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Presenter
Presentation Notes
Good afternoon. I hope you’re having a great time at WiDS Livermore. I’m glad we could continue to hold this event even with everyone working remotely.I’m Nisha Mulakken, the co-director of the Lab’s Data Science Summer Institute and a bioinformaticist on staff.
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My journey in data science at the Lab

• My biosecurity bioinformatics projects
• Data Science Institute & DSSI internship 

program
• My summer student’s DSSI project
• Mentoring tips

Presenter
Presentation Notes
 Today I’d like to take you on a journey through my data science career, which includes interning, mentoring, and bioinformatics research in biosecurity.I attended UC Davis for undergrad and went to graduate school at UC Berkeley. I interned at the Lab for four years. I worked here until 2008, then worked in industry for a while, and came back to the Lab in 2017.The internships solidified my vision for my future career. At the start of my first summer, I had taken only one Java programming class. I learned about databases, biostatistics for gene expression analyses, building a system for finding microbial DNA signatures, and various other topics each summer. I learned that I needed to strengthen my computer science and statistics skills in order to make the most of a career in the multidisciplinary field of bioinformatics, which is what I do today in support of the Lab’s biosecurity mission.
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• One of the Lab’s missions
• To keep the world safe from 

ever-changing biological threats
• To safeguard against disease
• Revolutionary advances in 

detection, characterization, and 
mitigation

What is biosecurity?

Presenter
Presentation Notes
I was an intern on 9/11. Working on the biosecurity mission took on new meaning for me after that day.What exactly is this mission? Biosecurity means keeping the nation and world safe from biological threats including diseases. This means we develop medical countermeasures for certain pathogens, help speed up and optimize the drug discovery process, simulate biological risks, and much more. The Lab has projects spanning the spectrum of awareness and prevention, preparedness and detection, and response and recovery.As you can imagine, the coronavirus pandemic has further shaped the work the Lab does in biosecurity. I’ll talk more about that in a few minutes.
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Large-scale pathogen detection and 
microbiome analysis

• The LLMDA is printed with DNA 
probes based on all available 
genomic data for >20,000 species, 
including viruses, bacteria, 
archaea, protozoa, and fungi. 

• High-performance computing 
(121,000 cluster CPU-hours) is 
used to compare DNA sequence 
regions to find 1.4 million unique 
signatures to organisms.

Presenter
Presentation Notes
One of my primary projects is called LLMDA, which stands for the Lawrence Livermore Microbial Detection Array.The system detects a broad range of organisms such as viruses, bacteria, archaea, protozoa, and fungi. The array is printed with DNA probes base don all available genomic data for over 20,000 species.LLMDA has demonstrated novel species identification for human health, animal health, biodefense, and environmental sampling scenarios.We use high-performance computing to compare DNA sequences, and LLMDA has detected 1.4 million unique organism signatures. We can update it when new data comes along.
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LLMDA analysis: composite likelihood 
maximization method

LLMDA identified Yersinia 
pestis in the tooth of a plague 
victim from 1348. (Ancient DNA 
was heavily degraded, with 
sizes in the 35–50 bp range, 
making detection by PCR 
difficult.)

Log odds Highest scoring organism 

• Expected data: modeled by database of 
probe profiles per organism
o Probability of each probe to bind to each 

organism

• Observed data: Calculate the reverse!
o Probability of organism presence, given 

observed probes

• Compute composite likelihood function 
for observed probes

• Rank organisms that best explains 
pattern of hybridized probes
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The addition of SARS-CoV-2 probes to 
LLMDA

• Last summer, >40,000 reference sequences were 
available from https://www.gisaid.org.

• Selected 78 probes out of >75,000 candidates such that
o Probes spanned the entire viral genome (this 

protects against degraded samples)
o Some probes were conserved across all variants 

(these are likely to be conserved among future 
mutant strains)

o All probes are unique to SARS-CoV-2
• Now >500,000 sequences are available.
• The initial probes can pick up the new variant strains.

Presenter
Presentation Notes
Last summer, I added SARS-CoV-2 probes to the array. This process increased the number of available sequences, and I verified that the initial probes could detect the new variant strains.

https://www.gisaid.org/
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Why are some people asymptomatic while 
others have severe symptoms?

• Currently, this version of the LLMDA is being used to 
look at SARS-CoV-2 co-infections and metagenomics in 
patient samples from CA Dept of Public Health.

