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“plant adaptation to different soil types is 
evidence of the strong natural selection imposed 
by ecological discontinuities” ALFRED RUSSEL WALLACE (1858)

Cellular Network
Environmental

Network

Ionome
Genome

Landscape
distribution

Photo by Bruce Bohm



Na Mg
K Ca

Mo
Mn Fe Ni Cu Zn

B
P

Co
Cd

As Se

Pb

Li

The image cannot be displayed. Your  
computer may not have enough memory to 
open the image, or the image may have  
been corrupted Restart your computer aPlant Growth

The image cannot be displayed. Your computer may  
not have enough memory to open the image, or the  
image may have been corrupted. Restart your  
computer, and then open the file again. If the red x  
still appears, you may have to delete the image and  
then insert it again.
ICP-MS Sample

Analysis

The image cannot be displayed. Your computer  
may not have enough memory to open the 
image, or the image may have been corrupted. …Bioinformatics

The image cannot be displayed. Your  
computer may not have enough 
memory to open the image, or the  
image may have been corrupted. 
Restart your computer, and then opWeb Portal

The image cannot be displayed. Your  
computer may not have enough 
memory to open the image, or the  
image may have been corrupted. 
Restart your computer, and then open  
the file again. If the red x still appears,  
you may have to delete the image an…

Sample
Preparation

Arabidopsis ionome

310.4132.0Cd
411.0155.5Mo
4912979.3Se
361.31951As
25592361Zn
681.6401.8Cu
390.4191.4Ni
560.381.9Co
44428101Fe
17322064Mn
105645645000Ca
22106901046100K
16993799700P
1932832212900Mg
236525860Na
317.02244B
590.92512Li

%RSDaverage%RSDaverage
SeedShootElement

310.4132.0Cd
411.0155.5Mo
4912979.3Se
361.31951As
25592361Zn
681.6401.8Cu
390.4191.4Ni
560.381.9Co
44428101Fe
17322064Mn
105645645000Ca
22106901046100K
16993799700P
1932832212900Mg
236525860Na
317.02244B
590.92512Li

%RSDaverage%RSDaverage
SeedShootElement

Ionomics – Unraveling the networks that link 
the genome and the ionome

yeast Arabidopsis thaliana

Salt et al Ann Rev Plant Biol 2008



High-throughput ionomic analysis of 
Saccharomyces cerevisiae

Danku et al., JAAS 2008



www.IonomicsHUB.org
Community HUB to share data



e-Laboratory
controlling workflow and data acquisition

Baxter et al., Plant Physiol 2007



Search
Data visualization and download

Baxter et al., Plant Physiol 2007
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Cellular Networks: Genes to ionome in yeast

•Na, Mg, P, S, K, Ca, Mn, Fe, Co, 
Ni, Cu, Zn, Mo, Cd analyzed
•20 lines per plate (n = 4)
•240 lines per week (12 plates)
•Full collection of 5153 deletion 
strains completed in 6 months. BY4741

YDL227c

YLR396c

YPR065w

Discrimination of 4 positive control strains
of yeast used throughout the complete screen 
(~260 plates) based on their ionomic profiles

Ionomic analysis of the complete 
S. cerevisiae deletion collection

Danku et al., JAAS 2008



Networks connecting genes the ionome 
and the landscape
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Genome-wide genetic association analysis 
for genes controlling Na accumulation

High Na locus maps to HKT1 a known Na-
transporter



HKT1 gene variant also controls Na tolerance

Co
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Segregation of NaCl tolerance

Col-0 Ts-1

0 mM NaCl 100 mM NaCl

Col-0 Ts-1

Rus et al., PLoS Genetics 2006



HKT1 variant broad geographic distribution 

C-24 Ts-1Ll-0

Bur-0

Bor-4

Ws-0

Tsu-1



Networks connecting genes (HKT1), the 
ionome (Na) and the landscape

Collect ~60 Arabidopsis thaliana 
populations on Spanish Riviera

Tossa del Mar

Shoot
Na levels



Association of HKT1 gene with 
soil Na and geographic location

Does HKT1 determine the landscape
distribution of Arabidopsis on the 
Spanish Riviera ?



Acknowledgments

Salt Laboratory
Dr Ivan Baxter
Dr Ana Rus
Dr Muthukumar
Jessica Brazelton
Elena Yakubov
Marina Tikhonova 

Dr Mourad Ouzzani (Purdue, Cyber Center)
Brad Kennedy, Gemez Marshall
Dr Olga Vitek (Purdue University)
Danni Yu
Dr Kirsten Bomblies (MacArthur Fellow, Harvard)
Dr Magnus Nordborg (University Southern California)

Brett Lahner (Arabidopsis)
John Danku (yeast)
Analytical ChemistsAnalytical Chemists



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


