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Overview

Course Web Pages:
https://courses.cs.washington.edu/courses/cse428/21sp/

TA:

Alyssa La Fleur

Group-Project-oriented:

Typically teams of ~2-4 students

We will offer some projects ideas

We are open to student-generated ideas

“computers” + “biology” 

(+ reasonable scope + something we can facilitate)

2



Project Challenges

Organization & Scheduling

Bio Jargon

Tools from elsewhere

Did I mention Organization & Scheduling?

The #1 challenge identified by 99% of former students
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What I hope you will learn

See previous slide!

You’ll see real DNA/RNA seq data in all of them, plus 

Some mixture of: 

data structures, 

algorithms, 

data analytics, 

statistics, 

biology, 

HCI, 

ML, …
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Project Evaluation

Weekly Goals + Progress reports

Some midcourse checkpoint

Final written reports + oral presentations

Including evaluation of code, test results, etc. 

Peer comments
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Project Idea:
Next Few Slides

Open-ended, underspecified; as you think about them, 
both let your imagination run free, and think carefully 
about how to scale and stage your project so you can 

collect low-hanging fruit before potentially getting lost in 
the open-ended weeds.  (Fortunately, I don’t think mixing 

metaphors is a crime in this state–yet.) 



Misc. Projects From 
428’s Past



428 Past Projects

Just to give you some idea of scope, here are some 
projects from previous iterations of 428:

• Convenient web interface for "phylogenetic 
footprinting" in prokaryotes

• Build a genome assembler

• Machine learning applied to cancer genomics

• Convenient web interface for exploring "Foldit" 
results

• Visualization of technical biases in RNAseq

• Downstream impact of technical biases in RNAseq

• Crossover detection in DNAseq data
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2021 Project Idea #1

Discovery of regulatory non-coding RNA ("ribosomal 
leaders") in lower Eukaryotes

* You might remember my "L19" example from 427 – in 
some bacteria, excess L19 down-regulates itself by 
binding to its own mRNA 

* This kind of thing is widespread in Prokaryotes

* Few if any examples are known in Eukaryotes

* But I speculate that one group of single-celled Euks is 
a strong contender to show this behavior

* Chances are I’m wrong!  But should be "fun" to try; 
you’ll see real data, a variety of state-of-the-art 
algorithms, and methods to evaluate your results 
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2021 Project Idea #2 

Deep learning for non-coding RNA discovery and classification.

* ncRNA is an immense landscape that is radically changing our 
understanding of molecular biology, esp. regulation 

* But really hard problems

* Deep learning (DL) is sweeping the world, on hard problems

* Initial results suggest DL can be faster and better at ncRNA 
discovery/classification tasks than classical statistical methods

* Do you believe it?

* Initial DL architectures seem pretty naive: can you improve 
them?

* Again, look at real algorithms, real data, cutting-edge problems
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2021 Project Idea #3

You may have an idea that you want to pursue, and 
preferably recruit a partner or three to help

Again, we’re open to this, provided its got a reasonable 
blend of Comp + Bio, reasonably scoped, and something 
that we can facilitate.
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More Details
Idea #1:

Ribosomal Leaders



Hypothesis

High copy-number, multi-protein complexes may benefit 
from stoichiometric control of their components

Ribosomes are high copy-number, multi-protein 
complexes

Widespread use of "ribosomal leader" auto regulation 
in prokaryotes exemplifies this (but details vary)

Eukaryotes may accomplish this by other means, 
although a few putative examples are known

My suggestion: Unique biology of ciliates probably 
greatly exacerbates the stoichiometry problem, making 
them a prime target for discovery of Eukaryotic 
ribosomal leader auto-regulation.
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Fig. 2. The arrows show the situation as it 
seemed in 1958. Solid arrows represent 
probable transfers, dotted arrows possible 
transfers. The absent arrows (compare Fig. 
1) represent the impossible transfers 
postulated by the central dogma. They are 
the three possible arrows starting from 
protein.
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Translation: mRNA ® Protein

Watson, Gilman, Witkowski, & Zoller, 1992



Ribosome is a large complex,

~ 1/2 RNA, 1/2 protein

Most proteins bind 

the RNA scaffold.

"Leaders" mimic that

http://rfam.xfam.org/family/RF00177
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An example of a fully-assembled 
small subunit of ribosomal RNA in 
prokaryotes, specifically Thermus 

Thermophilus. The actual 
ribosomal RNA (16S) is shown 
coiled in orange with ribosomal 

proteins attaching in blue.

Small subunit ribosomal RNA, 5' domain taken from 
the Rfam database. This example is RF00177, a 

fragment from an uncultured bacterium.
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Fig. 1 (See legend on next page.)