• Goal: Determine co-infections and microbiome impact 
on disease severity

• Questions
o Does the microbiome have a protective effect in 

asymptomatic and mild cases?
o Are we seeing multiple strains of SARS-CoV-2 in 

patients?
o Do patients with severe symptoms have other 

known or unknown co-infections?

Presenter
Presentation Notes
Transition after describing this slide:So that’s a glimpse at my work as a bioinformaticist. It’s a challenging field, and I’d be happy to answer any questions if we have time at the end of this talk, or you can contact me through the event organizers. My final slide also contains contact info.Next, I’d like to introduce you to the Data Science Institute and then describe my involvement with internships and mentoring at the Lab.
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Addressing the rapid growth of data science 
and its impact on LLNL’s mission

See our strategic plan for more: data-science.llnl.gov/about

National Security

Materials & Advanced
Manufacturing

Basic Science Energy

Cognitive Simulation Precision Medicine

Presenter
Presentation Notes
As I mentioned earlier, I would not be where I am without internships that inspired me to follow this research path—not to mention the mentors who encouraged me along the way. I’m excited to be able to help bring up the next generation of data scientists. The Lab has a lot of these types of activities taking place under the umbrella of the Data Science Institute, or DSI.The DSI was created in 2018 to support the growing data science community at LLNL. In fact, at that point, WiDS was one of the activities already building momentum for a data science community at the Lab.  The DSI has 4 pillars of action: foster data science research, bring in educational opportunities, build the data science community, and bring in talented data scientists into the workforce.The advantage of working at the Lab is that there are many domain areas with data science projects. Some of these core disciplines are shown here. My domain area of biosecurity falls under national security.You can read the DSI’s strategic plan on the website’s About page. Previous notes from Mike Goldman:Established in 2018, the DSI was created as an integrating organization focused on growing, strengthening, and sustaining Livermore’s data science workforce in order to address the rapid growth of data science and its impact on the Lab’s mission. The DSI effectively acts as a hub for all data science activity at the Lab and is working to support the advances of the state of the art of our data science capabilities. Our strategy rests on four pillars of action that reflect the DSI’s vision for shaping the future of data science at the Lab—collaborative research, outreach through novel education programs, development of a strong data science community, and workforce growth and sustainment—ultimately weaving data science into the fabric of Livermore’s core disciplines.  Data science brings an essential skillset to the entirety of Livermore’s mission space with applications in biosecurity and human health, cyber security, advanced manufacturing and materials science, climate change resilience, energy security, national and nuclear security, space situational awareness, and the protection of U.S. critical infrastructure. By investing in mission-focused efforts across multiple domains—and by encouraging collaboration through the DSI—Livermore is simultaneously addressing mission-focused challenges and advancing the field itself.
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• 12-week-long internship for 
undergraduates and graduate 
students.

• 50% time on project guided by a 
mentor & 50% on DSSI activities

• Collaborate with other interns on a 
real-world Challenge Problem 

• Data science–related short courses
• Summer SLAM!

Computer 
science

Statistics 
& math

Domain 
knowledge

Machine 
learning

Traditional 
research

Traditional 
software

DATA 
SCIENCE

Data Science Summer Institute

Presenter
Presentation Notes
The Data Science Summer Institute, a.k.a. DSSI, is a 12-week summer internship program created under the DSI. This summer will be our fifth. Last year’s program was entirely virtual, and this year’s will be too. I’m so glad we have found a way to continue this valuable internship during the pandemic.We host both graduate and undergraduate students, and have accepted students majoring in statistics, data science, and other disciplines with data science skills.So, what do the interns do?Students work on an individual project with a mentor half their time and spend the other half of their time on DSSI activities like seminars, virtual tours, and social events.The students team up with other interns on a real-world Challenge Problem as well as take short courses in machine learning and other data science techniques.At the end of the internship, they get to show off their project work to a broader LLNL audience in an event called Summer SLAM.
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Data Science Summer Institute

FY17 FY18 FY19 FY20

Applicants 100 1,000 1800+ 2,000+

Accepted 24 26 32 27

Female Students 7 (29%) 6 (24%) 14 (44%) 8 (30%)

