
6 IT Lessons Learned from 
Leading Genomics Research
Finding cures for the world’s deadliest diseases has also led to 
solutions to tough computing challenges.

ABSTRACT
As part of its efforts to promote human health and advance our understanding of 
biosciences, the Wellcome Trust Sanger Institute reads an average of 40 trillion DNA 
bases every day, and it conducts advanced research that is helping combat diseases like 
COVID-19. Enabling all that scientific work requires an enormous amount of computing 
power. As part of those efforts, Dr. Peter Clapham and his team at Sanger’s Informatics 
Support Group have uncovered six valuable lessons that apply to IT teams in a wide 
variety of industries.
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In recent years, genomic research has advanced at an unprecedented rate. Today, it takes 
just hours to complete genetic sequencing projects that in the past might have required 
months or years of effort.

And this progress came just in the nick of time.

When the COVID-19 pandemic struck, scientists already had the equipment and know-
how they needed to quickly sequence the virus’s genetic code. That accelerated the pace 
of finding treatments and vaccines to counteract the threat. As the novel coronavirus 
continues to mutate, this research goes on at leading institutions around the world.

This kind of work obviously requires a great deal of scientific expertise. But perhaps less 
obviously, it also requires a tremendous amount of computing power.

Since well before the onset of the pandemic, the Wellcome Trust Sanger Institute in the 
UK has served as one of the world’s foremost hubs for genomic research. And during 
COVID-19 crisis, it has played an invaluable role in furthering our knowledge about the 
disease and finding life-saving cures.

Recently, Dr. Peter Clapham, the leader of Sanger’s Informatics Support Group High 
Performance Computing team, sat down for an interview where he discussed the challenges 
his team has faced and how they have overcome them. His team’s experiences offer six 
lessons that apply to IT teams of all sizes, regardless of their industry.

IMPROVING THE HEALTH OF ALL HUMANITY
The Sanger Institute’s mission is to “use information from genome sequences to advance 
understanding of biology and improve health.” Reading an average of 40 trillion DNA 
bases every day, it operates on a truly mind-boggling scale that allows it to tackle some of 
the universe’s biggest questions.

For example, the institute plays a key role in the Tree of Life project, which aims to 
sequence the genomes of all 70,000 species found in Britain and Ireland. Sanger is also 
involved in the Human Cell Atlas initiative, which seeks to create reference maps of all the 
different kinds of human cells.

While projects like these are expanding the boundaries of general knowledge in 
bioscience, Sanger scientists are also working on urgent issues—like responding to 
COVID-19. In Dr. Clapham’s words, “It has been our greater understanding of genomics 
and the informatics that goes with it that has accelerated the development of vaccines and 
our ability to respond to this disease in a way that’s never been possible before.”

He said that the institute’s COVID-19 work has made the importance of genomic research 
apparent to ordinary people in a way that it wasn’t before. “This is really, I think, evidence 
of genomics coming of age—people now seeing real-hand, first-time the true benefits of 
all the work that’s taking place behind the scenes.”

But enabling that work and supporting the 1,200 people who work at Sanger, plus their 
collaborators around the world, is a difficult challenge for Clapham and the rest of the 
computing team members at the institute. He noted that “As new technologies become 
available, so sequencing has become cheaper over the years, computing has not kept up in 
pace with its scaling with the rate at which sequencing has become faster, better, cheaper.”

https://www.sanger.ac.uk/
https://www.sanger.ac.uk/person/clapham-peter/
https://www.darwintreeoflife.org/
https://www.humancellatlas.org/
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Overcoming this challenge has required Clapham’s team to think creatively and come 
up with innovative solutions that allow them to support the large scale and rapid pace of 
Sanger’s scientific research. Here are six different lessons that his team has learned as a 
result of this effort.

1 . AVOID CUL DE SACS .
Clapham repeatedly noted that science is changing all the time. As a result, scientists 
need flexible infrastructure that can be repurposed quickly as needs evolve. Hardware that 
supports only a single use case—which Clapham referred to as a technological “cul de 
sac”—simply isn’t practical.

