Supplemental Materials and Methods

RNA Preparation and cDNA Synthesis 

The following mouse strains were used in cDNA library construction: 129/Sv x 129/Sv-CP were used in cDNA 30, 31, 32, and 33; B5/EGFP transgenic ICR mice were used in cDNA 36 and 37; C3H/He mice were used in cDNA 43 and 44; C57BL/6NCr were used in cDNA 41, 46, 47, and 48; TH-beta-gal transgenic mice were used in cDNA 35; CD1 were used in cDNA 54 and 55; and where not otherwise indicated, C57BL/6J were used (see Supplement 2 for brief library descriptions). Total RNA was extracted from these tissues according to a standard method using the Trizol reagent (Invitrogen). In brief, the tissues were homogenized in 1 mL of Trizol reagent, and extracted with 0.2 mL of chloroform. Following extraction, RNA was precipitated from the aqueous phase by adding 0.5 mL of isopropanol. Then, RNA was pelleted by centrifugation at 12,000 rpm for 10 min in a refrigerated centrifuge. The pellet was washed with 75% ethanol. The RNA was dissolved in 9 µL in DEPC-treated water, heated at 70°C for 10 min, and quickly chilled on ice. The RNA was mixed with the 9 µL of first-strand reaction mixture and incubated at 37°C for 6 min. Finally, 2 µL of SuperScript II reverse transcriptase (200 units/µL) was added and the mixture was incubated at 37°C for 1 h. The final concentration of each ingredient in the first-strand synthesis reaction was 50 µg/mL oligo(dT)-NotI primer (0.5 µg/µL: 5'-pGACTAGTTCTAGATCGCGAGCGGCCGC CCTTTTTTTTTTTTTTT-3' (Invitrogen)), 50 mM Tris-HCI (pH 8.3), 75 mM KCl, 3 mM MgCl2, 10 mM DTT, 500 µM each dATP, dCTP, dGTP, dTTP, and 0.2 to 48 µg total RNA. To help resolve the RNA secondary structure, the reaction mixture was heated at 65°C for 5 min. Then, 2 µL of SuperScript II RT were added to the reaction, followed by the incubation at 37°C for 15 min. This step was repeated two additional times. 

The second strand was synthesized in a total reaction volume of 150 µL [25 mM Tris-HCI(pH 7.5), 100 mM KCI, 5 mM MgCl2, 10 mM (NH4)2SO4, 0.15 mM (-NAD+, 250 µM each dATP, dCTP, dGTP, dTTP and 1.2 mM DTT, 65 units/mL DNA ligase, 250 units/mL DNA polymerase I, 13 units/mL RNaseH]. After incubating the reaction at 16°C for 2 h, the cDNAs were treated with 2 µL of T4 DNA polymerase (5 units/µL) by incubating at 16°C for 5 min and purified by ethanol precipitation. 

PCR Amplification of cDNAs 

The double-stranded cDNAs were ligated to the lone linker LL-Sal4 (LL-Sal4A, 5'-pGTCATCTATGTCGGGTGGTC GACAAGAGGTAATCC-3' LL-Sal4B, 5'-pGGATTACCTCTT GTCGACCACCCGACATAGAT-3') with 5 µL of T4 DNA ligase (1 unit/µL) in a total volume of 50 µL reaction at 16°C overnight. The cDNAs were purified by phenol/chloroform extraction and separated from free linkers by Centricon-100 column (Amicon). The final volume was approximately 100 µL. The 0.5 ~ 1.0 µL of purified cDNAs were amplified by long-range, high-fidelity PCR using 0.25 µL (5 units/µL) of Ex Taq polymerase (Takara) with 20 pmol of PCR primer (Primer L, 5'-GTCATCTATGTCGGGTGGTCGACAAGAGGTAATCC-3' or Primer S, 5'-GTCATCTATGTCGGGTG-3') in a final reaction volume of 50 µL. Amplification for long inserts with the S-primer was performed with 25 cycles at 94°C for 30 sec, 55°C for 30 s, and 68°C for 12 min. Short inserts with L-primer were amplified with 25 cycles at 94°C for 40 s and 72°C for 10 min. The amplified cDNAs were then purified by phenol/chloroform extraction and by passing them through a Centricon-100 column. The cDNAs were double-digested with SalI/NotI enzymes and purified by phenol/chloroform extraction, followed by ethanol precipitation. The cDNAs were separated from the linkers with a cDNA size fractionation column (Invitrogen) and subjected to the ethanol precipitation. Following ethanol precipitation, cDNAs were cloned into the SalI/NotI site of pSPORT1 or pCMV-SPORT6 plasmid vector in a total reaction volume of 20 µL by incubating at room temperature for 3 h. 100 µL of DH10B E. coli host cells (Invitrogen) were transformed with the 5 µL of ligation mixture by the chemical method, according to the manufacturer's instruction. The cultures were spread on LB-agar plate with 100 µg/mL ampicillin and incubated at 37°C overnight. Single colonies were then randomly picked and arrayed into 96-well microtiter plates (Costar) and incubated at 37°C overnight in 2X YT medium with 100 µg/mL ampicillin (Quality Biological). Sequencing from either 5' or 3' ends (or both) was performed utilizing either an ABI 377 or ABI 3700 DNA sequencer. 

