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Background
The cultivation of poplars (Populus spp.) is favored for
forestry and reclamation purposes all over the northern
hemisphere where they represent a commercially impor-
tant resource. Poplars may become a component of pro-
grams to optimize carbon sequestration however;
poplars are generally regarded as drought sensitive. The
patterns of episodic drought over the last decade suggest
that the development of drought tolerant poplar geno-
types could be a useful tool to achieve sustained forest
productivity [1]. Previous reports have shown that
expression of hundreds of poplar genes changes in
response to drought, presenting a problem in the identi-
fication of genes that are more important than others in
counteracting the harmful effects of drought [2,3].
The genus Populus contains many fast growing

hybrids that show varied drought tolerance according to
genotype [4]. Hence, there is genetic variation among
poplar hybrids that can be used to identify genes that
contribute to drought stress tolerance. Despite extensive
physiological and morphological descriptions of the
response of Populus to drought, little work has been
undertaken to explain genotype differences at the gene
level. Therefore, this research has been undertaken and
its major objective is to identify the genes that contri-
bute to drought stress tolerance in poplar by correlating
the physiological responses to gene expression. These
genes may potentially be used as molecular markers in
the drought tolerance breeding programs.

Materials and methods
Hardwood cuttings of 9 poplar hybrids (Green Giant,
Assiniboine, AP-36, Canam, Katepwa, Hill, Walker, WP-
69 and WP-86) were obtained from Dr. Barb Thomas

(Alberta Pacific Forest Industries) and Bill Schroeder
(Agriculture & Agri Food Canada, Indian Head, Sas-
katchewan). Cuttings were established in the greenhouse
and plants were obtained for the drought stress trial. At
the start of the trial, water was withheld from plants
used for drought experiment whereas control plants
were watered regularly. During the drought stress trial,
a plastochron index was established that helped to col-
lect the data from similar leaves of all drought stressed
and control plants. Data were collected from 9 different
poplar hybrids at 3 time points (mild stress, severe stress
and recovery). Split plot design was used to collect the
data from drought stressed and control plants using
genotypes as main plots (9) and time points as sub-plots
(3). Physiological data were collected for height growth,
new leaf formation, water potential (ψ) and relative
water content (RWC) from drought stressed and control
plants. Young leaves were also collected for gene expres-
sion analysis from both stressed and control plants.
Quantitative polymerase chain reaction (Q-PCR) was
used to analyze the expression of several candidate
drought responsive genes.

Results
Drought significantly affected the growth of the trees
(Figure 1). Data from 3 drought stress trials in the
greenhouse showed that different hybrids responded
drought stress differently. Some hybrids behaved as tol-
erant whereas others as sensitive and some hybrids
showed intermediate response to drought. By statistical
analysis of physiological data, we ranked these 9 poplar
hybrids according to their drought tolerance ability. Sta-
tistical analysis showed that Walker maintained signifi-
cantly better height growth, leaf formation, ψ and RWC
during mild, severe stress and recovery as compared to
all other hybrids; therefore Walker was identified as the
most drought tolerant hybrid genotype. On contrary,
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Green Giant showed poor maintenance of physiological
parameters at all time points and hence was regarded as
the least drought tolerant hybrid genotype. An inter-
mediate response of all other hybrids was recorded dur-
ing 3 drought stress trials in the greenhouse. Further,
we focused only on 2 genotypes (the most and the least
drought tolerant) to analyze the expression of several
candidate drought responsive genes, which were
obtained from microarray studies in poplar. Q-PCR
results revealed that selected 2 genotypes had no signifi-
cant effect on the stress response of some genes, how-
ever, other genes showed marked and significant
differences in expression between the two genotypes.

Conclusions
• Three trials in the greenhouse showed that physiologi-
cal response to drought varies among different poplar
hybrids.
• Walker was identified as the most whereas Green

Giant as the least drought tolerant genotype among a
group of poplar hybrids.
• Q-PCR analysis showed that among a set of candi-

date drought responsive genes, some genes showed dif-
ferential expression between the most (Walker) and the
least (Green Giant) drought tolerant genotypes.
• The genes showing differential expression in the

most and the least drought tolerant genotypes might be
playing an important role in drought tolerance of
poplar..
• We have identified Populus genes those expression

correlate with drought tolerance, providing candidate
genes for drought tolerance breeding.
• These genes may also be used as molecular markers

for drought tolerance in Populus.

Acknowledgements
We are thankful to Natural Sciences and Engineering Research Council of
Canada and Higher Education Commission of Pakistan for providing the
funding for this research.

Published: 13 September 2011

References
1. Rood S, Braatne J, Hughes F: Ecophysiology of riparian cottonwoods:

stream flow dependency, water relations and restoration. Tree physiol
2003, 23:1113-1124.

2. Plomion C, Lalanne C, Claverol S, Meddour H, Kohler A, Bogeat-Triboulot M,
Barre A, Provost G.L, Dumazet H, Jacob D, Bastien C, Dreyer E, Daruvar A,
Guehl J, Schmitter J, Martin F, Bonneu M: Mapping the proteome of
poplar and application to the discovery of drought-stress responsive
proteins. Proteomics 2006, 6:6509-6527.

3. Street N, Skogstrom O, Sjodin A, Tucker J, Acosta MR, Nilsson P, Jansson S,
Taylor G: The genetics and genomics of the drought response in
Populus. The Plant J 2006, 48:321-341.

4. Marron N, Villar M, Dreyer E, Delay D, Boudouresque E, Petit J, Delmotte F,
Guehl J, Brignolas F: Diversity of leaf traits related to productivity in 31
Populus deltoides × Populus nigra clones. Tree Physiol 2005, 25:425-435.

doi:10.1186/1753-6561-5-S7-P79
Cite this article as: Arshad et al.: Identification of genes that contribute
to drought stress tolerance in Populus. BMC Proceedings 2011 5(Suppl 7):
P79.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Arshad et al. BMC Proceedings 2011, 5(Suppl 7):P79
http://www.biomedcentral.com/1753-6561/5/S7/P79

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/14522717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14522717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17163438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17163438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17163438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15687091?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15687091?dopt=Abstract

	Background
	Materials and methods
	Results
	Conclusions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


