Supplemental Materials and Methods

LongSAGE Processing Pipeline


After sequencing, flanking vector sequences were removed and the tags extracted from each sequence read. The SAGE protocols generated concatemers in which the tags were present in pairs (ditags). A sequence quality factor (QF) was derived for each tag using the following formula:
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where S is the PHRED score (1) for a particular base and the value is calculated over all bases in the tag. The quality factor was used in the calculation of tag sequence probability values.

Probability Values

We used methods similar to those of others (2-4) to determine the rate of single base errors in each library. The error rate was equivalent to the frequency at which off-by-one tag sequences of highly abundant tags occurred in a library (where off-by-one tag sequences are defined as containing a single base pair permutation, insertion or deletion relative to a highly abundant tag sequence). Using the quality factor (QF), we were able to identify tag sequences likely to originate from a sequencing error. By removing those tag sequences and measuring the frequency of single base errors in the remaining tag sequences, we were able to determine the frequency of single base errors introduced prior to sequencing (the “library construction” error rate). We calculated the probability of an individual tag containing a single base error using the following formula:
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For tag sequences observed multiple times, individual tag probability values were combined to generate the tag sequence probability value. 
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This calculation was performed on all tag sequences in a single library to yield the set of library tag sequence probability values. In addition, tags from all libraries were pooled (creating the meta-library) and the meta-library probability value calculated. The meta-library probability value considered data from all libraries and was therefore a powerful discriminator of high and low quality tag sequences when compared to the library probability value.

Tag Sequence Clustering

As suggested by others (2-4), we clustered similar (off-by-one) tag sequences to combine tags likely to originate from a common transcript in the original material. Library-specific clustering parameters were calculated. For each highly abundant tag present in the library, we determined the mean and standard deviation of the number of tag counts observed for each off-by-one tag sequence of the highly abundant tag. This calculation was limited to abundant tags with raw tag counts greater than 80 to reduce the statistical noise introduced by lower abundance tags. We fit a straight line to the variations for each of the standard deviation and mean against the highly abundant tag’s abundance.  Next, for each tag sequence, we derived a cutoff that specified the maximum tag count that an off-by-one tag sequence of the original (parent) tag sequence could have.  Using the tag count of the parent tag to look up the mean and standard deviation of off-by-one tag sequence counts using the linear (straight line) relationships derived above, we defined the cutoff as equal to the mean plus four standard deviations. Four standard deviations were used to ensure that we identified the majority of off-by-one tag sequences of abundant tags. Tags that met these criteria were removed from the library and added to the abundance of the parent tag, provided that the off-by-one tag did not match any of the genome, MGC (5), RefSeq (6) or ENSEMBL (7) transcripts. Off-by-one tag sequences matching multiple tags were clustered with the most abundant tag. The probability of a randomly chosen tag matching a sequence resource by chance is approximately 1/1000.
Tag Sequence Mapping
Tag sequences were mapped to the genome sequence, MGC genes (ftp://ftp.ncbi.nih.gov/repository/MGC/MGC.sequences), RefSeq genes (ftp://ftp.ncbi.nih.gov/refseq/daily/) and ENSEMBL genes (ENSEMBL v20). All mappings were transformed to genomic coordinates (chromosome, position and strand) on the mouse sequence (assembly 32; (8), with the aid of the ENSEMBL Perl API (Application Programming Interface; (9). The mapping of RefSeq genes to genome contigs used data from ENSEMBL. The mapping of MGC genes to genome contigs used data from the UCSC Genome Browser site (10).  If the mapping could not be transformed to genomic coordinates (mostly the result of inconsistencies between different databases and the failure of transformation routines to convert contig coordinates to chromosomal coordinates), the original mapping information was retained. For this paper, tag sequences mapping to multiple positions on the genome were utilized only to determine the percentage of tags mapped. A complete description of the tag clustering and tag mapping methods will be presented elsewhere.

We counted gene identifiers to calculate the number of gene loci represented by the data. To avoid double counting different identifiers used to name the same gene in different databases, identifiers found at the same genomic location were assumed to represent the same gene.

“Known” ENSEMBL genes are those confirmed by full-length sequences deposited in public sequence databases. “Novel” ENSEMBL genes are those predicted by computational methods and confirmed by ESTs. 
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