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SIMPLE, BUT WE

INSIST ON A
MAKING IT 1 1 1 :‘_5

COMPLICATED.”




What Is possible today? 2.5A within a day
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VWhat type of computing challenge
do you have”

s Infrastructure to do OInfrastructure to
cryo-EM processing for  support a multi-user/
a research project/lab iInstrument EM facility




CyroEM Infrastructure for a lab

[ Computation

[ Storage
[ Software




CyroEM Infrastructure for a lab

Entry Level : MediumLevel High Performance
| CPU +GPU

A > SYSTEMS > WORKSTATIONS > STRUCTURALBIOLOGYGRID > SBGRIDCYROEM WORKSTATION

SBGrid

- - CyroEM Workstation
w * * thinkmate.com

1Intel Corel7 7700 K

1 GPU GTX 1080Ti

16 GB DDR4 RAM

SSD disk + HD 2Tb

Amber 17 Configured

CentOS Linux 6/7 up and runnig. Ubuntu
or LinuxMint, too.

As low as 2500 € (+21% VAT) (%)

16 GB DDR4 RAM (up to 128 GB)

D E V E L *  2Intel® Xeon® processor ES-2600 v4 o R M A N c
product family
WORKST L aOT! TER NOD
* 128GB(Upto2TB DDR4 RAM)
* 8x 3.5" Hot-swap SAS/SATA Drive Trays
Intel Xeon * Amber 17 or RELION- Configured for Intel Xeon ES v4
© 1intelCorel75930K parallel GPU computing
(6 cores at 3. © 2GPUGTX 1080Ti * CentOS Linux 7.3 up and runnig. N ores at 2.40 GH amazon Electionics ~  raid storage system
° 0 1 i
-]

) ‘ ; Amber 17 Configured for parallel GPU
Relion GPU Systems : computing Call for Prices

Our solutions are specced to provide maximum GPU

Departments ~

Motioncorr, MotionCor2, Getf, CTFFind4, ResMap software. . B B B) (Up to 1 TB) Computers Deals Lagtops Tatlats
[iInuxvixion.com primenow o
" v"
X 1 080Ti 4x GPUS ln 1 U Back to search results for “raid storage system™
rds with or .
. 8% GPUs in 40 ortware -
or boot 2x 480GB Enterprise .
Quantum TXR431-2000R Quantum TXR432-0512R Quantum TXR431-1500R Quantum TXR233-1000R te rp rise S S ]
* 2x Intel Xeon E5-2600 v3/v4 * 1x Intel Core i7-5960X Processor « 2% Intel Xeon ES-2600 vaNg » 2x Socket 2011-3 Intel Xeon ES- |nf| n l band 56Gb SBGrid
Haswell/Broadwell Processors Extreme Edition (20M Cache, up to HaswellBroadwell EP Processors 2600 va/4 Haswell/Broadwel . : ONSK .:m ™M FRSRATRAS Shaene SERTIAE FRhna—. SRS A m
* Up to 512GB DDR4 Memory 3.50 GHz); Optional Xeon Processor (up to 130W TDP) processors rise HDD
* Up to 4x NVIDIA Tesla Pascal * 32GB DDR4 Memory installed « Up to 1.5TB DDR4 Memory * Up to 1024GB Memory O A -
GPUs (Supports up to 128GB DDR4, * Up to 8x NVIDIA Tesla Pascal * Up to 4x NVIDIA Tesla Pascal pt' mize or
« 8x hot-swap 3.5" drives bays + 3x 256GB with optional Xeon GPUs GPUs Hed for rackmount Supported Applications
fixed 5.2.5" drives bays + 1x fixed Processor) * 24x 2.5" hot-swappable * 8 x SATA3 6Gb/s ports Optional:
3.5" drive b * Up to 4x NVIDIA Tesla P. I SAS 6G RAID Card | ) ) e Computational Structure Click to open expanded view
rive bays szso X e asca SASISATA/SSD bays arn WwWor k n g a p p I ications. All Crystallogenphy NMR ma"""’" : Visuaiization & Othwer
« Tower/4U Rackmount Convertible N P I exes. ’
Search by title or developer: Filter by keywords: Filter by member type:
avaloable keywords Al

exxacicorp.com singleparticle.com

Active fiters: Electron Microscopy x Clear o

Software count: 67 Firering Is a wh m‘ keywords.




1he challenge of cryo-EM computation

@

Infrastructure to do 0 Infrastructure to

cryo-EM processing for  support a multi-user/
a research project/lab instrument EM facility




1he challenge of cryo-EM computation

o Infrastructure to

B>What do they want to do? ~ Support a multi-user/
instrument EM facility

BHow many instruments?

B>How many users?

B>What support would you
ike to provide?

Baldwin, et al. Current Opinion in Microbiology, Vol 43, 2017 (in press)




What do your users want to do”

o Infrastructure to

support a multi-user/
iInstrument EM facility

Breakdown of projects

2dx/helical

7%
Single

particle (-

67% Other 'omography
1% 8%

400 registered users, 150 active Krios users




What software do they request to use?

] What is asked Support required
Breakdown of projects

| |
MY\ D A \ a2Ya il Ta D 7~

2dx/helical
7% FIB-SEM

, 17% i i i i
Single

particle N\

67% Other [omography
1% 8%

Beginner/Novice Intermediate Expert




How many instruments are used?

data generation at SEMC circa 2017 Cameras
FEI Titan Krios#1 / #2 / #3

Falcon3 x3 |
K2 x3 7 direct detectors
FEI Tecnai F20 ] on 4 TEMs
DE20 il
TVIPS4KCMOS ™
FEI Tecnai Biotwin &
TVIPS 4K CMOS L 5 CMOS/COD
- S
JEOL 1230 [
Gatan US4000CCD ™ on ? glél\l\;lls +
FEI Helios 650
ETD, TLD, ICE -




How much data is generated?

