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communications biology

Explore content v  About the journal v  Publish with us v

nature > communications biology > articles > article

Article Open access Published: 14 October 2024
GoTloCloud optimization of cloud computing

environment for accelerating cryo-EM structure-based
drug design

Toshio Moriya &, Yusuke Yamada, Misato Yamamoto & Toshiya Senda &

Communications Biology 7, Article number: 1320 (2024) | Cite this article

5232 Accesses | 6 Citations )| 7 Altmetric | Metrics
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oToCloud@AWS ParallelCluster

Laboratory

AWS Account for User Group

Virtaal Private Network (vPC)

2

User

~
&y

IAM User

Activities Toplevel ~ May 3 1016

Select Actions.

Motion correction
CTF estimation
Manual picking
Auto-picking
Particle extraction
20 classification

30 initial reference
3D classification

3D auto-refine

30 multi-body
Subset selection
CTF refinement
8ayesian polishing
DynaMight flexibility
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution

ik !
Hodeangelobuscing | https://relion.readthedocs.o ﬁﬁ Run!

x

Project

" Computing Nodes |
FSx for Lustre for SLURM Job #1

FSXa

IO e oveains here

[Finished jobs

Running jobs

[inputto this job

047: LocalRes/job047/
046: PostProcess/job046/
045: Refine3D/job04S/
044: PostProcess/job044/
043: Refine3D/job0d3/
042: Externaljob042/
041: Class3D/job041/

o

Scheduled jobs

Output from this job

Simple Storage
Service (S3)

=

Config

ParallelCluster
Head Node

Cor mmt ng Nodes
for SLURM Job #3

040: PostProcessfjob040/
039: Refine3D/job039/
038: CtfRefine/job038/
037: CtfRefinefjob037/
036: CtfRefine/job036/
035: PostProcess/ich035/ o)

stdout will go here: double-click this window to open stdout in a separate window

Active models: ¥ 0 1

Prosots

File Features Data Tools

[Piacement of data aray in .z coordinale space:
Onginindex [T conter | reset
Voxelsize [T0378 reset
Cellangles [0

Rotatonaxs 50T angle [0

relion_locresmic#0 288 sep 1| o©

| ﬂ

relon_locres_fmerea.mic #1288 siep 1| @

Tools Fayorites

One| Al Axis Z| Deptn [288 Preload

Move planesusing  right — | mouse bution

Zone. | nearslecid aoms._NoZone | Mask
Radius 2 [__]

Center | Orient | Close | Help 4
Surface Color

olor surface ~ relion_locres_filtered.mrc (£1) —

Al Next | Previous
L oy volume datavaive

1buntu@ip-10-101-0-110: /fsx/250322_empiarl0673_gpcr_runol -

ubuntu@ip-10-101-0-110: /fsx/25032 -

ubuntu@ip-10-101-0-110:/fsx/250322_empiar10673_gpcr_runol$ relion &
[1] 37589
ubuntu@ip-10-101-0-110:/fsx/250322_empiar10673_gpcr_runols []

Camera | Side View ‘ Rotation | Eflects | Lightng

Create color key

t | tull range of surtace values.

ooroutside voumo [l

Only color siced surtace face
Reportvalue at mouse position

View Al [Se: ioht Per-pixel coloring

Sutace capping... |

KEK

] (S 97 il

—h12 k2

............................................... Internet '
AWS Account i
for GoToCloud Group VPC Peering @
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Developer

Read—Onlyé
Shared S3 i

VPC
Peering Master VPC

DataSync Mi:"(’r VPC

Mirror of
Shared EFS

Master of
Shared EFS

ParallelCluster
(Maintenance)
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Rescaled Box [Pix] : 352 Particles
Rescaled Apix [A/Pix] :1.17 Symmetry
Original Box [Pix] : 468 Mask Diameter
Original Apix [A/Pix] :0.88

EMPIAR-10581: Nitrite Reductase at pH 8.1 (2.854)

