study provides valuable information for understanding the functions of the SRS genes
in maize.
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Introduction
The Shi-related sequence (SRS) gene family, also known as
the short internodes (SHI) gene family or SHI/STY/SRS
family (for short internodes, stylish, and shi-related
sequence), encode a class of plant-speciﬁc transcription
factors that have two distinct conserved regions (Fridborg
et al. 2001). The ﬁrst region comprises a RING ﬁnger-like
zinc ﬁnger motif and is referred to as the RING domain
(Fridborg et al. 2001; Kuusk et al. 2006). The second region
is called the IGGH domain, which is required for homodBing He and Pibiao Shi contributed equally to this work.
YL and GC conceived and designed the manuscript. BH and PS performed
the experiments and analysed the data. ZG provided technical and
theoretical support to the manuscript. BH wrote the manuscript.

imerization (Eklund et al. 2010a). SHI, the ﬁrst member of
the SRS gene family, was identiﬁed in the Arabidopsis
thaliana dwarf mutant shi and is involved in the response of
gibberellin (GA) (Fridborg et al. 1999, 2001).
There are 11 SRS genes in Arabidopsis: SHI, STY1, STY2,
LATERAL ROOT PRIMORDIUM1 (LRP1), SRS3 to SRS8
(Smith and Fedoroff 1995; Fridborg et al. 1999, 2001;
Kuusk et al. 2002; Sohlberg et al. 2006; Kuusk et al. 2006)
and AT1G32730. SRS transcription factors control a diverse
range of developmental processes in Arabidopsis, including
root formation (Smith and Fedoroff 1995), leaf development
(Baylis et al. 2013), ﬂoral induction and ﬂower development
(Fridborg et al. 1999; Sohlberg et al. 2006; Kim et al. 2010;
Gomariz-Fernández et al. 2017), and photomorphogenesis
(Yuan et al. 2018). Additionally, many SRS members
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inﬂuence the development of plant organs by regulating
hormone biosynthesis, signal transduction or response. For
example, the STY1 protein upregulates auxin biosynthesis
(Sohlberg et al. 2006; Eklund et al. 2010a), while SHI
functions as a repressor of the GA response through transcriptional control (Fridborg et al. 1999, 2001). Further,
when the SRS7 gene is overexpressed, jasmonic acid (JA)
signalling is disrupted and anther dehiscence is delayed
(Kim et al. 2010). Interestingly, a recent study has suggested
that SRS5 promotes photomorphogenesis by directly binding with the promoters of photomorphogenesis-promoting
genes (Yuan et al. 2018). The involvement of SRS genes in
the development of plant organs has also been reported in
other plant species. For example, SRS transcription factors
have been found to regulate hormones and inﬂorescence
patterns in barley (Hordeum vulgare L.) (Youssef et al.
2017) and root development through auxin signalling in
maize (Zhang et al. 2015), control auxin biosynthesis and
subsequently affect plant growth in the moss Physcomitrella
patens (Eklund et al. 2010b), and shape plant architecture in
rice (Oryza sativa L.) (Duan et al. 2019).
Genomewide identiﬁcation and function analysis of the
SRS gene family has been carried out in Arabidopsis by
analysing their mutant phenotypes, expression patterns and
phylogeny (Kuusk et al. 2006). By contrast, the research
about SRS protein is limited in maize. To date, only the
function of ZmLRP1 has been investigated in detail (Zhang
et al. 2015). Maize is one of the important crops in the world
and is valuable for providing forage, food, pharmaceuticals,
and other industrial products (Liu et al. 2013). The recent
publication of whole-genome sequences and the massive
release of transcriptional data provide an opportunity to
identify SRS genes at a genomewide level in maize. In this
study, we identiﬁed SRS genes in maize and systematically
analysed their phylogenetic relationship, chromosome position and expression level in various tissues. We also studied
the physical and chemical properties, and conserved domain
of SRS proteins. Additionally we carried out gene coexpression network analysis with RNA-sequencing (RNA-seq) data
derived from 12 postﬂowering leaf tissues (control pollinated
plants and nonpollinated plants) (Sekhon et al. 2012; Stelpﬂug et al. 2015) and predicted the putative function of SRSs in
maize. The results will contribute to further investigation of
the functions of the genes in the maize SRS family.