“We don’t necessarily know all of the opportunities that are being realized until the next 
wave of technology either from the sequencing world or new algorithms become available 
from the research or the hardware world,” he explained. “With every new generation of 
hardware, whether it be IT or sequencing, there are new opportunities that our scientists 
then take advantage of.”

Because science is moving forward all the time, Clapham understands that the computing 
requirements are also going to change. “We’ve tried to follow a no cul de sacs path for our 
services,” he said. “So we want to be able to create services that are flexible, adaptable 
that we can move service components around according to need, according to developing 
requirements whilst not going too niche and finding ourselves in a bit of a challenge later.”

All the coronavirus sequencing work that Sanger has been doing during the pandemic is 
running on infrastructure that was deployed well prior to the outbreak. But because they 
were already taking an approach that emphasized flexibility, Clapham’s team was able to 
quickly adapt their existing resources for their new work.

2 . KEEP DATA MANAGEMENT IN MIND .
The Sanger Institute deals with incredible volumes data. In 2021, it had more than 84 PB 
of data storage onsite, not including data stored with external cloud computing services. 
With so much data around, Clapham explained, “Obviously data management is always 
going to be an ongoing challenge.”

One of the biggest issues is data movement. As teams collaborate with groups around 
their world, they sometimes need to transmit data from one location to another. And 
sometimes they need to move data from cloud storage to their High Performance 
Computing (HPC) environment so that they can do intensive analysis work. 

Those needs bring up a lot of questions for Clapham’s team: “How do I reduce the number 
of times somebody has to copy their data from one place to another? How do we make 
sure that we can track that data so that when we need to make it available for an audit or 
we need to make sure that we’ve complied with confidentiality rules, GDPR and so on.”

They also face the question of whether it’s better in any given situation to bring compute to 
the data or the data to compute. “Ultimately, if you can move the compute to the data, that 
solves the biggest part of the problem,” Clapham explained. “You’ve got control over the 
data. You’ve got control over the derivative data.” It also simplifies management, security, 
and governance. 
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But sometimes when Sanger scientists are collaborating with external groups, they have 
no choice but to move the data to the compute. And that “requires very careful constraints 
on how you manage your workflows, consideration of how you put them together, 
consideration of the bandwidth limitations, and the limitations on both the target site you’re 
sending the data to and your own, in terms of both governance, legal sign off, but also in 
ensuring that you don’t overload somebody else,” Clapham said.

Clapham’s team is constant looking for ways to make data movement more seamless 
while also managing access and ensuring proper governance.

3 . BUILD YOUR ENVIRONMENT WITH COMMON MODULES .
Because scalability and flexibility are huge issues at Sanger, Clapham has advocated for 
a modular approach to computing infrastructure. In many cases, that means choosing 
hardware like Dell  PowerEdge C-series servers, which support both high density and high 
performance and can be used for both private cloud and HPC.

“If we can define a module for a computed element, for example, then we will look to find 
a computer element that we could put into our private cloud or equally happily into our 
HPC environment or equally into a standalone compute resource if necessary,” he said. 
“And what that means is if there’s a change in direction for research that requires different 
platform use, we can then just move them from one to another. We can reprovision hosts 
very, very quickly and move them from one environment into the other.”

For example, some workloads have greater security and isolation of resource 
requirements, so the team will move them into their OpenStack-based private cloud or 
sometimes even into a public cloud. Other workloads really need the high performance 
and fast turnaround time offered by the institute’s HPC environment.

In order to get the consistency, performance, and flexibility that they need, Sanger has to 
be very careful when introducing any new hardware into their data center. “If we go to new 
hardware, that can be a scenario that we would engage very closely with our vendors of 
choice,” said Clapham. “We would look to bring a new piece of hardware on site before we 
put it into production. We test it and make sure our rollout works.”

