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Abstract To identify the crosstalk between gene expression
and metabolism in response to cold, drought and salt stress-
es, digital gene expression (DGE) analysis was performed on
maize (Zea mays L.) seedlings subjected to these stresses. A
total of 103,953 (70.79 %), 111,130 (68.62 %), 94,435
(69.33 %) and 94,577 (68.92 %) tags were matched to
reference genes. The most differentially regulated tags, with
a log2 ratio ≥1 or ≤−1 (P<0.01 and FDR ≤0.001), were
further analysed. Many genes and biological pathways were
affected by multiple abiotic stresses. In particular, expression
changes for the gibberellin (GA) metabolic genes could
improve understanding of the molecular basis of the re-
sponse of the GA pathway to stress conditions. In addition,
a large dataset of tag-mapped transcripts was obtained that
provide a strong basis for future research on the response to
abiotic stress in maize. And a new list of candidate targets for
functional studies on genes involved in cold, drought and salt
stresses has been generated. In this study, we revealed com-
plex changes at the transcriptional level in maize seedlings
under different abiotic stresses. Such studies could lead to a
better understanding of the genetic basis of the maize re-
sponse to different environmental stimuli and would be
essential for improving the abiotic stress tolerance of maize.

Keywords Maize . Abiotic stress . Sequencing . Digital
gene expression (DGE)

Introduction

Maize (Zea mays L.) is a crop grown worldwide and used for
human consumption and animal feed. However, the growth
and yield of maize can be severely limited by drought, high
salinity, and low temperature. To adapt to abiotic stresses,
plants must modulate various physiological and metabolic
responses, such as stomatal closure, repression of cell growth
and photosynthesis, and activation of respiration (Hull et al.
1990; Miedema 1982; Zorb et al. 2004). Various abiotic
stresses have been shown to induce many different function-
al genes, including the bZIP transcription factors (Jia et al.
2009; Ying et al. 2012), dehydration-responsive element
binding (DREB) factors (Qin et al. 2004; Wang et al. 2011),
mitogen-activated protein kinase (MAPK) cascades (Pan
et al. 2012; Wang et al. 2010; Yang et al. 2011a), and CBL-
interacting protein kinases (CIPKs) (Chen et al. 2011; Zhao
et al. 2009). The identification of these genes has demon-
strated that there are interacting mechanisms that respond to
different abiotic stresses in maize. Previous reports have
studied individual genes or groups of genes under different
stresses; to obtain a broader understanding of the response of
maize to abiotic stresses, we have analysed maize global
transcript profiles under different environmental conditions.

Recently, high-throughput or deep-sequencing technology
has become a powerful tool for identifying specific genes and
analysing transcriptome profiles. Driven by Solexa/Illumina
technology, digital gene-expression (DGE) is a new approach
for expression analysis and has identified a large number of
genes involved in stress response and plant development (Hao
et al. 2011; Wang et al. 2012). Compared to microarray
technology, this approach has provided a more thorough qual-
itative and quantitative description of gene expression. In this
study, we present mRNA expression profiles created using
DGE sequencing of elite maize inbred line seedlings subjected
to salt (150 mM NaCl), hyperosmotic (20 % PEG6000), and
cold (4 °C) stress treatments. We have comprehensively
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compared the transcriptomes of the various treatments and
provided useful information for further research.

Materials and Methods

Plant Material and Stress Treatments

The elite maize inbred line Zheng58 was used in this study.
Seeds of Zheng58 were pre-germinated in distilled deionised
water in plant growth chambers at 60 % humidity, a day/night
temperature of 24/20 °C, 300 μmol m−2 s−1 light intensity and
a photoperiod of 14:10 h (day:night). After a 72-h pre-
germination period, geminated seeds were planted into a
mixture of vermiculite and soil (2:1, v:v) in the same chamber
and watered daily. When the third leaves were fully expanded,
the plants were subjected to different abiotic stresses.

For drought and salt treatments, maize seedlings were
watered every 4 h with either 20 % PEG 6000 solution or
150 mM NaCl solution. Plants were treated for 24 h in the
same growth chambers under the same condition as before.
For cold treatment, the seedlings were incubated at 4 °C for
24 h, and the other conditions were not changed. After treat-
ment, the plants were harvested at the time indicated and
immediately frozen in liquid nitrogen. Then, total RNA was
prepared using the RNeasy Plant Mini Kit (Qiagen) in accor-
dance with the manufacturer’s instructions. We first deter-
mined the robustness of the five replicates for each stress
and control using qRT-PCR (data not shown). Then, these
replicates were mixed to provide a pooled sample for the
sequencing analysis and qRT-PCR confirmation as follows.

