Introduction

Global atmospheric CO, concentration [CO,] has increased to its highest level in
recent history and is expected to nearly double during this century. Insight into how
plants respond and adapt to the projected increase in [CO,] is important, and
understanding will also help to better comprehend the biochemistry of carbon
assimilation in general and the consequences for plant performance in a shifting
global scenario to which plants must adapt. The UIUC SoyFACE (Free -Air
Concentration Enrichment) facility, which simulat ic

by 2050, provides great advantage to gauge plant responses to elevated CO,.

In this study, we grew Arabidopsis thaliana Col-0, Cvi-0, WS and Thellungiella
halophila in the field within SoyFACE, harvested them after a 10-14d exposure to
elevated CO,, used Arabi is long oligo mi combined with

profiles by GC-MS to monitor effects of elevated CO, on transcript and metabolite
abundance. The results indicated that a core set of signature processes and genes
reporting atmospheric CO2 response pathways united Thellungiella and the three
Arabidopsis ecotypes, while different behavior in several metabolic pathways
distinguished ecotypes among each other and with respect to Thellungiella.
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Table 2 Statistical results using the two-stages method by Wolfinger et al. (2003)

Comparison Statistical results from Wolfinger
Log, (Ambient CO, vs elevated C0,) _ Posit.  Negat. No change No value Total
Col-0 818 481 21562 15 22976
Cvi-0 174 390 22296 62 22922
TH 1107 608 20500 32 22247
ws 859 372 21871 185 23287

In addition to controls, the microarray platform included ~25,000 probes. Only probes which
passed the Wolfinger two-stage statistical analysis were accepted as significant differential
expressed genes. Cvi-0 had the smallest and Th the largest number of up/down regulated
genes in the four lines.
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0 Protein modification 9.76 PP2A, PP2C
25 Transport 9.76 Mt carrier, KEA1
Lipid metabolism 4.88 Lipase, MFP2

In June 2003, three Arabidopsis ecotypes
(Col-0, Cvi-0, WS) and a related species,
Thellungiella (Th), were grown in elevated
[CO,] at 550 ppm in the field within the UIUC
SoyFACE facility for 12 days. Cvi-0 and Th
grew relatively slowly, exhibiting green and
healthy leaves at the time of harvest, while, in
both ambient and elevated CO,, WS had
begun to flower, and Col-0 showed siliques
with developing seeds after 10 days.

Table 1. Photosynthesis parameters (2005)

Different lines have different strategies for elevated CO, ......

Ring Ecotype A 9. ci

’f/ Ambient CO,  Col0 6622093 0204002 3197541286
Cvid 11074218 0264040  297.05+1281

(| ElevatedCO, Col0 1166068 0141002 3928342642
Cvi0 20744216 0314007 3943545234

Col-0 (left) and Cvi-0 (right)
grew in elevated CO, (2005 Jun)

A: Light saturated COZ assimilation
9,: Stomata CO; conductance Ci: Intercellular [CO,]

Repeat experiment in June 2005
(Col-0 and Cvi-0).

o Gas exchange was measured in fully
expanded rosette leaves after plants had

o been exposed to elevated [CO,] in the field

H for 6 days. There was significant variation

between the cultivars; Cvi-0 had higher rates
of photosynthesis (A) than Col (Table 2).
There was also a significant stimulation of A
in elevated [CO,]. Rates for both genotypes
roughly doubled under elevated [CO,]

pree The maximum quantum yield of PSII
(Fv/Fm) was measured before plants were
taken to the field (DOY 165) was ~0.80 for
both cultivars (Fig. 1). Fv/Fm decreased
upon initial exposure to field conditions
(DOY 166), but recovered within 3 days in
the field, suggesting that plants overcame
the inital stress imposed by exposure to the
field environment

Fig. 1 The maximum quantum yield of
Pl (FvIFm), measured in Arabidopsis
genotypes Columbia (Col-0) and Cape
Verde Island (Cvi-0).
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550 ppm - elevated [CO,]
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Fig 3. Light reaction response to the elevated CO,
A-Cvi-0,B-WS, C-Col-0,D-Th

Grey squares denote chloroplast-encoded transcripts which were not included in the array
and transcript hybridization signals that did not pass the normalization filters. Up-regulation
is indicated by shades of blue, down-regulation by red (Mapman representation).
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Fig.6 Nitrate and Ammonia metabolism
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Summary

Table 3 Metabolites in elevated CO, (pg/g FW)

Metabolites Cvi-A  Cvi-B WS-A  WSB  Col-A Col-B ThA Th-B.
Organic acids 39641 24531 64764 76552 87913 73649 8723.1 71243
+130.1 :80.0 21159 +1802  +160.3 :240.4 £231.1 £120.1

7211 4515 16197 20425 45720 29880 8189.9 76345

Amino acids 176 £100 3226 68.0 4558 1790 3210 4656
Hexoses and hexose—P  478.0 159.8 1567.3 18136 32809 27798 44005 61427
+50 =153 +254 =700 £560 <1447  =2146 +684

Disaccharides 23644 21128 39402 47477 48079 41676 5027.5 53859
66.5 355 £2166 2041  +1688 1130 £111.0 +65.0

Trisaccharides 1167 103.1 4524 621.0 5186 5786 2607.0 26559
+39 +00 +20 =222 +397 +237 +110.4 +69.8

Sugar alcohol 5205 2210 9937 9614 1578.3 14423 2369.4 32244
£160 =183 £16.7 310 £31.0 =41 411 £30.0

A-ambient CO2 ; B- elevated CO2

~

IS

With the purpose to study, understand, and model how the plant model Arabidopsis,

Pl by selected behaves in elevated [CO,] in the field, three
Arabidopsis and a close relative, Thellungiella halophila, were grown in FACE-rings.
Three years (2002, 2003 and 2005) of experiments showed that Arabidopsis can
grow well in the field in June, with Fv/Fm recovering within 3 days (2005) after
transplanting to the field. Significant differences between treatments and cultivars
were consistently observed.

CO, exposure initiated different strategies among the lines with respect to genes
related to carbohydrate synthesis and partitioning, cell wall biosynthesis, N-

ino acid i and stress r The preponderance of
metabolic functions among the responders in each line seems to indicate that the
plants reached an adapted state. Among genes associated with metabolic functions,
enzymes in nitrogen/amino acid metabolism, organic acid, and lipid metabolic
functions were of note.

Irrespective of the underlying genetic diversity that distinguished ecotypes, a core set
of signature processes and genes repomng atmosphenc CO, response palhways
united Thellungiella and the three Genes with
photosynthesis and chloroplast localization were most highly represented in down-
regulated group, while C, N metabolism and redox responses were over-represented
among the up-regulated genes.
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