Materials and methods
Isolation of SRS family genes in maize and their
chromosomal positions

Sequences of 16 Arabidopsis SRS proteins were obtained
from the Arabidopsis Information Resource (TAIR; http://
www.arabidopsis.org). To acquire all maize SRS genes,
BLASTP alignment was carried out in the MaizeGDB
(https://www.maizegdb.org/) with the Arabidopsis SRS

protein sequences as seeds. Protein sequences of the putative
SRS family members were downloaded from MaizeGDB
with the e-value \ 1e-10. Each candidate SRS gene was
further conﬁrmed using SMART (http://smart.emblheidelberg.de/) and Pfam (http://pfam.xfam.org). The theoretical isoelectric point (pI) and molecular weight (MW) of
the SRS proteins were evaluated using Expasy (http://web.
expasy.org/). The physical position, ORF length, full-length
cDNA and DNA sequence information, were obtained from
the corresponding GFF format ﬁle. The chromosomal positions of SRS genomic data were then visualized using
CIRCOS software (http://circos.ca).

Phylogenetic and gene structural analysis of maize SRS
proteins

Six rice SRS proteins, two Physcomitrella patens SRS proteins and seven Solanum lycopersicuma SRS proteins were
obtained from the plant transcription factor database (http://
planttfdb.cbi.pku.edu.cn/index.php). The amino acid
sequences of the SRS proteins of maize, rice, Physcomitrella
patens, Solanum lycopersicuma and Arabidopsis were
aligned using ClustalX 2.0 software with the default settings
(Thompson et al. 1997). Based on the sequence alignments,
an unrooted phylogenetic tree was generated with MEGA X
software (Kumar et al. 2018) using the neighbour-joining
(NJ) method and 1000-bootstrap replicates. In addition, a
separate phylogenetic tree was generated for the SRS protein
sequences from maize for further analysis. Besides, the
structures of SRS genes were drawn using GSDS 2.0 (Hu
et al. 2015) based on the gene annotated ﬁle.

Expression proﬁle analysis

To analyse the expression patterns of SRS genes in maize,
RNA-seq data of various tissues (NCBI Bioproject ID:
PRJNA171684) were downloaded from the NCBI sequence
read archive (SRA) database (https://www.ncbi.nlm.nih.gov/
sra/?term=). Expression patterns of SRS genes were displayed in a heatmap based on transcripts per million (TPM)
value using R script (Li and Dewey 2011). The gene coexpression network was then constructed using the WGCNA
program (Zhang and Horvath 2005; Langfelder and Horvath
2008). For each module, the importance of individual gene
members was quantiﬁed by deﬁning module membership as
the correlation between the module eigengene and the gene
expression proﬁle. Lastly, the coexpressed network was
visualized using the Gephi (Bastian et al. 2009) program.

Enrichment analysis of gene ontology (GO)

Genes were annotated by using the Blastx program against
the Uniprot protein database (Wu et al. 2006) with a cut-off

Coexpression network analysis of SRS genes in maize

e-value B 1e-15. GO enrichment analysis was performed
using the singular enrichment analysis (SEA) tool in agriGO
v2.0 (Tian et al. 2017). Multiple testing was corrected using
false discovery rate (FDR) (Benjamini and Yekutieli 2001),
and a cutoff of FDR \ 0.05 was used.

Results
Genomewide identiﬁcation of SRS family genes in maize
and their chromosomal distribution

A total of 13 putative SRS transcription factors were
identiﬁed in the MaizeGDB database, which were encoded
by 11 maize SRS genes (table 1). The amino acid sequence
alignment and conserved domain analysis showed that 10
of the 13 maize SRS family proteins included both the
RING
domain
and
IGGH
domain
(ﬁgure 1).
GRMZM2G135783_P01 lacked the IGGH domain, while
AC195955.2_FG006 and AC206191.3_FG001 had only
partial RING domain. There was signiﬁcant differences in
the physical and chemical properties of the transcription
factors as well. The protein length ranged from 104 amino
acids (aa) to 360 aa, with an average of 285 aa. The MW
ranged from 10.7 kD to 37.2 kD, with the pI ranging from
6.92 to 12.31 (table 1).
The 11 SRS genes were distributed across seven maize
chromosomes. Three genes were located on chromosome 6,
two on chromosomes 2 and 7, one on chromosomes 1, 4, 5
and 8 (table 1; ﬁgure 2). No obvious gene cluster was found
on one chromosome. Further, based on an NJ phylogenetic
tree constructed from the full-length amino acid sequences,
the orthologous relationship between the 13 SRS transcription factors in maize and 16 SRS transcription factors in
Arabidopsis was investigated (ﬁgure 2). No orthologous pair
was found between SRS genes from maize and Arabidopsis,
indicating that the two species have signiﬁcantly diverged
during evolution.
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Phylogenetic analysis of SRS gene family

