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Statement

1. Implementation. The softwares of the CUCKOO Workgroup are implemented in
JAVA (J2SE). Usually, both of online service and local stand-alone packages will be
provided.

2. Availability. Our softwares are freely available for academic researches. For non-
profit users, you can copy, distribute and use the softwares for your scientific studies.
Our softwares are not free for commercial usage.

3. GPS. Previously, we used the GPS to denote our Group-based Phosphorylation
Scoring algorithm. Currently, we are developing an integrated computational platform
for post-translational modifications (PTMs) of proteins. We re-denote the GPS as
Group-based Prediction Systems. This software is an indispensable part of GPS.

4. Usage. Our softwares are designed in an easy-to-use manner. Also, we invite you to
read the manual before using the softwares.

5. Updation. Our softwares will be updated routinely based on users’ suggestions and
advices. Thus, your feedback is greatly important for our future updation. Please do not
hesitate to contact with us if you have any concerns.

6. Citation. Usually, the latest published articles will be shown on the software
websites. We wish you could cite the article if the software has been helpful for your
work.

7. Acknowledgements. Funding for open access charge: Special Project on Precision
Medicine under the National Key R&D Program [2017YFC0906600,
2018YFC0910500]; Natural Science Foundation of China [31671360, 81701567,
31801095]; National Program for Support of Top-Notch Young Professionals;
Changjiang Scholars Program of China; The program for HUST Academic Frontier
Youth Team; China Postdoctoral Science Foundation [2018M642816, 2018M632870].
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Introduction

Identification of phosphorylation sites with their cognate protein kinases (PKSs) is the
foundation for understanding the functional dynamics and plasticity of various cellular
processes. Although nearly 10 kinase-specific predictors were developed, numerous
PKs were casually classified into sub-groups without a standard rule. And for large-
scale predictions, the false positive rate (FPR) was also never addressed. Here we
adopted a well-established rule to classify PKs with their verified sites into a
hierarchical structure with four levels, including group, family, subfamily and single
PK 1. Then we constructed the GPS (Group-based Prediction System, ver 2.0)
software, with a modified version of GPS (Group-based Phosphorylation Scoring)
algorithm 23, As the first stand-alone software for computational phosphorylation, GPS
2.0 was implemented in JAVA and could predict kinase-specific phosphorylation sites
for 408 human PKs in hierarchy.

Currently, as more and more phosphorylation sites have been experimentally validated,
a more accurate and reliable kinases-specific phosphorylation sites prediction tool is in
urgent need. At the same time, several advanced GPS algorithm have been developed
and achieved higher performance, including GPS 2.1 and GPS 2.2. To improve the
performance of phosphorylation sites prediction, we applied the GPS 2.2 algorithm and
enlarged the training set. In addition, we included the phosphorylation sites prediction
in 161 species. For dul-specific kinases, we also provided the prediction for these
kinases. Finally, we constructed the GPS (Group-based Prediction System, ver 5.0)
software package.

& GPs 50 = &8 %

File Tools Help
PKs Predicted Sites
¢ [ =3 Phosphorylation Paosition Code Kinase Peptide Score Cutoff
¢ []=3 SerinefMhreonine Kinase
o ]I AGC
o [ CAMK
o ]I cKi1
o [Jcmee
o [JCIPKL
o [JJReC
o I3 sTE
o~ I3 TKL
o [] =5 Atypical
o [] 3 other
o [J3 Dbual
¢ [][CJ Tyresine Kinase
o~ LTk
o [ Dual

Enter sequence(s) in FASTA format

Threshoeld Conscle

() High @ Medium ) Low AN | Example | Clear | Submit

Group-based Prediction System v5.0 User Interface

3
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Download & Installation

The software of GPS 5.0 was implemented in JAVA, and could be installed on Windows
systems. GPS 5.0 distributions for Windows can be found at
http://gps.biocuckoo.cn/download.php. We recommend that users could download the
latest release.

After downloading, please double-click on the file GPS_5.0_windows.exe to begin
installation. Follow the user prompts through the installation. And snapshots of the
setup program are shown below:

% Setup - Group-based Prediction System v5.0 | o |8 |

Welcome to the Group-based
Prediction System v5.0 Setup Wizard

This will install Group-based Prediction System +5.0
on your computer. The wizard will lead wyou step by
step through the installation.

Click Next to continme, or Cancel to exit Setup.

% Setup - Group-based Prediction System v5.0 | o |8 |
Select Destination Directory
Where should Group—based Prediction System v5.0 be installed?
—

Select the folder where you would like Group-based Prediction System v5.0 to
be installed, then click Next.

D:GPS 5.0 || Bromss ...

BRequired disk space: 249 ME
Free disk space: 43 GB

installdj

< Back ][ TMext > ] [ Cancel
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% Setup - Group-based Prediction System v5.0 | = |8 |

Select Start Menu Folder

Where should Setup place the program’' s shorteuts?

Select the Start Menu folder in which you would like Setup to create the
program’ s shorteuts, then click Next.

/| Create a Start Memn folder

360FFE AL

7-Tip

[om] »

Accessories
ActivePerl 5.16.2 Build 1602
Administrative Tools

Clover

Cytoscape_3. £.0 -

[¥] Create shorteuts for all users

installdj

[ <Back || Text> | [ cemce |

% Setup - Group-based Prediction System v5.0 | = |8 |

Completing the Group-based
Prediction System v5.0 Setup Wizard

Setup has finished installing Group-based Prediction
Swstem v5.0 on wour computer. The application may be
launched by selecting the installed icons.

Click Finish to exit Setup.

[¥] Create a desktap icon

Fun Group-bazed Frediction System v5.0

Click on the Finish button to complete the setup program.
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Prediction of Kinase-specific Phosphorylation
Sites

Direct Prediction

For convenience, the GPS 5.0 allows users to input their protein sequences into the “TEXT
form” for prediction. One or more protein sequences should be prepared in FATSA format
as below:

>proteinl
XXXXX XX XXX XXX
XXXXX XXX

>protein2

XXX XXX XXX XXXXXXX...
>protein3
XAXXXX XX XX XXX

Please note: All irregular words, including non-amino acid word (eg, number) and blank,
will be removed automatically. As an instance, we put human Beclin-1 protein sequence
as an example for GPS 5.0. Users could click on the “Example” button to access the
example.

