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Introduction and Rationale

1 Why study grasses? Tallgrass prairie is found in the mesic eastern grasslands of North America.
20% of land surface worldwide is covered by grass -dominated rangeland. Ecologically dominant
grasses thus control the structure and function of prairies. Big bluestem  Andropogon gerardii
contribute s as much as 80% of the biomass in mesic tallgrass prairie.

1 Why Study roots? Root processes dominate in tallgrass prairie where root productivity often
exceeds foliage productivity. Prairie has the greatest fine root biomass among biomes. Yet, root
processes are not well studied or understood.

17 Why study nitrogen? Terrestrial ecosystems are becoming saturated with nitrogen (N) from

anthropogenic sources. With increasing levels of N in added to ecosystems, At what level does too
much N impose a stress? Can we detect this at the level of gene expression?

Goals and Objectives : To link chronic and short term additions of N controlling root productivity in
natural systems to changes in gene expression in the roots. Specific questions addressed:

What genes in roots of Andropogon are mvolved in chronlc and tran3|ent responses to N?
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Ecological Genomics Approach: Methods:

Can we apply the genomic resources available for Experimental N plots at Konza Prairie. Plots
corn (Zea mays) to big bluestem (Andropogon were subjected to different N levels (0, 2.5, 5, or
gerardii)? Both are in the same tribe of the family 10g/m 2/yr). Plots were fertilized for 6 years,
Poaceae with a common ancestor 1620 million years once each June, with ammonium nitrate. Short-
ag o, thus increasing likelihood of conserved term plots were fertilized once in 2007.
sequences between closes ancestors, and greater Sample Collection . Andropogorroots were
“““““““““ ioqggnigragegny s e heicls ool collected from plants growing in long term

->Microarray methods. Andropogon root cDNA from control and N plots _
was competitively hybridized to the Zea mays oligonucleotide microarrays upland nitrogen and co ntrol plots. Roots from

from ASU. Hybridization and scanning were conducted at the Gene Iong -term p|OtS were collected from control ,

Expression Facility (KSU), Genepix analysis was conducted at the .
Bioinformatics Ctr (KSU). JMP Genomics was used to identify differentially low N (2'5) and hlgh N (10 gN/m2/yr). Plants

expressed genes and Gene Ontology to place genes in functional were harvested one and two weeks after
categories. JRRNANE - fertilization (only two week harvest presented).

Roots were washed and stored at-80° C. Each

A g v e treatment had 4 biological replicates.
e o S Processing. The samples were ground in liquid
*_.«7  idiiin, W . S — nitrogen and RNA was extracted using Trizol.

- o
Probes are mixed and hybridized to the cDNA%icroarray RNA was ChECkeC_l for qual_lty via gel and
spectrophotometric analysis. Complementary
46K features on ; ;
il 756 ey ORGORUICIBINS DNA (cDNA) was synthesized using 3DNA
and Cy5 (red) microarray Array -900 (Genisphere). Quality was checked
mcorgz,fanon by RT-PCR before proceeding with the
—>

microarray hybridization.

Scanning of array and creation of an image representing both the dyes

Red= up-requlated

with high N Grasn= down:

regulated with high N

Yellow= hybridized but
unchanged with high N




A. Down-regulated genes
GO Molecular function

GO Biological Process

RESULTS: B. Up-regulated genes

GO Molecular function GO Biological Process
Long-term plots (0 vs Low N)

Notably up-regulated L
Notably down-regulated Log 10 357 +Stress ralated: Heat shock proteins, peroxidase, TXN factor ice1-like
Biopolymer Blosynthesis and Metabolic Process: {P-value) 34 ‘ *TXN factors: Defia protein, myb-raiated, initiation factor &b
alongation factor 1 alpha 254

*Protein binding: Ran binding protein
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Notably down-regulated

+Signal transduction: receptor protein kinase,
serine threonine protein phosphate

Long-term plots (0 vs High N) Notably up-regulated :
*Signal transducer activity: *RALF precursor, mitogen activated protein kinase kinase

“TXN factors: erebp-like protein el 2 *TXN factors: NAC, r2r3dmyb-domasn protein, ap2-domain dre binding factor
P 2
+ATP binding: heat shock protein %) *Response 10 stmulus/stress: peroxidase, proline dehydrogenase
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Notably down-regulated

~Elongation factor 1 alpha
*TXN factors: wrky, hop-1a
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Notably up-regulated
Response to Stress: ABA- and stress-induced protem, water deficit Inducibie Ip3-like

35— protein, mpd, asr2
i- TXN factors: r2r3 myd TXN factor myb-i35, myb 51-ke protein
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Fig. A. Left=Down-regulated genes. B. Right=Up-regulated genes. Gene Ontology (GO) categories for molecular function and biological process. At
2/3 of the genes were annotated. In the volcano plots, genes above the red line are significantly expressed (p=<0.05)

Linking Ecology and Genomics A

Nitrogen reduces root biomass and decreases soll

respiration

Root biomass (g/m2)

0 (control) High Nitrogen (10 gN/m2)
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Candidate Gene Involved in Root Growth:
RALF* precursor arrests root growth (Pearce et al. 2001.
PNAS). Pearce et al. synthesized a tomato homolog of
RALF, and supplied it to germinating tomato and
Arabidopsis seeds, arresting arrested root growth and
development. We found RALF up -regulated in long -term
high N plots, corroborating our decreased root biomass
and soil respiration with high N (Fig.3).




