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Cryo-TEM requirements

Large data acquisitions (TBs of raw data)
Live data analysis to check quickly the quality of the data before further analysis

Installation of software for data post-processing (e.g Cryosparc, Relion...), GPUs are required!

Sending the data/results securely to collaborators outside the University
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UoA Cryo-TEM
Microscope

HPC Phoenix

Node Total
Node Type . 3 . i Performance
Specification Specification

x Intel(R) Xeon(R)
Platinum 8360Y
CPU®, 36 cores @
7560 CPUs, 26
AGHz, 255000 022-2023
. B of memory
MiB
memory(around
56 GB per node)
X Intel(R) Xeon(R)
Platinum 8360Y
) _ CPU®, 36 cores @ .
CPU High ) 576 CPUs, 16 TB |
AGHz, 1990000 / 022-2023

Memory ) of memory
MIB memory

FEI Glacios 200kV Cryo-

Transmission Electron
Microscope

Please contact Dr Fiona Whelan for further information.

Located at Frome Road. _ ,
— = o (around 2TB per

node)
x Intel(R) Xeon(R)
Platinum 8360Y
CPU#, 36 cores @ |3600 CPU, 200
GPU K 4GHz, 515000 |GPUs, 25 TB of 022-2023

Collapse All

Information on the FEI Glacios 200kV Cryo-Transmission Electron Microscope

MiB memory, 4x memory
Nvidia A100-SXM4-

The Thermo Scientific Glacios Cryo-Transmission Electron Microscope (Cryo-TEM) delivers a complete cryo-
electron microscopy (cryo-EM) solution to a broad range of scientists. It features 200 kV XFEG optics, the
11736 cores, 200
GPU
accelerators, 242

industry-leading Autoloader (cryogenic sample manipulation robot), and the same innovative automation for
ease of use as on the Thermo Scientific Krios G4 Cryo-TEM. The Glacios Cryo-TEM bundles all this into a

smaller footprint that simplifies installation.
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High level architecture

Research storage ,
HPC login nodes Compute nodes

Tier 3

Cryo-TEM microscope [ @ @

1. Data acquisition is copied from CryoTEM workstation to Research storage

2.Data is continuously pulled from Research storage onto HPC GPFS.

3.Data processing is done onto HPC compute nodes and results transferred back
to Research storage.

4.Inactive data sent to lower storage tier.

5. Data sent to external collaborators through GLOBUS
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Cryo-TEM data processing apps in HPC

e Data analysis solution for single-particle e Software package that employs an
analysis. empirical Bayesian approach for electron

e Machine learning approach to particle Cryo-microscopy (cryo-EM) structure
picking with Topaz determination

e https://guide.cryosparc.com/ .//relion.readthedocs.io/en/release-

':c.
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https://guide.cryosparc.com/
https://relion.readthedocs.io/en/release-5.0/
https://relion.readthedocs.io/en/release-5.0/

Cryosparc application high level setup

p2-log-2.hpc.adelaide.edu.au
Cryosparc

] part 39000
Cryasparc
ryosp User

master Cryosparcm created
process through
stored cryosparcm

STV

| Compute nodes |
| (microscopy |
partition)

Cryosparcw

Cryasparc ¢
worker sharing

process cluster projects

amaongst
channels Y

Submitting
jobs through Cryosparc

 thro database
Ihpcfsfusers/axxcoossd/PL backup

Ihpefs/groups/project/P2
l J i lgpfsigroups/P3

1. The user cryosparcuser will start the cryosparc C’iii;e;fies
webapp , i filesets

2. Users will login create a SSH tunnel of port 39000
to the login node p2-log-2.hpc.adelaide.edu.au to
access cryosparc webapp (Note that users need
access to HPC first)

3. Jobs will be submitted using a SLURM job script

via cryosparcuser .t
&
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Cryosparc high level setup
@ Starting up the cryosparc webapp

o )

SLURM

(microscopy
partition)

Cryosparc

| LDA

L
Cryasparc |

master Cryosparcm

Process |

Cryo:

