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d Coral is a user-friendly web application for the visualization of

human kinome data
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d Coral generates high-resolution vector figures fit for direct

use in publications
Metz et al., 2018, Cell Systems 7, 347–350
September 26, 2018 ª 2018 Elsevier Inc.
https://doi.org/10.1016/j.cels.2018.07.001
Authors

Kathleen S. Metz, Erika M. Deoudes,

Matthew E. Berginski, ...,

Jeff Hammerbacher, ShawnM.Gomez,

Douglas H. Phanstiel

Correspondence
douglas_phanstiel@med.unc.edu

In Brief

Coral is a user-friendly web application

that produces highly customizable,

publication-quality visualizations of

human kinome data. Users can encode

qualitative and quantitative data in the

branches and nodes of the kinome

network and choose between multiple

layouts. Coral has broad utility for

communicating genomic, proteomic, and

kinase profiling results.

mailto:douglas_phanstiel@med.unc.�edu
https://doi.org/10.1016/j.cels.2018.07.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cels.2018.07.001&domain=pdf


Cell Systems

Tool
Coral: Clear and Customizable
Visualization of Human Kinome Data
Kathleen S. Metz,1,9 Erika M. Deoudes,2,9 Matthew E. Berginski,3,4 Ivan Jimenez-Ruiz,5 Bulent Arman Aksoy,6

Jeff Hammerbacher,6 Shawn M. Gomez,3,4 and Douglas H. Phanstiel2,7,8,10,*
1Curriculum in Genetics & Molecular Biology, University of North Carolina, Chapel Hill, NC 27599, USA
2Thurston Arthritis Research Center, University of North Carolina, Chapel Hill, NC 27599, USA
3Joint Department of Biomedical Engineering, University of North Carolina at Chapel Hill and North Carolina State University, Chapel Hill,

NC 27514, USA
4Department of Pharmacology, University of North Carolina, Chapel Hill, NC 27599, USA
5Curriculum in Bioinformatics & Computational Biology, University of North Carolina, Chapel Hill, NC 27599, USA
6Department of Microbiology and Immunology, Medical University of South Carolina, Charleston, SC 29425, USA
7Department of Cell Biology & Physiology, University of North Carolina, Chapel Hill, NC 27599, USA
8Lineberger Comprehensive Cancer Center, University of North Carolina, Chapel Hill, NC 27599, USA
9These authors contributed equally
10Lead Contact

*Correspondence: douglas_phanstiel@med.unc.edu

https://doi.org/10.1016/j.cels.2018.07.001
SUMMARY

Protein kinases represent one of the largest gene
families in eukaryotes and play roles in a wide range
of cell signaling processes and human diseases. Cur-
rent tools for visualizing kinase data in the context of
the human kinome superfamily are limited to encod-
ing data through the addition of nodes to a low-reso-
lution image of the kinome tree. We present Coral, a
user-friendly interactive web application for visual-
izing both quantitative and qualitative data. Unlike
previous tools, Coral can encode data in three
features (node color, node size, and branch color),
allows threemodes of kinome visualization (the tradi-
tional kinome tree aswell as radial and dynamic force
networks), and generates high-resolution scalable
vector graphics files suitable for publication without
the need for refinement using graphics editing soft-
ware. Due to its user-friendly, interactive, and highly
customizable design, Coral is broadly applicable
to high-throughput studies of the human kinome.
The source code and web application are available
at github.com/dphansti/CORAL and phanstiel-lab.
med.unc.edu/Coral, respectively.

INTRODUCTION

The human kinome consists of over 500 different protein kinases,

which regulate a broad range of cellular processes via substrate

phosphorylation. These proteins have been implicated in a variety

of diseases, including pathological hypertrophy (Heineke and

Molkentin, 2006; Vlahos et al., 2003), rheumatoid arthritis (Gaestel

et al., 2009; Patterson et al., 2014), and cancer (Fleuren et al.,

2016; Ventura and Nebreda, 2006). As a result, protein kinases

are common candidates for drug targets and increasingly the
Cell S
focus of large-scale studies (Cohen, 2002; Cohen and Alessi,

2013; Duong-Ly and Peterson, 2013; Hu et al., 2017; Li et al.,

2016; Wu et al., 2016). High-throughput approaches to study

kinaseabundanceandactivity—includingproteomics, genomics,

and kinase profiling screens—have created a need to visualize

and interpret results in the greater context of the human kinome.

