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Abstract In this study, molecular biology methods were use to analyze germinating overexpression transgenic plants and mutants
of Arabidopsis thaliana glutamine synthetase genes GLN1;1 and GLN1;5 in response to salt stress, and activity change of

Arabidopsis glutamine synthetase. The results showed AtGLN1;1 and AtGLN1;5 performed different expression profiles in different

tissues, growth stages and under salt stress. The overexpression of AtGLN1;5 gene could contribute to strengthen germination and

growth progress of Arabidopsis under saline environment.

Keywords Arabidopsis thaliana; Glutamine synthetase; Salt stress; Seed germination

Introduction
It is a key period for plants from germination to
seedling stage. In this stage, plants are vulnerable and
most sensitive to environment (Miller, 1987), and it is
a crucial stage of adapting the environment and
keeping reproduction (Omami et al., 1999).

Salt stress is one of the important environment factors
that affects germination and seedling growth of plants
(Baskin and Baskin, 1998), the response to salt stress
of plants during germination and seedling stage
reflects their mechanism adapting the stress
environments. The impacts to seedlings from saline
are generally through osmotic effect and ionic effect
(Zhang et al., 2014). The osmotic effect triggers the
reduction of osmotic potential that prevent seeds and
seedlings absorbing the water then interfere
germination and growth of the plant (Levitt, 1980),
and the ionic effect directly poisons the plant through
Na+, K+ and other saline ions (Ungar, 1978).

NH4+ is a key ion in living cells, and also an important
intermediate product of other compounds in the cell.

NH4+ and NO3- are also main nitrogen resources of
plants and microorganisms, however, when the NH4+

is over accumulated, it will be toxic to the cell (Britto
and Kronzucker, 2002). The accumulation of NH4+ in
the plant cell could originated form the high NH4+

concentration of environment and degradation of
proteins in senescent tissues, furthermore, protein
degradation caused by reactive oxygen species (ROS)
production in salt stress would also accumulate excess
NH4+ in the plant (Britto and Kronzucker, 2002).

Glutamine synthetases (GSs), which participate in
nitrogen metabolic process, are widely exiting in all
the organisms. The GSs could assimilate the
redundant NH4+ to glutamic acids and produce
glutamines, thus we speculate GS would contribute to
remit the NH4+ toxicity induced by salt stress.

In plants, glutamine synthetases are classified in two
types, the cytoplasmic type (GS1) and the plastid type
(GS2). In Arabidopsis thaliana, there are 6 members
in the GS family, 5 GS1s (GLN1;1, GLN1;2, GLN1;3,
GLN1;4 and GLN1;5) and 1 GS2 (GLN2) (Ishiyama

Preferred citation for this article:

Peng et al., 2014, Functional Comparative Study of Arabidopsis thaliana Glutamine Synthetase gene GLN1;1 and GLN1;5 in Response to Salt Stress during

Germination, Molecular Soil Biology, Vol.5, No.4 23-30 (doi: 10.5376/msb.2014.05.0004)

Received: 28 Feb., 2014 | Accepted: 23 Mar., 2014 | Published: 22 May, 2014

M
olecularSoilBiology



Molecular Soil Biology24

et al., 2004).

In previous studies, expression profiles and
localization of GSs in many plant species were
examined (Brugière et al., 1999, 2000; Kichey et al.,
2005, Lothier and Gaufichon, 2009; Nord-Larsen,
2009, Peterman and Goodman, 1991, Teixeira and
Fidalgo, 2009, Vance et al., 1994), and there are some
studies reported the stress-resistant and
nitrogen-utilization function of GS in some species
(Cai et al., 2009, Fuentes et al., 2001, Habash et al.,
2001, Martin et al., 2006, Jing et al., 2004, Migge et
al., 2000, Oléa et al., 2004, Oliveira et al., 2002,
Pageau et al., 2006, Pérez-García et al., 1998,
Tavernier et al., 2007). However, specific analysis of
AtGLNs is lacking of exploring expression patterns
and their function in resisting salt stress during
germination and seedling stage.