& 6Ps 50 =@ =]
File Tools Help
PKs Predicted Sites
9 []=J Phosphorylation Fosition Code Kinase Peptide Score Cutoff
¢ [ =3 Serine/Threonine Kinase
¢ LIEAGC
o= [ Akt
o []CIDMPK
o ]I GRK
o [ MAST
- [JCINDR
o [ PDK1
o [ PKA
o I3 PKC
o []CIPKG
o I3 PKN
o [JCIRSK
o [ 56K
o [ 3 CAMK
- 3 cKl -
Enter sequence(s) in FASTA format
o 3 CMGC
>Example (human Beclin-1)
> [JEIPKL MEGSKT SHNSTMQVSFVCQRCSQPLELDT SFXILDRVI IQELTAPLLT TAQRKPGETQEE
& [ICIRGC ETNSGEEPFIETPRQDEVSRREI EPARMMSTESANSFTLIGEASDEGTMENLSRRLEVIG
DLFDIMSEQTOVDHPLCEECTDTLLDQLDTQLNVTENECGNYERCLET LEQMNEDDSEQL
+ [JE38TE QMELKELALEEERLIQELEDVEKNRKIVRAENLEKVQAEAERLDQEEAQYQREYSEFERQD
- OCITKL LELDDELKSVENGMRYAQTQLDKLKKINVENATFEINHSGQFGT INNFRLGRLESVEVER
ME N2 ARG TVLLLEALANEKMGLKFQRYRLVEYGNHSYLESLTDKSKELPLYCSGELREF
o [0 3 Atypical WDNKE DHAMVAFLDCVQQFKEEVEKGE TRFCLEYRMDVEKGKIELTGESGESYSIKTQEN
& [ Other SEEQWTKALKFMLTNLEWGLAWVSSQFYNK
o= [ Dual
¢ 13 Tyresine Kinase
- 37K
o~ [ = 0ual Threshold Console
) High ® Medium O Low Cr Al Example Clear Submit
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Choose one or more kinases from the Kinase Hierarchy Tree

& GPs 50 (=[@] ® ]
File Tools Help
PKs Predicted Sites
¢ [1=3 Phospharylation Position Code Kinase Peptide Score Cutoff
¢ ][ SerinefThreonine Kinase
¢ W CJAGC
L [ Akt
o [¥] ] DMPK
o [¥] [0 GRK
o [¥] [0 MAST
o [¥]C3MNDR
o [¥] [ PDK1
o 9 PKA
o [¥] T PKC
o [v] T PKG
o [¥] 3 PKN
o W] CIRSK
o ][0 5CGK
o [][Z7 CAMK
o [ CKl =
Enter sequence(s) in FASTA format
o []C9CMGE
[>Example (human Beclin-1}
e [JEIPKL MEGSHTSHNSTMQVS FVCQRCSQPLKLDTSFKILDRVI IQELTAPLLTTAQAKPGETQEE
o DE RGC [ETNSGEEPFIETPRQDGYSRRFIPPARMMSTESANSFTLIGEASDGGIMENLSRRLEVIG
IDLFDIMSGQTDVDHPLCEECTDTLLDQLDTQLNVIENECONYKRCLEILEQMNEDDSEQL
o~ [JE=ISTE QMELKELALEEERLIQELEDVEKNRETVAENLEKVQREAFRLDQEEAQYOREY SEFKRQQ
- C1CITHL [LELDDELKSVENQMRYAQTQLDKLKKTNVENAT FHI WHSGQFGT INNFRLGRLESVEVEW
INEINAARGQTVLLLHALANKMELKFQRYRLVEYGNHSYLESLTDKSKELPLYCSGELREF
o [[] 2] Atypical [WONEFDHAMVAFLDCVQQFKEEVEKGE TRFCLPYRMOVEKGKIE DT GESGESY STKTQFN
& [ Other ISEEQWIERLEFMLTNLEWGLARVS SQEYNE
o= []3 Dual
¢ [] 3 Tyrosine Kinase
o CJETK
& D=Joual Thresheld Console
) High (@ Medium O Low (1] ‘ Example Clear Submit
Choose a Threshold what you need, default is Medium.
& psso [=[@] = ]
File Tools Help
PKs Predicted Sites
¢ [1[=3 Phospharylation Position Code Kinase Peptide Score Cutoff
¢ [][=3 Serine/Threonine Kinase
¢ 3 AGC
[ [ Akt
o [v] CJ DWPK
o [ SGK
o []Z7 CAMK
o JE3cKt =
Enter sequence(s) in FASTA format
o [JCICMGe i
>Exeample (human Beclin-1)
> [JEIPKL PMEGSKTSNNSTMQVSFVCQRCSQPLKLDT SFKILDRVI IQELTAFLLT TAQAKPGETQEE
> [JCIRGC [ETNSGEEFFIETPRQDGVSRREI PEARMMSTESANS FTLIGEASDGETMENLSRRLEVIG
DLFDIMSEQTOVDHPLCEECTDTLLDQLDTQLNVTENECQNYKRCLET LEQMNE DDSEQL
«~ [JE3STE OMELKELALFEERLIQELEIVEKNREIVAENLEKVQAEAFRLDQEEAQYQREYSEFERQQ
o [ THL |LELDDE LKSVENQMRYAQTQLDKLKKTNVENATFHIWHSGQFGT INNFRLGRLESVEVEW
NEINRAWGQTVLLLEALANKMGLKFQRYRLVEYGNHSYLESLTDESKELPLYCSGELREF
& [[][£3 Aypical [NDNKFDEAMVEFLDCVQQFEEEVEKGETRFCLEYRMDVEKGKI EDTGESEE5YS IKTQEN
& [T Other SEEQWTEALKFMLINLEWGLARVSSQFYNE
o= [] 3 Dual
¢ 13 Tyrosine Kinase
o CJETK
& Q3 oual (Threshold Console
© High ® Medium O Low Cmn || Exampie cear | submit |