Multiple paradigms have been established for representing ki-

nome attributes. In 2002,Manning et al. generated a kinomemap

based on the sequence similarity between publicly available and

predicted protein kinase domains and categorized the 518

known human kinases into nine superfamilies (Manning et al.,

2002). This dendrogram was then modified with reference to

other trees and manually refined into an aesthetically pleasing

image in which branches are colored by kinase group, and ki-

nase names are HTML links to websites with information specific

to each kinase (www.cellsignal.com). Several groups have

manually modified this image, encoding qualitative or quantita-

tive kinase information in either branch color (Fleuren et al.,

2016; Phanstiel et al., 2011) or the color and size of circular no-

des placed at the end of each branch (Hu et al., 2017; Li et al.,

2016; Wu et al., 2016). These figures are powerful tools for

data interpretation and communication but are labor intensive

to create and often infeasible for large or more complex experi-

mental datasets. To address this issue, several programs have

been developed to automate kinome visualization, including

Kinome Render (Chartier et al., 2013), the NCGC Kinome Viewer

(tripod.nih.gov), and KinMap (Eid et al., 2017), which have been

widely adopted by the kinase research community. Because

these existing methods encode information solely by adding no-

des to the existing image created by Cell Signaling Technology,

they suffer from three limitations: (1) they offer no ability to re-

color kinase branches either for aesthetic purposes or to encode

information, (2) they only feature a single paradigm for kinome

representation, the semi-quantitative tree, and (3) they produce

low-resolution images that are not well suited for publication.

Here, we describe Coral, an interactive web application for ki-

nome annotation, which allows encoding of qualitative and

quantitative kinase attributes in branch color, node color, and
ystems 7, 347–350, September 26, 2018 ª 2018 Elsevier Inc. 347

mailto:douglas_phanstiel@med.unc.edu
https://doi.org/10.1016/j.cels.2018.07.001
http://github.com/dphansti/CORAL
http://phanstiel-lab.med.unc.edu/Coral
http://phanstiel-lab.med.unc.edu/Coral
http://www.cellsignal.com
http://tripod.nih.gov
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cels.2018.07.001&domain=pdf