In this study, the germinating Arabidopsis thaliana
were used to investigate expression profiles and
functions under NaCl stress of AtGLN1;1 and
AtGLN1;5 genes. We discovered that AtGLN1;1 and
AtGLN1;5 performed different expression profiles in
different tissues, growth stages and under salt stress
and overexpression of AtGLN1;5 gene could
contribute to strengthen germination and growth
progress of Arabidopsis under saline environment.

1 Results and Discussion
1.1 Expression profiles of AtGLN1;1 gene
The wild-type Arabidopsis plants (Columbia-0, Col-0)
after 60 d growing were selected for expression
analysis. Roots, stems, rosette leaves, flowers, fruits
and dry seeds were collected separately, 0.1 g of each
tissue or organ were used to extracting total RNA
respectively. Expression of AtGLN1;1 in these tissues
and organs were determined by quantitative real-time
(qRT-PCR) and the result is as shown in the Figure 1.

As shown in Figure 1, expression of AtGLN1;1 in all
the 6 tissues and organs could be examined, its
expression pattern in dry seeds was obviously the
highest, and the expression in rosette leaves and fruits
were also higher than in the other three. It could be
observed that AtGLN1;1 may play a role from the
beginning stages of germination and function mostly

in the dormancy seeds. On the basic of this possibility,
we further tested its expression in the germinating
seeds and seedling stage plants.

Dry seeds, seeds of 36 h after germination and
3-week-old seedlings were used in analyzing
expression of AtGLN1;1 by RT-PCR (Figure 2).

Figure 1 Real-time PCR analysis of AtGLN1;1 gene expression
in different tissues and organs of Arabidopsis thaliana

Figure 2 Expression analysis of AtGLN1;1 in germination and
seedling stage by RT-PCR detection

The expression in the dry seeds was still the highest in
these 3 stages, and the expression down-regulated
gradually following the growth progress, but still
staying at a relatively high level during germination
(Figure 2). For further ensure this results and examine
more detailed, qRT-PCR analysis were conducted to
analysis the expression of AtGLN1;1 in these 3
periods (Figure 3), and the result was similar to that
tested by RT-PCR.

Figure 3 Expression analysis of AtGLN1;1 in germination and
seedling stage by qRT-PCR detection

M
olecularSoilBiology



Functional Comparative Study Arabidopsis thaliana Glutamine Synthetase Gene GLN1;1 and GLN1;5 25

Considering its highest expression existed in dry seed,
we speculate that the high expression may occurred in
the endosperm before germination, and reduced after
germination with the consumption of endosperm.
However, this hypothesis could not be confirmed in
this study and more researches are required for it in
the future.

1.2 Expression profiles of AtGLN1;5 gene
For AtGLN1;5, we also firstly analyzed its
tissue-specific expression (Figure 4). The expression
in dry seeds of AtGLN1;5 and AtGLN1;1 were similar,
which is much higher than in other tissues and organs,
but the others were different. The expression of
AtGLN1;5 in the three nutritional organs (roots, stems,
rosette leaves) were extremely lower than in the dry
seed and the other two reproduction organs (flowers
and fruits) (Figure 4).

Figure 4 Real-time PCR analysis of AtGLN1;5 gene expression
in different tissues and organs of Arabidopsis thaliana

Figure 5 Expression analysis of AtGLN1;5 in germination and
seedling stage by RT-PCR detection

Figure 6 Expression analysis of AtGLN1;5 in germination and
seedling stage by qRT-PCR detection

We speculate that expression of AtGLN1;5
accumulates in the process of seed formation and
finally reach the peak when the mature seeds formed.
And for researching expression profiles of AtGLN1;5
during germination and seedling stage, we performed
the same analysis with RT-PCR and qRT-PCR (Figure
5 and 6).

Expression of AtGLN1;5 reduced sharply just after
germination, that it was hard to detect after
germinating 36 h and almost disappeared in seedling
stage (Figure 5 and Figure 6). Therefore it is
suggested that AtGLN1;5 only functions in the
formation of seeds and the initial of germination, and
also play its most important role in dry seeds.