Click on the Submit button, then the predicted phosphorylation sites will be shown.
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@& GPss0 =8 =
File Tools Help
PKs Predicted Sites
¢ [[1i=3 Phospharylation Faosition Code Kinase Peptide Score Cutoff
% [][Z3 Serine/Threonine Kinase a0 S AGC TPPARMMSTESANSE 1127 0386 | a|
295 B AGC FRLGRLESVEVERNE 2.955 0386 |=
¢ F=3AGE 10 S AGCIAK GSHISHNSITMQUSEV 3377 3272
o [ (29 Akt an g AGCIAKE TPERRMMSTESANSE 9777 8.272
o ] DMPK 234 ] AGC/AkKt AQYQREYSEFKRQQL 10.066 8.272
295 B AGCIAK FRLGRLESVEVERNE 9.483 3272
o [ GRK
= 7 S AGC/IOMPK +MEGSHISINSIHGV 14012 11.906
o VI MAST 22 5 AGCIDNPK SFVCQRCSQPLALDT 12.001 11.906
o [¥] CINDR 38 T AGC/DMPK FRILDRVTIQELTAP 15.24 11.906
o vl =7 POKT 90 B AGCIDMPK IPPARMMSTESANSF 13.036 11.908
434 T AGC/OMPK KALKFMLTNLEWRGLA 12.301 11.906
o= [¥] 3 PRA 0 5 AGCIGRK GSKTSHNSTHOVSEV 51.024 59.564
- [v| CIPKC 93 5 AGCIGRK ZRMMSTESANSFTLI §1.212 59.564
o [ O PKG 113 B AGGIGRK GGTMENLSRRLKVIG §4.169 50,564
119 T AGCIGRK LSRRLEVIGDLEDIM 60.887 59.564
& I PRN 155 T AGCIGRK TOTQINVIENECONY §0345 | 59564
o ¥ RSK 177 5 AGCIGRK EQMTEDDSEQLGMEL 67.07 59.564
o 0] s6K 295 B AGGIGRK FRLGRLESVEVERNE 63.699 50,564
& CAMK 426 T AGCIGRK FNSEEQWIHALKENL 53081 59564
e can 259 T AGCIMAST TOMEYRQTLDELEE 2108 1801 |+
o JE3cKt =
Enter sequence(s) in FASTA format
o [JCICMGe i
>Exeample (human Beclin-1)
o I3 PRL MEGSKTSHNSTMQVSFVCQRCSQPLELITSFHI LDRVI IQELTAFLLT TAQAKPGETQEE
& [1CIRGC ETNSGEEFFIETFRQDEVSRREI FEARMMSTESANSFTLIGEASDGGIMENLSRRLEVIG
DLFDIMSGQTOVDHPLCEECTDTLLDQLOTQLNVIENECONYERCLE I LEQMNEDDSEQL
+ [JEISTE OMELKELALFFFRLIQELEDVEKNREIVAENLEKVQAEAFRLDQEEAQYQREYSEFKRQQ
LELDDE LKSVENQMRYAQTQLDKLKKTNVENATFHINESGRFGT INNFRLGRLESVEVER
o [JE TKL
IVE INAARGRTVLLLEALANKMGLXFQRYRLVFYGNHS Y LESLTDKSKELELY CSGELRFF
& [[][£3 Aypical RDNEFDEAMVAFLDCVQQFREEVEKGETRFCLEYRMOVEKGKIEDTGESGGSYSIKTQEN
&[] Other SEEQWIEALKFMLINLEWGLARVSSQEYNE
o= [] 3 Dual
¢ 13 Tyrosine Kinase
o CJETK
& O3 oul Threshold Console
) High ® Medium ) Low Al Example Clear Submit

Batch Prediction

We also provide an alternative approach for processing multiple protein sequences. If the
file is large, the Batch Predictor will be convenient for users.

The following steps show you how to use it:
Put protein sequences into a file with FATSA format as below:

>proteinl
XXXX XXX XXX XXX
XXXXX XXX

>protein2

XXX X KKK XXXXXXXXX...
>protein3
XXXXX XXX XXX X

The names of proteins are necessary (the line with “>” and a protein name/accession
number).

To run the Batch Predictor just select the Batch Predictor option in the Tools menu.
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-‘ﬁ Batch Predictor | 2 |

PKs Sequence File List
9 [] =3 Phosphorylation
¢ [] 3 Serine/Threcnine Kinase
o [ acc
o [ cAMK
o [ ]I CK1
o [JZ3cmee
o CJCIPKL
o [JJRGC
o [I=IsTE
o~ ]I TKL
o [T Atypical
o []3 Other Result File List
o [][Z3 Dual
¢ [ Tyrosine Kinase
o [Tk
o [][Z3 Dual

Remove All Remove Add File

Result Export Folder | N

Threshold Console

OHigh @ Medum  Olow  OAl | clear | suomit |

Click on the Add File button and add one or more protein sequence files in your hard disk.

-‘ﬁ Batch Predictor . pa— | = |

— e

PKs Sequence File List

9 [] =3 Phosphorylation
¢ [] 3 Serine/Threcnine Kinase

o= ] AGC

o ] camp | N
| eyl & 7 =
L 950 | e B BIEEE]L =

o [JEORGY | (T result

o [ sTE [T} FASTA_sequencet.txt
o LIEATKL || |y FASTA_sequence2.txt
& LIETAupil | | FASTA_sequence3.txt

o= [][C3 Othe|
o [][Z3 Dual
¢ [ Tyrosing
o= [ TK
e [ Duall | 3EEEMN): |'FASTA_sequence1.bAt' “FASTA_sequence2 tt” "FASTA sequenced.tt” |
SHEEBD: [ v
|
Result Export Folder| || e |
Threshold Console
OHigh @ Medum  Olow  OAl | clear | suomit |

The name of added files will be shown in the Sequence File List
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'ﬁ Batch Predictor e Gmm |i|
PKs Sequence File List
¢ [ =3 Phosphorylation MseqFASTA_sequnced.txt
¢ [][Z3 SerinefMhreonine Kinase  |seqFASTA_sequncez.ixt
o = AGc I\seqFASTA_sequncel.txt
o [][CJ CAMK
o [ ]I CK1
o ]I CMGC
o ]I PKL
o [JJRGC
o ]I STE
== Remove All Remove Add File
- Atypical
- gg ot:hper Result File List
o [][Z3 Dual
¢ [ Tyrosine Kinase
o~ I3 TK
o [][Z3 Dual
Result Export Folder| || P |
Threshold Console
OHigh @ Medum  Olow  OAl | clear | suomit |

The output directory of prediction results should also be defined. Please click on the “>>”
button to specify the export file fold.

&% Batch Predictor P — |i‘
PKs Sequence File List
¢ []=3 Phosphorylation I\seqFASTA_sequnceq.txt
@[] SerinefMhreonine Kinase  [I\seqiFASTA_sequnce2.txt
o~ ] AGC I\seqFASTA_sequnce3.txt
o= [ cAM 3% 52
o ]I CcK1
o= ]33 cmMg . oo
fifr: 352 MEIEEEE
o= ]33 PKL
o [JCIRGY | |Jresult
o= [ STE
o= []C3 TKL
o [ Atypi
o= [][] Othe
o [][Z3 Dual
¢ [ Tyrosing
o 37K
o [CToual | SriE&M): |seq |
STHEEID: [Folder |~
|
Result Export Folder| || = |
Threshold Console
OHigh @ Medum  Olow  Oal [ cear | sumit |

5. Choose one or more kinases from Kinase Hierarchy Tree, and then pick a Threshold,
click on the Submit button, then the Batch Predictor will begin to process all of the
sequence files that have been added to the list. The results of predictions will be exported
to the Prediction Export Fold, and the name of result files will be shown in the Prediction

10
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File List.