Solexa/Illumina Sequencing and DGE Analysis

Solexa/Illumina sequencing was carried out by BGI-
Shenzhen, China. The technological details are consistent
with standard DGE methods (Shen et al. 2012), including
sequencing; gene expression annotation, analysis and
screening of differentially expressed genes (DEGs); gene
ontology functional enrichment analysis; and pathway en-
richment analysis for DEGs.

Real-time Quantitative RT-PCR (qRT-PCR) Analysis

Total RNA extracted from the seedlings was treated with
DNase I to remove genomic DNA contamination. First-
strand cDNA synthesis and qRT-PCR were carried out using
the SuperScript™ III First-Strand Synthesis Kit (Invitrogen)
and SYBR Green JumpStart™ Taq ReadyMix™ (Sigma),
respectively. qRT-PCR was carried out in the ABI PRISM
7500 sequence detection system according to the manufac-
turer’s instructions. To validate the DGEs obtained from
Solexa sequencing, 10 genes (Table 1) were subjected to

quantitative real-time PCR. The maize actin gene was used
as the endogenous control (forward primer CGAT
TGAGCATGGCATTGTCA and reverse primer CCCAC
TAGCGTACAACGAA). Each PCR reaction (20 μL)
contained 10 μL 2× real-time PCR Mix, 0.2 μM of each
primer and appropriately diluted cDNA. The thermal cycling
conditions were 95 °C for 1 min, followed by 40 cycles of 5 s
at 95 °C and 30 s at 60 °C. All reactions were performed in
triplicate, including the non-template controls. Statistical
analysis was performed using the 2−ΔΔCT method.

Results

Characterisation of the Sequenced Solexa/Illumina Libraries

To identify genes involved in the response to cold, drought
and salt, four Solexa/Illumina libraries (CK (without any
stress), Cold, Drought, and Salt) were constructed from maize
seedlings treated with different conditions. Sequencing depths
of 6,035,420, 6,203,607, 5,995,261, and 5,895,798 tags were
achieved in the four libraries, including 368,168, 409,675,
343,279, and 340,338 distinct tags, respectively. To improve
library quality, tags recorded only once were removed, leaving
146,855, 161,960, 136,206, and 137,226 clean tags that were
detected multiple times in each library. The frequency of these
tags is shown in Table 1 and Supplementary Fig. 1.

To identify the genes corresponding to the clean tags in
each library, a sequence dataset containing 63,540 reference
genes expressed in maize was used. From this group, 61,898
genes (97.42%) possessed at least one CATG site, resulting in
a total number of 183,943 (63.37 %) unambiguous reference
tags. We observed that approximately 40 % of the tags from
each library were perfectly matched to the reference genes
(Table 1). Approximately 25% of the tags in each library were
mapped to more than 1 location (Supplementary Fig. 1).
Additionally, approximately 16 % of the tags in the four
libraries were mapped to the antisense strand, indicating that
those regions might be bidirectionally transcribed. Regarding
discrepancies between the reference and experimental tags,
approximately 11 % of the tags detected in the four libraries
contained 1-bp mismatches. As a result of the significant
sequencing depth of Solexa technology and incomplete data,
the percentage of unmatched tags ranged from 17.51 to
20.64 % in the four libraries (Supplementary Fig. 1).

Identification of Differentially Expressed Transcripts

To investigate changes in gene expression, the gene expres-
sion level in response to different stress treatments was
compared with the control group (CK). In total, 2,431,
1,448, and 1,264 differentially expressed genes (DEGs) were
identified in the cold, drought, and salt treatment samples,
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respectively. Among the DEGs identified, 1,176, 558, and
377 genes were up-regulated in cold, drought, and salt stress
treatment, respectively. Meanwhile, 1,255, 890, and 887
genes were down-regulated (Fig. 1; Supplementary
Table 1; Supplementary Fig. 2).

We also performed cluster analysis of genes specifically
expressed under different stress treatments (Supplementary
Fig. 3). Gene expression levels in response to cold stress
were somewhat different to the response to drought and salt
stress. There were 6 genes up-regulated in response to cold
that were down-regulated under drought and salt treatments.

