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Drought is the most significant factor reducing plant productivity. To further study the stress-induced
adaptive mechanisms of alfalfa at the molecular level, a drought-induced suppression subtractive
hybridization (SSH) cDNA library was constructed. Initially, 225 Escherichia coli colonies were obtained.
By removing the vector sequences and the sequences with poor quality, 94 expressed sequence tags
(EST) were retained. No significant homology to any previously identified genes was observed in 39
ESTs, whereas the remaining 55 ESTs showed high homology with plant genes of known and unknown
functions registered in databases. Semi-quantitative real-time PCR analysis of five genes randomly
selected in this SSH cDNA library of alfafa revealed that all of their transcripts were up-regulated after
drought induction. Several ESTs identified from our drought-induced SSH of alfalfa were found to
respond not only to drought but also high salinity and low temperature. This suggests that there may
be a connection between the expression-regulation of gene and different environmental stresses in
plants.
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INTRODUCTION

Medicago sativa L., commonly known as alfalfa or
lucerne, is a perennial flowering plant well known for its
high quality and high vyield. It is cultivated extensively
around the world and it is the most important forage
legume in temperate areas. Its ploidy varies from diploid
(2n = 16) to polyploid (2n = 32, 48, 64) (Mizukami et al.,
2006). However, the growth and productivity of the plant
is seriously affected by abiotic stresses such as drought,
salt stress, and low temperature (Yanyan et al., 2011).
Among these stresses, drought is the most significant
factor reducing plant productivity. Thus, plant breeders
currently have attempted to breed new and more tolerant
cultivars.

A complicated process allows plants to adapt to
drought stress in order to maintain growth and complete
their life cycles. This process is mediated via the
regulation of molecular networks, leading to
physiological, morphological, and metabolic modifications
that re-establish homeostasis at the cellular level.
Tolerance mechanisms allow plants to maintain turgor

pressure and volume, continue metabolism, and maintain
cell membrane stability even at low water potential (Xiong
et al., 2002). Stress tolerance is thus dependent on long-
term plant performance with respect to biomass yield and
on the degree of recovery from the stress. Because of the
complexity of the stress responses, several genes are
thought to be expressed to achieve biophysiologically
useful effects. Studies have shown that, under drought
stress conditions, plants synthesize more the
osmoregulators, peroxidases, and proteins involved in
water transport (Jeroni et al.,, 2007). Concurrently,
phytohormones, transcription factors, protein kinases,
and phosphatases trigger the regulation of their target
genes to avoid damage of the plants by drought stress
(Kazuo et al., 2007; Xiong et al., 2002; Fabiana et al.,
2009). In this context, the analysis of gene expression is
useful to developing a better understanding of stress
adaptive mechanisms in plants and can provide
theoretical support for attempts to breed cultivars that are
more tolerant.


http://www.springerlink.com/content/?Author=Yuko+Mizukami

With the development of biotechnology, the
identification of genes that act directly on the regulation of
gene expression has become possible. In recent years,
suppression subtractive hybridization (SSH), a PCR-
based cDNA subtraction method, has been applied in the
identification of eukaryotic genes (Ludadiat et al., 1996).
This method enables researchers to compare two
populations of MRNA and to obtain clones of genes
expressed in one population but not in the other. SSH
technology can use less time and money than other
technologies to develop cDNA libraries to characterize
genes from widely diverse plant species (Wu et al., 2007;
Yang et al., 2011).

To the best of our knowledge, SSH research on the
expression of specific alfalfa genes has, to date, been
reported only under salt stress conditions (Jin et al.,
2010). In this study, we successfully constructed a SSH
cDNA library to enrich those genes whose expressions
were regulated under drought stress conditions. In
addition, our results implied the mechanisms that genetic
factors govern the tolerance of drought stress at
molecular level. The investigation of gene expression
appeared to be an essential approach which ultimately
may develop deeper understanding of stress adaptive
mechanisms in plants, which is of important implication
for further attempts to breed more tolerant cultivars.

