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Phase 1:

Harmonizing
and centralizing
protein data
resources

Systematic
acquisition,
integration,

and filtering of
database and data
annotations into
one harmonized
protein index
system.

Phase 2:

Building a
relational database
of phosphorylation
events and circuits

Functional
identification of
—and connectivity
assessment
between—

kinase enzymes,
substrate proteins,
phospho-residues,
and extraction of
peptide target
sequences.
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Complementary descriptors per protein
« Ensembl ID, PubMed ID, OMIM ID, UniProt ID; CCDS ID
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« Gene RIFS (known functions)
« Gene Ontology (functions, processes, cell localization)
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Compl t data tent per protein
« Exact phosphorylation residue(s) within substrates
« Exact phosphorylation site(s) targeted by enzymes
« Amino acid sequence around phospho-target residue
« Kinase/substrate functional relationships

« Annotate/include protein annotation data
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Number of distinct heptameric peptide sequences

Number of distinct heptameric peptide sequences
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AKTs as substrate

AKTs as kinase
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Upward impact of target site variants b Kinases with the highest average of non-
on kinases that phosphorylate them synonymous HPR variants per targeted HPR
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° Heptameric Peptide Region hame phosphory- | HPR target. [ HPR target
I variants (nsHPRv) per total lated by the per kinase | per kinase
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= kinase CHUK 11 17 100.0
g 100% TEC 7 20 100.0
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FGFR3 8 6.0 75.0 CSNK2A2 91 19 75.7 NLK 2 0.0 0.0 NMAPAK1 1 20 1000
HIPK2 5 6.0 91.7 AKT1 85 18 82.1 PKMYT1 2 0.0 0.0 MATK 1 2.u 100‘0
BRSK1 2 6.0 83.3 CDK2 79 24 80.8 TESK1 2 0.0 0.0 NUAK1 1 2'0 100‘0
BRSK2 2 6.0 833 GSK3B 75 45 79.4 TESK2 2 0.0 0.0 PKD1 1 2'0 100‘0
MARK3 1 6.0 833 MAPK14 68 18 76.3 ACVR1 1 0.0 0.0 PTEN11 1 Z-U 100‘0
CCND2 1 5.0 100.0 ATM 67 26 84.8 BRD4 1 0.0 0.0 STK3 1 20 1000
CSNK1E 13 45 87.0 CDKS 57 3.2 81.0 CAD 1 0.0 0.0 BCAT2 1 1‘u 100‘0
CAMK2A 42 45 87.2 PRKCD 56 1.8 77.1 CCNA2 1 0.0 0.0 CONET 1 0 1000
GSK3B 75 45 754 MAPKS8 53 28 63.4 CDK16 1 0.0 0.0 CSNKIG1 1 1‘0 100‘0
CSNK1A1 25 44 7%.0 MAPK3 49 2.0 83.8 CDK1S 1 0.0 0.0 DAPKS 1 1‘[} 100‘0
PLK3 3 4.0 75.0 PRKCB 48 18 83.1 CDK20 1 0.0 0.0 DMPK 1 1'0 100-0
FCGR3A 1 40 75.0 FYN 47 23 76.1 CLK4 1 0.0 0.0 HIPK3 1 1.u 100‘0
TAOK2 1 4.0 50.0 EGFR 47 14 67.6 CRK 1 0.0 0.0 NEK2 4 0 1000
VRK1 1 4.0 75.0 LCK 46 21 813 DAPK2 1 0.0 0.0 PRKCI 1 1‘0 100‘0
KDR 4 35 78.6 CAMK2A 42 45 87.2 DDR1 1 0.0 0.0 PRKY 1 1‘0 100‘0
SGK1 9 3.2 75.0 LYN 37 2.6 79.7 EIF2AK1 1 0.0 0.0 TAOK1 1 1'0 100'0
CDKS 57 3.2 81.0 INSR 35 25 79.6 EIF2AK3 1 0.0 0.0 7K 1 1-u 100‘0
CSNK2B 29 3.2 75.9 SYK 31 15 738 LIMK2 1 0.0 0.0 ™ 1 1-U 100'0
GRK1 6 3.0 100.0 IKBKB 31 1.2 87.5 MAP3K10 1 0.0 0.0 ZRANB2 1 1‘0 100‘0
AKT3 5 3.0 66.7 ROCK1 30 17 83.9 MAP3K11 1 0.0 0.0 : .
OXSR1 4 3.0 100.0 PRKCG 30 17 79.5 MAP3K3 1 0.0 0.0
PHKA1 4 3.0 66.7 CSNK2B 29 32 75.9 MAP3K39 1 0.0 0.0
EPHB4 3 3.0 66.7 PRKDC 28 29 88.0 MAPK4 1 0.0 0.0
STK38 3 3.0 66.7 PDPK1 28 13 80.0 MAPK6 1 0.0 0.0
NEK8 1 3.0 100.0 ABL1 27 15 61.9 MELK 1 0.0 0.0
SHC1 1 3.0 66.7 ADRBK1 26 21 82.6 MYT1 1 0.0 0.0
JAK2 26 15 63.0 NRK 1 0.0 0.0
PRKG1 26 18 85.7 PEG3 1 0.0 0.0
CSNK1A1 25 44 79.0 PINK1 1 0.0 0.0
ATR 25 24 85.4 PRKAR2A 1 0.0 0.0
MAPKS 25 18 714 PRKD3 1 0.0 0.0
ERBB4 23 18 60.0 PRKRIR 1 0.0 0.0
ERBB3 22 2.0 66.7 TRPM7 1 0.0 0.0
RPSEKAL 22 2.0 87.5 UHMK1 1 0.0 0.0
PLK1 22 15 84.2 WEE2 1 0.0 0.0
STK10 21 21 87.9
RET 21 2.0 54.2
ZAP70 21 13 75.0
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Protein labels and size reflect the number of reaction partners (i.e. 1st degree o
neighbors, including both kinases (upstream/inbound) and substrates (downstream/ '
outbound); from >10 (mini) to 123 (maxi) connections, rendered as 75 to 300 fonts). [} .