Twelve genes that were down-regulated in the cold group
were up-regulated in the other two groups (Supplementary
Table 2). In general, these results demonstrated that the
levels of several transcripts were altered by more than one
of the stresses, suggesting that these genes may interact
through shared pathways in the biological responses to these
stress conditions.

The DEGs that responded to different stresses were fur-
ther analysed to determine their biological functions. Their
functional categories were assembled from the metabolic and
signalling pathways described in a range of public databases

Table 1 Distribution of the tags sequenced from the four Solexa libraries and summary of distinct tag to gene mapping data

CK Cold Drought Salt

Total number of tags 6,035,420 6,203,607 5,995,261 5,895,798

Total number of clean tags 5,930,773 5,789,506 5,761,934 5,667,616

Total number of distinct tags 368,168 409,675 343,279 340,338

Total number of distinct clean tags 146,855 161,960 136,206 137,226

Tag copy number <2(clean tag) 198,914 (57.53 %) 224,048 (58.04 %) 185,976 (57.72 %) 181,999 (57.01 %)

2–5 80,943 (23.41 %) 91,382 (23.67 %) 74,678 (23.18 %) 74,324 (23.28 %)

6–10 20,147 (5.83 %) 22,040 (5.71 %) 18,671 (5.80 %) 18,954 (5.94 %)

11–20 14,438 (4.18 %) 15,938 (4.13 %) 13,303 (4.13 %) 13,920 (4.36 %)

21–50 13,813 (3.99 %) 14,678 (3.80 %) 13,015 (4.04 %) 13,560 (4.25 %)

51–100 7,448 (2.15 %) 7,634 (1.98 %) 7,225 (2.24 %) 7,171 (2.25 %)

>100 10,066 (2.91 %) 10,288 (2.67 %) 9,314 (2.89 %) 9,297 (2.91 %)

Tags matched to sense gene

Perfect match 38,593 (26.28 %) 39,457 (24.36 %) 36,310 (26.66 %) 35,267 (25.70 %)

1-bp mismatch 13,184 (8.98 %) 13,773 (8.50 %) 12,796 (9.39 %) 12,456 (9.08 %)

Tags matched to antisense gene

Perfect match 24,021 (16.36 %) 22,294 (13.77 %) 19,096 (14.02 %) 19,925 (14.52 %)

1-bp mismatch 3,407 (2.32 %) 3,452 (2.13 %) 2,907 (2.13 %) 3,081 (2.25 %)

Tags matched to Genome

Perfect match 14,209 (9.68 %) 18,973 (11.71 %) 13,411 (9.85 %) 13,000 (9.47 %)

1-bp mismatch 10,539 (7.18 %) 13,181 (8.14 %) 9,915 (7.28 %) 10,848 (7.91 %)

Nonmatched tags 42,902 (29.21 %) 50,830 (31.38 %) 41,771 (30.67 %) 42,649 (31.08 %)

Fig. 1 Relationship of the
number of DEGs between the
three abiotic stress treatments
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and in the literature, and we characterised significantly reg-
ulated pathways in detail (Q≤0.05) (Supplementary
Table 3). Pairwise analysis of the DGE data from the CK
library and the other three stress libraries identified differen-
tially expressed genes and the presence of distinct pathways
under different stress conditions. Carotenoid biosynthesis,
the biosynthesis of secondary metabolites, and diterpenoid
biosynthesis, however, were affected in all the three stresses.
Most of the differentially expressed genes in the diterpenoid
biosynthesis pathways were involved in the regulation of
gibberellin metabolism. These changes included gibberellin
2-oxidase (GA2ox) genes (GRMZM2G427618_T01, GRMZ
M2G022679_T01, and GRMZM2G051619_T01), which
were up-regulated under salt and drought stresses, and
gibberell in 3-oxidase (GA3ox) genes (GRMZM2
G036340_T01, GRMZM2G046669_T01), which were
down-regulated under these stresses, while the gibberellin
20-oxidase (GA20ox) gene (GRMZM2G368411_T01) was
down-regulated by cold stress (Supplementary Table 4;
Supplementary Fig. 4). These results imply that maize seed-
lings reduce their growth rate to copewith salt, drought or cold
stress by reducing GA levels, as GA2ox encodes a GA-
inactivating enzyme and GA3ox and GA20ox encode GA-
biosynthetic enzymes.

