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Abstract

Aluminum (Al) tox.icity is one of the most significant limitations to crop production worldwide, reducing yields on the
acidic soils that comprise up to 50% of potentially arable lands. Breeding for Al tolerance and agronomic practices aimed
at arneliorating soil acidity have been productive avenues for improved crop production on acid soils. However, it is widely
recognized that biotechnology is a very important avenue for further future improvements in Al tolerance, especially for
farmers without the economic resources to take advantage of improved agronomic practices. Hence a number of the
laboratories around the world are working to identify and characterize Al tolerance geness in plants. The Kochian lab has
been taking an interdisciplinary approach integrating approaches from genetics, genomics and Ínolecular biology, and
physiology to identify Al to1erancegenes and the associated mechanisrns in 3 model plant systerns: sorghum, maize and
Arabidopsis thaliana.

Introduction

It is well known that aluminum (Al) toxicity is an
important agronomic trait, limiting crop production on
acid soils that comprise up to 50% of the world's poten-
tially arable lands. It has also been widely documented
that significant genetic variation in Al tolerance ex.ists in
both crop plants and Arabidopsis. The exploitation of this
genetic variation to breed crops with increased Al tolera-
nce has been a productiveand activeareaof research;however
the underlying mo1ecular, genetic and physiological bases
are still not well understood. Because of the agronomic
importance of this problem, this is an area that has attar-
cted significant interest from a number of molecular bio-
logy and physiology laboratories around the world. Only
very recently was the first Al tolerance gene, ALMT1,
isolated in wheat and shown to be a novel Al-activated
malate transporter (Sasaki et al. 2004). Work in the Koc-
hian lab laboratory has focused on using integrated geno-
mie (gene and protein expression profiling), molecular
genetic and physiological approaches to identify novel Al
to1erance genes and the physiological mechanisrns they
control in the cereal crops maize and sorghum, and also in
Arabidopsis. This talk will describe the recent progress
made towards identifying Al tolerance genes in these 3
model plant systems (two of which that are also important
food crops).

Results

As shown in Figure 1, in sorghum we had previously
shown that Al tolerance is the result of a <ngle locus,
AltsB, which maps to the top of sorghum chromosome 3 in
a region totally distinct from where the major Al tolerance
gene maps in wheat and other related members of the
Triticeae (Magalhaes et al. 2003).
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Figure 1. Chromosomal location of the sorghum Al
tolerance gene, AltsB, on chromosome 3 showing markers
linked to the tolerance locus (isu52, FS37-1, 2, and 3) and
markers delineating this region of the chromosome.

Very recently, we have used map-based cIoning
techniques in sorghum to clone AltsB and have found it is a
novel Al tolerance gene. In our presentation we will
present a molecular characterization of the AltsB gene and
also the physiological mechanism of sorghum Al tolerance
it controls.

In Arabidopsis, we have previously shown that AI
tolerance is a quantitative trait and have identified two
major Al tolerance QTL on chromosomes 1 and 5; we
showed these genes both function to confer to1erance via
Al activated root malate release (Hoekenga et al. 2003).
We found that a member of the Arabidopsis gene farnily
that is a dose homolog to wheat ALMT1 maps near the
largest tolerance QTL on chromosome 1 and have also
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· .uno ihis gcne encodes the Al-activated malate transporter
"\, ,"eo in Arabidopsis AI tolerance. However, we have
:"':ú lillJkcular genetic and functional evidence that this

..,'n<:i, not responsible for the nearby QTL and can not
· \I'Lun me variation in AI tolerance in our Col x Ler RIL
'::"lping population. Fine scale mapping of this QTL
:l,llcalcs it actually could harbor two different AI tolerance
:ne,. which we are in the process of identifying. We are
sculaling that one or both of the proteins encoded by

·'ic"l' ,"enes interacts with the Al-activated malate
r::n'rlJ~er encoded by the nearby ALMTl homolog.

In rnaize, where AI tolerance is a complex trait, we
:I:l\\.' identified 5 QTL that explain 60% of the variation
in .\1 rolerance in the IDM population of maize RIL. It is
~êncrally accepted that maize AI tolerance is conferred by
\: .icuvated citrate exudation (Pellet et a!. 1995; Jorge
'fld .xrruda, 1997). In both of these studies, this assertion
• r:l,cd on the correlation of rates of AI activated citrate
...uduuon with differences in AI tolerance between a

· III"1c AI tolerant genotype and one or two AI sensitive
hnc-, More recent1y,we conducted a similar analysis with
:1 hroader panel of AI tolerant and sensitive maize lines
11"111 Brazil and North America (Pineros et a!. 2004).
llicsc genotypes ranged from the extremely AI tolerant
IllaZllianhybrid, Cateto, to very AI sensitive N. American
lincx Mol7 and B73, and S. American maize lines L53
"nu 1I x 723. The differences in AI tolerance appear to be
.luc to AI exclusion, as the ability to exclude AI from the
.n.uze root tip correlated well with the differential AI
!, .lerance. Subsequently, rates of Al-activated root citrate
cx udation were quantified in the six maize genotypes at a
range of AI activities. As seen in Figure 2, the very AI
tolerant Brazilian line, Cateto, exhibited a high rate of
i\ l-activated citrate release, as would be expected.
However, several of the AI sensitive lines from Brazil and
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Figure 2. A: Table of rates of root citrate exudation in the
6 maize genotypes in response to AI activities ranging
Irom O to 80 JlM AI3+. The circled citrate exudation rates
mdicate that although Cateto maintains a significant rate
Ilt, Al-activated citrate release, the AI sensitive maize
1 nbred. Mo17, exhibits a much higher citrate exudation
.nd curate exudation in AI sensitive llx726 is close to
,:.H ot Cateto. B: Relationship of AI tolerance measured
" Rclative Root Growth (RRG) and root citrate exudation,
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showing the lack of correlation between the two.

North America also exhibited high rates of Al-activated
citrate release. In fact, the North American maize inbred
Mo17, exhibited the highest rate of citrate exudation even
though it is relatively AI sensitive.

These fmdings, along with the quantitative genetic
nature of maize AI tolerance, suggest multiple
mechanisms and genes are involved in tolerance in this
species. To help clarify this, we are in the process of
constructing near isogenic lines for each of the 5 QTL and
the~e. will be an excellent resource for identifying the
additional maize tolerance mechanisms as well as isola-
ting the tolerance genes responsible for these mechanisms
via a combined genomic and molecular gene-tic approach.
Furtherrnore, we are in the process of deterrnining if any
of the maize AI tolerance QTL are encoded by homologs
of wheat ALMT1, sorghum AltsB, or the Arabidopsis AI
tolerance genes we are close to identifying .
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