-
‘ﬁ Batch Predictor

PKs

Sequence File List

9 [] =3 Phosphorylation
¢ [] 3 Serine/Threcnine Kinase
o [ acc
o [ cAMK
7 I3 Kl
o [v] 3 CK1
o W] TTBK
o CIVRK
[J3cuee
I3 PKL
[ m=]icle
[J3sTE
I3 TKL
] =3 Atypical
[]3 other
13 Dual
¢ [ Tyrosine Kinase
= JETK
o [][Z3 Dual

YT T YTYTY

?

IseqFASTA_sequnceq.txt
I\seqFASTA_sequnce2.txt
seqFASTA_sequnced.txt

Remove All

Remove Add File

Result File List

IseqiresulfFASTA_sequncei.gps.txt
IseqiresulfFASTA_sequnce2.gps.txt
lseqiresulfFASTA_sequnce3.gps.txt

Result Export Folder |I:\seq\result

|| >>|

Threshold

i) High ® Medium ) Low

Console

Oan [ clear

Submit

1
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Prediction of Species-specific Kinase-specific

Phosphorylation Sites

Direct Prediction

An advance feature of GPS 5.0 is Prediction of Species-specific Kinase-specific
Phosphorylation Sites. Users can predict phosphorylation sites in different species. Since
there isn’t a standard principle classification for all animals and plants, we applied the
kinases classification for eukaryotes from a new published database - iIEKPD, which is a
eukaryotic protein kinases and protein phosphatases database. Kinases and phosphatases
in 164 species are classified in a hierarchy structure, including group, family and single
protein.

To predict phosphorylation sites in 161 species, users could open the species-specific
prediction interface by clicking the item “GPS 5.0 — Species-specific” item in “Tools”
menu.

&% GPS5.0 o [
File 'lools‘ Help
ﬂt _% GPS 5.0 - Species-specific ci-c fredicted Sites

? Batch Predictor Cirl-B FIEls Code Kinase Peptide Score Cutoff

Performance Ctrl-P

Domain Graph Ctrl-D

- []C3cKl
o [ CMGC
o [JEIPKL
o~ [JCIRGC
o CICISTE
o I3 TKL
o= [] =3 Atypical
o= [] 3 Other
o [][3Dual
¢ [ =3 Tyrosine Kinase

o CJE3TK

o= []=JDual

Enter sequence(s) in FASTA format

Threshold Console

) High ® Medium ) Low Al Example Clear Submit

Similar with the classical version, this prediction interface also allows users to input their
protein sequences into the “TEXT form” for prediction. One or more protein sequences
should be prepared in FATSA format as below:

>proteinl

12
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XAXXXX XX XX XX XX
XXXXXXXX

>protein2

XXX XXX XXX XXXXXXX...
>protein3
XAXXXXXXXXXXX

Please note: All irregular words, including non-amino acid word (eg, number) and blank,
will be removed automatically. As an instance, we put human Beclin-1 protein sequence
as an example for GPS 5.0. Users could click on the “Example” button to access the

example.

2% GPS 5.0 - Species-specific module = =
File Tools Help
PKs Predicted Sites
¢ [] =3 Phosphorylation Position Code Kinase Peptide Score Cutoff
¢ []=3 Serine/Threonine Kinase
¢ [ljAce
0 Ak
1 [ owek
[ sR&
] [ masT
[ [y noR
1 [ PDKA
[y Pra
[y Pre
[y Pke
[ PR
IRIRLE
[0 sek
o [ CAMK
- ]I cKl =
& Co3cmec Enter sequence(s) in FASTA format
0
[>Example (human Beclin-1)
o CJE3PKL MEGSHT SIS TMQVS FVCQRCSQPLELDT SFKILORVI IQELTAFLLTTAQRKEGETQEE
& CICIRGC ETNSGEEPFIET PRQDEVSEREL PPARMMSTESANSFILIGERSDGGTMENLSRRLEVIG
DLFDIMIGQTLVDHPLCEECT DTLLDQLOTQLNVIENECONYKRCLEILEQMNEDDSEQL
o [JC3STE MELKELALEFFRLIQELEDVEKNRETVAENLEKVAEAFRLDQEEA)YQREYSEFERQ)
o CoITRL [LELDDELESVENQMRYAQTQLDKLEKTNVENAT FHIRHSGQFGT INNFRLGRLESVEVER
) E INARRGQTVLLLEALANKMGLKFQRYRLVPYGNHSYLESLTDESKELFLYCSGELREF
o= [[] = Atypical WDNKEDHAMVAFLDCVQQFHEEVEKGE TRFECLEYRMIVEKGKTEDTGESGES Y STHTQFN
& [ Otner SEEQWTKALKFMLINLERGLARVSSQFYNE
o ][] Dual
Tyrosine Kinase =
Ll Options Console
- CJEJTK
o [ Dual ‘Organism = Threshold |Medium |v| | Example Clear Submit

Choose a species from the Organism L.ist.

