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Outline

e How I-TASSER generates protein structure and function predictions
using XSEDE Comet?



Protein structure and function prediction
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I-TASSER Gateway: structure and function prediction
COACH/COFACTOR

Structure re-assembly

Structure assembly
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I-TASSER Gateway: energy function for structure prediction

Structure assembly

I-TASSER energy function:

EI-TASSER_ Eknowledge-based

threading-template-derived

+
E user-specified

https://zhanglab.ccmb.med.umich.edu/potential/

Template Cluster Centroid


https://zhanglab.ccmb.med.umich.edu/potential/

I-TASSER Gateway: integration with XSEDE Comet

User
Community

Deposit user mPUt Web interface for \Dalbasd Web interface for <:| Webserver layer
by CGI script. | sequence input - | model output

S
Pre-process, Dy
transfer and post- I
: [E—] = Result webpage

;I;rocesstdsta flllets = 3 — Senegtion <:I Zhang-cluster layer

Yy crontab script. =1 =

l‘[ RSYNC

Submit simulation \

job and clean up [NE=—"9 . Ne=—"9 .. Ne=—"9 |7 Comet-cluster layer

= = (] =
old data by crontab. = - = - = = ]




I-TASSER Gateway: popularity
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Outline

e How to use the I-TASSER Gateway and interpret the output results?
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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I-TASSER Gateway: citations

1400+
1200+

1000+

800}

600}

400}

200} I
e

2008 2009 2010 2011 2012 2013 2014 2015 2016
year

MCR-1
(phospho-
ethanolamine
transferases)

Liu, Yi-Yun, et al.
The Lancet infectious diseases
16.2 (2016): 161-168.

10



How to submit |'TASSE_R JobS?  1itp:/izhanglab.comb.med.umich.edu/l-TASSER/
I-TASSER

) Protein Structure & Function Predictions.

(The server completed predictions for 351289 proteins submitted by 85624 users from 134 countries)
he template library was updated on 2017/09/07)

I-TASSER (Iterative Threading ASSEmbly Refinement) is a hierarchical approach to protein structure and function prediction. It first identifies structural templates from the PDB by muitiple threading approach LOMETS, with full-length atomic models constructed by
iterative template fragment assembly simulations. Function insights of the target are then derived by threading the 3D models through protein function database BioLIP. -TASSER (as 'Zhang-Server) was ranked as the No 1 server for protein structure prediction in recent
community-wide CASP7, CASP8. CASP9, CASP10, CASP11, and CASP12 experiments. It was also ranked as the best for function prediction in CASPS. The server is in active development with the goal to provide the most accurate structural and function predictions
using state-of-the-art algorithms. Please report problems and questions at - TASSER message board and our members will study and answer the questions asap. (== More about the server ...)

[Queue] [Forum] [Download] [Search] [Registration] [Statistics] [Remove] [Potential] [Decoys] [News] [Annotation] [Aboul] [FAQ]

I-TASSER On-line Server (View an example of I-TASSER output):

Copy and paste your sequence helow ([10, 1500] residues in FASTA format). Click here fora sample input:

Or upload the sequence from your local computer:

Browse... | No file selected.

Email: (mandatory. where results will be sent to)

Password: (mandatory, please click here if you do not have a password)

IDx {optional, your given name of the protein)

b Optlon 1: Assign additional restraints & templates to guide I-TASSER modeling.

> ‘Option 11: Exclude some templates from [ TASSER template library.

’ Optlon I11: Specify secondary structure for specific residues.

@ Keep my results public {uncheck this box if you want to keep vour job private. A key will be assigned for you to access the results)

11
Run I-TASSER | Clear form |



http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

Copy and paste your sequence below ([10, 1500] residues in EASTA format). Click here for a sample input:

How to introduce
external restraints?

Or upload the sequence from your local computer:

| Browse... | No file selected. DIST 124 CA 84 CA 17.4
CONTACT 37 345

Email: {mandatory, where results will be sent to)

Password: (mandatory, please click here if vou do not have a password)

ID: (optional, vour given name of the protein)

b Option I: Assign additional restraints & templates to guide FTASSER modeling.

(Read more explanation on how to add restraints)

© Assign contact/distance restraints | Browse... | No file selected. Atom-atom restraints Explanation
© Specify template without alignment | Type a PDB ID Explanation
© Specify template without alignment | Browse... | Mo file selected. Upload a structure Explanation

© Specify template with alignment | Browse... | No file selected. Template & alignment Explanation



How to interpret -TASSER result?