The reason of the rapid reduction of AtGLN1;5 after
germination maybe that it had already finished its
most function before germinating, and according to
the hybridization signal during TR stage, we think
AtGLN1;5 might work earlier than AtGLN1;1.

1.3 Analysis of AtGLN1;1 and AtGLN1;5 in
response to salt stress
The transcripts of AtGLN1;1 and AtGLN1;5 were
much abundant in seeds and they expressed at the very
start of germination, we firstly analyzed the
expression of AtGLN1;1 and AtGLN1;5 in the wild
type seeds after 48-hour germination treated with
different concentration of NaCl by RT-PCR and
qRT-PCR (Figure 7 and Figure 8).

As shown in the figure, in the primary stage of
germination, expression of AtGLN1;1 was
up-regulated first and then down-regulated with the
NaCl concentration increased, and when treated with
200 mM NaCl, the expression of AtGLN1;1 was
almost the same as non-treated plants or even higher
(Figure 7). But when the environmental NaCl
concentration is over 150 mM, the wild type
Arabidopsis could not survive for the normal growth,
thus we think when germinating seeds were suffering
the salt stress that was insufficient to kill the plant, the
expression of AtGLN1;1 would be down-regulated; and
when NaCl concentration is high enough to prevent
Arabidopsis growing, the expression will be up-regulated,
however, the mechanism now is hard to explain.
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Figure 7 Expression level of AtGLN1;1 in response to different

NaCl concentration of seeds after 48 h germination

Note: A: RT-PCR analysis; B: qRT-PCR analysis

Figure 8 Expression level of AtGLN1;5 in response to different

NaCl concentration of seeds after 48 h germination

Note: A: RT-PCR analysis; B: qRT-PCR analysis

The response of AtGLN1;5 under salt treatment is
much different from that of AtGLN1;1. As shown in
the Figure 8, in the germinating seeds, the expression
level of AtGLN1;5 increased sharply with the NaCl
concentration raising up and there was a positive
correlationship (Figure 8). The response of AtGLN1;5
to NaCl could be separated to 2 parts: the first part is
under the concentration that Arabidopsis could survive
(0~100 mM), for that in this period AtGLN1;5 is
originally with a very high expression level, we think
AtGLN1;5 may contribute to the growth and
development of Arabidopsis in this concentration
range; the second part is with NaCl concentration that
Arabidopsis would not finish its life cycle (150~200
mM), though the variation tend could be joining to the
previous concentration, while separately considered,
the expression changes is similar to that of AtGLN1;1
(Figure 7), although we had not analyzed other
members of AtGLNs, this similar variation tendency
of AtGLN1;1 and AtGLN1;5 maybe indicating their
functional similarity under this NaCl concentration
range.

Considering the temporal specificity of gene
expression, we analyzed the expression profile at
different germination time points treated with 100 mM
NaCl comparing to non-treated plants and dry seeds
by using qRT-PCR detection (Figure 9 and Figure 10).

Figure 9 Comparative analysis of AtGLN1;1 expression
between NaCl-treated and non-treated Arabidopsis seeds after
different germination time by qRT-PCR

The response of AtGLN1;1 to NaCl treatment was not
remarkable, except the very beginning of germination,
there was no significant differences between in treated
and in non-treated seed (Figure 9). AtGLN1;5
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performed a quite distinguished status when
comparing the treated and non-treated seeds. As time
went on, the expression of AtGLN1;5 in non-trated
seeds fell down immediately, but in the seeds treated
with NaCl it could stay at a stable level and was much
higher than that in non-treated seeds (Figure 10). So it
could be observed that the differences of AtGLN1;1
and AtGLN1;5 reflect not only in degrees but also in
temporal specificity.

Figure 10 Comparative analysis of AtGLN1;5 expression

between NaCl-treated and non-treated Arabidopsis seeds after

different germination time by qRT-PCR

For further analyzing the response of Arabidopsis
glutamine synthetase to salt treatment and whether
AtGLN1;1 or AtGLN1;5 plays a dominant role among
all the GSs during germination, the activity of total
glutamine synthetase of germinating Arabidopsis
under NaCl treatment were determined (Figure 11).