A
ty

pi
ca

l

A
lp

ha

K2
F

Ee
K2

F
E

E

C
ha

K
C

ha
k2

C
ha

k1

A
lp

ha
K

3
A

lp
ha

K
2

A
lp

ha
K

1
P

IK
K

T
R

R
A

P

T
R

R
A

P
S

M
G

1

S
M

G
1

F
R

A
P

m
T

O
R

/F
R

A
P

D
N

A
P

K

D
N

A
P

K

A
T

R

A
T

R

A
T

M

A
T

M

T
IF

1

T
IF
γ

T
I

T
I

T
IF
β

T
IF
α

R
IO

R
IO

3

R
IO

K
3

R
IO

2

R
IO

K
2

R
IO

1

R
IO

K
1

P
D

H
K

P
D

H
K

4
P

D
H

K
3

P
D

H
K

1

B
R

D

B
rd

3
B

rd
2

A
B

C
1

A
B

C
1-

D

A
D

C
K

5

A
B

C
1-

A

A
D

C
K

4
A

D
C

K
3

A
B

C
1-

C

A
D

C
K

2

A
B

C
1-

B

A
D

C
K

1

TK

S
yk

ZA
P

70

S
rc

Ye
s

S
rm

S
rc

Ly
n

Lc
k

H
C

K
HH Fy
n

FR
K

Fg
r

Br
k

BL
K

Ax
l

Ty
ro

/S
ky

M
er

Ax
l

Ja
kB

Ty
k2

~b
JA

K3
~b

JA
K2

~b
JA

K1
~b

Ja
k

Ty
k2

JA
K3

JA
K2

JA
K1

Te
c

TX
K

TE
C

IT
K

BTK
Etk

/B
M

X

Tr
k

TR
KC

TR
KB

TRKA

Ack

Tnk
1

Ack

Tie

TIE
2

TIE
1

TK-U
niq

ue

SuR
TK10

6

Ryk

RYK

Sev

Ros

Ror

ROR2

ROR1

Met

Ron

Met

Ret

Ret

FAK

PYK2

FAK

PDGFR

PDGFRβ

PDGFRα

Kit
FmS/CSFR

FLT
3

Musk

MUSK

ALK

LTK
ALK

Lmr

Lmr3

Lmr2

Lmr1

VEGFR

KDR
FLT4

FLT1

InsR

IRR
InSR
IGF1R

FGFR

FGFR4

FGFR3

FGFR2

FGFR1

Fer

Fes
Fer

EGFR

HER4

HER3

HER2

EGFR

Eph

EphB6

EphB4

EphB3

EphB2

EphB1
EphA8

EphA7
EphA6
EphA5
EphA4
EphA3
EphA2
EphA10
EphA1

DDR

DDR2
DDR1

Csk

CTK
CSK

CCK4

CCK4/PTK7

Abl

Arg
Abl

TKL

ZAK

ZAK

TAK1
TAK1

MLK

MLK4
MLK3
MLK2

LZK LZK
DLK

ILK
ILKHH498
HH498STKR STKR2 TGFβR2
MISR2
BMPR2

C
M

G
C

C
LK

C
K

2

C
K

2α1

C
D

K
L

C
D

K
L5

C
D

K
L4

C
D

K
L3

C
D

K
L2

C
D

K
L1

R
G

C
R

G
C

H
S

E
R

C
Y

G
F

C
Y

G
D

A
N

P
β α

P
N

A
CB

A

EEF2K

eEF2K

Chak22kk22akk2
Chak1

KKKChaK

AlphaK3
AlphaK2

Alpphppp
K2K22KKK2K22KK

phpp
aKKaKAlphaK1

AlAAllA pAAlAAAAlAAlppp
K
AlAlA plpppp

KKK

Alpha

TRRAPPP
TRRAP

TT

SMG1

TTRTTTRT
SMG1

mTOR/FRAP

FRAP

DNAPK

DNAPK
mTTO

ATR
FFF

S

FRATR

AP

ATM

P

PAPP
DDD

PPPP
DND

P

APP
DND

ATM

PP
PIKK

β

α

RIOK1

RIO1

RIO
Brd4

KKK

Brd4d4Brd4

KKKKK

BB
Brd2

ADCK5ADCK2

ADCK1

ABC1

Atypical

BLK

Axl

yk2~b

JAK3~bJAK2~b

bb

b

bbbb

b3
JAK1~b

Tyk222222222222
JAK3
2222
JAK2

JJJ
y

JJJJJJ
JAK1

Jak

Etk/BMX

ec

TRKA

T

Tnk1TTTTnTTT
Ack

AckTie

Met

Met

Ret

FAK

α
FmS/CSFR

FLT3

PDGFR

MUSKKKKKK
LTK

ALK

ALK

Lmr3r33
Lmr2

33333333333333Lmr1

TTTTTTTTT
Lmr

FLT1

InSR

IGF1R

InsR

FGFR1

Fer
Fer

EGFR

EGFR

EphA7EphA1

Eph DDR1

DDR

CSK

CCK4/PTK7
CCK4

Abl

Abl

TK

ZAK

AK1T

MLK444K44
MLK3

MLK2

4K4K444444

22

K4K444444

2K22
MLK1

K M
MLK

LZKLLLDLK

ZZLZK

ILKILK

HH498

HH498

MLK

TGFβR2ββ
MISR2

RR2RR2R
BMPR2BBBBBBMBMBBMMB

ACtR2B

2
2RRR2

