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A recent PCAST report (President’s Council of Advisors on Science and Technology) called for an 
additional 1,000,000 college graduates with STEM degrees in the next decade to support scientific 
innovation in the US. Currently, fewer than 40% of students who begin their college career as STEM 
majors graduate with a STEM degree (the vast majority of the rest graduate with non-STEM degrees). If 
instead, 50% of students starting as STEM majors would graduate with a STEM degree, the goal would 
be reached. One of the recommendations of the report was to advocate and support replacing lab 
courses with discovery-based research courses and make the changes as early as possible in a student’s 
career. Engaging in discovery-based labs research can be a transformative experience which motivates 
students to stay in their chosen academic program. 

The aim of the SEA-PHAGES program (Science Education Alliance – Phage Hunters in Advancing 
Genomics and Evolutionary Science) is to provide this experience. SEA-PHAGES is a semester long 
research experience targeting beginning college students. The program has various goals, both research 
and educational: 

• Research goal: to define the diversity of bacteriophages and discover evolutionary mechanisms 
• Education goal: to introduce students to authentic research early in their college careers 

Challenge: first year college students are novices, they have little preparation (both in terms of 
knowledge and technical skills)  How can you engage them in scientific discovery? 

They were initially driven by the research goal. Bacteriophages are viruses that infect bacteria and it is 
estimated that there are 1031 phage ‘particles’ in the biosphere and are therefore the most ‘living’ 
(depending on your definition of ‘alive’) organisms on the Earth. It would therefore benefit the scientific 
community to know more about these organisms, and have answers to questions like: 

• How many different phages are there 
• How are different phages related to each other, etc. 

In order to increase the importance of finding the phages, they picked bacteria that are of interest to the 
scientific community: the tuberculosis bacteria. Since working with this bacteria presents safety issues 
with students, the SEA-PHAGES program uses bacteria closely related to the TB bacteria. 

http://mbio.asm.org/content/5/1/e01051-13
http://mbio.asm.org/content/5/1/e01051-13
http://mbio.asm.org/content/5/1/e01051-13


The SEA-PHAGES program takes the form of a lab which can be substituted for the traditional 
introductory biology labs which biology students are required to take. During the course, students 
isolate, sequence, annotate a phage and compare the sequence found with that of other known viruses. 
The phage population is extremely large and diverse (1031) to the point where it’s nearly impossible for 
two students working independently to identify the same phage. It is extremely rare that a phage 
students find is similar enough to one that was sequenced before. 

In the first semester, students isolate phages from soil samples they collect in their local environment. 
They then purify and characterize their phages, visualize them with electron microscopy, and extract 
and purify their DNA. One of the genomes is selected from the class, and, in the second term, students 
make use of bioinformatics to annotate the genome. The sequence and annotation quality is reviewed 
by experts and added to the Phage database. One of the important aspects of this course is project 
ownership: students really feel like they are in the driver seat. 

In order to teach this course, biologists who are no phage hunters need to be trained on: 

• Microbiology 
• Bioinformatics 

Training takes the form of two week-long workshops for which the Howard Hughes Medical Institute 
pays (HHMI pays for housing and meals; travel would have to be paid for by the school). 

In addition, the low technical requirements of the course make are such that it can be implemented in 
schools which do not have robust research instruments: most of the materials needed can be typically 
found in a biology lab for undergraduates. 

Since the program’s inception in 2008 there has been an enormous growth in the number of sequenced 
phage genomes: ~700 out of the total 1500 we have to date have been sequenced by students BUT, the 
database for the phages for a single bacterium which SEA-PHAGES students worked with (the TB related 
one) is 20 times the size of any other database for a single bacterium. All of the data that students 
generate need to be synthesized and organized, and for this purpose, a mycrobacteria phage database 
was created. Students can name their phages and add them to the database (e.g., the latest five added 
phages: Larry, ChoiBaby, Mindprobe, Burns, Theshyone). To date, there are more than 80 institutions at 
which SEA-PHAGE courses have been taught and nearly 7,000 students who have gone through these 
courses. 

This program provides a huge opportunity for discovery since so many students are working on so many 
different phages, and in multiple instances completely new things were discovered. For example, 
students found white genes which had never been found by anyone before. 

Results from students taking SEA-PHAGES courses show: 

• Better retention 
• Better outcomes in concurrent courses 



For Underrepresented Minority students (URMs) engagement with this course helps more than for 
other students. Similarly, women also show slightly better outcomes than males. 

What kind of resources do you need to teach this course? 

• 18-24 students per section 
• 1-2 faculty teaching 
• No use of Graduate TAs, BUT heavy use of Undergraduate TAs 
• UTAs are used heavily because students who go through this course really want to come back 
• Cost: $100-200 per student (textbook) for 2 terms 
• Space: at Pitt, regular labs space is used (i.e., lab space which is used for other intro labs) 
• Do not need a lot of specialized equipment 
• 2 labs per week, 2 hours each + open lab time (e.g., going out and collecting soil samples) 
• At pitt, this lab counts as an introductory lab (different universities have different rules, some do 

it as pitt, others include this course as an elective) 

Since only one phage students found in the first term is chosen to be annotated in the second term, is 
that demoralizing to students whose phage did not get picked? 

It can be, but typically, the course uses one or several classes in which students make the case that their 
genome should be chosen and the class votes on which one to use. Students can see that the particular 
genome was chosen for a good reason (“man, those students did a really good job and their phage is 
very nicely sequenced, maybe if we did a better job with ours, they would have chosen ours). 

Also, currently, only one phage is chosen for annotation, but they are ramping up to more. It still will 
most likely not be feasible for every one to be sequenced (due to cost and time considerations), but the 
number will increase in the near future. 

Watch the video at the end of Dr. Hatfull’s presentation to get a feel for what students who have gone 
through the SEA-PHAGES program think about it! 