MATERIALS AND METHODS
Plant materials and treatment

An alfalfa cultivar (M. sativaL.cvé6Baodi ngé) was

Chinese Academy of Agricultural Science. Seeds were surface-
sterilized with 75% ethanol for 5 min and then washed 5 to 6 times
with sterile water. The seeds were then placed in Petri dishes to
germinate. After germination, the seedlings were planted in
sterilized soil and irrigated daily with water. For drought treatments,
50-day-old seedlings were transferred into Hoagland Complete
solution (Bioworld) containing 30% (w/v) PEG 8000 (Promega) for
12 h. Control seedlings were cultured for 12 h in Hoagland
Complete solution without PEG. Leaves were harvested for RNA
isolation, then frozen in liquid nitrogen and conserved at i 80°C.

Extraction of total RNA and purification of mRNA

Total RNA from the leaves was extracted using the Trizol method

(Invitrogen, Carl sbad, CA, USA)
instructions and analyzed by agarose gel electrophoresis. Total

RNA was purified using an RNeasy Plant Mini Kit (Qiagen,

Val enci a, CA, USA)
was purified by Oligotex mRNA Mini Kit (Qiagen, Valencia, CA,
USA) according to the
mMRNA was concentrated by precipitation with 0.1 volumes of 3 M
sodium acetate (pH 5.2) and 2 volumes of ethanol. It was then kept
at i1 20°C for at least 1.5 h. After centrifugation at 14,000 rpm at 4°C
for 20 min, the mRNA pellet was washed with 1 ml 75% (v/v) cold
ethanol. The final pellet was dried and dissolved in DEPC-treated

water. mRNA concentration was determined by UV
spectrophotometry  (Eppendorf, Hamburg, Germany) (the
concentration was OO0.5 ¢g/ E8DFL.
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Construction of a SSH library

Tester (treated for 12 h) and driver (control) mRNAs were
respectively
a PCR-selected cDNA Subtraction Kit (Clontech, Mountain View,
CA, USA) according to the
rounds of hybridization, the products were amplified with two
rounds of selective PCR. The PCR products were purified using the
Wizard SV Gel and PCR Clean-Up System (Promega, Madison,
WI), inserted into pMD18-T (TAKARA, Dalian, China), and
transformed into Escherichia coli DH5U. A total of 225 E. coli
colonies were obtained and cultured for plasmid extraction.

Bioinformatics analysis

Recombinant plasmids containing cDNA fragments were obtained
and sent to Beijing Sun Biological Engineering Technology and
Service Co., Ltd., China, for sequencing. Homology searches of
expressed sequence tag (EST) sequences were performed using
BLASTX and Blastn in the NCBI database
(http://www.ncbi.nim.nih.gov).

Semi-quantitative real-time PCR

Total RNA was isolated from the leaves of 50-day-old alfalfa
seedlings induced by 30% (w/v) PEG 8000 for 0, 15, 30 min, and
for 1, 6, 12, 24 h, and treated with DNase (Invitrogen, Carlsbad,
CA, USA) according t o t he
micrograms of treated total RNA was transcribed into first-strand
cDNA using 0.5 ¢l 50
mi x, and ‘eatedwatBrETReCeaction mixture was heated
at 65°C for 5 min and then quick-chilled on ice for 1 min. After
centrifugation, 4 el of 51 Fi
(DTT), 1 e " RNageOUT (Ingtiogen), and 200 U
SuperScript || Reverse Transcriptase (Invitrogen) were added to the
reaction., This mixture was, then incubated at 25°C for 5 min, then
%?ordG‘g ﬁ’]in,él’}& thcgjl rgg%tion was stopped by heating at 70°C
for 15 min. The synthesized cDNA was stored at i 20°C.
Semi-quantitative real-time reverse transcriptase PCR was used
to characterize the expression pattern of five drought-induced ESTs
with unknown or putative functions using the primers listed in Table
1. A SYBR green reporter assay kit (Invitrogen) was used for
detection in the sgReal-time PCR assay in a Bio-Rad CFX96
instrument. To normalize the relative expression of the selected
genes, a Medicago truncatula 18S rRNA was used as an
endogenous control sequence. For each selected gene, three
biological replicates were independently assayed. Each reaction