In this study, we have focused on a group of genes
involved in stress responses (Supplementary Table 5).
These are well-characterised transcription factors, such as
DREB, CBF, NAC, bZIP, MYB, and MYC that play major
roles in abiotic stress. DREB/CBF-like genes (GRMZ
M2G124011_T01 and GRMZM2G069146_T01) were sig-
nificantly up-regulated in response to all three stresses, while
MYC factors (GRMZM2G049229_T01 and GRM
ZM2G001930_T01) were consistently down-regulated. On
the other hand, the expression of the NAC, bZIP, and MYB
genes were affected in different ways by the three stresses. The
four CDPK genes (GRMZM2G112057_T01, GRM
ZM2G441511_T01, GRMZM2G115518_T01, and GRMZ
M2G115518_T03) were up-regulated only under cold treatment.
Only one of theMAPK related genes, GRMZM2G174170_T01,
was significantly induced by all three stresses.We also found that
the expression of many functional genes, including the late
embryogenesis abundant (LEA) gene, heat shock proteins
(HSP), and reactive oxygen species (ROS)-related genes, were
induced by stress. Among them, the LEA genes (GRM
ZM2G050607_T01 and GRMZM2G096475_T01) were similar
to CDPK, which were up-regulated only in response to cold
treatment. The other genes showed different express patterns in
response to different stresses.

Quantitative, Real-time PCR (qRT-PCR) Confirmation

To evaluate the validity of Solexa analysis, nine known and
one unknown transcript were selected for examination by

real-time RT-PCR (qRT-PCR). Information for these genes
and their gene-specific primers are showed in Table 2. The
expression patterns determined using both qRT-PCR and
DGE were consistent for all 10 genes (Fig. 2), suggesting
that our transcriptome analyses were very reliable.

Discussion

Transcriptome analysis using sequencing technology has
proven to be very useful for identifying stress-inducible genes
(Hao et al. 2011; Wang et al. 2012; Yang et al. 2011b; Yu et al.
2012). The primary goal of the present study was to perform
preliminarily expression analysis of transcripts involved in the
physiological response of maize seedlings to cold, drought
and salinity, as well as to provide the groundwork for inves-
tigating regulatory mechanisms in maize. The most differen-
tially expressed genes with a log2 ratio ≥1 or ≤−1 participated
in a number of biological pathways, including environmental
response, signal transduction, hormone metabolism and tran-
scriptional regulation. In the results from DGE sequencing,
many of the genes that take part in these pathways were
induced significantly by at least two of the types of stress
studied here. Our results indicated that these pathways were
generally involved in the plant seedling response to abiotic
stress, and plant stress responses are dynamic and involve
complex cross-talk between different pathways (Krasensky
and Jonak 2012). Additionally, many stress-specific genes
were significantly up- or down-regulated in response to just
one stress, suggesting the existence of stress-specific path-
ways in addition to general response pathways. Some of these
genes would be used to promote specific tolerance for maize
breeding in the future.

In this study, many genes involved in hormone pathways
were differently expressed in response to abiotic stress.
Previous studies on Arabidopsis have suggested that phyto-
hormones are involved in stress adaptation (Achard et al.
2006; Nishiyama et al. 2011; Vyroubalova et al. 2009). We
have also found evidence that gibberellins (GAs) were in-
volved in the response to stress. In maize, the expression of a
number of genes involved in GA biosynthesis or inactivation
were consistently induced by all three types of treatment
(Supplementary Tables 3, 4; Supplementary Fig. 4). One
Arabidopsis study revealed that salt caused a reduction in
GA levels by activating genes encoding gibberellin 2-
oxidase (GA2ox) (Achard et al. 2006). This enzyme
converts bioactive and intermediate forms of GA to
inactive forms by 2β-hydroxylation and is the primary
enzyme known to deactivate bioactive GAs (Yamaguchi 2008).
In our results, not only were the three GA2ox genes studied
(GRMZM2G427618_T01, GRMZM2G022679_T01, and
GRMZM2G051619_T01) strongly up-regulated but
t w o GA3o x g e n e s (GRMZM2G03 6 3 4 0 _T 0 1 ,
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GRMZM2G046669_T01) were also down-regulated by all three
treatments. GA3ox catalyses the final step in the synthesis of

bioactive gibberellins (GA). Therefore, cold, drought, and salt
can all reduce bioactive GA abundance, and thus increase the