EST libraries and sequence quality

Twenty-one long-insert-enriched cDNA libraries with insert ranges from 2 – 8 kb (Piao et al. 2001) were generated from preimplantation embryos (e.g., unfertilized eggs and blastocysts), embryonic stem cells (e.g., ES and EG cells), adult stem cells (e.g., NS, MS, HS), their differentiated cells, and newborn organs (e.g., brain and heart) (Full list available in the Supplement 2). Many ESTs generated previously in our project were incorporated into condensed cDNA clone sets (NIA mouse 15K and 7.4K clone sets) and were re-sequenced from both 5’- and 3’-ends. Individual cDNA clones were arrayed into 96-well microtiter plates and single-pass sequenced to generate 500 bp sequence tracts. Initially, we sequenced 3’-ends (PolyA side) of cDNA clones as well as 5’-ends (particularly for long-insert cDNA libraries). The 3’-ESTs normally provide better gene-specific tags, but the 5’-ESTs provide information on whether cDNA clones are full-length (i.e., contain a start codon).

344160 trace files from clone libraries representing early embryonic and newborn organ cells from mouse were analyzed to produce a set of 249,200 high quality sequences. Basecalling of trace files received from the ABI 377 and ABI 3700 sequencers was performed with phred (Ewing et al. 1998) (version 0.000925.c), and sequences were trimmed using LUCY(Chou and Holmes 2001) (lucy-1.16) to produce only high quality sequences for use in the construction of consensuses and the gene index. LUCY was used with the following parameters: the average allowed error rate in a 50 bp window was 0.01, the average allowed error rate in a 10 bp window was 0.1, and the average allowed error rate in the first and last 7 bp was 0.01. High quality sequences were also trimmed with LUCY to remove vector and poly-A sequences. Graphic representations of sequence qualities for all sequences used can be inspected at http://lgmouse3.grc.nia.nih.gov/Quality/ .

Assembly of the Mouse Gene Index

To organize cDNA clones into a minimally redundant unique gene set, we grouped individual ESTs into clusters based on sequence similarity/matching. To ensure high quality, we re-trimmed all sequence trace files based on Phred score (Ewing et al. 1998) with the LUCY program package (Chou and Holmes 2001) (See Materials and Methods for details). First, we clustered  249,200 ESTs (114437 5’-ESTs and  134,763 3’-ESTs) by the TIGR clustering program (Pertea et al. 2003) in to 58713 consensus and singleton sequences (MN sequences). Consensus/singleton sizes ranged from 72 bp to 5052 bp, but the majority of them fall between 500 and 1000 bp.