To investigate the phylogenetic relationship among the SRS
proteins in various species, a total of 44 SRSs were used to
construct a NJ phylogenetic tree, including 13 from maize,
16 from Arabidopsis, two from Physcomitrella patens, seven
from Solanum lycopersicuma and six from rice (ﬁgure 3).
All of the SRSs were clustered into ﬁve subgroups (from I to
V). Group I was the largest group containing SRS proteins
from all the ﬁve species. Group II contained SRS proteins of
maize and rice, while group III contained maize and Arabidopsis SRS proteins. Groups IV and V contained SRS
proteins from Arabidopsis and Physcomitrella patens.
We constructed an unrooted phylogenetic tree based on
the maize SRS protein sequences (ﬁgure 4a) and analysed
the gene structure based on the available information from
the maize genome annotation ﬁle. The numbers and positions of exons and introns within each SRS gene were
determined by GSDS 2.0 and displayed in ﬁgure 4b. Gene
structure varied among SRS genes, with 10 of the 13 transcripts having two exons and untranslated regions (UTR).
There was a maximum of two introns among SRS genes, and
GRMZM2G450459 was the only SRS gene containing three
exons. The gene structure of AC195955.2_FG006 and
AC206191.3_FG001 was relatively simple, containing no
intron insertion and UTR. However, the gene structure of
SRS genes was highly conserved in the homologous pairs
from the phylogenetic analysis.
Expression proﬁles of SRS genes in maize

To understand the putative functions of the maize SRS genes,
we analysed the expression proﬁles of all the maize SRS
genes using publicly available RNA-seq data of the maize
inbred line B73, encompassing 37 tissues. This included 25
tissues from different organs and development stages and 12
postﬂowering leaf tissues (Sekhon et al. 2012; Stelpﬂug
et al. 2015). In the maize B73 inbred line, premature

Table 1. SRS gene family in maize.
Gene ID
GRMZM2G042407_T01
GRMZM2G042407_T02
GRMZM2G080295
AC195955.2_FGT006
GRMZM2G017606
GRMZM2G097683
GRMZM2G450459
AC206191.3_FGT001
GRMZM2G108798
GRMZM2G135783_T01
GRMZM2G135783_T02
GRMZM2G179021
GRMZM2G077752

Chromosome location
Chr1:
Chr1:
Chr2:
Chr2:
Chr4:
Chr5:
Chr6:
Chr6:
Chr6:
Chr7:
Chr7:
Chr7:
Chr8:

207433916–207435929
207434167–207443393
196299773–196301206
26998834–26999148
216534703–216536379
60161264–60163883
143217455–143220101
31286644–31286958
85368896–85371594
142938485–142940360
142938485–142940315
143145425–143146225
157286610–157288482

Chr, chromosome; aa, amino acid; MW, molecular weight; pI, isoelectric point.

Length (aa)

MW (kDa)

pI

302
302
324
104
296
339
353
104
331
348
321
221
360

31.52
31.52
33.08
10.8
30.64
33.77
36.23
10.71
33.38
37.16
32.73
23.23
36.62

7.91
7.91
9.15
9.26
8.08
8.77
10.16
9.05
8.78
12.31
8.94
6.92
7.98
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Figure 1. Alignment of the RING and IGGH domains in maize SRS proteins. Asterisks indicate the conserved Cys and His zinc ligand
residues in the RING domain. Black box indicated the four IGGH residues in the IGGH domain.