Visiting faculty Robert Gramacy, 
Virginia Tech

James Flegal, UC 
Riverside

Ryan Farrell, BYU
Bruce Sanso, UC 
Santa Cruz

Dorit Hammerling, 
Colorado School of 
Mines

Challenge datasets
Topology 
optimization
Cyber security

Machine vision
Multimodal physics 
data

Molecular structures
Human connectome
Nanomaterial 
synthesis

Presenter
Presentation Notes
Here are some statistics from previous years for DSSI. This year should look similar to last year, but the numbers have not yet been finalized.Previous notes from Mike Goldman:The Data Science Summer Institute, or DSSI, is a highly competitive internship that’s all about developing and guiding the next generation. The class of 2020 was selected from an applicant pool of more than 2,000 students.The program provides 12-week-long internships for undergraduate and graduate students, who work on real-world projects under the guidance of Livermore mentors and visiting faculty. The students are funded 50% to work on solutions to scientific problems, attend courses and seminars, and strengthen their skills. Like the rest of the Lab’s summer internships, this year’s DSSI students are working remotely.The Lab has hired 16 students since the DSSI’s inception in 2017.
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Student project: CRISPR application predictor
Goal
• Classify bioengineered plasmids with their lab-of-

origin, recreate (or outperform) results from paper

Potential uses
• Identify potential nefarious actors proactively

Data
• Addgene (public database with data stored in nested 

JSON format)
• 60,000 bioengineered plasmids 
• 1,400 associated lab depositors

Credit: Emilia Grzesiak

Presenter
Presentation Notes
As one example: This past summer through the DSSI I mentored Emilia Grzesiak, who is a graduate student at Duke University. Our project applied machine learning to trace CRISPR technology vectors to the source lab.The CRISPR process creates small signatures within the vectors that are not easy to detect without the aid of targeted algorithms. Emilia used a convolutional neural network to identify the source lab from the patterns in the vector sequences. She replicated the results from literature and dramatically improved the accuracy using different model optimizations.
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Student project: data cleaning

The Challenge
• Paper used old version of Addgene database where Lab depositors 

shown by Lab name labels
• LLNL database version: Lab depositors had numerical IDs but no “name” 

labels

The Solution
• Instead of relying on bioinformatics packages that make max of 3 

requests/min, web-scraped Addgene website 
• Used SLURM arrays to bypass Addgene requests limit  able to make 

1,400 requests all at once

Credit: Emilia Grzesiak
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Prepare

• Project vision 
and goals

• Step-by-step 
tasks by 
priority

• Set up tools 
and work 
environment

• Tips for 
cleaning data

Guide

• Be available as 
needed

• Meet daily at 
least for the first 
two weeks

• Meet at least 
once a week after 
that

• Give 
constructive 
feedback with 
compassion 
and empathy

• Celebrate 
small victories

Motivate Develop Skills

Develop leadership and 
professional skills:
• Foster independent 

thinking through autonomy 
to try out new ideas

• Present project progress to 
multi-disciplinary team

• Encourage collaboration 
with peers

Challenge

• Challenge 
problems

• Provide 
optional 
tasks in case 
project is 
completed 
early

Mentoring: lessons learned
Build C

areer-Long Professional R
elationships

Presenter
Presentation Notes
I enjoyed being able to mentor Emilia through her summer internship, and I view the experience as a way to “pay forward” the valuable insight and lessons taught to me by my mentors. I have come to believe that the opportunities we are exposed to early in our careers can shape the limits we place on ourselves *and* influence how we approach challenges we encounter throughout our careers.For the final section of my talk, I’d like to share some lessons learned during my mentoring experience.Preparation is so essential, particularly if you are mentoring students in data science.Tips for cleaning data: This is not trivial. This can be the most time-consuming part of the whole project. Help your mentee learn how to find and deal with missing data and outliers. Otherwise, it will be garbage in, garbage out.Setting up the student’s environment: This includes code repositories, primer on submitting HPC jobs, required software tools, and so on.Giving feedback: Frame your feedback as something to the student can try for the next task, rather than what they should have done differently on a previous task. The expectation should be clear. 
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This document was prepared as an account of work sponsored by an agency of the United States government. Neither the 
United States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, 
expressed or implied, or assumes any legal l iability or responsibil ity for the accuracy, completeness, or usefulness of any 
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Data Science Summer Institute
dssi.llnl.gov
dssi-info@llnl.gov

Presenter
Presentation Notes
There are many ways to learn more about the DSSI and to get involved. Check out our website, join our listserv, and feel free to reach out with any questions or ideas. Thanks for your time.---------------------------------------------------Several slides in this deck come from previous IM reviews and have been modified for this presentation: LLNL-PRES-774118, LLNL-POST-805375
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