wasperformed in a final vol ume
buffer, 2 &I ®55 mM M5 mM dNTP,
primer, O.r5eveelr sle0 perM mer , 1 el
Mix (lnvitrogen), 0.2 ¢l -029)¢
cDNA, and PCRgr ade water to a final
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for 2 min followed by 40 cycles of amplification at 95°C for 10 s,
60°C for 30 s, and 70°C for 45 s. Relative gene expression levels

f ol | ownes g'RNAh e arg adpreseried byl relgive dg8antigcatiord (®M)ivalues calculated

using the 2= “ method (Skriver and Mundy , 1990).

instructions. The purifi

RESULTS

Construction of the suppression subtractive

hybridization cDNA libraries

a n dTo sdemtify lexpsessed genessdiffererstially aegulated under

ed



80 Afr. J. Plant Sci.

Table 1. Primers for real-time PCR.

EST name Pri mer seqg-BeNjjce ( 5Nj Sizeof product (bp)
Alfalfa-actin (bp102) 5-GGATCTTGCTGGTCGTGATCT-3' 466
Alfalfa-actin (bp568C) 5-CTGGTGGAGCCACAACCTTA-3'

Alfalfa-contigll (bp246) 5'-GCACCAAGCAAGGTTGCTAC-3' 194
Alfalfa-contig11 (bp440C) 5-CTGCAGCTCATAGCACTGTTCA-3'

Alfalfa-contig3 (bp182) 5-GTGCATAGTGTGGCGGACC-3' 134
Alfalfa-contig3 (bp316C) 5-ACCCTTTCCAACCCTTCTCA-3'

Alfalfa-contig7 (bp167) 5'-CAAGTTGCCTTGGCTTGACA-3' 101
Alfalfa-contig7 (bp268C) 5-AGAATGACTTCCTTGGGATTGC-3'

Alfalfa-contig50 (bp223) 5-GGGTCGTCGTCAAGGTGTATG-3' 179

Alfalfa-contig50 (bp402C)
Alfalfa-96 (bp12)
Alfalfa-96 (bp279C)

5'-ATCGACAGCCGAAGTGATGAG-3'
5-GTGGCTGCTGGTTGATACAAA-3'
5'-GACGGTTTCAACATCCCTCTC-3'

267

drought stress conditions, a PCR-based SSH library was
constructed. Two populations of mRNA were prepared
from PEG 8000-treated fresh tissues harvested at 0 and
12 h. mRNA from control plants was used as a driver and
MRNA from plants grown at 30% (w/v) PEG 8000 was
used as a tester.

Sequencing and analysis of EST from alfalfa SSH
libraries

To construct the SSH library, 225 E. coli colonies were
obtained and single-sequenced. Following removal of the
vector sequence and elimination of the sequences with
poor quality, 94 ESTs remained. Sequencing analysis
indicated that the ESTs ranged in size from 250 to 1000
bp. Among these, 39 sequences had no significant
homology to any  previously identified genes,
suggesting  that these clones correspond to
unidentified genes and thus could be novel. The other 55
EST clones showed high homology with plant genes of
known and unknown functions registered in databases
(Table 2).

Semi-quantitative real-time PCR (sqRT-PCR)

To understand the expression profile of drought-
induced genes in SSH cDNA library, the expression
of five clones randomly selected was investigated
further using sqRT-PCR analysis. As shown in Figure
1, all five genes were expressed at a low basal level
before drought treatment and showed increased
expression after drought stress, although each
displayed individual fluctuations. The transcription of
four genes (3, 7, 11, and 50) reached their highest
levels at 1 h post-treatment and then quickly declined.
The expression of Gene 96 continuously increased
from 30 min to 24 h after the initiation of drought
stress.