As shown in Figure 11, no matter for concentration
gradients or for time gradients, the variation trends of
GS activity almost approaches that of AtGLN1;1
expression profiles under NaCl treatment (Figure 7
and 9). Therefore, we speculated although AtGLN1;5
shows a more significant change after salt treatment in
germinating seeds, but it maybe not the most
dominant for its low expression level (Figure 5 and 6).
For the similarity of GS activity and AtGLN1;1
expression profile under NaCl treatment, AtGLN1;1

may possess the dominant place among AtGLNs when
in response to salt stress, but it is different between the
variation of GS activity under normal condition and
AtGLN1;1 expression (Figure 11B), so we speculate
that there would be other GS members functioned
together during germination but the total activity was
inhibited under salt stress.

Figure 11 Activity of Arabidopsis glutamine synthetase under
salt treatment during germination
Note: A: Activity of Arabidopsis glutamine synthetase in
response to different concentration NaCl; B: Activity of
Arabidopsis glutamine synthetase in response to 100 mM NaCl
treatment after different germination time

In consequence, when germinating Arabidopsis is
under salt stress, different GS genes might show
different expression profile, buy may function
together on protein level, meanwhile in the very
beginning of germination, there maybe inreplaceable
functions of AtGLNs in resisting salt stress. However,
the detail mechanism is still need to investigate,
studies of other members of AtGLNs in response to
salt stress and their analysis in other growth stages are
also need to be further researched.

2 Material and Methods
2.1 Materials
Columbia-0 ecotype Arabidopsis thaliana was
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supported by Alkali Soil Natural Environmental
Science Center (ASNESC); Northeast Forestry
University (Harbin, China); DNase I,
Reverse-transcript Kit, Taq DNA polymerases were
purchased from TaKaRa Biotechnology; quantitative
real-time PCR (qRT-PCR) reaction system was
purchase from TansGen Biotech; all the primers
synthesized in this paper were designed by Primer
Premier 5.0 software, primer synthesis and DNA
sequencing were done by BGI-tech.

2.2 NaCl treatment to Arabidopsis seeds
Seeds of Arabidopsis were sterilized then spread on
the surface of agrose plate medium containing 0 mM,
50 mM, 100 mM, 150 mM or 200 mM NaCl at 4℃,
after 2-day vernalization then transferred into a 22℃
constant temperature incubator for the further culture.
Seed germinated for 0 h, 12 h, 24 h, 36 h and 48 h
were rapidly frozen by liquid nitrogen respectively,
immediately grind into powders under liquid nitrogen
frozen or stored at -80℃ refrigerators.

2.3 RNA extraction and synthesis of fist-strand
cDNA
Extraction of total RNA of Arabidopsis seeds was
used the improved method referenced from Suzuki et
al. (Suzuki et al., 2004). The detail content is: add
some RNA extracting solution to the grinded samples,
centrifuged at 4℃, 13 000 rpm for 5 min, get the
supernatant; add equivoluminal solution of phenol,
chloroform, isoamyl alcohol (v:v:v=25:24:1), mixed
sufficiently, centrifuged at 4℃, 13 000 rpm for 10 min,
get the supernatant; add equivoluminal chloroform,
mixed sufficiently, incubating at RT for 3 min, get the
supernatant; and 8 M LiCl solution of 1/3 volume of
the supernatant, mixed sufficiently, precipitated at
-20℃ overnight, centrifuged at 4℃, 13000 rpm for 15
min, remove the supernatant; use 75% ethyl alcohol to
wash the precipitation, centrifuged at 4℃, 13 000 rpm
for 5 min, remove the supernatant, drying in the air,
add some RNase-free water to dissolve the RNA.

The fist-strand cDNA was synthesized according to
protocol of Reverse-transcript Kit (TaKaRa).