[Home] [Server] [Queue] [About] [Remove] [Statistics]

I-TASSER results for job id S205619

[Click on S205619_results.tar.bz2 to download the tarball file including all modeling results listed on this page]

(Click on Annotation of I-TASSER Output to read the instructions for how to interpret the results on this page)

Submitted Sequence in

>protein
DFILLGFSDHPRLEAVLFVFVLFFYLLTLVGNFTIIIISYLDPPLHTPMYFFLSNLSLLD
ICFTTSLAPQTLVNLORPKKTITYGGCVAQLYISLALGSTECILLADMALDRYIAVCKPL
HYVVIMNPRLCOQLASISWLSGLASSLIHATFTLQLPLCGNHRLDHFICEVPALLKLACY
DTTVNELVLFVVSVYLFVVIPPALISISYGFITQAVLRIKSYEARHKAFSTCSSHLTVVII
FYGTIIYVYLQPSDSYAQDQGKFISLFYTMVTPTLNPIIYTLRNKDMKEALRKLLSGK

Predicted Secondary Structure

20 40 60 80 lo@ 1260 140

| | | | |
Sequence DFILLGFSDHPRLEAVLFVFVLFFYLLTLYGNFTIIIISYLDPPLHTPMYFFLSNLSLLDICFTTSLAPQTLVNLQRPKKTITYGGCVAQLYISLALGSTECILLADMALDRYIAVCKPLHYVVIMNPRLCQOLASISWLS
Prediction C55S5SCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCHHHHHHHHHHHHHHHHC CCHHHHHHHHC CCCCS SCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHC CCCCCCCCCCHHHHHHHHHHHHHK

Conf.Score 949972799851799999999999999999889998988738876674888866799877887624789998984689966718! 9865066625544587146887999999999999
H:Helix; S:Strand; C:Coil

k
Predicted Solvent Accessibility )

20 40 60 80 lo@ 120 140
|

| | | | |

Sequence DFILLGFSDHPRLEAVLFVFVLFFYLLTLVGNFTIIIISYLDPPLHTPMYFFLSNLSLLDICFTTSLAPQTLVNLORPKKTITYGGCYAQLYISLALGSTECILLADMALDRY IAVCKPLHYVVIMNPRLCQOLASISWLS

Prediction 70000000432400110023033313313333320020020013000000010200000001610020030000011662301010022012201300210026000100300000002102000000330000001160611
Values range from @ (buried residue) to 9 (highly exposed residue)

http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

How to interpret -TASSER result?
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

How to interpret I-TASSER results?

http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

Top 10 threading templates used by I-TASSER

Rank PDBE Ildenl lden2 Cov Morm. Download 20 48 6o
Hit Z-score  Align. | | |

sec.Str C55555CCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHC CCCCCCHHHHHHHHHHHHHHHHCCC
Seq DFILLGFSDHPRLEAVLFVFVLFFYLLTLVGNFTIIIISYLDPPLHTPMYFFLSNLSLLDICFTTSL

1 3ZemlA 0.19 023 092 390 Download @ @~ @ ---------- IMGSSVYITVELATAVLATLGNVLYVCWAVWLNSNLONVTNY FYVSLAAADTAVGVLA
2 Jv2yA 0.20 024 089 213 Download @~ @20 -------- DKENSIKLTSVVFILICCFITLENTFVLLTIWKTKKFHRF YYFIGNLALSDLLAGVAY
3 3phla 0.1 0.21 087 227 Download @ =  ---------------- YALSYCALTLATVFGNGLVCMAVLKERALQTTTNYLVVSLAVADLLVATLV
4 2hia 0.17 018 094 252 Download @~ @~ 0--------- DEVWVVGMGIVMSLIVLATVFGNVLVITATAKFERLOTVTNYFITSLACADLVMGLAV
5 4bvna 0.18 026 092 208 Download @~ @ --------- SOOWEAGMSLLMALVVLLIVAGNVLVIAATGSTORLOTLTNLFITSLACADLVVGLLY
6 3JemiA 0.19 0.23 092 424 Download @ @~ @ ----------- MGSSVYTTVELATAVLATLGNVLVCWAVWLNSNLONVTNY FVVSLAAADTAVGVLA
{ 4bvnA 0.17 0.26 093 295 Download @ @~ = o-------- LSQOWEAGMSLLMAL VVLLIVAGNVLVIAATGSTOQRLOTLTNLFITSLACADL VVGLLY
8 4eaza 0.17 0.21 090 275 Download @ @~ 0 0--------- PLGLKVTIVGLYLAVCVGGLLGNCLVYMYVILRHTKMKTATNIYTIFNLALADTLVLLT -
9 3ZemlA 0.20 023 092 538 Download @ @~ 0 o---------- IMGSSVYITVELATAVLATILGNVLVCWAVWLNSNLONVTNY FYVSLAAADIAVGVLA
10 ZydeA 0.17 0.21 095 6.15 Download @ @ = ------------- SSVYTITVELATAVLATLGNVLVCWAVWLNSNLONVTNY FVVSAAAADTLVGVLA

15


http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

How to interpret I-TASSER results?
http://zhanqlab.ccmb.med.umich.edu/I-TASSER/exampIe/

Download Model 1 * Download Model 2
C-score=-0.08 e C-score=-0.78
Estimated TM-score = 0.70+0.12

Estimated RMSD = 6.3+3.0A

16


http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

How to interpret I-TASSER results?