RELION version: 3.1.2, 4.0-beta, 4.0.0, 4.0.1, 5.0-beta, and 5.0.0
+ 129,298 AWS ParallelCluster version: 3.0.3 and 3.7.0

With GPU
® g6 (NVIDIA L4 Tensor Core GPU) 353
® g5 (NVIDIA A10G Tensor Core)
® g4dn (NVIDIA T4) 3.0
3D Refinement 225
c
2D Classification :§“2-0
=
o peo . v 1.5
3D Classification 2
S 1.0
W
Only CPU (No GPU)
® C7i/M7i/R7i (INTEL Sapphire Rapids) -
® C6i/M6i/R6i (INTEL Ice Lake)
0.0

Polishing

:C3 .
164 AWS Region: us-east-1
0OS: Ubuntu2004
3D Refinement Benchmark Result
$30.0
m g5-c192-g8 (g5.48xlarge 16.288 USD)
m g5-c48-g4 (g5.12xlarge 5.672 USD)
mg5-c16-gl (g5.4xlarge 1.624 USD)
g4dn-c96-g8 (gddn.metal 7.824 USD) $25.0 ol |g5-c192-g8 x4 (384, g30)
m gddn-c48-g4 (g4dn.12xlarge 3.912 USD) g5-c48-g4 x8 (192, g30)
m g4dn-c16-gl (g4dn.4xlarge 1.204 USD)
—~ g5-c192-g8 x2 (c192, gl6)
8 $20.0 gddn-c48-gd A8 (€192, £30)
\D./ -c48-g4 x4 (¢96, gl4)
; Pt g c192-g8 x1 (c96, g8)
O $15.0 gddn-c48-g4 x4 (c96, g14)
Q X9
i ¢ .}Vﬁdil-\‘l(v—gl x9 (c72, g8)
e g4dn-c16-gl x5 (c40, g4)
e 3 » §
$10.0
S =
:\ .’: o g4dn-c48-g4 x1 (L24 g4)
""" L4dn c48-g4 x2 ui‘( 28)-_,
| Optimal | ®e5easedxl @24, gd)
$5.0 {1g5-c48-g4 x2 (c48, g8) |
J J | |
\ /
~8 ~ 16 ~32 ~64 0.0 0.5 1.0 1.5 2.0 2.5 3.0

NUMBER OF GPUs PROCESS TIME (HOURS)
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Time and Cost Savings for Cryo-EM Single Particle Analysis (SPA) on AWS

Nitrite Reductase Total Costs using different Intel compiler flags re—
(2D Class+3D Class+3D Refine)
10 $250
9
8 $200
7 $209.10 g
= 141.15
596 $ $150 2 @
23s 23
T +
0¥ -xCOMMON 2
Es. . $72.22 3100 o2
3 3 NEW Flag: B “;’
o -xCORE 1.66 o
=] o
g~ 2 $50 § S
0 vs 9 instances $0
c6i.32xlarge x9 c6i.32xlarge x9 c6i.32xlarge x8
(MPI 17, Thread 24) (MPI 17, Thread 24) (MPI 63, Thread 16)
mmm Elapsed (hours) —@-=Total Cost (USD )
<OLD Compiler Flags> <NEW Compiler Flags>
- Relion 4.0-beta-2 - Relion 4.0.0
- Compile option - Compile option
-DCMAKE_C_FLAGS="-03 -ip -g -xCOMMON-AVX512 -restrict " -DCMAKE_C_FLAGS="-03 -ip -xCORE-AVX512 -gopt-zmm-usage=high -qoverride-limits"
-DCMAKE_CXX_FLAGS="-03 -ip -g -xCOMMON-AVX512 -restrict " -DCMAKE_CXX_FLAGS="-03 -ip -xCORE-AVX512 -qopt-zmm-usage=high -qoverride-limits"

Cost and time saving are between "0Old Compiler Flags” using nine (9) c6i.32xlarge and the “"New Compiler Flags” using eight (8) c6i.32xlarge
¢ reduced the total costs from $209 to $72 (a 65% cost reduction)
« shortened the execution time from 4.27h to 1.66h (2.57x faster).