Cryasparc

| Compute nodes L‘—l—>
+
Y

worker

| process cluster
channels | _ ' ___

Submitting
jobs through
slurm

1. The user cryosparcuser will start the cryosparc
webapp

2. Users will login create a SSH tunnel of port 39000
to the login node p2-log-2.hpc.adelaide.edu.au to
access cryosparc webapp (Note that users need
access to HPC first)

3. Jobs will be submitted using a SLURM job script
via cryosparcuser

p2-log-2.hpc.adelaide.edu.au

(base) [cryosparcuser@p2-log-2 ~]$ cryosparcm start
Starting CryoSPARC System master process...
CryoSPARC is not already running.
configuring database...
configuration complete
database: started
database OK
command_core: started
command_core connection succeeded
command_core startup successful
command_vis: started
command_rtp: started
command_rtp connection succeeded
command_rtp startup successful
app: started
app_api: started

CryoSPARC master started.
From this machine, access CryoSPARC and CryoSPARC Live at
http://localhost:39000

From other machines on the network, access CryoSPARC and CryoSPARC Live at
http://p2-log-2:396000

Startup can take several minutes. Point your browser to the address
and refresh until you see the CryoSPARC web interface.
(base) [cryosparcuser@p2-log-2 ~]$ |
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Crvosparc high level setup

@ Accessing the cryosparc webapp through SSH tunneling

p2-log-2.hpc.adelaide.edu.au

r————— — — —

Cryosparc ~— — — — — — 7 77

LDAP single | [ ] port 38000 |

Cryosparc user | —>|| webapp [=
master Cryosparcm :

User
created

SLURM
| Compute nodes |
| (microscopy |
partition)

mangoDB

Cryosparcw

Cryasparc t
waorker

|

|

| process \ through
l_ —_— _] | i stored @ cryosparcm

|

|

|

sharing
nroiacte

() [ © localhost:39000/browse/P*

PS C:\Users\al2e4390> ssh 39000:localhost:39000 al204390@p2-log-2.hpc.adelaide.edu.au
al1204390@p2-log-2.hpc.adelaide.edu.au's password:

client_input_hostkeys: received duplicated ecdsa-sha2-nistp256 host key

Last loegin: Tue Oct 14 10:08:26 2025 from 10.12.36.249

(base) [a1204390@p2-log-2 ~1%

New Project v 3] B Details Vad

Starred Project ID = B Instance Stats

& O @ | @ localhost:39000/login?session_projects[]=P2&session_projects]=P79 THIS WEEK THIS MONTH
PROJECTS 0 44

@ J52 Hetero Refinement t. Diag A n WORKSPACES 0 57

: | : ' = \ e JOBS 0 2,849
f— - ¥ e Recent Jobs Mylobs  Alljobs A

20 days ago year ag about 1 year ago about

® P76.J270 completed

@ Qgated by Nikita Yevstigneyev on Jul 18, 2025 @ Created by Fiona Whelan on Jul 12, 2024

Created by Fiona Whelan
Completed 4 days 19 hr 38 min ago
Duration: 03m 53s

7% CryosPARC " —

NU-Refine 1 @ )1423 3D Var Display @ J1422 NU-Refine @ N421 3D Var

No Sessions View 1 Workspace No Sessions

: a \ S Created by Fiona Whelan
< 3 \ - | - i\ ﬁ( Completed 4 days 21 hr 7 min ago
Email address ) i | %‘j o \ Wiy Duration: 18m 59s