Table 2 List of the expression profiles selected for confirmation by qRT-PCR

Gene ID Log2 ratios Description Primers

c/ck d/ck s/ck

GRMZM2G124011_T01 3.57 1.80 2.29 gi|226510014|ref|NP_001152672.1|/1.30755e-81/sbCBF6 [Zea mays] F: cctcaacttcgcggactc

R:caccgaacatgtccagctc

AC203535.4_FGT002 6.07 5.13 5.13 gi|226491181|ref|NP_001151237.1|/2.97838e-81/NAC domain-
containing protein 68 [Zea mays]

F:aaggagaccctcgtcctgtc

R:ccgtgggagctcacattagt

GRMZM2G033413_T01 2.27 0.57 1.02 gi|226504888|ref|NP_001149951.1|/3.81369e-121/bZIP transcription
factor family protein [Zea mays]

F:gtcgagaaggtggtggagag

R:tccaggacctcatccttttg

GRMZM2G049378_T01 −1.69 −1.87 −1.55 gi|226529079|ref|NP_001148292.1|/1.78716e-46/SANT/MYB protein
[Zea mays]

F:accattgattccgagtggag

R:agctccctgcgtgttgtagt

GRMZM2G001930_T01 −1.01 −0.93 −1.15 gi|4321762|gb|AAD15818.1|/0/transcription factor MYC7E [Zea
mays]

F:gctcaatttctcggacttcg

R:ttgagcgcttgttgttgttc

GRMZM2G174170_T01 2.39 1.22 1.28 gi|226491588|ref|NP_001151593.1|/8.79576e-139/LOC100285227
[Zea mays]

F:gccaaaacctttaccggaat

R:cttgtggtctccgctctttc

GRMZM2G001977_T01 −6.70 −6.70 −0.55 gi|226529385|ref|NP_001152298.1|/1.15229e-155/gibberellin receptor
GID1L2 [Zea mays]

F:gacttctccccgttcctgat

R:ccgtggaagtagacgagcac

GRMZM2G149647_T01 5.67 8.12 6.73 gi|162461165|ref|NP_001105583.1|/1.0361e-117/heat shock protein26
[Zea mays]

F:cggattagttgacccgatgt

R:accatcaccttcacctcgtc

GRMZM2G080439_T01 −8.57 −1.65 −1.26 gi|308044489|ref|NP_001183167.1|/0/hypothetical protein
LOC100501539 [Zea mays]

F:ctacattggctcgtgaagca

R:cccaccacgaagttcagttt

AC197705.4_FGT001 −1.21 1.00 1.53 gi|238009920|gb|ACR35995.1|/0/unknown [Zea mays] F:aacctcaccctgctcgacta

R:gtgccgtagtcgttggagtt

Fig. 2 Confirmation of
expression profiles by qRT-PCR
with 10 selected differentially
expressed genes (DEGs).
Relative expression of the 10
genes in maize seedlings was
detected by qRT-PCR under
different conditions. Transcript
levels were normalised to the
expression level of actin. Error
bars SE from three independent
experiments
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accumulation of DELLAs, producing growth inhibition.
These physiological responses induce transient growth arrest,
and thus allow the seedlings to survive periods of adversity.
Some other GA-related genes were also induced by stress. The
ent-kaurene synthase (KS) genes (GRMZM2G093603_T01,
GRMZM2G016922_T01) and GA20ox gene (GRM
ZM2G368411_T01) genes were down-regulated by cold treat-
ment, the ent-kaurenoic acid oxidase (KAO) gene (GRM
ZM2G042543_T01) was down-regulated by drought, and the
KS (AC214360.3_FGT001, GRMZM2G016922_T01) and
KAO (GRMZM2G042543_T01) genes were down-regulated
by salt stress, all of which could influence GA biosynthesis and
catabolism in maize plants. These results showed that salt stress
induced GA metabolic genes more readily than did cold and
drought stress and thus may reduce bioactive GA abundance
more rapidly. In maize and other crops, it is largely unknown
how GAs are regulated at the molecular level upon stress adap-
tation. Our study could lead to a better understanding of the
molecular basis of the GA pathway response in maize under
stress conditions.