Source: KEK | https://www.kek.jp/en/
Presented at AWS re:Invent 2022
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AWSARDFNY—OFRTIRIZ(2024F3A)

“ Applied benchmark
. Acceleration . tests
version Compiler
type

: Refine3D
CPU c7i.48xlarge
(-xCORE-AVX512) Intel oneAPI 2023.2 ¢6i.32xlarge Class3D
Class2D
5.0-beta 3.7.0 Refine3D
g5.12xlarge Class3D
GPU GCC94.0 (Class2D)
g4dn.12xlarge Class2D
Y= ' =n \ ) —R Ex a1
£I3TDOver-SubscribedsREH LU/ —FHO=EL
Refine3D Class3D Class2D
» Fastest with G5 using over-subscribed » Fastest with G5 using over-subscribed » Faster with C7i than G5
1 MPI/GPU (No-Split) 2 MPI/GPU (2 Split) » Fastest with G5 using over-subscribed
> Best cost performance with G5 using > Best cost performance with G5 using 4 MP1/GPU (4 Split)
1 MPI/GPU, 4-nodes, and half vCPUs 2 MP/GPU, 4-node, and full vCPUs > Best cost performance with G5 using
(only physical cores) (all virtual cores). 4 MPI/ GPU, 8-node, and full vCPUs

(all virtual cores).



REIESNZEYITDIIEFR/INTA—F—KE(2024F3H)

FiE1 LAl Rk R
GPUs MPI Thread IRy Nodes EC2 Instance Cores Clos) Job Type GPUs MPI Thread NPy Nodes EC2 Instance Cores closi)
Node type hour Node type hour
64 32 4 16 c6i.32xlarge 128 6.848 MotionCorr 48 8 24 2 m7i.48xlarge 192 9.6768
64 4 16 c6i.32xlarge 128 6.848 CtfFind 48 24 2 m7i.48xlarge 192 9.6768
128 128 1 c6i.32xlarge 128 6.848 Extract 192 192 1 c7i.48xlarge 192 8.568
14 15 6 4 4 g4dn.12xlarge 48 5.281 Class2D 63 12 16 4 c7i.48xlarge 192 8.568
4 1 4 1 1 gd4dn.12xlarge 48 5.281 InitialModel 4 1 4 1 1 g5.12xlarge 48 5.672
14 15 6 4 4 g4dn.12xlarge 48 5.281 Class3D 30 31 6 8 g5.12xlarge 48 5.672
17 7 17 1 c6i.32xlarge 128 6.848 Class3D_noalign 25 7 25 1 c7i.4A8xlarge 192 8.568
8 9 6 5 2 g4dn.12xlarge 48 5.281 Refine3D 14 15 6 4 4 g5.12xlarge 48 5.672
16 32 4 c6i.32xlarge 128 6.848 CtfRefine 48 8 24 2 m7i.48xlarge 192 9.6768
4 128 1 4 c6i.32xlarge 128 6.848 Polish 32 12 16 2 m7i.48xlarge 192 9.6768
64 16 4 c6i.32xlarge 128 6.848 LocalRes 48 24 2 m7i.48xlarge 192 9.6768
8 1 1 1 g4dn.metal 96 10.562 Extenal cryolo 8 1 1 1 g5.48xlarge 192 16.288
mb5.xlarge Import mb5.xlarge
mb5.xlarge Select mb5.xlarge
mb5.xlarge PostProcess mb5.xlarge
mb5.xlarge External_select3d mb5.xlarge

GPU %217: G4dn n'5 G5 (512 G6)
CPU 217: C6i 15 C7i/MTi
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G6(2025%F2H)HKLUCTi, M7i, R71(2024F1R) DRI FI—IER
(RERALFETRRERINDHHRRE)

Refine3D Class3D Class2D Polish
30 30 30 40
X , 4
— @ g4dn.metal g4dn.metal — & g4dn.12xlarge @ 1024@16x | — 4 c6i.32xlarge (4 mpi/node)
‘62@8>< — @ g5.12xlarge — @ g5.12xlarge — O g5.12xlarge \7216x © @ m7i.48xlarge (24 mpi/node)
64@16x — M g6.12xlarge g6.12xlarge [0 g6.12xlarge i

512@8x

62@16x 30 4 3
|
20 201 30@8x *—_ﬁf_o\ {
8@2x | reean 1,
62@16x 62@16Xx 0O \ .....