13
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-,ﬂ GPS 5.0 - Species-specific module
File Tools Help
PKs Predicted Sites
¢ [[]=J Phosphorylation Position Code Kinase Peptide Scare Cutoff
¢ [ =] SerinefThreonine Kinase
¢ [CIE3AGC
DA
] [ ouek
[ srRe
[ [ masT
[y MoR
1 [ POKA
IR
[ PrC
[ PG
1 [ PeN
O Rsk
[0 sek
o [] 9 CAMK
o []JCK1
Enter sequence(s) in FASTA format
o []3cmGe _
>Example (human Beclin-1)
o CICIPKL MEGSKTSHNSTMIVSFVCQRCSQPLELDT SFKI LDRVT IQELTAFLLTTAQAKPGETQEE
o [ICIReC [ETNSGEEPFIETPRQDGVSREFI PEARMMSTESANSFTLIGERSDGGTMENLSRRLEVIG
DLFDIMSGHTDVDHELCEECT DQLDTQLNVIENECQNYKRCLEILEQMNEDDSEQL
o [JCISTE MELKELAT i | « |[RETVAENLEEVQAEAFRLDQEELQYQREYSEFERQ)
- CICITHL [LELDDELES|AS, musculus | = |KEINVEHATFEINESGQEGT INNFRLGRLPSVEVER
NETNARRSOlD norvegicus| |FRRYELVEYGNESYLESLTDKSKELFLYCSGELREE
o [[] =] Atypical [NDNHFDHAMY [KGETRFCLEYRMOVERGKIEDTGESGG5YSTRTQFN
SEEQWTERLY SQFYNK
o [] [ Other C. elegans
o []3Dual S. pombe
Tyrosine Kinase = S. cerevisiae
¢ g Optiens |4 o = Console
- JE3TK =
o ] Dual Organism |H. sapiens |v Threshold |Medinm |v| | Example | Clear Submit
&% GPS 5.0 - Species-specific module | =& =
File Tools Help
PKs Predicted Sites
¢ [[]=J Phosphorylation Position Code Kinase Peptide Scare Cutoff
¢ [ =] SerinefThreonine Kinase
¢ ¥l T AGC
DA
[ ouek
[ srRe
[ masT
[y DR
[ POKA
[ PrA
[ PrC
[ ke
[ PeN
[RLES
[ sek
o [] 9 CAMK
o []JCK1
o+ [JC3cnec Enter sequence(s) in FASTA format
! >Example (human Beclin-1)
o CICIPKL MEGSKTSHNSTMIVSFVCQRCSQPLELDT SFKI LDRVT IQELTAFLLTTAQAKPGETQEE
o [ICIReC [ETNSGEEPFIETPRQDGVSREFI PEARMMSTESANSFTLIGERSDGGTMENLSRRLEVIG
DLFDIMSGQTDVDHPLCEECTDTLLDQLOTQLNVIENECGNYKRCLEILEQMNEDDSEQL
o [JCISTE QMELHELALEEFRLIQELEDVEKNRETVAENLEKVQAEAERLDQEERQYQREYSEFERQD
o O3 TRL [LELDDELKSVENGMRYAQTQLDKLEKTNVENATFHIRHSGQFGT INNFRLGRLESVEVER
MEINAAWGQTVLLLHALANKMELKFQRYRLVEYGNHESYLESLTDKSKELFLYCSGGLREF
o= [ =] Atypical [WDNEFDHAMVAFLDCVQ FKEEVEKGE TRFCLPYRMOVEKGKTEDT GESGG5YSTRTQFN
&[] Otner SEEQWTKRLKFMLTNLERGLAWVSSQFYNK
o= []=3Dual
Tyrosine Kinase =
¢ He Options Console
- JE3TK
o ] Dual Organism Threshold |Medinm |v| | Example Clear Submit

Choose a Threshold what you need, default is Medium
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-.a GPS 5.0 - Species-specific module | = |68 = |
File Tools Help
PKs Predicted Sites
¢ []=3Phosphorylation Position Code Kinase Peptide Score Cutoff
¢ []=J Serine/Threcnine Kinase
¢ MCAGC
[ Axt
[ omek
[ sRK
[ mast
[ nDR
[ PDKA
[ Pra
[ Pre
[y ke
[ Pr
[ RsK
[ sek
o= ][ CAMK
o= ] CcKt
& Co3cmec Enter sequence(s) in FASTA format
PExample (human Beclin-1)
o CJE3PKL MEGSKT SHNSTMQVSFVCQRCSQPLKLDTSFEILORVT IQELTAPLLTTAQAKEPGETQEE
o [JCJRGC [ETNSGEEPFIET PRQDGVSRRF I PPARMMSTESANSFILIGEASDGETMENLSRRLEVIG
[DLFDIMSGQTOVDHPLCEECT DTLLDRLDTQLNVIENECQNYKRCLE ILEQMREDDSEQL
o [JC3STE OMELKELALEEERLIQELEDVEKNRKIVAENLEKVOAEAERLDQEEAQYOREYSEFERDQ
o DI THL ILELDDELKSVENQMRYAQTQLDKLEKTNVFNAT FHIWHSGQFGT INNFRLGRLESVEVEN
) IE INAARGQTVLLLEALANEMGLKF QR YRLVEYGHHSYLESLTDKSKELPLYCSGELREF
o~ ][] Atypical [WONKFDHAMVAFLDCVO FREEVEKGE TRECLEYRMOVEKGKTEDT G55GESYSTRTQFN
& [ Otner SEEQWTKALKFMLINLEWGLAWVSSQEYNE
o ][] Dual
Tyrosine Kinase =
+HEw Options Console
- CJEJTK
o ]9 Dual Organism Threshold |Medium |v| | Example | Clear | Submit |

Click on the Submit button,

then the predicted phosphorylation sites will be shown.

-.a GPS 5.0 - Species-specific module | = | E = ‘
File Tools Help
PKs Predicted Sites
¢ [] =3 Phosphorylation Position Code Kinase Peptide Score Cutoff
¢ []= Serine/Threcnine Kinase 29995 2 :gg m 1E :‘?N;: ;;é; E;SE -
¢ V] AGC 10 3 AGCIAK GEKISNNSTHQVSEV 8377 8272
[ Akt a0 B AGCIAK TEERRMMGTESANGE 9777 8272
D DMPK 234 S AGCIAKL AQYQREYSEFKRQRL 10.066 8272 |=
[ GRK 295 s AGCIAKE FRLGRLESVEVEWNE 9483 8272
7 5 AGC/IDMPK *MEGSKISNNSIMQV 14012 | 11806
D MAST 22 S AGC/DMPK SFVCQRCSQPLELDT 12.001 11.906
D NDR a8 T AGC/DMPK FKILDRVIIQELTAP 15.24 11.906 |
D POKA a0 E AGC/DMPK IPPARMMSTESANSF 13.036 11.906
434 T AGCIDMPK KALKFHLINLEWGLA 12301 | 11806
[ Pra 10 5 AGCIGRK GSKTSHNS TMQVSEV 61.024 | 59564
D PKC 93 S AGCIGRK ARMMSTESANSFTLI 61.212 59.564
[ ke 113 5 AGCIGRK GGTMENLSRELEVIG 54160 | 50.564
119 T AGCIGRK LSERLEVIGDLFDIM 60.887 59.564
[ PR 155 T AGCIGRK LDTQLIVIENECGNY 60346 | 59564
[ RsK 177 S AGCIGRK EQMUEDDSEQLGMEL 67.07 59.564
D SGK 295 S AGCIGRK FRLGRLESVEVEWNE 63.699 59.564
o [T CAVK 426 T AGCIGRK FNSEEQWIRRLREML 53.981 | 59.564
259 T AGCIMAST NOMRYZRQTQLDKLEE 2109 1.801 | =]
o= ] CcKt =
& Co3cmec Enter sequence(s) in FASTA format
[>Example (human Beclin-1)
o CJE3PKL MEGSKT SHNSTMGVSFVCQRCSQPLKLDT SFRILORVTIQELTAFLLT TAQAKEGETQEE
& []CJREC [ETNSGEEPFIETPRQDGVSRRF [ PPARMMSTESANSFILIGEASDGETMENLSRRLEVIG
DLEDIMSGQIOVDHELCEECT DTLLDGLOTQLNVIENECQNYKRCLE ILEQMNEDDSEQL
o~ [ STE OMELKELALEEERLIQFLEDVEKNRETVAFNLEKVQAFAFRLDGEEAQYQREY SEFRRQD
e TR ILE LDDELKSVENQMRYAQTQLDKLKKINVENAT FHIWHSGREGT INNFRLGRLESVEVER
NE INARRGQTVLLLE ALANKMGLKFQRYRLVEYGNHSYLESLTDESKELPLYCSGELREF
o~ ][] Atypical [WDNKFDHAMVAFLDCVQ) FREEVERGE TRFCLPYRMOVEKGKTEDTGG56G5YSTRTQFN
& 19 Otner SEEQWTHALKFMLINLKWGLAWVSSQFYNK
o ][] Dual
¢ I3 Tyrosine Kinase Options oo
- CJEJTK
& [ Dual Organism Threshold |Medium |v| | Example Clear Submit
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Batch Prediction