22R2R2
2RSRR2

2222
PR

ACtR2
MMMMMMMMIMIMMMMMMMMMMIIMIMMMMSTKR2

TGFβR1

BMPR1BBMPR1AMMMMMABB11BBBABBBMMMMMMMMMMBBBBBMR11BBBBB

GG

MMMMMMR1AMMR
ALK7AAA
TTTTT

AAAAA
ALK4

R11A1B1A1AAR A11ABBABBR11AAA
ALK2222K2ALK1

TGFGFGGTGGTTTGGTGTTTTTTTTTTTTTTTTTK44KTTTTTTTTTTTTTTTTGFFGFGGGGGGGTT4444TTKK4KTTTTKK4TTTTTT44TTTT
STKR1

STKR

TESK222KKK2K2KKTESK1

LIMK2LIMKLISK

KSR

MLKLLLLLKLKL
TKL-Unique

LRRK2LRRK1

LRRK IRAK1
IRAK

TKL

NRK/ZC4NNMINK/ZC3ZRKRZC3CZRK/ZRK/ZK/K/K/K/RRK/ZNRNRNNRRZZRRRRR ZKK/NNKNNN K/ZK/Z//K/K/
HGK/ZC1

MSN

AO33O333O33
TAO2TTTTTTTTTTTTTTAO1

STLK6STSSTSTTSTLK5

AY

LOK

SLK

PAK6PPPPPAPPPPPAAPP
PAK5

PPPPPPAPP
PAK4

AKB

PAK3

C4
C1C1

SSSSTSSS

33

C4C
ZCC

TLL

333
PAK2

K3

ZC11

PPPAK3AKPP

Z

K3
PPAK22AKA 22K22PP

Z

33

ZC11

3

Z

3PAK1

4
STS

4
SSSSSSS

44
SSSSSTSSST

C44
SSSSSTSS

4
ST

PAKA
MYO3B

MYO3A

NinaC

MST2MMSMST1

MST

KHS2SHSHS2HHS2

KHS1

S2
HPK1

222222222

S1

2GCKKHSSTE20

STE-Unique

MEKK1/MAP3K1

STE11

MKK6/MAP2K6MAP2K5

SEK1/MAP2K4
MEK2/MAP2K2

KK6/MAMAMAK6 6MMMMMMMMMMMMMPAPAPPPAAPPPPPAP2PA 2KK6K6KKAAK6/MAMAK6K6/MAAMAK6
EKK1/MMM/MMK

6
MAPMAPAAA

6K6K6KAAAA
MMMAAMMA

MM K2/MAP2MAEEKMMM K2/MAP2MMAEKK2K2K2M

KK P2K66K

SE
KMEK1/MAP2K1

2K4K2PPP22
PPPPPPPP2K2222222P2P22PPPPP2K62K22222K2KKK2222AAAPP2PAPPP2P2PPPPPP2K2KKK22222AA
2K42K2KK4PPP2P2

APMPPPPAPAPPPPPAPA2K2KK2A22A K6KKKKAA
PPPPP2

K6AP K6KKKAAA
4PP

STE7
TTETTTTSTSSSSS

66
4

2
STSST

KK1KP2P2
44
777
4444
777
444 TEE

K

66

2K22

6
4
KKAP2P2AA

44
7777
4444
77STE

YANK3

YANK2

YYYAAYYYYAAYYANK1

22222222222KK2K2YANK

SGK1
RSKL1

RSKL

RSK4RSRS
RSK3RRRRRSK2

RRRRRRRRR
RSSRRRRRSRSRRRRRRR

RRRR
SKSKRRRRRRRRRSRSRRRR

RSK1/p90RSK

RSKp90p70S6Kβp70070S799p70909 70SS7
p70S6K

RSKp70
MSK2MMMMMMMSMMMSK1

MSK

RSK ROCK

α
DMPK

GEK

CRIK

DMPK

RHODK/GRK1

GRK7GGRGGRGGG
GRK6

HODDHODODDRHODDD

66K6

R D

66
GRK5555K5555

77
6GRK4

777777777GRK

BARK2/GRK3GRRRGGRRRG/GG
BARK1/GRK2

RK3RRKRK3RK3RRRKRRR
BARK

GRK

PKAα

PKA
PKN3PPKPPPKN

PKN2/PRK2
PPKPKPPPPPKKPPPPPKP

PKN1/PRK1

K2KK22K22KKPKN

PKCι
PKC

PKCd
PKCε

PKCh

PKCα

PKCa

PKC

3
11
33

K11PDK1

PDK1

LA

LATS1

NDR

MASTL

MAST3

MAST2
MAMMAMMAMM

A

A
MAST1

Akt3/PKBγ
Akt2/PKBβ

AktAkAkt3tt3tktt33
2/t2

Akt1/PKBα

K1K111K1K11
Akt

AGC

WNK4WWWWW
WNK333KK3333K3K333

WNK2

44KKK4K44KKK4
33
WNK1

WNK

MYT1Fused

TTK

TTK

TLK1

TLK
εIKKα

TBCK

KKKK
Slob

SgK493

SgK424

SgK307

K

NKF5

RNAseL

SgK223

NKF3

3333SgK110

SgK069

gKKgK1 001111

69gK06KgK06
33ggg3g

ggK0g

SBK

NKF1

SCYL1

PRPK

PLK4PPPP
PLK3

K4K44LK4K
PLK2LKKKKKK33333333K3K3K33PLPPL333333333333PLKKKK3 LKPLL33333

PLK1

PKR

PERK/PEK
PEK

PKRKRPKR

KK

KRKRRPKKPK

KK
HRI