senescence was induced by preventing pollination (Sekhon
et al. 2012). The symptoms of premature senescence ﬁrst
appeared at 21 days after pollination (DAP), and were well
developed by 24 DAP. At 30 DAP, the entire ear leaf blade
had senesced in the plants that were not pollinated, whereas
leaves from control plants did not show senescence symptoms. The 12 postﬂowering leaf tissues were collected from
control pollinated plants and nonpollinated plants at 0, 6, 12,
18, 24 and 30 DAP (Stelpﬂug et al. 2015).
The gene expression patterns were visualized in the heatmap using R script (ﬁgure 4c). We found that
GRMZM2G077752 was highly expressed in roots, stalks
(internode), immature leaves, senescent leaves, reproductive
tissues (tassels, cobs, silks and anthers), and the embryo.
GRMZM2G097683 and GRMZM2G108798 were highly
expressed in roots, stalks, reproductive tissues and the
embryo. However, GRMZM2G179021 had almost no
expression in tested tissues, while transcripts of
AC206191.3_FGT001 and AC195955.2_FGT006 were not
detected in any of these tissues. The rest of the SRS genes were
weakly expressed in roots, stalks, reproductive tissues or the
embryo. Notably, GRMZM2G077752 was highly expressed
in senescent leaves induced by pollination prevention.

Construction of gene coexpression network

Previous studies have suggested that coexpressed genes are
usually members of the same pathway, functionally related or
controlled by the same transcriptional factor(s) (D’Haeseleer
et al. 2000; Ruan et al. 2010; Liao et al. 2011). Therefore,
construction of gene coexpression network may help to predict functions of the SRS family genes (Lv et al. 2016). After
ﬁltering out all transcripts with low abundance (TPM \ 1),
we constructed a weight gene coexpression network (Zhang

and Horvath 2005; Langfelder and Horvath 2008) with RNAseq data derived from the 12 postﬂowering leaf tissues (ﬁgure 5a). Only one SRS gene, GRMZM2G077752, was included in the gene coexpression network. We focussed on
analysing the turquoise module, where GRMZM2G077752
was located. The turquoise module was the largest module of
the network, consisting of 1994 transcripts derived from 1732
genes. The expression level of the module remained stable in
control pollinated plants, whereas it showed sharp activation
from 24 to 30 DAP in nonpollinated plants (ﬁgure 5b).
GRMZM2G077752, whose module membership reached
0.998 (P = 5.00e-12), belonged to the top 150 hub genes of
the turquoise module, illustrating that GRMZM2G077752 as
one of the central members of the module.
The association between GRMZM2G077752 and other
module members was calculated with connection weight
(Zhang and Horvath 2005), and 1576 signiﬁcantly correlated
genes (weight C 0.80) were selected (table 1 in electronic
supplementary material at http://www.ias.ac.in/jgenet/). GO
term analysis (table 2 in electronic supplementary material)
showed that these genes were signiﬁcantly enriched for three
biological processes (FDR \ 0.05), including response to
abscisic acid (ABA) stimulus (GO:0009737, FDR = 0.019),
carbohydrate metabolic process (GO:0005975, FDR =
0.019), and response to stimulus (GO:0050896, FDR =
0.029). Speciﬁcally, some of the genes in these groups were
involved in ABA signalling and remobilization of carbohydrates. We observed that preventing pollination induced
three key genes involved in ABA signalling: the protein
phosphatase 2C (PP2C) gene PP2C11, the sucrose nonfermenting-1-related protein kinase2 (SnRK2) gene SRK2E,
and the mitogen-activated protein kinase (MAPK) gene
MPK17-2 (Rodriguez et al. 2010; Liu 2012; Zong et al.
2016; Wang et al. 2019). The genes involved in carbohydrate remobilization were related to starch hydrolysis and
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Figure 2. Distribution of SRS genes in the genomes of maize and Arabidopsis. The orthologous relationship between maize and
Arabidopsis SRSs are indicated by red lines.

sugar transporters, including three alpha-amylase 1 genes, as
well as bidirectional sugar transporter SWEET genes
SWEET13a and SWEET15a (Yang et al. 2001; Eom et al.
2015; Thalmann et al. 2016). The ﬁve genes were induced
by pollination prevention as well. In addition, two senescence-associated genes SAG12 (Liu et al. 2011) were highly
associated with GRMZM2G077752 and showed strong
upregulation during early senescence induced by pollination
prevention. Network connections of GRMZM2G077752 and
highly associated genes were visualized using the Gephi
program (ﬁgure 5c).

