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            Abstract
The availability of human genome sequence has transformed biomedical research over the past decade. However, an equivalent map for the human proteome with direct measurements of proteins and peptides does not exist yet. Here we present a draft map of the human proteome using high-resolution Fourier-transform mass spectrometry. In-depth proteomic profiling of 30 histologically normal human samples, including 17 adult tissues, 7 fetal tissues and 6 purified primary haematopoietic cells, resulted in identification of proteins encoded by 17,294 genes accounting for approximately 84% of the total annotated protein-coding genes in humans. A unique and comprehensive strategy for proteogenomic analysis enabled us to discover a number of novel protein-coding regions, which includes translated pseudogenes, non-coding RNAs and upstream open reading frames. This large human proteome catalogue (available as an interactive web-based resource at http://www.humanproteomemap.org) will complement available human genome and transcriptome data to accelerate biomedical research in health and disease.
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                    Figure 1: Overview of the workflow and comparison of data with public repositories.


Figure 2: Landscape of the normal human proteome.


Figure 3: Isoform-specific expression.


Figure 4: Proteogenomic analysis.


Figure 5: Translation of pseudogenes and identification of novel N termini.
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Extended data figures and tables

Extended Data Figure 1 Summary of proteome analysis.
a, Mass error in parts per million for precursor ions of all identified peptides. b, Number of peptides detected per gene binned as shown. c, Distribution of sequence coverage of identified proteins. dâ€“f, %FDR with a q value of <0.01 plotted against peptide length in number of amino acids, charge state of peptide ion and number of cleavage sites missed by enzyme. P values computed from two-tailed t-test are shown. Error bars indicate s.d. calculated from FDRs of multiple fetal samples. g, h, A comparison of peptides identified in this study with PeptideAtlas and GPMDB. i, Mass error in parts per million for precursor ions identified from proteogenomics analysis.


Extended Data Figure 2 Tissue-wise gene expression and housekeeping proteins.
a, A heat map shows a partial list of not well-characterized, hypothetical genes. b, The bulk of protein mass is contributed by only a small number of genes. Only 2,350 â€˜housekeeping genesâ€™ account for âˆ¼75% of proteome mass. c, The number of cell/tissue types where a gene was observed was counted. Some genes were found to be specifically restricted in a few samples while others were observed in the majority of samples analysed. For example, 1,537 genes were detected only in one sample, and 2,350 genes were found in all samples. These latter genes can be defined as highly abundant â€˜housekeeping proteinsâ€™. d, Distribution of genes in the RefSeq database based on the number of protein isoforms resulting from their annotated transcripts (left). Distribution of the transcripts with two or more protein isoforms annotated based on the number of isoform-specific or shared peptides (right). e, A representative example of sequence coverage of PSMB8 protein along with tissue distribution of all of its identified peptides and the MS/MS spectrum of one of the peptides is shown along with seven selected reaction monitoring (SRM) transitions.


Extended Data Figure 3 Western blot analysis of select tissue-restricted proteins.
a, Eight proteins showing tissue-restricted expression were tested using western blot analysis in 17 adult tissues. GAPDH was used as a loading control. b, Four proteins found to be expressed in a broad range of tissues, although bands that do not correspond to the expected molecular weight are also observed. CST, Cell Signalling Technology; SCB, Santa Cruz Biotechnology.


Extended Data Figure 4 Identification of novel genes/ORFs and translated non-coding RNAs.
a, An example of a novel ORF in an alternate reading frame located in the 3â€²â€‰UTR of CHTF8 gene. The relative abundance of peptides from the CHTF8 protein and the protein encoded by the novel ORF is shown (bottom). b, An example of translated non-coding RNA (NR_027693.1) identified by searching 3-frame-translated transcript database. The MS/MS spectrum of one of the five identified peptides (LEVASSPPVSEAVPR) is shown along with a similar fragmentation pattern observed from the corresponding synthetic peptide.


Extended Data Figure 5 Human genome annotation through proteogenomic analysis using GeneSpring.
a, Four genome search specific peptides (GSSPs; red boxes) map to an upstream ORF (denoted as black hashes) located in 5â€²â€‰UTR of the SLC35A4 gene (ORF shown as blue rectangle). b, GSSP mapping in the intergenic region between two RefSeq annotated genes NDUFv3 and PKNOX1. The ORF region is depicted in dotted lines of human endogenous retroviral element (HERV). c, GSSPs mapping to an annotated pseudogene MAGEB6P1, the alignments of parent gene and pseudogene are shown below the peptides.


Extended Data Figure 6 Frequency of nucleotides surrounding translational start sites.
a, Frequency of nucleotides at positions ranging from âˆ’5 to +1 surrounding the AUG codon for confirmed translational start sites. b, Frequency of nucleotides at positions ranging from âˆ’5 to +1 surrounding the AUG codon for novel translational start sites identified in this study.
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        Editorial Summary
Mapping the human proteome
More than a decade after publication of the draft human genome sequence, there is no direct equivalent for the human proteome. But in this issue of Nature two groups present mass spectrometry-based analysis of human tissues, body fluids and cells mapping the large majority of the human proteome. Akhilesh Pandey and colleagues identified 17,294 protein-coding genes and provide evidence of tissue- and cell-restricted proteins through expression profiling. They highlight the importance of proteogenomic analysis by identifying translated proteins from annotated pseudogenes, non-coding RNAs and untranslated regions. The data set is available on http://www.humanproteomemap.org. Bernhard Kuster and colleagues have assembled protein evidence for 18,097 genes in ProteomicsDB (available on https://www.proteomicsdb.org) and highlight the utility of the data, for example the identification of hundreds of translated lincRNAs, drug-sensitivity markers and discovering the quantitative relationship between mRNA and protein levels in tissues. Elsewhere in this issue, Vivien Marx reports on a third major proteomics project, the antibody-based Human Protein Atlas programme (http://www.proteinatlas.org/).
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