In GPS 5.0 — Species-specific prediction interface, we also provide an alternative approach
for processing multiple protein sequences. If the file is large, the Batch Predictor will be
convenient for users. The usage is similar to the Batch Prediction of Direct Prediction.
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Algorithms and Prediction Performance

Algorithm Design

To predict kinase-specific phosphorylation sites, a series of GPS (Group-based
Phosphorylation Scoring) algorithm were maintained and improved in the past few years
23, The basic hypothesis of GPS algorithm is that highly similar short peptides bear similar
biochemical properties for the modification. Therefore, we defined a phosphorylation site
peptide PSP(m, n) as a pS, pT or pY amino acid flanked by m residues upstream and n
residues downstream. Then we used the amino acid substitution matrix BLOSUMG62 to
calculate the similarity between two PSP (m, n) peptides.

In GPS 5.0, a new hypothesis is that long flanking regions around p-sites might be
important for the recognition of PKs, which are bulky molecules to interact with
phosphorylatable residues. Thus the GPS 5.0 is upgraded in basis of GPS 2.1 and contained
two parts: the scoring strategy and performance improvement.

The scoring strategy defined the average similarity score (S) between a PSP(30,30) peptide

P and peptides around all known p-sites in the training data set:
L-31

= (ZMM 5D X W,

j==-30 i=

Where L is the length of the PSP(30, 30) peptide and equal to 61 to represent a relatively
long flanking region. N is the number of known p-sites in the positive data set. Tjj is the
amino acid at position j around a known p-site Ti (i=1, 2, 3, ..., N). Wj is the weight value

of position j, and Mrain represents the optimized amino acid substitution matrix.

The performance improvement comprises two parts, the MLS and MaM in GPS 2.1 were
upgraded into PWD and SMO, respectively.

(i) PWD: The amino acid substitution matrix BLOSUM®62 (MgLosums2) Was used to
calculate an average similarity score at the position j of a PSP(30, 30) peptide P as S;:

, 1
S; =W, NZ Mgrosumez2[P), Tij])

i=1
Initially, the weight value of each position W; in the PSP(30, 30) peptide was set to 1. Then
the one-vs-rest (OVR) classifier with the ridge (L2) penalty of the LR algorithm was used

to optimize W; values, by applying the "newton-cg” solver in the class

17
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LogisticRegressionCV of scikit-learn v0.21.0 (https://scikit-learn.org/). To avoid over-

fitting, such a procedure was repeated for 100 times and 10-fold cross-validation was
conducted to determine the inverse of regularization strength of each time. Receiver
operating characteristic (ROC) curves were illustrated, and area under curve (AUC) values
were calculated. The optimal Wj vectors were determined based on the highest AUC value:
Wi = W_sg, .., W_q, Wo, Wy, ..., Wy

In order to evaluate position-specific contributions of flanking regions around p-sites for
different PK clusters, the W; vectors were normalized into -1 to 1 based on the maximum
absolute value.

(i) SMO: The average similarity score of an amino acid a in the given PSP(30, 30)

peptide P and a residue b in peptides around all known p-sites was defined as Sab:
L-31

1
Sap = N Z Ci X Mposumezla, b] X W;
j=—30

Where C;j is the number of ab amino acid pairs at position j. In BLOSUMG62, there were
24 types of characters including 20 types of amino acids and 4 non-canonical characters
(B, Z X and *). Thus, a number of [24*(24+1)]/2=300 unique Sab scores (Sab = Spa) Were
generated. Then, the same LR algorithm was used to optimize all of Sa, scores to produce

a new matrix Mtrain:

Miyain = (SAA'SAC'SAD' ,S**)300

18
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Evaluation of Prediction Performances

Performance measurements

To evaluate the prediction performances, four standard measurements were used, including

accuracy (Ac), sensitivity (Sn), specificity (Sp) and Mathew correlation coefficient (MCC).

Accuracy (Ac) represents the correct ratio between both positive (+) and negative (-) data
sets, while sensitivity (Sn) and specificity (Sp) illustrate the correct prediction ratios of

positive (+) and negative data (-) sets respectively. Since the number of positive data and

negative data differed too much from each other, the Mathew correlation coefficient (MCC)
was also included. The value of MCC ranges from -1 to 1, and a larger MCC value stands

for better prediction performance.

Among the data with positive hits by GPS 5.0, the real positives were defined as true
positives (TP), while the others were defined as false positives (FP). Among the data with
negative predictions, the real positives were defined as false negatives (FN), while the
others were defined as true negatives (TN). The four measurements of sensitivity (Sn),
specificity (Sp), accuracy (Ac), and Mathew correlation coefficient (MCC) were defined
as below:
Sn= L Sp= A
TP+FN TN+ FP
co TP+TN
TP+FP+TN+FN '’

(TPxTN)—(FN x FP)
JaOP+FN)x (TN +FP)x(TP+FP)x (TN +FN) -

and

MCC =

The self-consistency, leave-one-out validation and n-fold cross-validation

The self-consistency used the training positive data and negative data directly to evaluate
the prediction performance, and represented the computational power of the prediction
system. However, the robustness and stability of the software should also be evaluated by
leave-one-out validation and n-fold cross-validation. In the leave-one-out validation,
which is also called as Jack-Knife validation, each sites in the dataset was picked out in
turn as an independent test sample, and all the remaining sites were regarded as training
data. This process was repeated until each site was used as test data one time. In n-fold
cross-validation all the (+) sites and (-) sites were combined and then divided equally into
n parts, keeping the same distribution of (+) and (-) sites in each part. Then n-1 parts were
merged into a training data set while the remanent part was taken as a testing data set. This
process was repeated twenty times and the average performance of n-fold cross- validation
was used to estimate the performance. In this work, the performances of validation were
calculated for all PK groups. And the 10-fold cross-validations were performed for PK
groups with the number of positive data > 30 and leave-one-out validation were calculated
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for PK groups with the number of positive data << 30. All validation performances of
GPS 5.0 have been included in Performance option in the Tools menu.