GCN2 GCN2

PINK1
11
PIK3R4

SS

SSF5F5F5F55555
SgSg

SgSgggF5FFF PBKTOPK

NRBP2
4444

RBPBNRBPRBN
444444NRBP1

NRBP

11
Nek10

Nek1

AAK1 IRE1 CDC7

CDC7

CAMKK2CAAA
CAMKK1

CAMKK-Meta

BUBAurC/Aur3AuAuAAAuAuuuAuu

AurA/Aur2

Aur

Other

VRK3RRKRKVRR

VRK2

K333KK33

RK2RKK2K

KK3RKKK

VRVRK1

3333333333333333333333333VRK

TTBK222KKK2
TTBK1

2
1KKK

2222222
1KKK

2222TTBK

CK1γ3CK1γ2

CK1γ1

CK1ε

CK1δ

CK1α2

K11K11γγ33γ3CCCK1K1CKCCKCK
3333

CCC γ222γ333333333 γγ γγγ3333γ33K1K
333

CCCC
γγ
CK1K1CKCKK
γ

K1KCC
γγ

γ111

K1K1K1εεε

CCKCCKKCCCCKK1C 1111CCCCCCCCCCC δδCKCKCKCKK

CCK1111K11KK1C αααααααα22222222222222

2
K1K εε

CCCC

CK1α

CC
C

CKCCKCCCCCCCKK

KK
CC
KK

KδδKKCKCKδK

KCK1

KKKKKKKCK1

caMLCK

MLCK

SSTK

Obscn

Trio

Trb1

rbl
QSK

NuaK2aK22aK22
NuaK1

NuaK

NIM1

MARK1

MARK

NLkb1

NNNNNNNLKB QSQS

NNNNuNNN

aKaaKK

M1111

SS

NNNuuuaN

aaa

M11

CHK1

CHK1

BRSK1

BRSK

AMPKα1
AMPK

CAMKL

RSK4~b

RSK3~b

~b~~b4~~4RSK2~b

~bb~

bb

~~

bbb
RSK1~b

RSKbMSK2~bMSMSSMSMSKS
MSK1~b

MSKb

RSKb
Pim1

PhKγ1

MNK222K2222KMNK1

MNKMAPKAPK5

MK5
MAPKAPK3

K55PK

KAPK

MAPKAPK2

MMMM
MK2

MAPKAPKDRAK2RARAA
DRAK1

DAPK3KK3333K33K33KKDAPK2

MAK2MMAKAK
1111

333 K2PK33 K

MAK2MMK

K2PK333333 K

AKAK
11
AAAA
1

33K3K3
DAPK1

DCAMKL1

CHK2

CASK

CASK
CaMK1γ

δ

CaMK1β

11KKK11γγKKK1CaMK1α

CAMK1

CaMK2γ2K2K2γK2K222γ
CaMK2δ

22222γγ2K22γ2222γ
CaMK2β

γγ
2K22δ

22β
γγ

2K22δ
γγγγγ

β2K222
CaMK2α

CAMK2

CAMK

HIPK1

DYRK4DYDYYDYRK2

DYRK2

DYRK1
DYRK

1

PFT
PF

PF AIRE

PCTAIRE3TATTAT
PCTAIRE2

PCCTTCCTTPCCTTP TATTCTTP T
PCTAIRE1 PCTAIRE

CRK7K7K7CHED

PPPPPCRK7

CDK11

CCC
CDK7

CDK7

CDK4

CDK5

CDK3CDK3CDK3DKCDK3
CC

33K33
CDK2

CCCCCCCC
CDK2

CDK10

P

PFPFFP777K7K777

P

PFPPFF77K777
CDK10

RERE3RRRR
E2EERRRRERERE

3333E3E3E3E333E3E3CCCC3333333333333333TTTTAAATTT

2K2

CCDCDCC

RRRIRRRR
RRRRR

PCPCEEEEE3E3CC33CC33TTAAAAT

K2K2

DDDCDC2/CDK1 CCCC

EEE

CDCDCCCCC

EEECDC2
CCRKKKKRRKRKKKKKCCCCDK

P38
P38βPPP3PP3

P38α
JNK3JJJNJJJJNJNJNK2NKK

JNK1

ERK5

ERK4ERK4ERK4ERK4

ERK1

ERK1

MAPK

RCK

GSK3α

CLK1

CK2

CDKL2

CDKL

CMGC

HSER

CYGFFFFFF
CYGDCCCCCYCYCC

G
CCC
FGFF
CYYC

ANPβ

HHHHHHSHHSH

FFFFFGGFFF

S
ANPα

ER

DGDGGD

α
RERER

DD

ααα

GDGYGD
RGC RGC

Branch Color
log2 RNA (ES / fibroblast)
-3 0 3

Node Color
log2 RNA (ES / fibroblast)
-3 0 3

Node Size
ES — RNA RPKM
0 100

MEK1/MAP2K1

CK1ε

Wee1

CK1α

MST3

Pim1

CK2α1

Brd3

AurB/Aur1
Pim2

Bub1
ERK3

BubR1

 TIFβ

MEK2/MAP2K2

PAK1

CHK1

CDC7

Yes

PAK2

MARK3

Fyn

CDK4

SBK

AurA/Aur2
CDC2/CDK1

GCN2

GCN2~b

SMG1

YSK1

Trb1

CHK2

VRK1

CDK2

SRPK1

TLK2

FAK

TAK1

MELK

PRKX

PKCι

GSK3β

HGK/ZC1

FGFR1

HRI

GSK3α

