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Executive summary

Biologists need atomic-detailed structures of
proteins in order to understand healthy and diseased
states of organisms at the molecular level.

A revolution has occurred in structural biology
- these questions can now be answered with
cryo-electron microscopy (cryo-EM)

But...

Cryo-EM is a big data technology, generating
20+TB per person per project

So...

We incorporated Globus into a web-platform to allow
point-and-click data upload & analysis on HPC resources



COSMIC2: a platform for determine cryo-EM protein structures
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Understanding biology requires an
understanding of the ‘microcosmos'’

Example human cell
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Understanding biology requires an
understanding of the ‘microcosmos'’
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Understanding biology requires an
understanding of the ‘microcosmos'’

Example subset of
proteins (~100)

Example human cell
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Understanding biology requires an
understanding of the ‘microcosmos'’

Diagram of ~100 proteins / molecules
| Example human cell

Hxample subset of
i proteins (~100)

» Humans have 21,000 gene
» Predicted to form 100,000

Proteins are linear chains of amino acids strung together (Usually > 300)

lllustrations: David Goodsell, TSRI M



Cryo-EM utilizes transmission electron
microscopes to take images of proteins
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Cryo-EM relies on movies instead of images
of protein samples

4000 x 4000 pixels
~50 frames

1-5 GB / movie

1 movie / minute (24/7) |
Bai et al. 2015



Cryo-EM data is low SNR...

Grouped into classes and averaged to create averaged images:




...but can solve atomic protein structures

Combine data together in 3D dimensions

. . | Allows atomic
Atomic protein structure from ~400,000 Images model to be built

(12 TB)



2017 Nobel Prize in Chemistry

Jacques Dubochet Joachim Frank Richard Henderson




Cryo-EM is undergoing a rapid expansion

/ # of cryo-EM users

Time

Instrument collects ~2 TB / day (24/7)
-> Each individual requires collecting ~10 - 20 TB

~060 Instruments in the US, growing quickly



Building a science gateway for cryo-EM

Short term:
1. Remove command-line interface for cryo-EM job
submission

2. Remove decisions regarding HPC job environment
3. Create centralized location for data analysis software

Long term:
1. Connect users to cloud storage
2. Become platform for training and implementing
advanced algorithm developmen
- e.9. Machine learning / neural networks
3. Integrate educational materials to train next generation
of structural biologists




Globus as a central hub for COSMIC2

user SDSC

virtual machine

XSEDE Comet

supercomputer
- >
user storage gateway
Globus Auth storage
& Transfer
services

Cloud
storage
(Google,
Box, etc)




Comet supercomputer at San Diego Supercomputer Center

46,656 CPUs

288 GPUs




Computing allocations

Current allocation on COSMIC?2: ~25,000 GPU-hours

All users: 500 GPU hours (free, no questions asked)

[f you run out:

-Apply for supplement from COSMIC?2
-Receive guidance on how to submit XSEDE
computing allocation from COSMIC2
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Science Gateway Home  Toolkit Help  How to Cite Us

Welcome to COSMIC?!

This is a freely available, science gateway for cryo-EM structure determination.

Please login below with your university credentials and then you are ready to go!

‘ Login ’

Questions about this login process? Please read more here.




Globus Account Log In

Log in to use COSMIC2

Use your exisling organizalional login
e.¢., university, natonal lab, facility, project
University cf Michigan v

Didn't ‘ind your orgarization? Then Lse Globus ID to sgn in. (What's this?)

:> Globus uses ClLogor to enab e yau fo Log In from this crganization.
‘i Cy clicking Continue, you agree 1o the ClLogon privacy policy and you

agree to sharz your usernams, email addr2ss, and a'fi iation with
ClLogon anc Globus. You =150 agree “or ClLozon t0 s5Le a centificate
that allows Globus 10 act on your behalf.

& Signin with Google Sign in with ORCID iD




M | WEBLOGIN

UUNIVERSITY OF MICHIGAN

Enter vour Login ID and Passwore

mcianfro

Need help?

3v your use of thase resources, pou agree 1o atize by Resporsible Use of Information Resouces (Si
E01.07), in addit or tc sll ralevant €1at3 and ‘eceral laws.,

University of Michigen € 2017 The Regerts of the Urlversity of Michigan
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Folders

Total Storage: O bytes
Welcome
> Gateways 2017
) Data (2
[ Tasks (1)

‘ Create New =older

Current Folder Details

Label Cateways 2017

Description Damo project for Gateways 2017

Create Subfolder Edit Folcer ’ ‘ Delete Folder

XSEDE Satus ~

Logout
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Science Gateway Home  Toolkit  Transfer Status  MyProfile  Help  How to Gite Us

Folders Globus Transfer Service
Total Storage: 0 bytes
B[__: ir;tattZS(t 2 Endpoint Search: My Endpoints
O Tasks (1) Select your endpoint :

/ ‘ Add ’ ‘ Add ]
Enter name of ‘ ' ' '

Clcbus E‘I'I'Jp()ll‘ll My Endpoints
Please repgister your Glohus Cannect Persanal Endpoints.