Discussion
The SRS gene SHI was ﬁrst identiﬁed in the Arabidopsis
dwarf mutant shi in the year 1999 (Fridborg et al. 1999).
Since then several SRS genes have been identiﬁed across

species, including Arabidopsis (Kuusk et al. 2006), Physcomitrella patens (Eklund et al. 2010b), Brassica rapa
(Hong et al. 2012), maize (Zhang et al. 2015), barley
(Youssef et al. 2017) and rice (Duan et al. 2019). However,
the genomewide identiﬁcation of the SRS gene family has
only been reported in Arabidopsis (Kuusk et al. 2006) thus
far. In this study, a systematical study of the SRS gene family
in maize was performed. We identiﬁed 11 SRS genes that
coded 13 SRS transcription factors (table 1). The 11 SRS
genes were distributed across seven maize chromosomes,
and no tandem duplicates were found (ﬁgure 2). Products of
maize SRS genes contained the two conserved domains:
RING and IGGH, except AC195955.2_FGT006 and
AC206191.3_FGT001, which lacked sequences encoding
IGGH domain (ﬁgure 1).
The phylogenetic tree of 44 SRS proteins from maize,
Arabidopsis, Physcomitrella patens, Solanum lycopersicuma
and rice showed that all SRS transcription factors were

3
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Figure 3. Phylogenetic relationships of SRS transcription factors from maize, Arabidopsis, Physcomitrella patens, Solanum
lycopersicuma and rice. The unrooted phylogenetic tree was constructed using MEGA X with the neighbour-joining method. The
bootstrap test was performed with 1000 replicates.

clustered into ﬁve groups (ﬁgure 3). Five maize SRS genes
were clustered with Arabidopsis SRS genes in groups I and
III, which indicated that maize SRS genes might participate
in regulating organ development. Group II was a monocotspeciﬁc group, consisting of maize and rice SRS genes.
Groups IV and V were dicot-speciﬁc groups, containing only
genes from Arabidopsis and Solanum lycopersicuma. The
distribution of SRS genes across maize, Arabidopsis, tomato
and Solanum lycopersicuma may be a result of the differential gene expansion in monocot and dicot plants after their
divergence from a common ancestor. Further, we constructed
an unrooted phylogenetic tree based on the maize SRS
protein sequences and found that the gene structure were
highly similar between SRS genes with strong homology
(ﬁgure 4, a&b).
SRS genes differed from each other in their expression
patterns in maize, which suggested that these genes may
participate in different biological processes or perform

different biological functions. All the maize SRS genes
showed a tissue-dependent expression (ﬁgure 4c), and most
of them were not expressed in leaves. These results are
consistent with previous studies in rice and Arabidopsis.
Some Arabidopsis SRSs were highly expressed in ﬂowers
and roots but were not expressed in leaves (Kuusk et al.
2006; Kim et al. 2010). The high transcript abundance of
rice OsSHI1 was detected in roots and panicles, but not in
leaves (Duan et al. 2019).
Noteworthy is that, the GRMZM2G077752 gene was
highly expressed in senescent leaves (ﬁgure 4c). To investigate the potential function of GRMZM2G077752, we
constructed a gene coexpression network with RNA-sequencing data derived from ageing leaves induced by preventing pollination using WGCNA method. In this method,
genes with similar expression proﬁles were cluster in a
module. It is believed that genes within a module are functionally related and that interfacing the module with other

Coexpression network analysis of SRS genes in maize

Page 7 of 10

3

Figure 4. Characteristics of maize SRS gene family. (a) The unrooted NJ tree of SRS transcription factors of maize. (b) The exon/intron
distribution of maize SRS genes. (c) Expression patterns of SRS genes in maize. The colours represent SRSs expression levels: Log2 (TPM).
The phylogenetic relationship is shown on the left.