Click
to view
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

0.905
0.895
0.843
0.847
0.846
0.844
0.843
0.843
0.842
0.827

1.31
1.63
2.14
1.26
2.35
2.62
2.00
1.43
2.47
1.92

TM-align

Top 10 Identified stuctural analogs in PDB

0.165 0.936
0.168 0.936
0.176 0.916
0.172 0.5876
0.173 0.923
0.143 0.923
0.196 0.903
0.176 0.879
0.157 0.926
0.171 0.883

Rank PDBE Hit TM-score RMSD® IDEN? Cov Alignment

Download
Download
Download
Download
Download
Download
Download
Download
Download
Download
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

How to interpret I-TASSER results?
. T . http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

Click Cluster PDB Lig Download , . - . .
to view Rank C-score SRR Hit Name Complex Ligand Binding Site Residues
(] 1 0.29 53 4amiA G90 Rep, Mult 90,91,94,95,98,180,181,182,192
0.16 36 2y04A Y01 Rep, Mult 51,55,58,96,128,132,135,139

0.08 24  4ea3A ONN Rep, Mult 71,91,94,95,98,99,192,196,242,%
0.05 12  3dgbA PEPTIDE Rep, Mult 48,112,115,116,118,211,215,218
0.04 18  2ycwA 2CV Rep, Mult 208,211,212,225,228,229,235

g WM

Download the residue-specific ligand binding probability, which is estimated by SVM.
Download the all possible binding ligands and detailed prediction summary.
Download the templates clustering results.

18


http://zhanglab.ccmb.med.umich.edu/I-TASSER/example/

Outline

e How I-TASSER generates protein structure and function predictions
using XSEDE Comet?

e How to use the I-TASSER Gateway and interpret the output results?

e How to improve the quality of the I-TASSER model?

o  Multi-domain protein structure prediction. (Domain partition, domain structure prediction,
domain assembly)

19



How to predict multi-domain protein structure?