L e

Password 3 mor 18 days ago 18 days ago 18 days ago completed

al / ystig / un 17, r ) i y g
@ Created by Nikita Yevstigneyev on Jun 17, 2025 @ Created by Daniel Mcdougal on May 20, 2025 Created by Fiona Whelan St
Log in Completed 4 days 21 hr 22 min ago
°9 View 1 Workspace No Sessions View 1 Workspace No Sessions Du"agon :)le f;;s ¢ TH E U N I\/ E RSITY
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[ |
C os a rc h I h Ievel setu 1 (base) [a1204390@p2-1log-1 hpcl]$ cat cluster_info.json
r'yosp O P
o "name": "hpcl",
@ Configure a cluster lane for Cryosparc | o et
h "worker_bin_path":
"/apps/skl/software/CryoSPARC/3.2/cryosparc_worker/bin/cryosparcw",
6 "send_cmd_tpl": "{{ command }}",
________ p2-log-2.hpc.at 7 "qsub_cmd_tpl": "sbatch {{ script_path_abs }}",
[~ Cryosparc 1 r————1 8 "qstat_cmd_tpl": "squeue -j {{ cluster_job_id }}",
| | | 9 "qdel_cmd_tpl": "scancel {{ cluster_job_id }}",
LDAP single | — 10 "ginfo_cmd_tpl": "sinfo --format='%.8N %.6D %.10P %.6T %.14C %.5¢c %.62 %.7m %.76
| Cryosparc [ ) | Hser | > Webaf %.9d %20E' ",
| ;Eii;; | Cryosparcm | ' 11 "cache_path": null,
-— — —N | 12 "cache_quota_mb": null,
SLURM 13 "cache_reserve_mbh": 10000
| Comlpute nodes L | __r Cryosparcw | | 1 }
| Unmxggcopy | | | K:::) |
L partition) B Cryosparc ¢ : | Manage ' 1 (base) [al284390@p2-1log-1 hpcl]$ cat cluster_script.sh
- T | worker | ! | sharing : 2 #!/bin/bash
| process cluster : | ;ﬁg?;; : 3 #SBATCH --job-name=cryosparc_{{ project_uid }}_<{ job_uid }}
channels | __ | _______ J LSers : 4 #SBATCH --partition=microscopy
| @ | L —— — — 5 #SBATCH --output={{ job_log_path_abs }}
| ‘Submitting | ; 6 #SBATCH --error={{ job_log_path_abs }}
jobs through ( 7 #SBATCH --nodes=1
| slurm | lhpcfsiusersfaxs 8 #SBATCH --mem={{ (ram_gb*6400)|int }}MB
D — Ihpefs/groups/p
| )| lgpfsigroup 9 #SBATCH --ntasks-per-node=1
1. The user cryosparcuser will start the cryosparc Giele ag 10 #SBATCH --cpus-per-task={{ num_cpu }}
webapp Hégep:: 11 #SBATCH --gres=gpu:{{ num_gpu }},tmpfs:5006
2. Users will login create a SSH tunnel of port 39000 12 #SBATCH --gres-flags=enforce-binding
to the login node p2-log-2.hpc.adelaide.edu.au to 13 #SBATCH --time=2-00-00:00
access cryosparc webapp (Note that users need
access to HPC first) 14 export CRYOSPARC_SSD_PATH=${TMPDIR}
3. Jobs will be submitted using a SLURM job script 15 module load CUDA/12.2.2
Via cryosparcuser 16 module load CUDAcompat/12.2-535.161.08

17 srun {{ run_cmd }}

(base) [cryosparcuser@p2-log-1 ~]$ cd /apps/skl/software/CryoSPARC/3.2/cryosparc_master/hpcl/ qﬁuiELAH)E

(base) [crvosparcuser@p2-log-1 hpcll]$ crvosparcm cluster connect]



osparclive..

|

.setup

/gpfs/cryotem/startcopy.sh

Research storage

Tier 3

Cryo-TEM microscope

1 $Date = Get-Date -format yyyyMMdd
2

5 robocopy $SourceFolder $DestinationFoldexr /E /R:10 /W:5 /MT

Tier 4

HPC login nodes

/maxage:$date /MOT:2

HPC copy scripts available in Appendix

Details

Configuration [+]

o O Faused 51: test

,;;& CryoSPARC Live
b Slroclura Bio PO leslproge

Profiles = »

Individual Exposure

Overview

Browse

Picking

2D Classification

Ab-initio

Refinement

Preprocessing Lane

4

Reconstruction Lane

Use §5D
Aiiliary Lane

Use 55D

Session Prionty

a

Normal hd

Configuration

Compute Resources

Lane hpct (eluster)

Mumber of Preprocessing GPU Workers

Lane hpct (cluster)

Lane hpel (cluster)

Exposure Pracessing Priarity

Dacumentation and twtorials

Compute nodes

Parameters

Filter

Show advanced

Microscope/Camera Parameter

yuited and 5 advanced paramulor:
Mation Correction

Save results in 16-bit floating point

v and 12 advanced paramole
CTF estimation

) ronqulees] and 10 advanced paramoto
Blab Picker

Minimum particle diameter (A)

