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• Introduction of plant Selenium metabolism

• Genetic engineering of plant Se metabolism

• Testing transgenics for Se phytoremediation

• Ecological aspects of plant Se accumulation



Selenium
• Nutrient 
• Toxin
• Pollutant



Kubota and Allaway, 1972

Selenium deficiency and toxicity are both 
problems in the U.S.
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Can plants be used to clean up Se, or as 
source of Se in animal diet?What can plants do with selenium?



Genetic engineering of plant Se metabolism
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APS overexpression leads to:

• enhanced Se accumulation

• enhanced Se tolerance

as organic Se
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CgS transgenics: volatilize more Se,
accumulate less Se
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Control
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Lines:
Enhanced 
Se tolerance
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lines:
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Arabidopsis cytSL & cpSL transgenics:

accumulate more Sehave less Se in protein
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Greenhouse pot experiment using Se-rich CO soil

Se concentration

Stanleya
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• APS transgenics accumulated 3-fold more Se than 
wildtype plants

• CgS transgenics accumulated ~40% less 
Se than wildtype plants

(due to higher Se volatilization?)



Accumulated Se Se Concentration
Field experiment
in CA central valley

8014

APS transgenics
accumulated 
5-fold more Se than 
wildtype plants
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Identification of new genes involved  in Se metabolism

SL activity found
in Arabidopsis



Arabidopsis thaliana cpNifS

• SeCys Lyase activity and Cys desulfurase act
• In chloroplast

300-fold higher

Functions? 



CpNifS overexpression WT  12  27   33  38 40   55

Expression (Western blot)
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Hoewyk

…and Se & S accumulation
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enhances Se tolerance…

Function in Se tolerance?

Less Se incorporation into protein
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Microarray analysis

+/- 40 µM selenate

Material

Treatments 

Findings
General: 
Effect of Se on transcriptome indicative of stress and S deficiency

Takahashi lab, RIKEN

Wildtype & CpNifS overexpressors

Effects less/more pronounced in overexpressors:
- Genes related to S-deficiency less upregulated, but sulfur 
transporter sultr2;1 (root xylem loading) more upregulated

explains higher S, Se in shoot
- General stress proteins (e.g. hsp) expressed, induced more in 
overexpressors



Conclusions – Part I
It is possible to genetically manipulate plant Se 
metabolism

This may be used to:

- enhance phytoremediation
efficiency

- create fortified foods
- promote basic scientific 

knowledge



Ecological Aspects of Plant Se Accumulation

Why do some plants 
hyperaccumulate Se?

How does Se accumulation affect other organisms?

herbivores 
microbes 
plants

Astragalus
0.5% Se

Does Se protect against 
biotic or abiotic stress? Stanleya

0.1% Se

Brassica juncea



Pieris rapae caterpillars prefer 
Brassica leaves –Se 
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Se in leaves deters colonization 
of Brassica by green peach aphids
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Se in leaves is toxic to aphids

… can be used as a pesticide
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Se protects B. juncea from fungal infection

Alternaria
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Se may protect plants from 
prairie dog herbivory
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Se hyperaccumulators in the field contain fewer insects 
per leaf area than nonaccumulator relatives
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Hyperaccumulator species appear to harbor   
specialist herbivores



• Se can protect plants 
from herbivory

• Se can protect plants 
from fungal infection

sheds light on possible 
selection pressures 
for evolution of 
hyperaccumulation

may have implications for 
phytoremediation and 
applications in agriculture

Conclusions – Part II

http://images.google.com/imgres?imgurl=http://www.pma.edmonton.ab.ca/natural/insects/projects/_images/hscrick.jpg&imgrefurl=http://www.pma.edmonton.ab.ca/natural/insects/projects/crickets.htm&h=314&w=350&sz=14&tbnid=579yaOtmWUQJ:&tbnh=104&tbnw=115&start=3&prev=/images%3Fq%3Dcrickets%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.bitkisagligi.net/Crucifer/cruciferresim/Alternaria_brassicicola-3.jpg&imgrefurl=http://www.bitkisagligi.net/Crucifer/ozellik.asp%3Fpatlatin%3DAlternaria%2520spp.&h=256&w=384&sz=68&tbnid=Kzy6kKYiFb8J:&tbnh=79&tbnw=118&start=8&prev=/images%3Fq%3DAlternaria%2Bbrassicicola%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.graphicscience.com.au/Images/Pest/pic4.jpg&imgrefurl=http://www.graphicscience.com.au/Images/Pest/pic4.html&h=224&w=350&sz=29&tbnid=ZRTkA8KTHA0J:&tbnh=74&tbnw=115&start=1&prev=/images%3Fq%3Dwhite%2Bcabbage%2Bbutterfly%2Bcaterpillar%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.uwex.edu/ces/wihort/Phenology/images/Two-spotted%2520Spider%2520Mite.jpg&imgrefurl=http://www.uwex.edu/ces/wihort/Phenology/SpiderMites.html&h=262&w=381&sz=36&tbnid=b4OWm6UzK68J:&tbnh=81&tbnw=117&start=5&prev=/images%3Fq%3Dspider%2Bmite%26hl%3Den%26lr%3D%26sa%3DG


Kerry
Hale

Brady
Hanson

Stormy 
Dawn
Lindblom

Ashley 
Ackley

Hale 
Tufan

Brady
Hanso
n

Tim 
Anders
on

Tiffany 
Van Huysen

Hong Ye

Salah
Abdel-Ghany

Gulnara
Garifullina

Marinus Pilon

LiHong
Zhang

Jennifer 
Owen

Thank you!

This research was 
made possible by 
funds from NSF, 
EPA, USDA 

Doug Van 
Hoewyk


	Genetic Engineering of Plant Selenium Metabolism for Phytoremediation
	Selenium deficiency and toxicity are both problems in the U.S.