SGK1

NLK

ERK2

NDR2

Trb2

BMPR1A

PLK1

TTK TIFγ

STLK3

RYK

MASTL

SEK1/MAP2K4

PKR

TLK1

CLK2

ROR1

STLK6

KHS1

PhKγ2

OSR1

RIOK2

DNAPK

PRP4

CRK7

PKCθ

SCYL2

DCAMKL1

PKAβ

TIFα

PBK

Lck

VRK2

PKD3

TBK1

NuaK2

RSKL1

NRBP1

PLK2

Nek2

KDR

TGFβR1

PLK4

FGFR2

CDK7

ULK1

CK1γ3

KHS2

IKKα

Abl

MST2

VACAMKL

PRPK

CLIK1

PIK3R4

JNK2

SLK

Lyn

MAP3K4

P38α

DAPK1

PKCβROCK2

DYRK1A

Axl

RSK1/p90RSK

RSK1~b

PDHK3
PDHK1

NDR1

TIE2

ARAF

Fused

MAPKAPK2

DRAK1

LIMK2

MAPKAPK3

MKK6/MAP2K6

MAPKAPK5

RAF1

AMPKα1

Nek3 PKN2/PRK2

ATR

BCKDK

RIPK2

ULK3

MNK2

CK1δ

ADCK4

RIPK1

RIOK1

PCTAIRE2

HIPK1

DYRK2

p70S6K

ROCK1

IRAK1

Pim3

mTOR/FRAP

P38δ

Nek1

HER2

CaMK2γ

EphB4

MARK1

QSK

CASK
DAPK3

ILK

Nek4

ERK1

PDK1

TBCK

Akt1/PKBα

MYT1

MRCKβ

ACtR2

CK1γ1

SgK495

CDK5

p70S6Kβ

CDK9

CLK4

GAK

PKAα

ATM

SRPK2

Kit

BARK1/GRK2CAMKK2

MST1

CDK8

CLK1

TNIK/ZC2

NuaK1

CCK4/PTK7

IGF1R

CRIK

CK2α2

PERK/PEK

CSK

JNK1

TAO1

ALK2

MRCKα

EEF2K

DDR1

Chak1

HER3

PFTAIRE1

SgK496

Akt3/PKBγ

MNK1

PINK1

PKD2

ICK

smMLCK

MPSK1

RSK3

RSK3~b

RIOK3

PKCη

CaMK1δ

TGFβR2

BMPR2

STLK5

PCTAIRE1

SNRK

MAP2K7

CaMK2δ

CK1γ2

Brd2

Tyro/Sky

PASK

FLT1

PKCδSTK33

DMPK

MARK2

PKCζ

SIK

TESK2

PKN1/PRK1

RSK2

RSK2~b

Nek6

MEKK1/MAP3K1

ACtR2B

PRKY

TAO3

IKKβ

LATS2

EphA4

VRK3

NRBP2

EphA2

MEKK2/MAP3K2

ADCK1

HUNK

MAP2K5

EphA1

ROR2

MKK3/MAP2K3

Nek9

Src

BARK2/GRK3

MLK1

FGFR4

P38γ

CDK6

BRAF

CHED

WNK1

ASK/MAP3K5

PKCα

CDK10

RSK4

RSK4~b

AMPKα2

MEKK3/MAP3K3

JAK1

JAK1~b

Lkb1

ANKRD3

BIKE

Haspin

TRRAP
SCYL1

WNK3

KIS

GRK6

Met

ALK4

Trb3

TAO2

Mer

AlphaK1

Slob

HPK1

Nek7

PAK3

CLIK1L

LOK

IKKε

QIK

SGK3

Brd4

CLK3

CAMKK1
CDK11

YANK2

EphB2

Trio

PKD1

LATS1

NRK/ZC4

AurC/Aur3

BRSK2

ANPβ

PAK4

EphA7

DLK

GCK

MAK

ULK2

FGFR3

PKN3

Fer

MSK1

MSK1~b

ULK4

SCYL3

PKG1

MARK4

TEC

PDGFRα

ADCK2

PCTAIRE3

PITSLRE

YANK3

Ack

HIPK3

MLK3

DYRK3

LIMK1

JAK2

JAK2~b

CDKL3

CDKL5

MLKL

HSER

Syk

EphB1

PAK6

DRAK2

Tyk2

Tyk2~b

PYK2

TESK1

CaMK4

MAST2

TRKC

IRAK4

Nek8

CaMK1α

ANPα

MAST3

IRAK2

MAP3K7

DYRK4

Arg

HIPK2

WNK2

ALK7

PKCγ

Tnk1

MYO3A

Ret

CTK

MINK/ZC3

CCRK

RNAseL

TTN

AAK1

PAK5

YANK1

PSKH1

GRK5

Akt2/PKBβ

IRE1

SuRTK106

CK1α2

KSR

HH498

BRSK1

ERK4

RSKL2

SgK307
SgK424

PLK3

Lmr3

CDK3

PKG2

TTBK2

Lmr2

MAST1

NIK

FLT3

COT

CDKL1

JNK3

ERK5

DAPK2

PDGFRβ

EGFR

CDKL2

Nek11

ADCK5

FLT4

InSR

MSK2

MSK2~b

MEKK6/MAP3K6

PKCε

DDR2

JAK3

JAK3~b

EphB6

BMPR1B

Fes

Chak2

DYRK1B

HCK

CaMK1β

DCAMKL3

HIPK4

EphA8

Lmr1

CaMK1γ

Trad

BTK

P38β

EphA6

Nek5