Accessing of prediction performances of GPS 5.0 with related information

To check the prediction performance of the 479 human PKSs just select the Performance
option in the Tools menu.

Choose a kinase what you want check from the Kinase Hierarchy Tree.

% Performance - : I— % |
PKs Kinase Information
¢ [ Phospharylation Mame Group Family UniProt
¢ ] Serine/Threonine Kinase AKT1 AGC Akt AKTT HUMAN o
¢ CIAGC AKT2 AGC Akt AKT2 HUMAN
[ Akt AKT3 AGC Akt AKT3 HUNAN
CDC42BPA AGC DMPK MRCKA HUMAMN
[ puPk CDC428PB AGC DMPK WRCKE_HUMAN
D GRK CDC42BPG AGC DMPK MRCKE HUMAMN =
[y masT CIT AGC DMPK CTRO HUMAN
D MDR DMPK AGC DMPK DMPK. HUMAMN
[ oK GRK1 AGC GRK RK_HUNMAN
GRK2 AGC GRK ARBK1 HUMAN
[ Pra GRK3 AGC GRK ARBKZ HUMAN
IR GRK4 AGC GRK GRK4 HUMAN
[y PkG GRKS AGC GRK GRKS HUMAN
D PRI GRKG AGC GRK GRKE HUMAMN
GRKT AGC GRK GRKT HUMAN
[ Rk LATST AGC NDR LATST HUMAN
[ sek LATSZ AGC NDR LATSZ HUMAN
o[O3 CAMK MAST1 AGC MAST MAST1 HUMAN
- cKi WAST2 AGC WMAST MASTZ HUMAN
e CAcnec MAST3 AGC MAST MAST2 HUMAN
WMAST4 AGC WMAST MASTA HUMAN
o JPKL MASTL AGC MAST GWL HUMAN
o~ [JRGC PDPK1 AGC PDK1 PDPK1_HUMAN
o 3 8TE PEM1 AGC PKM PKM1 HUMAN
o= ] TKL PKNZ AGC PKN PKMNZ HUMAN i
o= [ Atypical Prediction Performance
o [ Other Cutoff AC sn Sp Mee
o[ Dual _ (=]
o 9 Tyrosine Kinase High 1.9250 96.42% 39.48% 97.65% 03070 |~
- TK Medium 03860 9272% 57.38% 93 49% 02768 C
o [ Dual Low -0.3970 88.88% 67 86% 89.33% 02548 ||

Then Kinase Information and Prediction Performance of the kinase are shown in the
tables.
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T o — —

ﬁ Performance |i|
PKs Kinase Information
¢ [ Phospharylation Mame Group Family UniProt
¢ ] Serine/Threonine Kinase AKT1 AGC Akt AKTT HUMAN 1
o CJAGC AKTZ AGC Akt AKT2 HUMAN
[ Ak AKT3 AGC Akt AKT3 HUNAN
CDC42BPA AGC DMPK MRCKA HUMAMN
[ puPk CDC428PB AGC DMPK WRCKE_HUMAN
D GRK CDC42BPG AGC DMPK MECKG HUMAN E
D MAST CIT AGC DMPK CTRO HUMAN
D MDR DMPK AGC DMPK DMPK. HUMAMN
GRK1 AGC GRK RK_HUMAN
[ Pok GRKZ AGC GRK ARBK1 HUMAN
[ Pra GRK3 AGC GRK ARBKZ HUMAN |
IR GRK4 AGC GRK GRK4 HUMAN
[ PG GRKS AGC GRK GRKS HUMAN
GRKG AGC GRK GRKG HUMAN
[y e GRK7 AGC GRK GRKZ_HUMAN
IRES LATS1 AGC NDR LATS1 HUKMAN
[ sek LATS2 AGC NDR LATSZ HUMAN
o [ CAMK MAST1 AGC MAST MAST1 HUMAN
- cKi WAST2 AGC WMAST MASTZ HUMAN
e CAcnec MAST3 AGC MAST MAST2 HUMAN
WMAST4 AGC WMAST MAST4 HUMAN
o JPKL MASTL AGC MAST GWL HUMAN
o~ [JRGC PDPK1 AGC PDK1 PDPK1_HUMAN
o 3 8TE PEM1 AGC PKM PKM1 HUMAN al
o I TKL PKN2 AGC PKN PKN2 HUMAN A i
o= [ Atypical ~PrEdIcton Performance
o ] Other Cutaff Ac sn Sp Mec
o[ Dual _ (=]
o 9 Tyrosine Kinase High 1.9250 96.42% 39.48% 97.65% 03070 |~
- TK Medium 03860 9272% 57.38% 93 49% 0.2768 =
o [ Dual Low -0.3970 88.38% 67 86% 89.33% 02548 |+

If you want get more kinase information, you can click on the hyperlinks in the table.