2.4 Reverse transcription PCR analysis
Arabidopsis ACTIN gene was selected as internal

reference, the sequences of primers used in the
experiments are: 5’-GAAAATGGCTGATGGTGAAG-3’
and 5’-CATAGATAGGAACAGTGTGG-3’ for ACTIN;
5’-CTATAAGTACTACTCTTCATATCTC-3’ and
5’-TAATGTTGATCCCAGCGTATAAG-3’ for AtGLN1;1;
5’-AATCATCTTCTTTCTCTTTCGGAAC-3’ and
5’-AAAGTCTAAAGCTTAGAGGATGGTG-3’ for
AtGLN1;1. 20 μL reaction system was conducted with
GO Taq polymerase (TaKaRa).

Amplification of ACTIN and AtGLN1;1 were
performed with the procedure: 94℃ for 30 s, 55℃ for
30s, 72℃ for 1 min, 30 cycles in total. Amplification
of AtGLN1;5 was performed with the procedure: 94℃
for 30 s, 58 ℃ for 30s, 72℃ for 1 min, 30 cycles in
total.

2.5 Quantitative real-time PCR analysis
Arabidopsis TUBULINβ gene was selected as internal
reference, the sequences of primers used in the experiments
are: 5’-ACACCAGACATAGTAGCAGAAATCAAG-3’
and 5’-GAGCCTTACAACGCTACTCTGTCTGTC-3’ for
TUBULINβ; 5’-CATCAACCTTAACCTCTCAGACTCCA-3’
and 5’-ACTTCAGCTGCAACATCAGGGTTGCT-3’
for AtGLN1;1; 5’-TCTCCTAAACCTTGATCTATCAGACA-3’
and5’-CTCTTCAGCCTTCACATTGGGATGAT-3’ for
AtGLN1;5.

qRT-PCR reactions were performed on a
MxPro-Mx3000P system with each tube of 20 μL
reaction system containing TransStart Green qPCR
SuperMix (TransGen Biotech) with the procedure:
95℃ for 30 s,60℃ for 30s, 72℃ for 30s, 40 cycles in
total.

2.6 Activity analysis of GS
The method of analyzing total glutamine synthetase
activity is the same as Yu and Zhang (Yu and Zhang,
2012).

Acknowledgements
This work was supported by specific fund for forest
scientific research in the public welfare (201404220)
and Program for Changjiang Scholars and Innovative
Research Team (PCSIRT, IRT13053).

References
Baskin C.C., Baskin J.M., 1998, Seeds: ecology, biogeography,

M
olecularSoilBiology



Functional Comparative Study Arabidopsis thaliana Glutamine Synthetase Gene GLN1;1 and GLN1;5 29

and evolution of dormancy and germination, San Diego:

Academic Press

Britto D.T., and Kronzucker H.J., 2002, NH4+ toxicity in higher

plants: A critical review, Journal of Plant Physiology, 159:

67-584

http://dx.doi.org/10.1078/0176-1617-0774

Brugière N., Dubois F., Limami A.M., Lelandais M., Roux Y.,

Sangwan R.S., and Hirel B., 1999, Glutamine synthetase

in the phloem plays a major role in controlling proline

production, The Plant Cell Online, 11: 1995-2011

http://dx.doi.org/10.1105/tpc.11.10.1995

Cai, H. M., Zhou, Y., Xiao, J., Zhang, Q., and Lian, X., 2009,

Overexpressed glutamine synthetase gene modifies

nitrogen metabolism and abiotic stress responses in rice,

Plant cell reports, 28: 527-537

http://dx.doi.org/10.1007/s00299-008-0665-z

Clough S. J., and Bent A. F., 1998, Floral dip: a simplified

method for Agrobacterium-mediated transformation of

Arabidopsis thaliana, The plant journal, 16: 735-743

http://dx.doi.org/10.1046/j.1365-313x.1998.00343.x

Dekkers B. J.W., Pearce S., van Bolderen-Veldkamp R. P.,

Marshall A., Widera P., Gilbert J., Drost H., Bassel G.W.,

Müller K., King J.R., Wood A.T.A., Grosse I., Quint M.,

Krasnogor N., Leubner-Metzger G., Holdsworth M.J., and

Bentsink L., 2013, Transcriptional dynamics of two seed

compartments with opposing roles in Arabidopsis seed

germination, Plant physiology, 163: 205-215

http://dx.doi.org/10.1104/pp.113.223511

Fuentes S.I., Allen D.J., Ortiz-Lopez A., Hernández G., 2001,

Over-expression of cytosolic glutamine synthetase

increases photosynthesis and growth at low nitrogen

concentrations, Journal of Experimental Botany, 52:

1071-1081

http://dx.doi.org/10.1093/jexbot/52.358.1071

Habash D.Z., Massiah A.J., Rong H.L., Wallsgrove R.M.,

Leigh R.A., 2001, The role of cytosolic glutamine

synthetase in wheat, Annals of Applied Biology, 138:

83-89

http://dx.doi.org/10.1111/j.1744-7348.2001.tb00087.x

Ishiyama K., Inoue E., Tabuchi M., Yamaya T., and Takahashi

H., 2004, Biochemical background and

compartmentalized functions of cytosolic glutamine

synthetase for active ammonium assimilation in rice

roots, Plant and cell physiology, 45: 1640-1647

http://dx.doi.org/10.1093/pcp/pch190

Kichey T., Le Gouis J., Sangwan B., Hirel B., and Dubois F.,

2005, Changes in the cellular and subcellular localization

of glutamine synthetase and glutamate dehydrogenase

during flag leaf senescence in wheat (Triticum aestivum

L.), Plant and Cell Physiology, 46: 964-974

http://dx.doi.org/10.1093/pcp/pci105

Levitt J., 1980, Responses of plants to environmcntal stress,

New York: Academlc Press, 365-434

Lothier J., Gaufichon L., Sormani R., Lemaître T., Azzopardi

M., Morin H., Chardon F., Reisdorf-Cren M., Avice J., and

Masclaux-Daubresse C., 2011, The cytosolic glutamine

synthetase GLN1;2 plays a role in the control of plant

growth and ammonium homeostasis in Arabidopsis

rosettes when nitrate supply is not limiting, Journal of

experimental botany, 62: 1375-1390

http://dx.doi.org/10.1093/jxb/erq299

Martin A., Lee J., Kichey T., Gerentes D., Zivy M., Tatout C.,

Dubois F., Balliau T., Valot B., Davanture M.,

Tercé-Laforgue T., Quilleré I., Coque M., Gallais A.,

Gonzalez-Moro M., Bethencourt L., Habash D.Z., Lea P.J.,

Charcosset A., Perez P., Murigneux A., Sakabibara H.,

Edwards K.J., and Hirel B., 2006, Two cytosolic

glutamine synthetase isoforms of maize are specifically

involved in the control of grain production, The Plant Cell

Online, 18: 3252-3274

http://dx.doi.org/10.1105/tpc.106.042689

Miller T. E., 1987, Effects of emergence time on survival and

growth in an early old-field plant community, Oecologia,

72: 272-278

http://dx.doi.org/10.1007/BF00379278

Nord-Larsen P.H., Kichey T., Jahn T.P., Jensen C.S., Nielsen

K.K., Hegelund J.N., and Schjoerring J.K., 2009, Cloning,

characterization and expression analysis of tonoplast

intrinsic proteins and glutamine synthetase in ryegrass

(Lolium perenne L.), Plant cell reports, 28: 1549-1562

http://dx.doi.org/10.1007/s00299-009-0754-7

Olea F., Pérez-García A., Cantón F.R., Rivera M.E., Cañas R.,

Ávila C., Cazorla F.M., Cánovas F.M., and de Vicente A.,

2004, Up-regulation and localization of asparagine

synthetase in tomato leaves infected by the bacterial

pathogen Pseudomonas syringae, Plant and cell

physiology, 45: 770-780

http://dx.doi.org/10.1093/pcp/pch092

Oliveira I.C., Brears T., Knight T.J., Clark A., and Coruzzi

G.M., 2002, Overexpression of cytosolic glutamine

synthetase. Relation to nitrogen, light, and

photorespiration, Plant Physiology, 129: 1170-1180

M
olecularSoilBiology



Molecular Soil Biology30

http://dx.doi.org/10.1104/pp.020013