Ron

ITK

LZK

LRRK1

CYGD

EphA3

Fgr

TIE1

Brk

GRK4

IRAK3

FRK

HER4

TXK

ERK7

Nek10

EphB3

RIPK3

TRKB

AlphaK2

BrdT

MYO3B

SgK396

IRE2

MLK2

caMLCK

PDHK4

WNK4

AlphaK3

EphA10

LRRK2

ADCK3

MAP3K8

MLK4

MOK

MST4

NIM1

SgK071

SgK110

SgK196

SgK223

SgK269

SgK494

ZAK

BLK

Etk/BMX

CaMK2α CaMK2β

CYGF

DMPK2

EphA5
FmS/CSFR

GRK7

IRR

MAST4

MOS

Obscn

Obscn~b

PKAγ

PSKH2

RHODK/GRK1

SgK069

SgK085

SgK288

SgK493

skMLCK

SPEG

SPEG~b

Srm

SSTK

TRKA

TSSK1
TSSK2

TTBK1Wee1B

ZAP70

CDKL4

Ros
ALK

MISR2

MUSK

SGK2

MSSK1

TSSK3

KSR2

LTK

PhKγ1

TSSK4

ALK1

DCAMKL2

PFTAIRE2

ABC1

Alpha

Brd

PDHK

PIKK

RIO

TIF1

Atypical Kinases

STE

CK1

AGC

CAMK

CMGC

TK
TKL

Node Color

AGC

Atypical

CAMK

CK1

CMGC

Other

RGC

STE

TK

TKL

Node Size
ES — RNA RPKM
0 100

Figure 1. Three Modes of Kinome Visualization

For a Figure360 author presentation of Figure 1, see https://doi.org/10.1016/j.cels.2018.07.001.

(A) A ‘‘Tree’’ plot generated byCoral inwhich log2-fold change for RNA is encoded in branch color and node color, andRNARPKMvalues are encoded in node size.

(B) A zoomed-in image of a ‘‘Circle’’ plot generated by Coral that depicts kinase group in node color and RNA RPKM values in node size.

(C) A ‘‘Force’’ plot generated by Coral depicting the same data as in (B).
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node size. Coral offers multiple modes of kinome visualization,

including the traditional kinome tree, as well as interactive static

and dynamic network layouts enabled by the D3 javascript

library. Importantly, the images produced by Coral are highly

customizable and can be downloaded as high-resolution, publi-

cation-quality vector images. Coral was designed to be user

friendly and includes example data, extensive documentation,

and example outputs for all features.

RESULTS

Coral is a highly customizable kinome visualization tool that

provides unprecedented flexibility in terms of attribute encoding

and visualizationmodalities, allowing for the creation of high-res-

olution figures through a user-friendly platform.

Coral offers multiple modes of data input and supports a vari-

ety of kinase identifiers. The user can supply both qualitative and

quantitative data by selecting frompre-populated pull-downme-

nus or by pasting information from common data sources such

as spreadsheet editors. Coral inputs and outputs are compatible

with multiple identifiers including UniProt, ENSEMBL, Entrez,

and HGNC, as well as an alphanumeric version of the names dis-

played in the original kinome tree, referred to as their CoralID.

