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Figure S1: Correlation of expansion of phospho-tyrosine signaling systems with loss of genome encoded tyrosine residues. A,
MEK and MLK serine/threonine kinases can phosphorylate tyrosines to some degree. Including these kinases in the correlation analysis
doesnot significantly change the correlation. We observed a negative correlation of proteome tyrosine content with the number of SH2
and PTB pTyr binding domains. B, The portion of amino acids that are tyrosine in orthologous pairs of human and yeast proteins.
Every point in the scatter plot represents a human-yeast ortholog pair. Darker spots represent multiple orthologous protein pairs with
same tyrosine count. Only proteins with inferred one-to-one human-yeast orthologous relationships were analyzed to avoid biases due
to accelerated sequence divergence due to functional redundancy of duplicated genes. Orthologous protein pairs lying above the red
diagonal lines (x = y ) have more tyrosine in yeast than human. The left scatter plot is for 437 human proteins conserved in yeast
and known to be tyrosine-phosphorylated and the right plot is for 647 yeast-conserved human proteins not experimentally determined
to be tyrosine-phosphorylated. Human Non-pTyr proteins have less tyrosines than human pTyr proteins compared to their orthologous
counterparts in yeast (approximate P-value = 7.9 × 10−5, Mann-Whitney test).

Materials & Methods

Identifying human-yeast orthologous proteins

All known and predicted human and yeast protein sequences were retrieved from Ensembl (release 51)
(1) and processed to retain only the longest translation of each gene. Human-yeast orthologous proteins
were then inferred using the Inparanoid algorithm (2) and the downloaded sequences, based on stringent
bi-directional best BLAST (3) hits with the processed human and yeast protein sequences. To avoid interfer-
ence from relaxation in evolutionary constraints due to functional redundancy of duplicated genes (paralogs),
analysis was restricted to one-to-one human-yeast orthologs.

Collection of experimentally determined human phospho-tyrosines

Experimentally determined phospho-tyrosine sites in human proteins were obtained from the Phospho.ELM
(4) and PhosphoSitePlus (5) databases in November 2008 and mapped to the human protein sequences
described above. In total, the dataset contains 12659 phospho-tyrosines in 6450 proteins. A human protein
is classified as tyrosine-phosphorylated (pTyr) if any of its tyrosines is phosphorylated in our assembled
phosphorylation data, or otherwise classified as Non-pTyr protein.
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Figure S2: Correlation of expansion of phospho-serine/threonine signaling systems with loss of genome encoded ser-
ine/threonine residues. A, Number of cell types correlate negatively and significantly with genomic threonine content but not for
genomic serine. B, Genomically encoded threonine content correlate negatively with number of inferred serine/threonine kinases but this
trend was not observed for genomically encoded serine.

Computing the content of tyrosines and other amino-acids in non-redundant protein
sequences

For each human gene product, all known and predicted splice variants were aligned using the AMAP multiple
sequence alignment software (6), and non-redundant amino acid residue counts were computed from the
alignments. We found no substantial difference in tyrosine residue counts using an alternative approach
considering only the longest translation of each human gene. Genes coding 200 amino acids or less are
excluded from computation to reduce sizable, but non-significant percentage changes in tyrosine content due
to small protein size.

Detecting putative tyrosine kinase, serine/threonine kinases, MEK and MLK kinases
in different metazoan organisms

Known and inferred protein sequences in the 15 metazoan species and budding yeast were obtained from
Ensembl (release 51), processed to retain only the longest translation of each gene. Monosiga brevicolliss
protein sequences were obtained from http://genome.jgi-psf.org/Monbr1/Monbr1.home.html (7). Tyrosine ki-
nase domains were detected using HMM models from SMART (8) and Pfam (9) databases using the text-mode
pipeline of SMART. Inferred orthologs of human MEK and MLK kinases across the 16 species were retrieved
from Ensembl/Compara for the analysis in Fig. S1A (10).
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Table S1: Correlation of all 20 amino acids with distinct cell type. Amino acids are sorted according to increasing Pearsons
correlation.

Amino Acid Pearson p-value Spearman p-value

D -0.93 1.65×10−7 -0.93 1.96×10−7

N -0.92 5.73×10−7 -0.90 3.75×10−6

Y -0.89 3.99×10−6 -0.89 2.97×10−6

I -0.87 1.43×10−5 -0.77 4.75×10−4

T -0.84 5.27×10−5 -0.85 3.74×10−5

F -0.67 4.58×10−3 -0.36 1.65×10−1

K -0.58 1.74×10−2 -0.17 5.35×10−1

M -0.49 5.52×10−2 -0.55 2.75×10−2

S -0.076 7.81×10−1 0.061 8.22×10−1

V 0.12 6.54×10−1 -0.27 3.21×10−1

A 0.48 6.20-×10−2 0.36 1.73×10−1

Q 0.62 1.09×10−2 0.61 1.14×10−2

R 0.64 7.63×10−3 0.37 1.61×10−1

H 0.72 1.80×10−3 0.46 7.52×10−2

C 0.78 4.07×10−4 0.40 1.30×10−1

L 0.80 2.20×10−4 0.83 6.66×10−5

G 0.81 1.54×10−4 0.70 2.43×10−3

E 0.83 7.89×10−5 0.83 7.47×10−5

W 0.84 4.81×10−5 0.85 3.45×10−5

P 0.90 3.27×10−6 0.90 3.75×10−6

Statistical Analysis

All statistical tests were performed using the R statistical package. Differences in tyrosine content of human-
yeast orthologous protein pairs as percentage of all amino acids and absolute tyrosine count were computed
and distributions of the computed differences for the pY and Non-pTyr proteins are compared using the Mann-
Whitney test.
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