DISCUSSION

In plants, biological defenses designed to eliminate
harmful conditions induced by abiotic stresses such as
salinity, drought, and low temperature are regulated by
the expression of different genes. To understand the
molecular mechanisms of these processes, relevant
subsets of differentially induced genes must be identified,
cloned, and studied in detail. To create conditions that
would accurately reflect a realistic drought environment,
50-day-old M. sativa seedlings were treated with 30%
(w/v) PEG 8000 instead of water deficit treatment. In this
study, an SSH cDNA library was constructed using mRNA
from the leaves of the seedlings treated with 30% (w/v)
PEG 8000. Through sequencing and identification of our
drought-induced enriched cDNA library, we obtained the
sequences of genes up-regulated under drought
conditions. Most of the sequences identified from our
library encoded genes with homology to genes from other
species known to be related to either abiotic or biotic
stress. Genes that are up-regulated in response to
drought stress belong to several different function-based
categories, particularly involved in post-translational
modification, energy production and conversion, amino
acid transport and metabolism, lipid transport and
metabolism, transcription, nucleotide transport and
metabolism, inorganic ion transport and metabolism, and
signal transduction mechanisms.

Transcriptional regulation of genes responsive to stress
plays a critical role in plant development (Zou et al.,
2008). The expression of stress-induced genes is
regulated largely by several classes of transcription
factors. Several ESTs of transcription factors were
isolated from our drought-induced alfalfa SSH library,
including NAC and zinc finger proteins. NAC genes have
been found to be involved in many stages of plant
development, such as lateral root formation in auxin
signaling, leaf senescence, formation of flower organ
primordia, and responses to biotic or abiotic stress (Fujita
et al., 2004; Fan et al., 2007). Some NAC transcription



Table 2. Some of the genes up-regulated under drought stress conditions.
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Accession no. Function Size (bp) Organism E-value
Material and energy metabolism

BT098525 2-Oxoisovalerate dehydrogenase 371 Glycine max 6.00E-40
AK338467.1 ALA-interacting subunit 3 399 Arabidopsis thaliana 2.00E-31
EF408869.1 Inositol-3-phosphate synthase 335 Nicotiana tabacum 1.00E-50
AC151526.7 Phospholipid hydroperoxide glutathione peroxidase 432 Spinacia oleracea 7.00E-28
CT010504.7 ERDL1 protein 611 Arabidopsis thaliana 3.00E-47
AC182817.35 1-Aminocyclopropane-1-carboxylate oxidase 286 Arabidopsis thaliana 5.00E-23
BT053266.1 Photosystem | reaction center subunit IV 367 Spinacia oleracea 1.00E-17
CU179635.4 Photosystem Il 22 kDa protein 325 Spinacia oleracea 2.00E-34
AF411547.1 Ribulose bisphosphate carboxylase small chain 220 Medicago sativa 2.00E-17
AC151956.5 Calvin cycle protein CP12 459 Chlamydomonas reinhardtii 3.00E-15
AJ715851.1 Delta-1-pyrroline-5-carboxylate synthetase 214 Arabidopsis thaliana 3.00E-22
AC140026.11 ATPase 8 380 Arabidopsis thaliana 3.00E-19
X54359.1 Aldehyde dehydrogenase family 7 member Al 494 Pisum sativum 3.00E-45
BT051367.1 GTP-binding protein 707 Zea mays 1.00E-73
BT051324.1 Superoxide dismutase [Cu-Zn] 289 Oryza sativa 3.00E-21
Transcription

AC174358.16 Leucine zipper protein 358 Arabidopsis thaliana 4.00E-11
AC148486.17 RING finger protein B 923 Dictyostelium discoideum 5.00E-12
AAK84883.1 NAC domain protein NAC1 503 Phaseolus vulgaris 4.00E-10
AC140030.6 bZIP transcription factor 567 Glycine max 1.00E-14
Protein synthesis and degradation