Transcription factors (TFs) typically regulate the expres-
sion of multiple genes in a metabolic pathway, and TFs
analysis has played a very important part in stress response
research. In this study, we analysed the gene expression of a
few important transcript factors (DREB, CBF, NAC, bZIP,
MYB, and MYC) that were known to be involved in stress
tolerance in plants. We found that only the CBF (GRM
ZM2G124011_T01, GRMZM2G069146_T01) and MYC
(GRMZM2G049229_T01, GRMZM2G001930_T01) genes
exhibited similar changes in expression in response to salt,
drought and cold stresses. However, some TFs (e.g. NAC,
MYB, and bZIP) responded differently under different stress
conditions. NAC (GRMZM2G018436_T01), for example,
was up-regulated in response to cold stress but down-
regulated under salt stress conditions. The essential role of
the CBF/DREB1 gene in response to cold, drought, and salt
stress has been demonstrated in several previous studies
(Krasensky and Jonak 2012; Lata and Prasad 2011;
Yamaguchi-Shinozaki and Shinozaki 2006). Increased ex-
pression of theDREB2A genes has also been found to play an
important role in the plant response and adaptation to abiotic
stress (Qin et al. 2004, 2006, 2007). The ZmDREB1A and
ZmDREB2A genes have been cloned form Zea mays, and the
ZmDREB2A transcription factor was shown to be involved in
the response of maize to various stress conditions, including
cold, drought, salt and high temperature (Qin et al. 2006,
2007). In our DEG data, the DREB genes (GRMZ
M5G806839_T01 and GRMZM2G380377_T01) were up-
regulated by cold and drought treatment, in accordance with
previous studies (Qin et al. 2004). In addition, the expression
of the CBF genes (GRMZM2G124011_T01 and GRM
ZM2G069146_T01) were up-regulated by all three stresses.
These results might suggest that stress-related CBF/DREB-

like genes have not yet been identified in Zea mays, and their
functions may be different from the known CBF/DREB1
genes (Krasensky and Jonak 2012; Lata and Prasad 2011;
Yamaguchi-Shinozaki and Shinozaki 2006).

In addition to TFs, a number of additional signalling
components such as kinases and functional proteins are also
important for the acclimatisation of plants to environmental
stress. In this study, members of the MAPK, CIPK, CDPK,
LEA, HSP and ROS gene families displayed differential
induction by stresses. Most of these genes were expressed
differently under different stresses. However, the CDPK
(GRMZM2G112057_T01, GRMZM2G441511_T01, GRM
ZM2G115518_T01 and GRMZM2G115518_T03) and LEA
(GRMZM2G050607_T01 and GRMZM2G096475_T01)
genes were only up-regulated in maize seedlings in response
to cold stress. Previous studies have reported that the LEA
genes responded to low temperature, drought, and high salt
in different plant species (Hundertmark and Hincha 2008;
Vaseva et al. 2010; Yue et al. 2008). Some researchers have
reported that the LEA genes are up-regulated in transgenic
plants overexpressing ZmDREB2A (Qin et al. 2007). The
LEA and CDPK genes were also identified in our study,
which identified specific cold response genes that should
be studied further. Signalling through the MAP kinase cas-
cade is involved in the response to various stresses. The
transcript level of ZmMPK3 increased within half an hour
and remained high for a period (Wang et al. 2010). Cold
stress also induced the expression and activity of ZmMAPK5
(Berberich et al. 1999). In our study, four MAPK genes
(GRMZM2G174170_T01, GRMZM5G834697_T01,
GRMZM2G163709_T01, and GRMZM2G020216_T01)
were detected. The transcription level of one of these genes
was increased under cold, drought and salt stress, while the
other genes were not significantly induced. We suggest that
the induced gene (GRMZM2G174170_T01) is a new maize
MAPK gene associated with abiotic stress tolerance.

Conclusion

This study has demonstrated the utility of the digital gene
expression (DGE) approach to identify differentially expres-
sion genes in maize seedlings in response to different abiotic
stresses. A large dataset of tag-mapped transcripts was
obtained that provide a strong basis for future research on
the response to abiotic stress in maize. In addition, a new list
of candidate targets for functional studies on genes involved
in cold, drought and salt stresses has been generated. Further
work should focus on characterising these genes. Such stud-
ies could lead to a better understanding of the genetic basis of
the maize response to different environmental stimuli and
would be essential for improving the abiotic stress tolerance
of maize.
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