EGF-like repeat discoidin I-like discoidin I-like
domain domain

T T T T T T T T 1
1 50 100 150 200 250 300 350 400 450 480

Top 10 threading templates used by I-TASSE

Rank PDB Iden1 Iden2 Cov Norm. Download 80 100 120 140 166 180 200 220 2
Hit Zscore Align. | | | | | | | |
Sec.Str fCCCCCCCCCCCCCCCCCCCCEEHCCCCCCCCCCCCEEERCCCCCCCCCCCCCCCCCCCCCCCCCCEEHCCCCCEEEHCCCCCCCCCCCdrCCCCCCCCCCrCCCCCCCcCCCCCCCCCcCCCCCcCCCCCCCCCCCCCCCCCCCCCEHCCCCCCEEEHCEHCCCLCCCC:
Seq |pDEEEPTSAGPCTPNPCHNGGTCEISEAYRGDTFIGYVCKCPRGFNGIHCQHNINECEVEPCKNGGICTDLVANYSCECPGEFMGRNCQYKCSGPLGIEGGIISNQQITASSTHRALFGLOKWYPYYARLNKKGL TNAWTAAENDRWPWIQINLQRKMRVTGVITQGAKRIG
1 1sddB 040 027 067 3.23 FF3  frmmmmm e oo DRECKMPMGLSTGLIADSQIQASEFWGYWEPKLARLNNGGSYN - - AWIAEKLSTEFNPEPWIQVDMOKEVLLTGIQTQGAKHYL
2 2qqmA 030 0.26 0.87 297 SPX IGRYCGKTPGRIRSSSGILSMVFYTDSAIAKFSANYSVLOSSVSHKCMEALGMESGEIHSDOITASSO - --- YSTNWSAERSRLNYPEN - - GWTPGEDSYREWIQVDLGLLRFVTAVGTQGAISKE]
3 4bxsv 029 028 097 220 MUs EEKSWYFPCSLHTFPAINGVHWHLLNMGGPKDIHVVNFHGQTFTEEGREDNQLGYLPLLPGTFASTKMKPSKIGTWLLETEVRGMQAL HTVIDKDCKLPMGLASGIIQDSQISASGHYGYWEPKLARLNNT GKYNAWS T TKKEHEHPWIQIDLORQVVITGIQTQGTVOLLY
4 2qqjA 037 024 064 266 HHP  fmmmmmmm oo m s o m m o e NCNVPLGMESGRIANEQISASSTYSDG- - - -RWTPQQSRLHGDD - -NGWTPNLDSNKEYLQVDLRFLTMLTAIATQGALISRO;
5 1sddB 044 029 065 7.04  RAP2 = f----mmmommememomee oo ] FCKMPMGLSTGLIADSQIQASEFWG- - - - - - YWEPKLARLNNGGS YNAWIAEKLSTEPWIQVDMOKEVLLTGIQTQGAKHYL
6 2ggjA 037 023 063 181 III] - rmmmmmmm o] NCNVPLGMESGRIANEQISASSTYSGRWTPQQSR- - -- - - - LHGDDNGWTPNLDSNKEYLQVDLRFLTMLTATATQGATSRQ
7 1sddB 031 031 098 438 J11b JDNSHEFHAINGMIYNLPGLRMYEQEWGGSRDIHVVHFHGQTLLENGTQ - QHOLGVWPLLPSKPGWWLLDTEVGEIQRAGMQTPFLIVDHECKMPMGLSTGLIADSQIQASE - - FWGYWEPKLARLNNGGSYNAWIAEKLSTEFNPEPWIQVDMQKEVLLTGIQTQGAKHYL
8 4gz9A 030 028 091 275 I1le SDPECSAKSPGFPEKYPNSLECTYII------------ FAPKMSEGMFCRYDRRYCGOKPGS5SGVSMVEYTDS - ALAKEGFSANYEDAKCMEALGMESGEIHSDQITASSQYGT - - - - - NWSVERSRLNY PE - -NGWTPGEDS YKEWIQVDLGLLRFVTAVGTQGAISTK]
9 2r7eBo 0.31 029 094 365 pgen INGYIMDTLP - GLVMAQDORIRWYLLSMGSNENTHS THFSGHVFTVRKKEEYL YPGVFLPSKAGIWRVECL TGEHLHAGMSTLFLVYSNKCQTPLGMASGHTRDFQTTASGQYGQWAP - - - - - - -| KLARLHYSGS TNAWSTKEPFSWIKVDLLAPMI THGTKTQGARQKF
10 2agoA 0.27 024 0.86 100 RRR6 KMEIILQFLI-EHD------- CKYDWLDIWDGIPH----- VGPLIGKYCGTKTPSELRS - - - STGILS - - - - TFHTDMAVAKDGF SARY}YLVHQCNVPLGMESGRIANEQISASSTYSDGRWTPQQSRLHGDD - - NGWTPNLDSNKEYLQVDLRFLTMLTAIATQGSRETQ

THrReEaDowvi ON-LINE ThreaDomEx

Predicting protein domain boundary by multiple threading alignments Predicting Protein Domain Boundary and Detecting Discontinuous Domain

http://zhanglab.ccmb.med.umich.edu/ThreaDom/ http://zhanqlab.ccmb.med.umich.edu/ThreaDomEx/20



http://zhanglab.ccmb.med.umich.edu/ThreaDom/
http://zhanglab.ccmb.med.umich.edu/ThreaDom/

How to predict multi-domain protein structure?

DEL1 (UniProt EDIL3_HUMAN)

EGF-like repeat discoidin I-like

domain

discoidin I-like
domain

T T T T T T T
50 100 150 200 250 300 350 400

T |
450 480

EGF-like repeat
(well modelled)

discoidin
discoidin I-I|k.e
l-like (< _ domain
domain % < A
( ~ 2 y
},»\<JK &

Full length model assembled
from individual domains

EGF-like repeat (poorly modelled)

discoidin
I-like
domaln

discoidin

I-like « ;
domain % "

Full length model directly
predicted by I-TASSER
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How to predict multi-domain protein structure?

EGF-like repeat discoidin I-like discoidin I-like
c—1 domain domain
1I 50I 1(;0 15|O 2(;0 25|O 30|O 35|O 4OIO 45|O 48|O

[ Il | EGF-like repeat

Domain
assembly discoidin
_I_ —Pp-  discoidin I-like
like (¢ _ domain
domain V e A
amino acid : id 157-480 /q
1-156 amino aci - ’gﬂ*/

Full length model

DEL1 (UniProt EDIL3_HUMAN) 22



+ More about C-score

» | ocal structure accuracy of first model

What is C-score?

Structure assembly

Structure reassembly
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Why does I-TASSER generates < 5 models?

S“’UCIUFE reassembly » More about C-score
* | ocal structure accura

Structure assembly
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Download Model 1 Download Model 2
* C-score=1.45 * C-score=-0.65

» Estimated TM-score =0.92+0.06
* Estimated RMSD = 0.5+0.5A

Full-atom
refinement

Cluster centroid Final model

Template
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