How Dell Technologies and AMD are Powering Genomic Research
Curious about the hardware that is enabling the Sanger Institute’s 
cutting-edge research? Currently, the Institute has two major 
computing environments: a traditional HPC cluster and a 
private cloud. The traditional HPC cluster provides about 
38,000 cores of computational resource, 23.5PB of Lustre and 
a 30PB virtualized iRODS managed storage repository, all tied 
together with a 160Gb/sec network backbone. 

The OpenStack private cloud encompasses ~12,000 cores, 
more than 100TB of memory and 5.5PB of usable NVMe index 
accelerated Ceph storage, 1TB or 2TB SSD per compute node 
for high-speed ephemeral storage, and 100GB/sec point-to-point 
software-defined networking.

For compute, Sanger relies heavily on Dell PowerEdge, and 
NVIDIA DGX servers with AMD EPYC™ processors. Designed for 
high performance with complex computing challenges, the AMD 
EPYC processors also offer the security and scalability necessary 
for large-scale genomic research.

"To keep the GPUs in our system supplied with data, we needed 
a fast CPU with as many cores and PCI lanes as possible. The 
AMD CPUs we use have 64 cores each, lots of PCI lanes, and 
support PCIe Gen4," says Charlie Boyle, VP/GM of NVIDIA DGX 
Systems. 

"Beyond the high performance and core counts offered by the 
AMD EPYC 7742, the other key was the CPU's support of PCIe 
4.0, which is significantly faster than PCIe 3.0," CRN reports. 

https://www.amd.com/en/products/epyc
https://www.crn.com/why-nvidia-chose-amd-epyc-for-its-new-dgx-a100-ai-system
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4 . BALANCE THE COMPONENTS YOU USE IN YOUR SYSTEMS .
In addition, the team needs to carefully balance the components that they choose to 
invest in. Speed isn’t always as important as throughput. “So getting the very fastest 
CPU may not always be the best option,” explained Clapham. “Sometimes we’re looking 
for the best turn around, and that’s one of the considerations when we deal at scale in 
the genomics world.”

He added, “And equally, we have to work very closely with our scientists and our pipeline 
builders to make sure the platform remains relevant to their needs, that it’s correctly 
capacity-managed. It’s up to speed and resilience, reliability.”

To meet that diverse set of needs, Clapham’s team does a lot of upfront benchmarking. 
“That way we can assess what the best fit is for us today with a view for flexibility for 
tomorrow,” he noted.

Clapham also pointed out that you have to consider the entire system as a whole. There’s 
no point in having really fast cores if your network isn’t very fast. And there’s no point 
in having a really fast network if your storage is going to be a bottleneck. You have to 
balance everything.

And of course, you also have to balance the price against the performance. “We don’t 
have an infinite budget, which I think most areas have in common, so we’re looking to 
get the best balance of those things,” Clapham said. “What can we afford to run in our 
data center? What can we reprovision for tomorrow if we need to? What offers the best 
longevity in our view, at that given moment in time, and which features do we particularly 
value at that moment in time.”

5 . AUTOMATE WHENEVER POSSIBLE .
When you have those balanced components and common modules, that also gives you 
the opportunity to introduce a lot of automation. That can not only save time for IT teams, 
in cutting-edge situations like genomics research, it also serves a business need.

When the Sanger team gets new hardware, they need to get it deployed quickly before 
it starts to become obsolete. “So we’ve performed a lot of work over the years to try and 
streamline our installation, because if you suddenly take delivery of £2 million worth of 
hardware, you can’t afford to take six months to get it into service,” Clapham said. “You 
know this is devaluing once you get on site. So there’s a business case to get the system 
up running as quickly as possible.”

In order for that to happen, those components and the processes to deploy them need to 
be exactly the same. “Each machine needs to be the same on its installation, otherwise 
you risk varying your results and your output from your science. So we need to ensure 
absolute consistency to ensure the quality of the service that we provide,” said Clapham.

For the team, this approach started at the very beginning. Because they knew 
the computing environment needed to scale—and scale quickly—they looked for 
automation opportunities. 

