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Introduction

The patterns of protein expression, and therefore the estimation of protein expression levels, is
of significant interest in the genomics and proteomics fields. Recently, it have also become of
great interest within evolutionary studies, in which relationships between expression level and
various evolutionary rates have been examined [1–4].

Despite direct measurement of protein expression levels remains non-trivial, many different
methods to estimate mRNA or cDNA expression levels have been developed. In this work, we
focus on the microarray [5–10] and the abundance within the EST database [11–14] methods
for measurement of mRNA expression levels. The microarray, or gene chip, method is perhaps
the most popular approach in current use. On the other hand, while growing popularity, the
abundance within the EST database method has only recently been proposed for estimation of
expression levels [15].

Many possible biases can be hypothesized in both the microarray and the abundance within
the EST database methods. The microarray method, however, should generically be more
reliable, as microarrays are explicitly intended to quantitatively measure expression levels. In
this context, it is important to note that whereas expression data measured with the microarray
method arise from a single, large experiment, the ESTs used in the abundance within the EST
database method arise from the entire database, which is constructed from many experiments
done under different conditions and often examining different subsets of genes of interest [14].

In the C. elegans genome, two different correlations between total exon length and expression
level have been observed [15,16]. In one work, an estimation of expression level was made from
abundance within the EST database for each gene [15]. In the other, gene expression was
measured by microarrays [16–18]. Agreement between both approaches reveals a negative



correlation between length and expression levels for highly expressed genes, but they disagreed
about the trends for moderately and lowly expressed genes. A negative relationship between
protein length and expression is expected due to the increased metabolic cost to translate longer
genes [19, 20]. Negative correlations between total protein length and expression rate are also
expected due to evolutionary reasons [21].

We address these questions about the protein length versus expression curve [22]. The
full length versus expression curve was constructed using both the EST abundance and the
microarray data. The difference between the two methods of estimating expression rates is
shown. Assuming the microarray data to be the more accurate measurement of expression
rates, due to reliable internal standards, it is shown that the abundance within the EST database
method is biased by coding sequence length, and an explicit form of the length bias is presented.
By removing the length bias from the EST database estimation, we achieve agreement between
the two sets of data, thus explaining the apparent contradiction. Our results confirm the negative
correlation between protein length and expression level expected from both the energetic costs
associated with translation and evolutionary theory.

Results

The microarray data [17,18] show a monotonic decrease of spliced (exonic) gene length with ex-
pression level, whereas the abundance within the EST database data [15] show a non-monotonic
behaviour. The two corresponding curves differ most significantly in the region of low to moderate
expression levels. The abundance within the EST database expression data were normalized
according to gene length:
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After removing the length bias from expression rates, the length versus expression curves
corresponding to both the microarray data and EST database data agreed in a monotonic de-
creasing behaviour.

Conclusions

An explicit form of length bias between expression rates measured by microarray and abundance
within the EST database methods has been found. If one assumes the microarray data to be
more reliable due to internal standards and protocols, this length bias stems from the increased
representation of long genes within the EST databases, perhaps because longer genes are more
likely to survive the enzymatic conditions within the homogenized samples that lead to the cDNA
libraries represented in the EST databases. Normalizing for this bias, we find that both methods
for measuring expression agree, and a monotonic decrease of gene length with expression is
found, in accord with traditional expectations from genetics and evolutionary biology. The possi-
ble presence of a length bias in the microarray data cannot be completely discarded, for example



due to decreased accessibility of long transcripts for the microarray surface, and we note that
care must be taken to control for length bias in any method that measures expression.
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