XSEDE Endpoint

Endpoint List Files
COSMIC2 Scienca Gateway stcrage on XSEDE Comet ‘ List -
Transfer

Plcasc register your Globus Endpoints.
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Science Gateway Tookit Transfer Status My Profie Help How to Cite Us XGEDE Status ~ Logout

Folders Globus Transfer Service
Total Sterage: O bytes
> First test g - . _
~ Data () Endpoint Search: My Endpoints
O Tasks (1) LS. CGryoEM Selec: your endpcint :
<l r—
LSI-XTAL ‘ Add ‘
LEI-CryoEM ' :
Find endpoint M Life Sciences Institute - Crystallography Encpoint
in list p;, Life Sciences Institute - CryoEM Endpaint

XSEDE Endpoint

Endpoint List Files
COSMIC2 Scicnec Gatoway storage on XSEDE Comet ‘ list ‘
Transfer

Please register your Globus Endpoints.




Toolkit  Transfor Status My Profile

How to Cito Us XSEDE Siatus~ Logout

Folders Globus Transfer Service
Total Storage: O bytes
> First test - < - :
™ pata (1) &1dpom1 Search: My Endponts
C Tasks (1) LSI CrycEM Selact your endpoint ¢
Add ’ Add ’
My Endpeints
Endpoint Paih List Files
LSI-CryoEM (Sourcs) Joo ‘ List ’ ] Delete
XSEDE Endpoint
Enter directory name here
Endpoint List Files
COSMIC2 Sclence Gateway s:orace on XSEDE Comet ‘ List ‘

Transfer

Switch Source and Ceslination

Destination Endpaint CUSMICZ Science Gateway storag2 on XSeDE Comet

Source Endpoint: | SI-CrynkEM
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Science Qateway i How to Cite Us X3EDE Status -  Logout

Folders Globus Transfer Service
Total Storage: U byle:
L-_-Pl"ir;tat;s‘(t” Endpaint Search: My Endpointa
C Tasks (1) Select vour endpoint :
Add | Add
My Endpoints
Endpoint Path List Files
LSI-CryoEM (Source) MAsvgrauns/mcianfroccolabvmcianfa/cosmics List ‘ I Delete ’
XSEDE Endpoint \
Endpaint List Fllas 1. List direciory by clicking ‘List
OOSMIG? Sciercs Gataway siamge on XSFDF Comes st
Transter Switch Snume and Destinalion
Deslination Endpoint: COSMIC2 Sc unoe Galeway slerage on XSEDE Comsl
Source Endpoint: LSHCrycEN 2. Select directory to be transterred
File / Falder Size Select /
@B Farcles £0 v

‘ Transie- ’ +«—— 3 Transfer
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Folders Transfer Status

Total Storage: 0 byles
Task ID: 58¢ccf76 b6c7 11c7 £E0c3 22000a92625b

¥ First test
M Data (1) Source endpoint: LEI-CryoCM
O Tasks (1) Destinatan Endpoint: XSEDE Comet

Request Time: 2C17-10-22 01:2":38+C0:00 UTC
Comgletion Time:

Status: ACTIVE

Files fransferred: O

Files skipped: O

Bvtes transferred: D E

Faults: O

Refresh
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Science Gateway Home Toalkit Transfer Status My Profile Halp How to Cite Us XSEDE Status » Logout

Folders All Data

Total Storage: 0 bytes

Upload Relion directories, parlicle siacks, and 3D volumes using the Clobus cdata transfer service.

& First test Upload 3D volume and other small files (< 200 MB) using your browser.
3 Data (2) ' 1 | | " . '
™ Tasks (1) ‘ Globus upload ’ ‘ Browser upload | Collapse exampla |

'here IS currertly 1 data iem In this 1olger.

20 & records 01 eacr page

Data
Select z2ll Name Bytes Farmat Date Created
belagaliest/pariicles.star 3454€0 STAR 10,9717, 06:1°
Particles/shiny_2sets.star 28378 STAR 10/21/17, 1€:22 *r-—
‘ Move ¥ | selected 1D | First test s ‘ CO ‘

‘ Delete Seiected
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Folders
Total Storage: C bytes

Tool "RELUON 2D CLASS COMET" successfully set to curent task.

* Gateways 2017 Create new task
[ Data (2)
[ Tasks(D)
Task Summary Select Data Select Tool Set Parameters

You may edil your lask using the tabs above.
CuTrent CPU Hr Us&ge: 0 Explain 1his?