Eckert and Weinberg BMC Microbiology          (2020) 20:130 Page 4 of 12

Fig. 1 Occurrence of previously and newly found r-leaders in bacteria and archaea. R-leaders predicted or confirmed to bind various r-proteins are shown along with the phyla or classes in which they occur. R-leaders predicted in “this 

are structurally unrelated. However, it is conceivable that
elucidation of the binding determinants or an atomic-
resolution structure would reveal currently obscure
similarities.
The predicted L31 r-leaders span multiple phyla, al-

though each individual r-leader motif is restricted to one
phylum. We found novel L31 r-leaders in E. coli and B.
subtilis, which is surprising, given the extensive study of
these organisms.
The precise structure and role of the L31 protein in

the ribosome has been unclear [33, 34]. A truncated
form of L31 is likely a side effect of ribosome purifica-
tion methods, and may have contributed to confusing
data about L31 function [33]. Recent results suggest that
L31 is part of a bridge between the small and large sub-
units and interacts with 5S rRNA, 16S rRNA and r-
proteins L5, S13, S14 and S19 [34]. The ability of the
30S head domain to swivel is accommodated via changes
in the flexible structure of L31 and its intermolecular in-
teractions [34, 35].
Many bacteria have two L31 genes, where one of these

two genes encodes a zinc-binding protein containing the
amino acid sequence CXXC, where X is any amino acid
[36]. These paralogous genes were proposed to contrib-
ute to regulation of zinc homeostasis [36, 37]. It is con-
ceivable that the L31-associated motifs regulate L31
genes as part of zinc homeostasis, and are not L31-
binding r-leaders. If this hypothesis is true, all five motifs
would most likely have the same biochemical function,
i.e., would either all regulate zinc-binding L31 proteins,
or all regulate non-zinc-binding L31 proteins. However,
this is not the case (Additional file 1: Supplementary
text, Additional file 1: Table S5). Therefore, this hypoth-
esis is probably incorrect, although we cannot rule out
the possibility that some of the five L31 motifs have dif-
ferent biological functions from others. Curiously, we
notice that most organisms contain zero or one L31
motif, for all five r-leader motifs (Additional file 2).

Given that many organisms have two L31 genes that
could be regulated, we are uncertain as to why only one
is associated with an r-leader.

Imitation of the rRNA: L20, eL15, S15 and S4 r-leaders
We found motifs that exhibit similarity to the rRNA’s
binding site for either the L20, eL15, S15 or S4 r-
proteins, and they are our best candidates for rRNA
mimicry. These similarities are based on several con-
served nucleotides in the rRNA binding site that resem-
ble conserved r-leader nucleotides. Additional support
derives in some cases from similarities between our r-
leaders and previously published r-leaders whose rRNA
mimicry was established in prior work.
R-leaders that bind L20 have been previously estab-

lished in Gammaproteobacteria and Firmicutes [7].
These leaders each exhibit two conserved regions that
correspond to two parts of the relevant binding site in
the rRNA: two consecutive G-C base pairs and an AA
dimer [7, 38] (Fig. 3a, Additional file 1: Figure S6). The
two regions dock with each other in the ribosome (PDB
model 4 V85). We found a candidate L20 r-leader in
Deltaproteobacteria that appears to conserve the same
two regions of the rRNA binding site of L20, but in yet
another structural scaffold (Fig. 3a). In the new motif’s
AA dimer, one A nucleotide is predicted as pairing, but
the existence of the base pair is unclear, as it is strictly
conserved and therefore does not exhibit covariation.
The two conserved elements are separated by a helix of
several consecutive base pairs, which could bend to ac-
commodate the docking interaction. Because of the ap-
parent similarity to previously established L20 r-leaders
that mimic the rRNA (Additional file 1: Figure S6), we
suspect that the Deltaproteobacteria L20 motif also uses
rRNA mimicry.
An r-leader motif that likely binds eL15 (the

eukaryotic and archaeal L15 r-protein) (Fig. 3b) exhibits
possible similarity to the eL15 binding site in the

Fig. 2 Conserved features of L31 r-leader motifs. The bacterial lineage is indicated. The inset explains annotations used throughout this paper,
not all of which occur in this figure. Information on our analysis of covariation is in Methods. Only R-scape annotations are statistically reliable

Eckert and Weinberg BMC Microbiology          (2020) 20:130 Page 6 of 12

RESEARCH ARTICLE Open Access

Discovery of 20 novel ribosomal leader
candidates in bacteria and archaea
Iris Eckert and Zasha Weinberg*

Abstract

Background: RNAs perform many functions in addition to supplying coding templates, such as binding proteins.
RNA-protein interactions are important in multiple processes in all domains of life, and the discovery of additional
protein-binding RNAs expands the scope for studying such interactions. To find such RNAs, we exploited a form of
ribosomal regulation. Ribosome biosynthesis must be tightly regulated to ensure that concentrations of rRNAs and
ribosomal proteins (r-proteins) match. One regulatory mechanism is a ribosomal leader (r-leader), which is a domain
in the 5′ UTR of an mRNA whose genes encode r-proteins. When the concentration of one of these r-proteins is
high, the protein binds the r-leader in its own mRNA, reducing gene expression and thus protein concentrations.
To date, 35 types of r-leaders have been validated or predicted.