256@4x
128@2x

Total Cost (USD)

~O—
10 S 104 1 :
h 8@2 4@1x L 0
\@*X 10- 768@4x
19 1x
— o *--_
384@2x
0 f = T 0 T : T 0 T * T 0 T T - T
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 2.0

Running Time (Hours)

IH{E. C8i, M8i, R8IMARIFV—DZ=ZEEH,
RICGTe TEFE,
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GoToCloud/CE - “CryoCloud” “SBCloud”

j CryoCIoud Al n Pricing Team Contact Blog Guide

SBGridTV (> Youlube Medium @@) Bluesky X (Twitter) X Q

SBGrld Supported Software Computing Resources Get Help About SBGrid

CONSORTIUM

Home > SBCloud: SBGrid Software in AWS

Acceleratin g protei n : SBCloud: Accelerated Structural Biology in the Cloud

; A 4 £ SBCloud is a streamlined, cloud-native platform built to run the SBGrid software suite with maximum efficiency and minimal setup time. Designed for structural
S ru Ct u re d ete I I l I n at I o n v # " biologists, it brings the power of SBGrid's curated software environment into the cloud, optimized for high-performance computing and GPU-intensive

workflows.

Whether you're solving cryoEM structures, running molecular dynamics, or processing X-ray data, SBCloud delivers a fully-configured, production-ready
environment tailored for structural biology—no installation required.

FAST TO DEPLOY, EASY TO USE
Y74 V/4 With SBCloud, you can go from zero to running jobs in under an hour. The platform includes both a graphical desktop interface and command-line access,
Dl ‘ ; R Z ; ‘ l OUD letting you work the way you prefer. Common workflows are pre-configured, and job submission is simplified with a f amiliar interface based on Slurm.

DECTRIS ClLOUD Home  Features  Benefits v Newsroom Plans & Pricing v Help Center

pm—a group of experienced PhD-level structural biologists and skilled cloud engineers. We
astructure expertise to deliver responsive, informed support for your scientific workflows.

ictural biology research. It complements SBGrid’s long-standing on-premise software distribution
labs without access to local HPC resources or those looking to scale beyond them.

€an support your research.

Explore, Discover, e
Accelerate. Think Science, |
Not Stack

The open platform to turn your data into insight before the coffee gets

cold.