Omami E.N., Haigh A.M., Medd R.W., and Nicol H.I., 1999,

Changes in germinability, dormancy and viability of

Amaranthus retroflexus as affected by depth and duration

of burial, Weed Research, 39: 345-354

http://dx.doi.org/10.1046/j.1365-3180.1999.00149.x

Pageau K., Reisdorf-Cren M., Morot-Gaudry J. F., and

Masclaux-Daubresse C., 2006, The two senescence-related

markers, GS1 (cytosolic glutamine synthetase) and GDH

(glutamate dehydrogenase), involved in nitrogen

mobilization, are differentially regulated during pathogen

attack and by stress hormones and reactive oxygen species

in Nicotiana tabacum L. Leaves, Journal of Experimental

Botany, 57: 547-557

http://dx.doi.org/10.1093/jxb/erj035

Pérez-García A., Pereira S., Pissarra J., Gutiérrez A.G., Cazorla

F.M., Salema R., de Vicente A., and Cánovas F.M., 1998,

Cytosolic localization in tomato mesophyll cells of a novel

glutamine synthetase induced in response to bacterial

infection or phosphinothricin treatment, Planta, 206:

426-434

http://dx.doi.org/10.1007/s004250050418

Peterman T.K., and Goodman H.M., 1991, The glutamine

synthetase gene family of Arabidopsis thaliana

light-regulation and differential expression in leaves, roots

and seeds, Molecular and General Genetics, 230: 145-154

Suzuki Y., Kawazu T., and Koyama H., 2004, Arabidopsis RNA

isolation, Biotechniques, 37: 542-544

http://dx.doi.org/10.1007/BF00290662

Tavernier V., Cadiou S., Pageau K., Laugé R., Reisdorf-Cren

M., Langin T., and Masclaux-Daubresse C., 2007, The

plant nitrogen mobilization promoted by Colletotrichum

lindemuthianum in Phaseolus leaves depends on fungus

pathogenicity, Journal of experimental botany 58:

3351-3360

http://dx.doi.org/10.1093/jxb/erm182

Teixeira J., and Fidalgo F., 2009, Salt stress affects glutamine

synthetase activity and mRNA accumulation on potato

plants in an organ-dependent manner, Plant Physiology

and Biochemistry, 47: 807-813

http://dx.doi.org/10.1016/j.plaphy.2009.05.002

Ungar I.A., 1978, Halophyte seed germination, The Botanical

Review, 44: 233-264

http://dx.doi.org/10.1007/BF02919080

Vance C.P., Gregerson R.G., Robinson D.L., Miller S.S., and

Gantt J.S., 1994, Primary assimilation of nitrogen in

alfalfa nodules: molecular features of the enzymes

involved, Plant Science, 101: 51-64

http://dx.doi.org/10.1016/0168-9452(94)90164-3

Wu J., Okada T., Fukushima T., Tsudzuki T., Sugiura M., and

Yukawa Y., 2012, A novel hypoxic stress-responsive long

non-coding RNA transcribed by RNA polymerase III in

Arabidopsis, RNA Biology, 9: 302-313

http://dx.doi.org/10.4161/rna.19101

Yu X.Z., and Zhang F.Z., 2012, Activities of nitrate reductase

and glutamine synthetase in rice seedlings during cyanide

metabolism, Journal of hazardous materials, 225: 190-194

http://dx.doi.org/10.1016/j.jhazmat.2012.05.027

Zhang X.X., Wang H., Liu S.K., and Tetsuo Takano, 2014,

Cloning and Characterization of a Plasma Membrane

H+-ATPase (PMA) Gene from a Salt-tolerant Plant

Chloris virgata, Molecular Soil Biology, 5(3): 16-22

M
olecularSoilBiology