Results: By analyzing additional conserved RNA structures on a multi-genome scale, we identified 20 novel r-leader
structures. Surprisingly, these included new r-leaders in the highly studied organisms Escherichia coli and Bacillus
subtilis. Our results reveal several cases where multiple unrelated RNA structures likely bind the same r-protein
ligand, and uncover previously unknown r-protein ligands. Each r-leader consistently occurs upstream of r-protein
genes, suggesting a regulatory function. That the predicted r-leaders function as RNAs is supported by evolutionary
correlations in the nucleotide sequences that are characteristic of a conserved RNA secondary structure. The r-
leader predictions are also consistent with the locations of experimentally determined transcription start sites.

Conclusions: This work increases the number of known or predicted r-leader structures by more than 50%,
providing additional opportunities to study structural and evolutionary aspects of RNA-protein interactions. These
results provide a starting point for detailed experimental studies.

Keywords: Comparative genomics, Ribosomal leader, Bioinformatics, RNA-protein interaction, cis-regulatory RNA

Background
The ribosome is an RNA-protein complex that performs
protein synthesis in all living cells [1–3]. The ribosome
consists of two subunits: the small subunit binds the
mRNA template, while the large subunit catalyzes the
peptidyl transfer reaction. Each bacterial or archaeal
ribosome is made of three different rRNAs (5S, 16S and
23S) and many ribosomal proteins (r-proteins). Ribo-
some synthesis is a complex process involving multiple

maturation steps, including the processing and folding
of rRNA through the binding of r-proteins.
Because of the central importance of the ribosome to

cellular function, ribosomes consume a large portion of
the cell’s energy [4]. As a result of this huge cost in energy,
cells use highly optimized regulatory systems to ensure
that r-proteins are at their optimal concentrations [4].
One common regulatory system in bacteria is a type of

feedback regulation known as a ribosomal leader (r-
leader) [4–8]. R-leaders are structured RNA elements
that occur in the 5′ UTRs of mRNAs whose genes en-
code r-proteins. One or more of these r-proteins can
interact with the r-leader, in addition to the r-protein’s

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: zasha@bioinf.uni-leipzig.de
Bioinformatics Group, Department of Computer Science and Interdisciplinary
Centre for Bioinformatics, Leipzig University, Härtelstraße 16–18, 04107
Leipzig, Germany

Eckert and Weinberg BMC Microbiology          (2020) 20:130 
https://doi.org/10.1186/s12866-020-01823-6



Ciliates

Large, single-celled Eukaryotes

Reproduce by fission, with occasional 
sexual cycles ("conjugation")

Two nuclei:

MIC: typical diploid nuc with 5-10 pairs 
of large chromosomes, but 
transcriptionally silent

MAC: copy of MIC, but processed to 
have many copies of many mini-
chromosomes (e.g. in Tt, several hundred, 
w/ ~45 copies of each, and >103 copies 
of rDNA) transcriptionally active

In fission, MIC is usual mitotic div, but MAC 
is amitotic–pinches in half w/ semi-random 
segregation of chromosome copies to each 
daughter cell.  (Restored by conjugation.)
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Tetrahymena thermophila



Outline/Challenges

Pick genes; for each:

Find genomes

Find chosen gene in multiple genomes

Download sequences (5’ UTR, especially)

Validate them?

Prep them for ncRNA "discovery"

Predict:

CMfinder

Rscape, etc.

Evaluation!!

Multiperm, SISSIz, control genes, outgroup, paralogs, visualize, 
Rscape, …

Other directions: introns, 3’ UTR, CDS, Other complexes 
(spliceosome, maybe?  RNA or DNA Pol, telomerase?)
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Chances of success:

      ???
… But as Dr. Laughlin said, nature might have the 
last laugh. “Given the rule of thumb that 99 percent 
of one’s own cool ideas tend not to work out,” he 
said, “I think the smart money [is against us]." …

https://www.nytimes.com/2021/03/23/science/astronomy-oumuamua-comet.html?
referringSource=articleShare
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More Details
Idea #2:

Deep Learning for 
ncRNA Classification & 

Discovery
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See separate .pdf file linked from 
course home page as "Idea #2"



Idea #3:
Yours?



Next steps
review slides

which (if any) appeals?
form groups

skim references on web
talk to/email me/Alyssa

we may have fragments of code for parts of this  
(may or may not be useful…)

Form a Group/Form a Plan!



Next Steps
Set up CSE GITLab Repo
Share with ruzzo@cs and lafleur1@cs (and teammates)
create a "group-info.txt" doc with

team members names & emails, other contact info
members roles as they become defined

Create a "Progress" doc for weekly reports:
goals for next week
review of what did/didn’t get accomplished last week

Bibliography
Make a "Plan" (what needs to be done, in what order); 
revise it as you go
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