BT050914.1 Myristoyl-acyl carrier protein thioesterase 490 Gossypium hirsutum 2.00E-30
BT098682.1 Branched-chain-amino-acid aminotransferase 221 Arabidopsis thaliana 3.00E-09
EU846207.1 Late embryogenesis abundant protein 323 Cicer arietinum 4.00E-10
AC175828.2 LRR receptor-like serine/threonine-protein kinase 560 Arabidopsis thaliana 2.00E-13
CU570676.3 Oligopeptide transporter 680 Populus trichocarpa 1.00E-24
BT098682.1 Branched-chain-amino-acid aminotransferase 2 569 Arabidopsis thaliana 1.00E-38
AC150204.30 Alpha-aminoadipic semialdehyde synthase 341 Arabidopsis thaliana 5.00E-31
Cellular communication/signal transduction

GU045335.1 Dehydrin DHN1 300 Pisum sativum 1.00E-06
CT954252.6 Protein HVA22 627 Hordeum vulgare 9.00E-06
AC186676.3 SNAP25 homologous protein SNAP33 916 Arabidopsis thaliana 4.00E-34
Transportation

BT053307.1 Non-specific lipid-transfer protein 2 316 Nicotiana tabacum 6.00E-06
AC147537.39 Non-specific lipid-transfer protein 5 414 Lens culinaris 4.00E-35
CU570676.3 Metal-nicotianamine transporter YSL3 636 Arabidopsis thaliana 4.00E-25
Function unknown

ACJ85926.1 Unknown 371 Medicago truncatula 6.00E-18
AC151956.5 Unknown 504 Medicago truncatula 6.00E-66
CuU013532.9 Unknown 412 Glycine max 7.00E-40
ACU13597.1 Unknown 515 Glycine max 9.00E-50
factors are intimately associated with intracellular proteolytic cleavage of membrane-associated

membranes.

The results suggest that controlled

transcription factors (MTFs) is an intriguing activation
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Figure 1. Relative expression analysis of five selected genes (3, 7, 11, 50 and 96) by qRT-PCR in the PEG-
induced SSH cDNA library. 50-day-old alfalfa seedlings were treated with 30% PEG for 0, 15, 30 min, and
for 1, 6, 12, 24 h. RNA (5 pg) was reverse transcribed to cDNA. Triplicate quantitive assays were performed

on each cDNA sample.

strategy that ensures rapid transcriptional responses to
incoming signals in prokaryotes, yeast, and animals,
particularly under adverse environmental conditions
(Hoppe et al., 2001; Kim et al., 2006). Several zinc finger
families have been found in plants, including the RING-
finger, ERF, WRKY, DOF, and LIM families (Bu et al.,
2009; Rushton et al., 2010; Fabio et al., 2009). The
results of the present study demonstrate that zinc finger
families may mediate protein ubiquitination and be
induced by high salinity and water stress (Chao et al.,
2009).

When plants experience abiotic stresses, including low
temperature, high salinity, and drought, the defensive
mechanisms are employed to preserve inorganic ion
transport. The flow of these ions across the cell
membrane is considered to the response to signal
transduction between the cells of an organism, and plays

an important role in life. Numerous ESTs related to
inorganic ion transport in our drought-induced SSH library
were found to be up-regulated, including *-pyrroline-5-
carboxylate synthase (P5CS) and myo-inositol-1-
phosphate synthases (MIPS). Proline plays an important
role as an osmoprotectant in plant response to osmotic
stresses resulting from drought and high salinity. In higher
plants, proline is primarily synthesized from glutamate
under stress conditions (Kavi et al., 2005). Studies have
identified P5CS as a rate-limiting enzyme involved in the
biosynthesis of proline from glutamate, the expression of
which is significantly induced by salt and drought (Chen
et al, 2010; Andreia et al., 2009). Myo-inositol-1-
phosphate synthases (MIPS) are induced by drought,
high salinity, and low temperature. MIPS may lead to the
accumulation of methylated inositols, which serve as
osmoprotectants (Manabu et al., 1996).
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