Get : Demo
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Process time Processtime Runningtime Runningtime Time diff |EC2 Instance EC2 Instance Cost/hours |Process Cost Runnning Cost
JobType/JobID Job Name GPUs MPI Thread MPls/Node Nodes . Cores/node
(hh:mm:ss)  (hours) (hh:mm:ss)  (hours) (minutes) |Name Type (USD) (USD) (USD)
Import/job001/ 010010_Import_movies 0 0:00:00 0.0000 0:00:00 0.0000 0.00 $0.0000 $0.0000
MotionCorr/job002/ 010020_MotionCorr 24 8 24 1 0:36:16 0.6040 0:30:04 0.5010 6.20 Im7i-vcpul92-gpu0 m7i.48xlarge 192 9.6768 $5.8490 $4.8490
Select/job003/ 010030_Select_mics 0 0:00:00 0.0000 0:00:00 0.0000 0.00 $0.0000 $0.0000
Select/job005/ 020020_Select_mics 0 0:00:00 0.0000 0:00:00 0.0000 0.00 $0.0000 $0.0000
Select/job006/ 020030_Select_icering 0 0:00:00 0.0000 0:00:00 0.0000 0.00 $0.0000 $0.0000
External/job007/ 030020_External_cryolo 8 1 1 1 0:13:22 0.2230 0:05:58 0.0990 7.40 |g6-vcpul92-gpu8  gb6.48xlarge 192 13.3504 $2.9740 $1.3280
Extract/job008/ 030040_Extract_picks 24 24 1 0:07:36 0.1270 0:01:36 0.0270 6.00 |c7i-vcpul92-gpu0  c7i.48xlarge 192 8.568 $1.0850 $0.2280
Select/job009/ 030050_Select_rm_bars_x 0 0:00:05 0.0010 0:00:05 0.0010 0.00 $0.0000 $0.0000
Select/job010/ 030060_Select_rm_bars_xy 0 0:00:04 0.0010 0:00:04 0.0010 0.00 $0.0000 $0.0000
Import/job011/ 060040_Import_ref3d 0 0:00:00 0.0000 0:00:00 0.0000 0.00 $0.0000 $0.0000
Import/job012/ 060050_Import_mask3d 0 0:00:00 0.0000 0:00:00 0.0000 0.00 $0.0000 $0.0000
Class3D/job013/ 060060_Class3D 8 33 12 16 2 1:04:04 1.0680 0:56:42 0.9450 7.40 |g6-vcpul92-gpu8  gb.48xlarge 192 13.3504 $28.5110 $25.2320
External/job014/ 060070_External_select3d 1 0 0:00:11 0.0030 0:00:11 0.0030 0.00 $0.0000 $0.0000
Refine3D/job015/ 060080_Refine3D_global 8 17 12 8 2 0:08:20 0.1390 0:08:20 0.1390 0.00 |g6-vcpul92-gpu8  gb.48xlarge 192 13.3504 $3.7080 $3.7080
PostProcess/job016/ 060090_PostProcess_global 0 0:00:01 0.0000 0:00:01 0.0000 0.00 $0.0000 $0.0000
[ ] [ ]
[ ] [ ]
[ ] [ ]
Polish/job032/ 080060_Polish 16 12 16 1 0:46:40 0.7780 0:40:38 0.6770 6.00 Im7i-vcpul92-gpu0 m7i.48xlarge 192 9.6768 $7.5260 $6.5530
Refine3D/job033/ 080070_Refine3D_polish 8 17 12 8 2 0:56:00 0.9330 0:35:05 0.5850 20.90 |g6-vcpul92-gpu8  g6.48xlarge 192 13.3504 $24.9210 $15.6130
PostProcess/job034/ 080080_PostProcess_polish 0 0:00:38 0.0110 0:00:38 0.0110 0.00 $0.0000 $0.0000
CtfRefine/job035/ 080010_CtfRefine_aberration 24 8 24 1 0:08:09 0.1360 0:02:24 0.0400 5.80 Im7i-vcpul92-gpud m7i.48xlarge 192 9.6768 $1.3140 $0.3870
CtfRefine/job036/ 080020_CtfRefine_aniso_mag 24 8 24 1 0:07:54 0.1320 0:02:19 0.0390 5.60 Im7i-vcpul92-gpu0 m7i.48xlarge 192 9.6768 $1.2740 $0.3740
CtfRefine/job037/ 080030_CtfRefine_ctf_params 24 8 24 1 0:02:26 0.0410 0:02:27 0.0410 0.00 |m7i-vcpul92-gpu0 m7i.48xlarge 192 9.6768 $0.3920 $0.3950
Refine3D/job038/ 080040_Refine3D_ctfrefine 8 17 12 8 2 1:32:56 1.5490 0:44:10 0.7360 48.80 |g6-vcpul92-gpu8  g6.48xlarge 192 13.3504 $41.3570 $19.6550
PostProcess/job039/  080050_PostProcess_ctfrefine 0 0:00:40 0.0110 0:00:40 0.0110 0.00 $0.0000 $0.0000
Class3D/job040/ 090010_Class3D_noalign 25 7 25 1 1:18:22 1.3060 0:39:58 0.6660 38.40 |c7i-vcpul92-gpu0  c7i.48xlarge 192 8.568 $11.1910 $5.7070
External/job041/ 090020_External_select3d 1 0 0:00:06 0.0020 0:00:06 0.0020 0.00 $0.0000 $0.0000
Refine3D/job042/ 090030_Refine3D_global 8 17 12 8 2 0:42:43 0.7120 0:21:51 0.3640 20.90 |g6-vcpul92-gpu8 g6.48xlarge 192 13.3504 $19.0090 $9.7240
PostProcess/job043/ 090040_PostProcess_global 0 0:00:39 0.0110 0:00:39 0.0110 0.00 $0.0000 $0.0000
Refine3D/job044/ 090050_Refine3D_local 8 17 12 8 2 0:20:53 0.3480 0:20:53 0.3480 0.00 |g6-vcpul92-gpu8 g6.48xlarge 192 13.3504 $9.2930 $9.2930
PostProcess/job045/ 090060_PostProcess_local 0 0:00:37 0.0100 0:00:37 0.0100 0.00 $0.0000 $0.0000
LocalRes/job046/ 090070_LocalRes 24 24 1 1:58:48 1.9800 0:15:46 0.2630 103.00 |m7i-vcpul92-gpu0 m7i.48xlarge 192 9.6768 $19.1600 $2.5430
Total Time 13.4090 7.4200 359.40 Total Cost $245.1260 $152.1980

