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Introduction

Gene families evolve through a combination of tandem, segmental and whole genome duplication (polyploidy) events. The
classical model of gene duplication and divergence proposed that, after duplication, one duplicate maintains function, allowing the
other to diverge [1]. Recent theoretical and empirical studies suggest that duplicate genes diverge predominantly through the
partitioning of expression [2, 3] and that breadth of gene expression is related to the rate of protein sequence evolution [4]. Here,
we utilize expressed sequence tag (EST) data to study gene duplication and expression patterns in the monosaccharide
transporter (MST) gene family across the land plants.

In plants, MSTs are integral membrane proteins that transport
various sugars across the membranes that separate cells
(plasma membrane) and cell compartments (tonoplast, plastid)
[5, 6. In Arabidopsis, there are 53 MST genes that form seven
distinct subfamilies (Figure 1).

We created profile hidden Markov models (HMMs) of each
subfamily and searched EST databases representing diverse
land plant lineages to address the following questions:

Figure 1. MST gene family in Arabidopsis thaliana.
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Methods

One hundred twenty MST protein sequences from across the green plant lineage was assembled, aligned and subject to
phylogenetic analy5|s Profile HMMs were then produced from subsets of the data corresponding to each subfamily. Nine EST
databases (A pol) itrella patens, Physcomitrella patens subsp. patens, Selaginella lepidophylla,
Ceratopteris richardii, Pinus taeda, Zea mays, Arabidopsis thaliana, and Lycopersicon esculentum) were searched using the Wise2
package and the profile HMM-based consensus sequences for each MST subfamily. ESTs with a significant match to the profile
HMMs (s1e-10) were then matched against the Arabidopsis protein refseq database (BLASTN) to determine best-match MST
genes. Cap3 was then used to create unique EST contigs. The contigs and remaining singlets which had significant overlap (>50
amino acids) and significant sequence differences were inferred to represent unique loci in each EST database.
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* Relative subfamily EST database
representation varies across lineages,
with greater expression of the STP
and ERD6-like subfamilies in the

Table1. Summary of EST database search results.
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Figure 2. Land plant phylogeny of major clades showing approximate dates of divergence, presence of inferred polyploidy events and the number of
expressed MST subfamily loci in the moss, gymnosperm, monocot, rosid and asterid lineages inferred from EST data.
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differential subfamily expression and expansion across lineages
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Arabidopsis MST gene function and EST database representation

Figure 3. EST database representation of MST genes in Arabidopsis thaliana. Branches with yellow highlighting indicate the presence of ESTs in the
database of 415,250 ESTs. Small callouts show the total number of ESTs with a best match to each indicated gene and the percentage of total subfamily
ESTdb representation. Large callouts display known function and expression of characterized genes. Red *'s indicate genes with best match homologs in
atleast one early lineage (liverwort, moss, lycophyte, fern and/or gymnosperm).
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Figure 4. Relationship between Arabidopsis MST genes with high EST database
representation and the presence of best-match orthologs in five early land plant lineages
(liverwort, moss, lycophyte, fern, and/or gymnosperm).
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* Eleven of 13 (85%) Arabidopsis MST genes with
high ESTdb representation have one or more
best-match orthologs in the five early divergent
lineages in this study (liverwort, moss,
lycophyte, fern and gymnosperm) (Figure 4).
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genes in early divergent lineages (Figure 4).
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Conclusions
+ All seven subfamilies of the Arabidopsis MST gene family were present in the land plants at least 400 million years ago [7].

« MST subfamily ESTdb representation patterns reveal that the AZT and pGIcT subfamilies have higher relative representation in
the early divergent moss and the STP and ERD6-like subfamilies have higher relative representation in the flowering plants [7].

Lineage-specific subfamily expansions have resulted in large expansion of the STP and ERD6-like subfamilies in Arabidopsis, of
the STP, ERD6-like, INT and PLT subfamilies in Pinus taeda (loblolly pine), of the STP, ERD6-like, and PLT subfamilies in Zea
mays (corn), and in small expansion of the STP and ERD6-like subfamilies in Lycopersicon esculentum (tomato) [7].

85% of Arabidopsis MST genes with high representation in the EST database have best-match homologs in early lineages,
suggesting that genes with high expression are usually highly conserved [7].
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