That consistency and automation paid big dividends for Clapham’s team during 
lockdowns. Not only did it reduce the amount of time they spend installing new hardware, 
it also reduced the number of times they physically needed to go to the data center. In 
fact, Clapham said that his team didn’t actually need to go on site during the past year.
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Clapham added, “But that’s been the result of a lot of prior hard work where we spent 
time over many, many years really tailoring those systems so that we can just press that 
button there. It’ll install, leave it alone, and then 10 minutes later, you’ve just got an extra 
resource in that that cluster, or in that OpenStack area.”

In the near future, Clapham will be kicking off a project to refresh his team’s computing 
infrastructure. “I expect there to be a small amount of uplift time with the first machine that 
we look at, which we’re testing at the moment,” he said. “And then, once we’ve nailed 
things, we can just keep rolling them in. Reduce our time. Reduce our effort. Reduce our 
impact and get our value out of the system at the earliest opportunity.”

6 . CHOOSE VENDORS THAT CAN HELP YOU ADAPT TO 
EVOLVING TECHNOLOGY .
Clapham said that careful vendor selection had also played a major role in the success 
his team has had. “We’re not just looking for an engagement with a vendor that’s moving 
boxes or moving hardware. We’re looking for vendors that can add value,” he explained.

The Sanger team puts out requests for proposals (RFPs) every few years. Clapham said 
that they evaluate the responses not only on technical merit and business value, but also 
on the quality of the vendors’ teams. “We’re looking for people that can see through the 
base technical specification and may come back with those insightful questions that show 
a deeper understanding, a deeper engagement.” The team also invites the short-listed 
vendors to question-and-answer sessions where the vendors can then show how they add 
value above and beyond the simple trade of products for currency.

One of the suppliers Sanger works most closely with is Dell Technologies, and one of the 
reasons why Clapham has chosen to work with the Dell is the insight that Dell’s experts 
are able to provide about advances in technology.

Clapham’s team looks for suppliers, like Dell, who will talk to them about upcoming 
products, features, and computing breakthroughs. “Some vendors can offer the 
opportunity for us to engage with their research teams and gain early access to hardware 
we might not otherwise have, and that’s a significant benefit to us,” Clapham said. “It 
means that we are now aware of what’s coming, rather than two minutes after it’s arrived 
and we’ve spent our budget on the wrong thing.”

Both Dell and Sanger benefit from these conversations. The Institute gets information that 
allows it to make smarter decisions about which hardware to buy. And Dell gets valuable 
feedback that allows it to adjust its products and solutions to meet the needs of customers 
like Sanger.

And when Dell solutions meet Sanger’s needs, there’s a good chance that they also meet 
the needs of other customers.

Looking ahead, Clapham hopes to continue innovating at Sanger. He concluded the 
interview by asking, “Consistently trying to make tomorrow better than today, I think, is 
really the objective, isn’t it?”
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TO LEARN MORE
For more information about the Wellcome Trust Sanger Institute and its work with Dell 
Technologies, check out the following resources:

• The Dell Technologies Wellcome Sanger Institute case study provides more details 
about how Dell helped Dr. Clapham and his team create the computing environment 
that makes the institution’s scientific work possible.

• The Dell High Performance Computing and the AMD High Performance Computing sites 
offer a wealth of resources, including engineering-Validated Designs, customer stories, 
analyst reports, and technical resources.

• Sanger also uses Dell storage and this case study provides more information about Dell  
PowerScale storage that helps the organization manage its large volumes of data.

To learn more, visit DellTechnologies.com/AI.

https://www.delltechnologies.com/asset/en-us/products/storage/customer-stories-case-studies/delltechnologies-customer-story-wellcome-sanger.pdf
https://www.amd.com/hpc
https://www.delltechnologies.com/asset/en-us/products/storage/customer-stories-case-studies/delltechnologies-customer-story-wellcome-sanger.pdf
www.delltechnologies.com/ai
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