10 x

Maximum particle diameter [A)

Apply to All Apply to Future Cancel

1 Exposure Group

Qo
Exposure Group 1 (0 found)

Enable cantinuous impoert

Ignare expasures from group

Directory te watch

LERFRSUREFA L R3804 390

File name wildcard filter

T.eer

Search Recursively

Minirum File Size

0

Minirmum Last Modified Time Delta

120 x




(base) [cryosparcuser@p2-log-2 cryosparcuser]$ squeue --me

JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
6043054 microscop cryospar cryospar 2:35:43 p2-gpu-39
6043062 microscop cryospar cryospar 2:35:43 p2-gpu-39
C I - - 6043099 microscop cryospar cryospar 2:35:43 p2-gpu-40
ryos pa rc Ive EEE Ive 6043149 microscop cryospar cryospar 2:35:43 p2-gpu-40

6050330 microscop cryospar cryospar 1:28 p3-gpu-42
6050252 microscop cryospar cryospar 30:24 p3-gpu-41
6043582 microscop cryospar cryospar 2:29:44 p3-gpu-41

. L SR g,
P

1,35

g e e
]

.35 um &

2015 Queued

700px

; 3
12,6

ooz cane e

i ; e
mMotlon H CTF il .
180px 2,588 8 oo raction 2.'_53?_._ Estimation  § 5 2-?35“‘ Picking £

T A A T SR AT 3

Blob par 1064

Refinement: P102 J9

2D Classification Refinement P102 J9 @ ki e O~
GSFSC: B62A
P102 J6 b [CPU: 9.48 GB Avail: 484.93 GB] Plotting.. e
E Real Space Slices Iteration 828 [pngl [pdf]
179
393,711
393,480
162,979
w7
Iteration 928 [png]l [pdf]
179
Symmetry
@ Elapsed: 26 min
@) Done iteration 1106
Symmetry Mm = ok [pdf] (1]
Elapsed: 43 min
> -+ =




Cryosparc on HPC

‘ Advantage

‘ hssues

Potential resolution?

Instantaneous access to
scalable compute resources
(thanks to strategic
reservation of compute nodes)
+ concurrent analysis.

A\ Data transfer is still a manual

process. Multiple steps required to
ensure Cryosparclive can successfully
fetch data

Access to high end GPUs with A Projects separated by users/group but

High performance scratch
storage and 100+Gbps
interconnect

Ability to split A100 GPUs into
smaller multi-instance GPUs
for increased throughput

Cryosparc webapp can be
started in other login nodes in
case one login node is down

cryosparcuser needs Posix access to
all raw data that must be imported —>
users can potentially access other
users input files.

Cryosparc webapp currently needs IT
or HPC personnel to restart in case
something goes wrong -> Potential
delays

Overall, more control from microscopy
staff and users over data tiering and
access

Looking at Active File
Management (AFM) to cache
the data from archival storage
to GPFS.

Containerized Cryosparc?

« LDAP integrated Cryosparc?

e Systemd restart script

« Setuid script allowing clean
processes Kill and service
restart by Cryo-TEM admin
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Relion installation and setup

Installation and setup

* Requires VNC server (or anything that can provide _
a graphic interface) if user interface is a A -
requirement. |

VNC client login node compute node
- . . . Client spawns
« Used EasyBuild installation tools for dependencies wcserve. A por
but user personal conda environment for RELION made available

for user to tunnel

installation.

(base) [al204390@p2-1log-1 cryotem]$ cat template_slurm.sh
#!/bin/bash

#SBATCH -N XXXnodesXXX

#SBATCH --ntasks-pexr-node=XXXmpinodesXXX

#SBATCH --partition=XXXqueueXXX

#SBATCH --error=XXXerrfileXXX

#SBATCH --gres=gpu:XXXextra2XXX

 Use template job scripts available to users for
RELION GUI to submit jobs on compute nodes.
Must add for multi-nodes and GPUS:

RELION_QSUB_EXTRA_COUNT=2
RELION_QSUB_EXTRA1="Number of nodes:"

il
bl
3
4
9
6
i
8
9

RELION_QSUB_EXTRA1_DEFAULT="1"
RELION_QSUB_EXTRA2="Number of GPUs:"
RELION_QSUB_EXTRA2_DEFAULT="@"

module load RELION

module load Ghostscript/9.56.1-GCCcore-11.3.0

export OMP_NUM_THREADS=XXXthreadsXXX

mpiexec -np XXXmpinodesXXX --bind-to-core --map-by
ppr:XXXmpinodesXXX:node:pe=XXXthreadsXXX -x OMP_NUM_THREADS XXXcommandXXX

[RC
R, ©

=
[\




RELION GUI on HPC

* Advantage

‘ hssues

Potential resolution?

Template job script good to
avoid inefficient resources
setup

Leverage HPC application
specialist for tedious software
Installation.

A VNC on login nodes can be tedious
and with limited features (as opposed
to proper VDIs)

A Relion workflows may have
dependencies to other modules
and thus need constant support to
ensure new jobs does not fail due
to missing libraries/python
packages.

Open on Demand?

- Singularity image and
template script to call
singularity images to deal with
complexity of installation
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The bigger picture....

* Current setup shows great capability
to scale

« Steep learning curve for new users
to fully take advantage of such
infrastructure

Need scripts/solutions for better
user experience in both

compute and data management
AND/OR

Sacrifice performance for better
user experience AND/OR

Integrate with other e-
infrastructure (e,g Nectar VMs)?

Performance scalability

User experience

We are here

+

Security

2 §\ ‘ W=
= ;E‘;’Ji*v‘ lx ‘ il ~ » \;
ST ¥
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The bigger picture....

* Current setup shows great capability
to scale

« Steep learning curve for new users
to fully take advantage of such
infrastructures

* Need scripts/solutions for better
user experience in both

compute and data management
AND/OR

Sacrifice performance for better
user experience AND/OR

Integrate with other e-
infrastructure (e,g Nectar VMs)?

Performance scalability

We are here

nectar

#3% MEDIAFLUX

‘@0 MADE BY ARCITECTA

.t

User experience Security -/

O capgy ™
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Appendix : HPC startcopy script

(base) [a1204390@p2-log-2 cryotem]$ cat startcopy.sh

#!/bin/bash
(base) [a1284398@p2-log-2 cryotem]$ cat livecopy.sh

#!/bin/bash
#This script will read the folder to copy, the config must be full path

#Check if an existing session is running"
IS_RUNNING=%(screen -1s | grep robocopy)
ANSWER=""

if [[ ! ${IS_RUNNING} == "" ]]

then

echo -e "It seems that robocopy instance is already running\nPlease stop robocopy

TARGET="/gpfs/cryotem/cryosparc_live/"
while true
do

CAE S e

-] o~ wn Iy N (3] =

sleep 18
FOLDERARRAY=($(grep \#FOLDER copypath.config | awk '{print $NF}'))
for FOLDER in ${FOLDERARRAY[@]}

exit 1
else
while [[ ! ${ANSWER} =~ [nNyY] 1] 10 do

do echo Start tranferring content ${FOLDER} into ${TARGET} >>/gpfs/cryotem

echo -e "Do you want to remove the content?[yY/nN]" 12 cp -ru ${FOLDER} ${TARGET} &
read ANSWER 13 done
if [[ ${ANSWER} =~ [yY] 1]
then
echo -e "Removing files now in /gpfs/cryotem/cryosparc_live"

m -xf /gpfs/cryotem/cryosparc_live/*
elif [[ ${ANSWER} =~ [nN] 1]
then
echo "keeping the files but please make sure to eventually remove them\n"
fi :
1 (base) [a12843908@p2-log-2 cryotem]$ cat copypath.config.example

done 2 #FOLDER /uofaresstor/cryotem/user_data/<examplepath>/
echo "Starting robocopy in the background”

screen -S robocopy -d -m /gpfs/cryotem/livecopy.sh

startcopy.sh :
1/ first verify whether the older livedata can be discarded. |
2/ Create a screen session that copies the data from archival storage to HPC storage | &

THE UNIVERSITY

3/ copypath.config helps for finer selection of folders to be copied across. ADELAIDE
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