Data can be encoded in branch color, node color, node size,

and any combination thereof. Coral supports categorical,

sequential, anddivergent color schemesbyproviding several co-

lor-blind-friendly palettes, as well as the option to create your

own. This allows for a straightforward incorporation of multiple

types of data within a single figure, using intuitive color schemes

and automatically generated legends for ease of interpretation.

Coral features three modalities of visualization. First, through

the use of a newly rendered scalable vector graphics (SVG) file,

Coral outputs high-resolution images with data encoded in a

kinome tree based on the one created by Cell Signaling Technol-

ogy (Figure 1A). Second, data can be depicted in a circular radial

kinase networkwith nodes for kinases, groups, families, and sub-

families (Figure 1B). Finally, kinase attributes can be displayed in

a dynamic force-directed network that uses the same underlying

network structure as the circle plot (Figure 1C). All plots can be

downloaded as high-resolution vector graphics files suitable for

publicationwithout the need for further refinement in graphics ed-

iting software. In addition, Coral provides advanced options for

customizing features, including titles, legends, fonts, transparen-

cies, and node highlights. Users can also browse a searchable

and sortable table of kinases and their associated attributes.

Coral was designed with user experience in mind. Each plot

responds to user input, updates in real time, and features drag

and zoom capabilities. Individual nodes are also interactive

and either include links to UNIPROT pages or expand when

hovered over, making it easier to read text and visualize colors

for individual nodes. Features are extensively documented in

the Coral information pages, which include both example data

and example outputs for each feature to help familiarize users

with its many options.

DISCUSSION

Due to its flexibility and wealth of customizable features, Coral

can potentially be applied to many areas of study within human
kinome research. Quantitative data can be presented through

branch color, node color, and node sizes and can feature

sequential information (e.g., transcript or protein levels, kinase

activity, or �log p values) as well as divergent values (e.g.,

log2-fold change). Qualitative data such as built-in kinase family

assignments can easily differentiate between different classes of

kinases and can also be applied to highlight kinases of interest

such as targets of kinase inhibitors.

The traditional and network kinome structures can be used to

highlight different features of data depending on the application.

For example, the Tree layout may be useful for sharing data

among audiences familiar with the historically used phylogenetic

tree, while the network layouts are useful when there is a need to

explicitly include family and subfamily delineations and highlight

the hierarchy of the kinase classifications.

With the constantly growing wealth of human kinase studies,

Coral fills a need for easily generated, customizable, high-reso-

lution images for the intuitive visualization of kinase data in the

broader context of the human kinome.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Software and Algorithms

R shiny package Chang et al., 2017 https://cran.r-project.org/web/packages/shiny/index.html

R shinydashboard package Chang and Ribeiro, 2017 https://cran.r-project.org/web/packages/shinydashboard/

R shinyBS package Bailey, 2015 https://cran.r-project.org/web/packages/shinyBS/

R shinyWidgets package Perrier and Meyer, 2018 https://cran.r-project.org/web/packages/shinyWidgets/

R readr package Wickham et al., 2017 https://cran.r-project.org/web/packages/readr/

R rsvg package Ooms, 2017 https://cran.r-project.org/web/packages/rsvg/

R RColorBrewer package Neuwirth, 2014 https://cran.r-project.org/web/packages/RColorBrewer/

D3.js java script library Bostock et al., 2011 https://d3js.org/
CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Douglas

Phanstiel (douglas_phanstiel@med.unc.edu).

METHOD DETAILS

Coral was developed using R and Javascript.

The R package shiny (Chang et al., 2017) and its extensions shinydashboard (Chang and Ribeiro, 2017), shinyBS (Bailey, 2015) and

shinyWidgets (Perrier and Meyer, 2018) were used for the web framework.

The R packages readr (Wickham et al., 2017) and rsvg (Ooms, 2017) were used for data manipulation and rendering the SVG

elements.

RColorBrewer (Neuwirth, 2014) was utilized for color palettes.

The Circle and Force layouts were written using the D3.js library (Bostock et al., 2011).

The kinome treewas obtained courtesy of Cell Signaling Technology Inc. (www.cellsignal.com), andmanually redrawn using vector

graphics in Adobe Illustrator.

DATA AND SOFTWARE AVAILABILITY

The Coral web application is available at http://phanstiel-lab.med.unc.edu/CORAL/. Source code is available at https://github.com/

dphansti/CORAL.
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