Description 2D classlication - 1€0 classes

Input 1 Inputs Set ’

Tool Relion 2D classification ’ Click for more info

Input Parameters 14 Parameters Set ’ «4— Click here to provide job parameters
Save Task ’ ‘ Save and Run Task ‘ ‘ Discard Task ’

Saved tasks can he run later from the task list
XSEDE tasks are limited to 168 hours. Non-XSEDE :asks are limited to 72 hours.
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Science Gateway Home  Toolkt  Transfer Status  MyProfile  Help XSEDE Status~  Logout

Folders Create new task
Total Storage: 0 bytes
£> Gateways 2017 Task Summary Select Data Select Tool Set Perameters
[ Data (2
O Tasks(0) Relion 2D classification: Calculate 2D class averages using Relion (S. H. W.
Scheres)

Simple Parameters

Number of classes * - 0C

Particle diamater (Angstroms) * -1

Pixel sire of data (Angstrams/pixel) * | -1
Number of iteralions * |25

Output directory name * output_direct
In-plane angular sampliny * 5

Pixel search range (pixels) “ 5

Pixel search range step size, in pixels (offset_step) * 1

Advanced Perameters

Save Paramatersl Rmatl -:".mcell
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Science Gateway Home Toolkit Transfer Status My Profile Help How to Cite Us XSEDE Status ~ Logout

Folders
Total Storage: 0 byles

14 parameters successfully setl to current task.

S Gatetmys 2087 Create new task
) Data(2)
[ Tasks|(0)
Task Summary Select Data Select Toal Set Paramaters

You may edit your task using “he tabs above.
Current CPU Hr Usace: D Explain this?

Desoription 2D classification - 150 casses

Input 1 Inputs Sat ’

Tool Relion 2D classification ’ Click for more info

Input Parameters 15 Parameters Set ’ / Run job!
Save Tesk ’ ‘ Save and Run Task ’ ‘ Discard Task |

Saved fasks can b2 run later from the tack Ist
X3EDE tasks arz limited to 168 hows. Non-XSEDE tasks are limited to 72 nours.
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Soience Ga‘teway Home Teolkit Transier Status My Profile Help How to Cite Us XSEDE Status ~ Logout

Folders Task Details
Total Starage: 0 bytes
= Gateways 2017 Task 20 classification - 50 classes
D Dama(2) Owner rmichaelc
O Tasks (1)
Group rmichaelc
Date Created 10/22/17, " 6:45
Toal Felion 2C classificeton
Input View (1)
Parameters View (14)
Output View (2)
Intermediate Ncne
Results
Status COMPLETED

Task Messages

Sun Oct 22 15:49:08 POT 2017 > QUEUE : SJUCCESS : NCBW-JOB-RELION_2D_CLASE_COMCT-
S637BOTDES2FAFTCIDO3055063€97310 : Added Lo run gqusue.

SuUn O 22 154917 POT 2017 > COMMANDRENDFRING : SLUICCFESS ' NGRW-I10B-RFLION_2D_ClI ASS_COMFT-
CB37B07DES2FAFTCADD30550623697310 : Cemmand renderad successfully: relion_refine_mpoi --angpix 1 --ofset_sten 2 --psi_sep "0 --
iter 20 - particle_diamctor 200 K 160 o Class2D - coffser_range 6 ¢t sirot_highres_exp 1 - tau2_fucce 2 i

Perticles/sh ny_2sets.star

Sun Ocl 22 15.49:17 POT 2017 > NPUTSTAG NG : SUCCESS : NGBW-JOB-RELICN 20 CLASS COMET-
S637BO7DESZ2FAFTCIDO3055063€97310 : Staging inpLt Tiles 1o COVET

Sun Ozt 22 15:49:17 POT 2017 > NPUTSTAG NG : SUCCESS : NGBW-JOB-RELICN_20_CLASS _COMET-
C637B07DES2F4FTCODD30656063€97310 : Input files staged successiully to /prejects/cosmic2/galewey/workspace/NGBW JOB
RELION_2D_CLASE _COMLT-9637307DC52F4F7C9DDI0SE063637310/

Sun Ocl 22 15:49:28 POT 2017 > SUEMITTED : SUCCESS : NGBW-JCB-RELION 2D CLASS COMET-
S637B07DESZ2FAFTCIDD3055063€97310 : Submitted to COMET as job " 12082615,



Lessons learned

e (Globus integration was straightforward
e User account management & authentication
¢ \/ery easy data movement

Next steps:
Linking up to cloud storage
Moving data between NSF HPC resources using Globus

&
M




For more information

Website:
cosmic-cryoem.org

Github repo:
https://qithub.com/cianfrocco-lab/COSMIC-CryoEM-Gateway

PEARC1 7 paper:
https://go0.gl/anQ79a

SEDE I SGCI l

Science Gateways
Community Institute



https://github.com/cianfrocco-lab/COSMIC-CryoEM-Gateway
http://cosmic-cryoem.org
https://goo.gl/gnQ79a