419 proteins not
interconnected to
the main network

(158 edges)

@ Protein that functions as a kinase only; the diameter increases proportionally with the number of substrates it phosphorylates.
Protein that functions both as a kinase and a substrate; the diameter increases proportionally to the sum of all of kinases phosphorylating it and all substrates it phosphorylates.
@ Protein that functions as a substrate only; the diameter increases proportionally with the number of kinases phosphorylating it
---- phosphorylation with unknown target site
—— individual phosphorylation on a known target site (with no known non-synonymous mutation within the immediate target site range); residue target sites are annotated in the middle of each connector
—— individual phosphorylation on a known target site with one or more known non-synonymous mutation(s) within the immediate target site range; the line width increases with the number of mutations
(O margin increases proportionally with the number of known non-synonymous mutations within the immediate range of any target site
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Protein labels reflects the number of variants (i.e. non-synonymous variants
affecting their endogenous target sites; from >5 (mini) to 183 (maxi) n-s.v. mutations, CC‘S

rendered as 125 to 350 fonts). Protein size is similar in previous figure: it reflects the ® )
number of reaction partners (i.e. 1st degree neighbors, including both kinases ., 7
(upstream/inbound) and substrates (downstream/outbound).

@ Protein that functions as a kinase only; the diameter increases proportionally with the number of substrates it phosphorylates.
Protein that functions both as a kinase and a substrate; the diameter increases proportionally to the sum of all of kinases phosphorylating it and all substrates it phosphorylates.
@ Protein that functions as a substrate only; the diameter increases proportionally with the number of kinases phosphorylating it
---- phosphorylation with unknown target site
—— individual phosphorylation on a known target site (with no known non-synonymous mutation within the immediate target site range); residue target sites are annotated in the middle of each connector
—— individual phosphorylation on a known target site with one or more known non-synonymous mutation(s) within the immediate target site range; the line width increases with the number of mutations
(O margin increases proportionally with the number of known non-synonymous mutations within the immediate range of any target site
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Protein that functions
as a kinase only; the
diameter increases
proportionally with the
number of substrates it
phosphorylates.

. Protein that functions
both as a kinase and a
substrate; the diameter
increases
proportionally to the
sum of all of kinases
phosphorylating it and
all substrates it
phosphorylates.

. Protein that functions
as a substrate only;
the diameter increases
proportionally with the
number of kinases
phosphorylating it

---- phosphorylation with
unknown target site

\‘Q —— individual
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