O Other scopes &

CMOS/CCD

Krios &
DD cameras

4000000

# TEM Exposure images in
2015 & 2016: 1,069,315
#TEM Exposure images
in 2017: 2,689,276

# TEM Exposure images: 3,758,591*

*Total number of saved images since 2015: 766,329,392

exposures




Ihe challenge ot cryo-EM computation
scalable

2 How many instruments? Not enough and getting more
?HOW many users? Growing exponentially

B>What do they want to do? Everything

B>What support would you As much as possible
ike to provide?




SEMC solutions
N IRAIMIMLE

T'he overall mission of NRAMM is to develop, test and apply technology for automating and streamlining

cryo-electron microscopy (cryoEM) for structural biology.

4 )
Spotit
Spotiton




S EMC SO' UJ[IOHS On the fly data pipeline c. 2017

Camera File system / cluster

e | Buffer server_|—>0 ;
>®
— o Web portal
o
Leginon
User

amazon

webservices™

Cloud
computing

Workstation Data transfer station 6LOBUS

Remote data
transfer

A




SEMC solutions

HPC Server and storage (DDN):
2 X 42U rack enclosures

DDN GRIDScaler GS7K appliance with 1.1PB GPFS paralegal
file system

= 420T7B DDN WOS object storage for archival

= 1056 x CPU cores. 44 x SuperMicro nodes each with 24 x CPU
cores and 256GB RAM

s 4 x GPU nodes each with one GPU and 128GB RAM. One GPU
server with 8 x GPUs and 512GB RAM and 2 x GPU servers
each with 4 x GPUs and 512GB RAM.

= 4 buffer servers each with 51TB local storage, 2 x
GPUs, 128GB RAM and 10G Fiber Network cards.

= 5 x 36 QSFP port 56Gb/s FDR InfiniBand switches.
= Bright Cluster Manager

= Basic Onsite Support; 7x24 remote support




SEMC solutions

Central MySQL Database and web server

3,758,591 images

3,064 tilt series

Size ofimages: 158.06 TB
# DB records:

Size of database: 7.44 GB
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766,329,392

since 2015

Appion

3/4 users who use Leginon
also have Appion sessions
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Example: Single-particle workflow

During EM session After EM session

;Q Leginon E Appion SEMC Home institution/
X session session computing cloud/SEMC
a . N D a | ) a 2
Setting up Frame alignment Micrograph/ 2D classification
workflow Particle sorting
N I . | Y x | Y < | Y
a - N .4 N e - N o - >
.y : . Initial 2D
D .t . g .
ata acquisition CTF estimation classification 3D classification
< y Y < Y < D
v Il Il !
- Workflow B - R B a :
Optimization Particle picking initial model 3D refinement
2 generation
~ If needed - | y < : 4 x | >
e N e - N p v N
Micrograph/ . .
Particle curating 3D refinement Model building
Y x Y _ >




Example: Single-particle workflow

During EM session After EM session
;Q Leginon D Appion SEMC Home institution/
X session session computing cloud/SEMC
- Setti B a MotionCor2/Unblur/ : - a -
etting up alignframes_Imbfgs/ Appion 2D classification
- workflow 5 - DE frame alignment/etc... . - . -
| | 1) |
a - N a - > a > p b4 N
CTFFind4/aCTE/ RELION/cryoSPARC/
Data acquisition ACE/ tg EMAN2/Xmipp/SPIDER/ 3D classification
N - N eic... P ~ IMAGIC/sparx/etc... L y
L ¢ D @ L D L
" Workflow - DOG picker/ VIPER/SIMPLE/SPARX/ a -
Optimization Gautomatch/FindEM/ cryoSPARC/RELION/ 3D refinement
. EMAN?2/etc. .. Optimod/EMANZ2/etc...
9 if needed D < I 4 < : 4 _ | >
@ - D @ h 4 D h 4
RELION/FREALIGN/ 4 -
AppiOn CWOSPARC/EMANZ/Xmipp/ Model bu”d'ng
9 y - IMAGIC/spider/etc... y - -
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What Is the timeline”

s 3
A\ @
\
N

DoG Pick :

- s DoG picker
F?ndEM Template picker

MotionGor2
33 CTFFINDA4

o= gCTF )
-AI(Q# cryoSPARC { coot

@ Chimera

Phenix

48h ...96h




What Is the timeline”

Buffer server
2xGeForce GTX 1080 GPU
9x 8TB 7.2K SATA drives, 1x 120GB SSD drive

‘

MotionCor2

CTFFIND4

T 5 Uiiersity g CT F '§ »‘
“ p'&b'{/' cryoSPARC

cryoSPARC workstation
4xGeForce GTX 1070 GPU
2 X Ten-Core 2.20GHz 25MB Cache
8 X 32GB 2400MHz DDR4

FPndEM Template picker

@ Chimera
‘ . coot

RELION workstation
4 x NVIDIA GeForce GTX TITAN X Pascal
2 X Ten-Core 2.20GHz 25MB Cache

8 x 32GB 2400MHz DDR4

1x180GB STA SSD, 1x750GB SATA SSD__ 1x180GB STA SSD, 1x750GB SATA SSD



1he challenge of cryo-EM computation

{ Infrastructure to do

cryo-EM processing for
a research project/lab

mourrhain

4
/\ " Infrastructure

to support a multi-user/
iInstrument EM facility
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