These MN sequences were then clustered together into NIA and Public (NAP) clusters with the three most representative public databases on mouse transcripts: (i) NCBI Mouse RefSeq (NCBI:  45229 Sequences Nov 20, 2002 release) (Pruitt and Maglott 2001), (ii) Ensembl mouse transcripts (EBI: 28,097 transcripts representing 22,444 gene predictions: July 26, 2002 release) (Hubbard et al. 2002), and (iii) RIKEN full-length cDNA sequences of 60,770 mouse transcripts derived from 1,442,236 sequences (Okazaki et al. 2002). Assembly of NAP sequences was constrained on the genome (UCSC Feb 2002 freeze) alignment of member sequences which was done with  BLAT (Kent 2002). In total, 97,298 NAP clusters were identified; they are viewed as transcripts because alternatively spliced mRNA do not appear in the same cluster due to the stringency of the TIGR clustering algorithm. Transcripts (NAP sequences) were combined into potential genes (U-clusters) if they overlapped (on the exon level) in the same chromosome strand by  (10%  or if they were clone-linked. Open reading frames (ORF) of each transcript were identified by NCBI ORF Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Sequences that appear within introns of other genes on the same chromosome strand were considered as potentially intronic if they had ORF<200 aa, and either no annotation or support from just one database, and either non-spliced or ORF<100 aa The majority of these 19,040 potential intronic sequences originated from the experimental data; two thirds of them were NIA sequences and one third were RIKEN sequences. Finally, we obtained 39,678 U-clusters (putative genes) in our gene index. All potential ORFs were searched against InterPro protein database using InterProScan (http://www.ebi.ac.uk/interpro/scan.html) and the Gene Ontology (GO) tags (http://www.geneontology.org/) (Ashburner et al. 2000) were associated with the U-clusters if available. To facilitate the analysis and to provide the interface to view these gene indexes, we have developed a web-based interface (http://lgsun.grc.nia.nih.gov/geneindex/ ). A tabular summary of the NIA Mouse Gene Index is given in Supplement 3.

Out of 39,678 U-clusters, 29,810 were considered genes if they had either ORF >=100 aa or multiple exons, and they pass the test for a correct chromosome strand. 

Due to the tissues used for the EST projects and incompleteness of the current public gene sequences, this gene index has its limitations particularly in super gene families, such as immunoglobulin, T-cell receptor, and Olfactory receptors. Another limitation is that we used only sequences that aligned to the known genome by >=70% length. As a result a few annotated sequences did not appear in the list of U-clusters.

Domain Search
The longest open reading frame (ORF) of 108257 NAP sequences were analyzed for domain information using InterProScan (http://www.ebi.ac.uk/interpro/ ). Out of 108257 ORFs, 39815 such domains were found.

We searched 12034 of the second longest ORFs sequences for domain analysis and found an additional 1185 ORFs with domains as defined by InterProScan. When domains were found in two ORFs of the same sequence, we selected the ORF with the greater number of domains as the “true” ORF for that sequence. Domain analysis resulted in the assignment of domain information to a total of 40260 NAP sequences.

Gene Ontology
We generated Gene Ontology (http://www.geneontology.org ) information from the following three sources.

1. LocusLink based on Gene Symbol generated from NAP Annotation  (http://www.ncbi.nlm.nih.gov/LocusLink/ )

2. FANTOM2 Sequences Ontology Information  (http://fantom.gsc.riken.go.jp/ )

3. Based on InterPro Domain ID  (http://www.geneontology.org )

Gene Ontology information was obtained for 8604 Gene Symbols based on its LocusLink ID. Gene Ontology information for 16847 NAP sequences was generated based on FANTOM2 sequence ID in each of these NAP clusters. Finally, we were able to generate Gene Ontology information for 26148 NAP sequences using InterPro Domain based Gene Ontology classification (Mulder et al. 2003). We combined ontology information obtained using the above-mentioned sources to come up with 38713 NAPs that have Gene Ontology information.

NAP Annotation
NAP sequences were annotated in two phases, where the first phase was to assign annotation based on the public sequence members’ annotation (Refseq, Ensembl, FANTOM2). We assigned annotation using a rule-based algorithm that attempted to eliminate annotations such as “Ambiguous” or ”Unknown”. 59867 NAP sequences were annotated using public member annotations.

In the second phase of annotating, the remaining NAP sequences were searched against NCBI ‘nt’ and ‘RefSeq’ databases. We annotated NAP sequences which satisfied our matching condition (sequence overlap region should match with >90% identity and the overlap region should cover 80% of the smaller of the query and target sequences). We annotated 6374 NAP sequences using this approach.

Gene Symbols for each NAP sequence were based on the definition line of the annotation.

Data and resources availability
Complete lists of NAP sequences and U-cluster membership of the NAPs are available on our web site (http://lgsun.grc.nia.nih.gov/geneindex/ )
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