data such as functional annotation and GO allows us to
predict the biological function of unknown genes through
known genes (Zhang and Horvath 2005; Langfelder and
Horvath 2008). In our study, GRMZM2G077752 was located
at the largest module (turquoise module) of the gene coexpression network (ﬁgure 5a). Several lines of evidence
indicated that the module was associated with the senescence
process in leaf. In nonpollinated plants, the induced senescence ﬁrst appeared on the leaf at 21 DAP, was well
developed by 24 DAP, and spread to the entire leaf blade at
30 DAP (Sekhon et al. 2012). The expression level of the
module was upregulated at 24 DAP and further upregulated
at 30 DAP by pollination prevention (ﬁgure 5b), which was
consistent with the development of senescence symptoms
induced by preventing pollination. Additionally, the module
included two orthologues of SAG12, a reliable marker that is
induced during senescence (Lohman et al. 1994) but not due
to stress (Weaver et al. 1998; Miller et al. 1999).
GRMZM2G077752 is one of the central elements of turquoise module, indicating that it may play a key role in gene
expression regulation of the module. We then performed
gene annotation and GO term analysis to understand the
biological functions involved in the genes that are highly

associated with GRMZM2G077752. Functional enrichment
results (table 2 in electronic supplementary material) suggested associations with response to ABA stimulus (GO:
0009737, FDR = 0.019) and carbohydrate metabolic process
(GO:0005975, FDR = 0.019). We observed key genes
involved in ABA signalling and carbohydrate remobilization, including genes encoding PP2C, SnRK2 and MAPK as
well as SWEETs and alpha-amylase. ABA is known to
induce leaf senescence and premature leaf senescence in
plants (Takasaki et al. 2015; Zhao et al. 2016; Mao et al.
2017). ABA signalling covers three classes of key proteins
(Wang et al. 2019): pyrabactin resistance (PYR)/PYR1-like
(PYL)/regulatory component of ABA receptor (RCAR),
PP2C and SnRK2. PP2C is a necessary ABA coreceptor.
SnRK2 is activated by ABA receptors, and then activates the
downstream substrates, such as ABA responsive element
binding factors (ABFs), and passes along the ABA signal.
Previous studies suggest MAPK is involved in ABA signalling, and might be responsible to convert signals into
cellular responses (Liu 2012). SWEETs and alpha-amylase
are considered to be associated with carbohydrate remobilization from the leaves (Thalmann et al. 2016; Zhao et al.
2017). SWEETs, bidirectional sugar transporters, are vital
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Figure 5. Network analysis of the function of SRS gene family in maize. (a) Hierarchical cluster tree showing coexpression modules
identiﬁed using WGCNA. Modules corresponded to branches and were labelled by colours as indicated by the colour band underneath the
tree. (b) Boxplots shows the distribution of module expression (mean Z-score of all genes within the turquoise module) at different time
points in control pollinated and nonpollinated plants. (c) Visualization of network connections between GRMZM2G077752 and highly
associated genes. Highly associated genes are highlighted in orange (for ABA signalling), blue (for carbon remobilization) and purple (for
leaf senescence).

for pollen nutrition, seed ﬁlling and phloem loading (Eom
et al. 2015), and alpha -amylase directly degrades starch into
glucose through hydrolytic reactions (Thalmann et al. 2016).
Previous studies demonstrated that the expression of both
SWEET genes and alpha-amylase genes is induced by ABA
(Chen et al. 2015; Gao et al. 2016; Thalmann et al. 2016). In
summary, the expression level of GRMZM2G077752 and its
highly associated genes increased with the increasing degree
of the ageing leaves, and GRMZM2G077752 coexpressed
with genes encoding ABA signalling proteins and downstream ABA-responsive genes (ﬁgure 5c). These results
indicated that GRMZM2G077752 might respond to ABA
signal and activate of carbohydrate remobilization during
leaf ageing.
In conclusion, we identiﬁed 11 SRS genes with 13 transcripts in maize genome. Phylogenetic analysis suggested
that SRS genes might participate in regulating organ development in maize. The maize SRS genes exhibited distinct
expression proﬁles, indicating that they were different in
biological functions. One of the SRS gene,
GRMZM2G077752, was highly expressed in senescent
leaves, while other maize SRS genes were not expressed in

leaves at all. By gene coexpression network analysis, we ﬁnd
that GRMZM2G077752 might respond to ABA signal by
activating carbohydrate remobilization in senescent leaves.
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