
Persistence in the SEA of Bioinformatics with Phage Genome Annotations
Michèle Barmoy, Jeff Norman, and John Drummond

June 2023

PERSISTENCE IN THE SCIENCES

POSTER PROJECT

REFERENCES

The final project for the course is a poster presentation and SEA-PHAGES students have the opportunity to present 

their poster at the annual SEA Symposium. Two sample posters from Allegany College of Maryland are shown here.

•Hanauer, David I. et al. 2017. An inclusive Research 
Education Community (iREC): Impact of the SEA-
PHAGES program on research outcomes and student 
learning. PNAS. 114(51) 13531-13536.
•Mader, Catherine M. et al. 2017. Multi-Institutional, 

Multidisciplinary Study of the Impact of Course-Based 
Research Experiences. Journal of Microbiology & 
Biology Education. 18:ar2 1317.
• Pope, Welkin H., Russell, Daniel A., Creswan, Steven G., 

Hatfull, Graham F. 2017. SEA-PHAGES Bioinformatics 
Guide, University of Pittsburgh, The Science Education 
Alliance-Phage Hunters Advancing Genomics and 
Evolutionary Science, © 2017, Howard Hughes Medical 
Institute. All rights reserved. 4000 Jones Bridge Road, 
Chevy Chase, Maryland 
20815.https://seaphagesbioinformatics.helpdocsonline.
com/guiding-principles

Figure 1: SEA PHAGES program flow chart highlighting 

work done by students during the bioinformatics semester 

(Pope, 2017).

SEA-PHAGES (Science Education Alliance – Phage 

Hunters Advancing Genomics and Evolutionary Science) 

is a two-semester Course-Based Research Experience 

(CRE) administered by the University of Pittsburgh and 

the Howard Hughes Medical Institute (HHMI). In the first 

semester, undergraduate students collect soil samples and 

learn simple microbiology techniques to isolate 

bacteriophage (hereafter “phage”, which are viruses that 

infect bacteria). Students extract DNA from their phage 

and one or two samples from the class are sent to the 

University of Pittsburgh for sequencing.  The sequence is 

returned for the second semester when students annotate 

the phage genome using bioinformatic tools (programs and 

databases) to identify the genes and their functions. The 

final annotated genome is submitted to public databases 

allowing student researchers to contribute to the field of 

genomics. Student participation in the SEA-PHAGES 

CRE has been shown to increase retention in the sciences 

when compared to other biology laboratory courses.

INTRODUCTION

GENOME ANNOTATION METHOD

Many CREs have been implemented instead of traditional 

labs based on reports that the experience of doing actual 

research provides insight into science careers and 

improves retention in STEM fields (Mader et al. 2017) . 

The SEA PHAGES program is one of only a few 

centralized inclusive Research Education Communities 

(iREC). This iREC provides a collaborative community 

where students and faculty regularly interact, train, and 

present their work with one another (Hanauer, 2017). SEA 

PHAGES surveys students each year on six key variables 

on student retention (summarized in table 1). According 

to survey administrators, SEA PHAGES students 

statistically out-perform traditional non-research labs on 

the survey (Hanauer, 2017). Some comparisons are shown 

in figure 2.
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The phage genome is auto-annotated using DNA Master 

(a database manager and DNA sequence editor) which 

integrates results of its own tools with external programs 

like Glimmer, GeneMark, BLAST and Aragorn. This 

draft annotation of the genome is then reviewed by the 

students to improve the annotation. Working in groups of 

two or three, on assigned genes, students refine the 

annotation each backchecking the other. PECAAN (a 

newer annotation program) is often used to facilitate this 

process.  Later, students work in larger groups, again 

checking each other.

Using 15 Guiding Principles of Annotation from SEA-

PHAGES and additional programs like Phamerator, 

Starterator, and HHpred evidence for each gene’s start 

call and function is checked (Pope et. Al. 2017). While 

annotating, students answer three basic questions; is this a 

gene, where does the gene start, and what is its function. 

Students curate reports identify reading frames, coding 

potential and possible functions. Comparisons are made 

to similar genes in other genomes using resources such as 

the Actinobacteriophage database, Genbank, and 

Conserved Domain Database to collect evidence for the 

gene calls.  

Students may encounter frameshifts, gaps in the genome 

(phage genomes are tightly packed) and possible tRNAs 

that need to be investigated. The SEA PHAGES website 

has forums where researchers (faculty and students) can 

ask questions and collaborate as any research team would. 

This is often the source of ideas for student posters (final 

project).  The green boxes in figure 1 show the steps of 

the SEA PHAGES program that are done by students in 

the Discovery semester while the blue rectangle 

highlights the steps done during the Bioinformatics 

semester. The completed annotation is submitted to the 

University of Pittsburgh for quality control (pink box). 

The annotation is then reviewed by GenBank.  After 

approval, the genome is made available in the GenBank 

database (www.ncbi.nlm.nih.gov/genbank), along with 

PhagesDB (https://phagesdb.org), both public data bases are 

used by researchers around the world. 

Figure 2: (A) SEA PHAGES 

classes likely to continue 

in the sciences PITS 

survey measures 

compared to traditional 

laboratory classes. (B) 

Average number of 

science courses taken by 

students experiencing 

SEA-PHAGES (red) or a 

non-research laboratory 

course (blue) in three 

subsequent terms; 95% 

confidence intervals are 

shown (Hanauer, 2017).

Variable Relevance for Course

Project Ownership Content personal connection with their 

research. 

Project Ownership Emotion Excitement with their research

Self-Efficacy belief in ability to perform scientific 

procedures

Science Identity self-identification as a scientist. 

Scientific Community

Values

Acceptance that scientific knowledge 

is important.

Networking sharing their research with other 

people.

Table 1: Summary of variables of retention identified by SEA 

PHAGES.
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