T o — —

ﬁ Performance |i|
PKs Kinase Information
¢ [ Phospharylation Mame Group Family UniProf
¢ ] Serine/Threonine Kinase AKT1 AGC Akt AKTT HUMAN —
o CIRGE AKT2 AGC Akt ERTZ HOWEN
[ Akt AKT3 AGC Akt AKT3 HUMAN
CDC42BPA AGC DMPK MRCKA HUMAN
[ puPk CDC425FB AGC DIWPK MRCKE_HUMAN
D GRK CDC42BPG AGC DMPK MECKG HUMAN =
D MAST CIT AGC DMPK CTRO HUMAN
[ NDR DMPK AGC DMPK DMPK_HUMAN
GRK1 AGC GRK RK_HUMAN
[ PoK1 GRKZ AGC GRK ARBK1 HUMAN
[ Pra GRK3 AGC GRK ARBKZ HUMAN
IR GRK4 AGC GRK GRK4 HUMAN
[ Pke GRK5 AGC GRK GRKS HUMAN
GRKB AGC GRK GRKE_HUMAN
[y e GRK7 AGC GRK GRK7 _HUMAN
IRES LATS1 AGC NDR LATS1 HUKMAN
[ sek LATS2 AGC NDR LATSZ HUWMAN
- O CANK MASTA AGC WMAST MAST1 HUMAN
- 9 oK1 WMAST2 AGC WMAST MASTZ HUWAN
JR=pU MAST3 AGC WMAST MAST2 HUWAN
MAST4 AGC WMAST MAST4 HUWAN
o JPKL MASTL AGC MAST GWL HUMAN
~[CJRGC PDPK1 AGC PDK1 PDPK1_HUMAN
= [JSTE PKNT AGC PKN PKN1_HUMAN |
= [ TKL PKN2 AGC PKN PKNZ HUMAN Bd
o= [ Atypical Prediction Performance
o [ Other Cutoff Ac sSn Sp Mce
o JDual High 1.9250 96.42% 29.48% 97.65% 03070 |l
¢ ] Tyrosine Kinase < : . . : - B
= TK Medium 0.3860 92.72% 57.38% 93 49% 02788 |=
o 3 Dual Low -0.3970 28.88% 67.86% 89.33% 02543 |+

The hyperlinks will access the UniProt database and show you the detailed information of
the kinases.
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Advanced~ ‘@ Search

Help Contact | |

B Other tutorials and videos® Help video™® Feedback

Display N BLAST lign £Format @ Add to baskst @ History
Protein] RAC-alpha serin/threonine.protein kinase
Publications

Gene | AKT1

Feature viewer Organism ‘Homo sapiens (Human)

Feature table

Slatusl M Reviewed - i : - i I avidence at protein level!
None

DR o~

H AKT1 is one of 3 closely related serine/threonine-protein kinases (AKT1, AKT2 and AKT3) called the AKT kinase, and which regulate many processes including metabolism, proliferation, cell
E Subcellular location survival, growth and angiogenesis. This is mediated through serine and/or threonine phosphorylation of a range of downstream substrates. Over 100 substrate candidates have been reported

22



GPS Manual

References

© o N g0 R

[ R S T T T o =
© ©o N Ok~ wWwDDEFE O

G. Manning, D. B. Whyte, R. Martinez et al., Science 298 (5600), 1912 (2002).

Y. Xue, F. Zhou, M. Zhu et al., Nucleic Acids Res 33 (Web Server issue), W184 (2005).

F. F. Zhou, Y. Xue, G. L. Chen et al., Biochem Biophys Res Commun 325 (4), 1443 (2004).

Y. Xue, A. Li, L. Wang et al., BMC Bioinformatics 7, 163 (2006).

N. Blom, T. Sicheritz-Ponten, R. Gupta et al., Proteomics 4 (6), 1633 (2004).

J. C. Obenauer, L. C. Cantley, and M. B. Yaffe, Nucleic Acids Res 31 (13), 3635 (2003).

H.D. Huang, T. Y. Lee, S. W. Tzeng et al., Nucleic Acids Res 33 (Web Server issue), W226 (2005).
J. H. Kim, J. Lee, B. Oh et al., Bioinformatics 20 (17), 3179 (2004).

R. I. Brinkworth, R. A. Breinl, and B. Kobe, Proc Natl Acad Sci U S A 100 (1), 74 (2003).

T. Li, F. Li, and X. Zhang, Proteins (2007).

G. Neuberger, G. Schneider, and F. Eisenhaber, Biology direct 2, 1 (2007).

Y. H. Wong, T. Y. Lee, H. K. Liang et al., Nucleic Acids Res 35 (Web Server issue), W588 (2007).
F. Diella, S. Cameron, C. Gemund et al., BMC Bioinformatics 5 (1), 79 (2004).

P. V. Hornbeck, I. Chabra, J. M. Kornhauser et al., Proteomics 4 (6), 1551 (2004).

L. M. lakoucheva, P. Radivojac, C. J. Brown et al., Nucleic Acids Res 32 (3), 1037 (2004).

N. Blom, S. Gammeltoft, and S. Brunak, J Mol Biol 294 (5), 1351 (1999).

C. R. Ingrell, M. L. Miller, O. N. Jensen et al., Bioinformatics 23 (7), 895 (2007).

Y. R. Tang, Y. Z. Chen, C. A. Canchaya et al., Protein Eng Des Sel 20 (8), 405 (2007).

R. Linding, L. J. Jensen, G. J. Ostheimer et al., Cell 129 (7), 1415 (2007).

23



GPS Manual

Release Note

. Jan. 1st, 2008, the online service and the local stand-alone packages of GPS 2.0 were
released. The stand-alone software of GPS 2.0 could support Windows Operating
Systems.

. Jan. 29th, 2008, a bug was found that the version 2.0 couldn’t be used under non-
English Operating Systems. We fixed the bug and released the version 2.0.1 beta
version. We thank Dr. Miguel Angel Sanchez (Malaga, Spain) and Dr. Gilles Vachon
(Universite J. Fourier, France) to send us feedbacks.

. Apr. 13th, 2008, The GPS 2.0.1 was released, with online service and local packages,
to support three major Operating Systems, including Windows, Linux/Unix and Mac.
Also, the GPS 2.0.1 manual was updated and included in the packages.

Mar. 1st, 2009, The GPS 2.1 was released, with online service and local packages and
support three major Operating Systems including Windows, Linux/Unix and Mac. In
this version, the newly developed motif length selection (MLS) method was introduced
and the robustness of the prediction system was greatly improved.

. Jul. 21st, 2009, The GPS 2.1.1 was released, with online service and local packages
and support three major Operating Systems including Windows, Linux/Unix and Mac.
. Sep. 13th, 2012, The GPS 2.1.2 was released, with online service and local packages
and support three major Operating Systems including Windows, Linux/Unix and Mac.
Dec. 14th, 2014, The GPS 3.0 was released, with online service and local packages and
support three major Operating Systems including Windows, Linux/Unix and Mac. In
this version, k-means clustering, peptide selection (PS), and weight training (WT)
procedures were added to enhance the prediction performance.

. Jul. 20th, 2019, The GPS 5.0 was released, with online service and local packages and
support three major Operating Systems including Windows, Linux/Unix and Mac. In
this version, two novel methods of position weight determination (PWD) and scoring
matrix optimization (SMO) were developed to improve the performance for kinase-
specific phosphorylation sites prediction. Meanwhile, the GPS 5.0 manual was updated
and included in the packages.
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