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Complexity and Scientific 
Workflows

● The least complex computational workflows are primarily mathematical and logical, 
typically using a scripting language (e.g., using MATLAB, Octave, Perl, Python, R, 
shell scripts).

● Strictly speaking, these are not scientific but philosophy, dealing with logic and 
ontologies.

● A scientific workflow requires both 
rigorous logical coherence and empirical 
evidence.

● Often these are conducted separately; a 
simulation is then confirmed by empirical 
results (e.g., the  discovery of how perforin 
protein forms on cancer or pathogenic 
cells) [1].

● In other cases the empirical data is 
collected first then various computational 
tools are applied (e.g., genomics starting
for laboratory equipment then a variety
of software tools alignment and 
annotations) [2]. 

 



  

Variant Calling and Annotation 
Workflow



  

Cryo-electron Microscopy 
● Cryo-EM is largely seen as a replacement for X-ray 

crystallography. Both allow high-resolution information about 
macromoleculer structures. Nobel Prize in Chemistry was 
awared in 2017 to Jacques Dubochet, Joachim Frank, and 
Richard Henderson for the development of Cyro-Em

● Initially, Cryo-EM was used for large proteins that resisted 
X-ray crystallography, but at a lower resolution. Resolution has 
improved  substantially with technological advances.

● Single-particle workflow [3] involves starting with a purified 
protein sample, applying  the sample to a grid (e.g., amorphous 
carbon), plunge the grid into a crygogen (e.g., liquid ethane) 
which  flash-freezes it. 

● From this 2D electron micrographs are taken of individual 
protein  particles  on the sample grid with transmission electron 
microscopes and direct detection  cameras.  Noisy images are 
averaged and aligned to produce  a 3D map, which  is iteratively 
refined validated  with software tools. Finally, a protein 
sequence is fitted producing a 3D model of the protein. 

● Easy, right?!



  

Cyro-EM Software at UniMelb
● Many software packages available for Cyro-EM (c.f., Journal of Structural Biology). 

The following is a small selection, consisting of those available on Spartan, the 
University of Melbourne's general HPC system. For performance these, and their 
dependencies, are compiled from source typically with the EasyBuild build and 
installation framework.

EMAN2: Greyscale scientific image processing suite with primarily for processing 
data from transmission electron microscopes.

RELION (for REgularised LIkelihood OptimisatioN, pronounced "rely-on") employs 
an empirical Bayesian approach to refinement of 3D reconstructions or 2D class 
averages in electron cryo-microscopy.

Scipion is an image processing framework for obtaining 3D models of 
macromolecular complexes using Electron Microscopy (3DEM). It integrates several 
software packages (such as Xmipp, Relion, Spider, Eman2, Bsoft, Frealign, Ctfind, 
etc) and presents a unified interface.



  

Use of SBGrid, cryoSPARC 
Challenges

● Use of the SBGrid execution environment is highly recommended [4]! SBGrid 
Consortium runs out of Harvard They provide a suite of some 400+ applications 
with monthly updates and testing, individual applications can be self-managed, 
with a regular rsync. 

● Environment is simply invoked by a simple source command and can be easily 
integrated into HPC job submission script templates. Sufficiently good that it has 
replaced use of our custom-built versions of Scipion and Relion.

● Next step will be integration of tools that require a website (boo!) such a 
cyroSPARC. Two main uses: (a) alignment of CryoEM microscopes, where they 
need to realtime stream the data to CyroSPARC Live and (b) Once the microscope is 
aligned, the data is taken and streamed to Mediaflux. The ownership is transferred 
to the specific research group the microscope operators.

● Main issue is that we don't have dedicated nodes on the HPC for such purposes, so 
we're building it with Cloud VMs with the challenge of data movement from 
microscope to VM and ownership. As cryoSparc runs as a specific user, 
all data needs to be accessible 
to that user.

● Because the services run as X user, 
you would need to spin up N instances 
of the Cryosparc GUI for the N users 
who want to use it



  

PetaScale Initiative and 
Instrument Integration

● The Petascale Campus Initiative (PCI) is a five year plan (2018-2022) to accelerate 
the University of Melbourne's capacity for data-intensive research. The PCI has four 
 main areas of activity, one of which is instrument integration, developing a 
standard for instrument data acquisition, processing, and storage.

● Much of this presentation has concentrated on Cyro-EM. This is actually a tiny 
portion of the overall number of instruments in the integration project (2 from 138 
instruments) – but it is something which takes up a lot of data (2+ terabytes per day, 
c50% of the total), which has challenges for network, data storage, and HPC 
processing (the other main instrument record linked with HPC is brain imaging).

● MediaFLUX Data 
Mover is used to 
assist in data 
transfers for 
c30 instruments ; 
well-integrated with 
the Spartan HPC 
system with specific 
environment modules 
for data transfers. 

  



  

Spartan's Continuing Story
● Spartan was first deployed in 2016 as a HPC-cloud hybrid designed to provide 

performance and flexibility on a minimal budget. Several international presentations 
on the system, including eResearch 2016.

● Since then, Spartan has also been a topic at eResearchAustralasia 2020, 
eResearchAustralasia 2018, eResearchAustralasia 2017 covering topics as diverse 
as cluster-cloud hybrid architecture, deployment, use, and optimisation of GPGPUs, 
comparative training approaches for HPC systems, integration of FastX and 
OpenOnDemand, and overall performance metrics according to hardware, 
architecture, etc. See: levlafayette.com/papers

● The integration of large data Cryo-EM machine instruments to the Spartan HPC 
system in a workflow is a part of the continuing story of Spartan. 
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