A ETALIERF

A tAWSO X+



CS-Schems=ETHER  BHEZETER(NIR) 7—91t vk

EMPIAR-10581: Nitrite Reductase at pH 8.1 (110 kDa, C3)
Imaging by Talos Arctica & Falcon 3EC

Voltage [kV] : 200 Pixel size [A/pixels] :0.88 Exposure rate [e/A%/frame]: 1.02 Frames per image [frames]: 49
Magnification  : 120K Total exposure [e/A] : 50 Defocus range [um] :-1.0to -3.0 Number of micrographs  : 694
FEYEHT (< D X FEZe) H&T—270—(CS-Schemes)
IREL2fREE 2.85 A RANDEREE 2.69A =
201812 Sivem 14518 B (~6E) AR 20,57 B 20235F05H
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On-Premise GPU Box: RELION3, Ubuntu 18.04.1 LTS, GoToCloud: RELION4.0, Ubuntu2004,
AMD Ryzen Threadripper 1950X x 1 (32 VCPUs), GeForce GTX 1080 Ti x 4 AWS ParallelCluster ver. 3.0.3, AWS “us-east-1” region
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EnE T —YEREFIT “Zettar zx” intel

Introduced by
Dr. Michael J Mcmanus

& Zettar Unmatched zx Transfer Speeds, Unaffected by File Size, Encryption, Latency
[T D45
o XaE7—%(TB/PB)%ff
BN DINERAY | CEmak B
® AiEk/\WI7ZfERL. BEEE
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® HR{SHRFX COEIERFR (LA
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Confidential Material

[N FI—7]

U.S. DOE Energy Sciences
1 Network Q4 2020 Data Mover
Evaluation L

2 2500¥-1JL 100G Esnet 7R EIE
REHLGEEBEMDGloObuUs GridFTP

WR—=Z514>
- J




SCA19 DMC
Winner; Zettar zx
2020 ESnet Evaluation: Outperforms

2021 U.S. DOE Energy Sciences Network

Zettar zx
v.S. Globus-Connect-Server v5

v.s. MdtmFTP

Notes:
1.MdtmFTP is Fermilab’s attempt to “improve”
GridFTP. It didn’t succeed so the project stopped.
2.Both MdtmFTP and Globus needs separate tuning
for different data sets. Zettar zx uses just one for all.

Picture credits: 2021 U.S. DOE Energy Sciences Network

Confidential Material
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KEK=AWS S3@R | L,
aws-cli (AWSHHIE) Zettar zx
BmEl—b BRXiFE BmEl—b ERXkhFE Lt NI,
(Gbps) (%) (Gbps) (%) ?ﬁ
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