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Workshop summary and report 

 

WORKSHOP ON THE ANALYSIS OF MICROBIAL SEQUENCE DATA USING 

THE ARB SOFTWARE 

 
Amy Apprill 

 
Summary 

The goal of this project was to increase graduate student, post-doctoral and early scientist 
education in the analysis of microbial nucleotide sequence data, and especially 
methodology to analyze SSU rRNA genes from marine microorganisms.  To achieve this 
goal, a tutorial handbook consisting of seven tutorials and an appendix totaling 51 pages 
was created and three workshops for 45 participants were held.   
 
The tutorial handbook was designed to guide the user step-by-step through the process of 
raw sequence analysis, quality controlling and aligning sequences, creating phylogenetic 
trees, designing primers and probes, and creating new databases. The handbook focuses 
on use of the ARB software package and includes captured computer screen images that 
visually guided the user through the different menu options of the software.  The tutorial 
handbook was used during the three workshops.  The workshop participants included 
undergraduates, graduate students, post-doctoral students and early career and established 
scientists.  During the workshops, each student had access to a computer and students 
were guided through the tutorials using a practice dataset of marine bacterial SSU rDNA 
sequences.  Workshops were held on the following dates at these institutions: 
 
 June 18, 2009: University of Hawaii at Manoa (16 Agouron course students) 
 July 29 & 30, 2009: Woods Hole Oceanographic Institution (WHOI; 14 students) 
 August 13 & 14, 2009: University of Hawaii at Manoa (UH-M; 15 students) 
 
The workshop for the Agouron course students included graduate students from diverse 
universities participating in the Microbial Oceanography: Genomes to Biomes summer 
course.  The workshop at WHOI attracted students from multiple research institutions 
and universities near Woods Hole, MA (WHOI, Marine Biological Laboratory, 
University of Rhode Island and MIT).  The students participating in the WHOI workshop 
spanned diverse educational and research backgrounds.  The UH-M workshop held in 
late August brought together undergraduates, graduate students, and a microbiology 
lecturer from various departments within the UH system (Departments of Oceanography, 
Microbiology, Zoology, Botany and Biology and Kapiolani Community College).   
 
Feedback from students was requested at the end of the workshops.  All participants 
stated that attending the workshop was a useful or valuable experience for them, and that 
they would recommend that their colleagues attend future workshops. Amy Apprill and 
co-instructors Erin Banning (WHOI) and Megan Huggett (UH) also felt that the 
workshops were a success.  All instructors felt that they gained valuable teaching 
experience and also increased their knowledge about sequence data analysis and the ARB 
software during the course of the workshop. 
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Workshop Advertisement, Applicants and Participants  

The non-Agouron sponsored workshops were broadly advertised to attract a diverse 
assemblage of students representing different academic departments. The WHOI course 
was advertised via e-mails to students, post-docs and faculty within WHOI, MIT and the 
Marine Biological Laboratory.  The UH course was advertised within the UH-Manoa by 
sending e-mails to students, post-docs and faculty in the Oceanography, Zoology, 
Microbiology and Botany departments. Both workshops were also advertised on the C-
MORE website and to the C-MORE all hands e-mail list-serve. In order to recruit Native 
Hawaiians and Pacific Islanders (NHPI) and other underrepresented minorities to 
participate in the workshops, Barbara Bruno assisted with advertisement e-mails to 

NHPI-serving organizations and members of the C-MORE diversity council and word of 
mouth advertising through members of the NHPI community.  Applications for the 
workshop requested educational background and current position information as well as a 
brief explanation of how attending the workshop would impact the applicant’s research 
goals.   
 
WHOI workshop applicants and participants 
A total of 17 applications were received for the workshop at the WHOI.  Fourteen 
applicants were selected to attend the workshop, with the condition that 2 students would 
provide their own computer. All applicants that applied by the application deadline fit the 
desired criteria of a student, post-doc or early career scientist who planned to use 
microbial sequence data and the ARB software for their research and were therefore 
accepted into the workshop. One early career scientist from Grinnell College (Iowa) was 
accepted into the workshop, but decided not to attend. Three students applied after the 
admission deadline and one was accepted into the workshop and the other two who 
applied a week before the workshop were denied admission due to lack of space and 
computer availability.  The participants were diverse in their affiliations, departments, 
and positions (Table 1). 
 
Table 1.  Summary of participants in the WHOI workshop 

Participant Affiliation Department Position 

Paul Berube MIT 
Civil & Environmental 

Engineering 
Post-doc 

Phoebe Dreux Chappell 
U of Rhode 

Island 

Cell & Molecular 

Biology 
Post-doc 

Erika del Castillo MBL Bay Paul Center Post-doc 

Caitlin Frame WHOI 
Marine Chemistry & 

Geochemistry 
PhD student 

Laura Gulmann WHOI Biology Post-doc 

Jia Yi Har MIT 
Civil & Environmental 
Engineering 

PhD student 

Laura Hmelo WHOI 
Marine Chemistry & 

Geochemistry 
PhD student 

Travis Meador WHOI 
Marine Chemistry & 
Geochemistry 

Post-doc 

Anton Post MBL Bay Paul Center senior scientist 
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Alyson E. Santoro WHOI 
Marine Chemistry & 

Geochemistry 
Post-doc 

Daniel Sher MIT 
Civil & Environmental 

Engineering 
Post-doc 

Laure-Anne Ventouras MIT Biological Engineering PhD student 

Paula Welander MIT Biology Minority post-doc 

Jessica Mark Welch MBL Bay Paul Center assistant research scientist 

 
UH-Manoa workshop applicants and participants 
A total of 16 applications were received for the workshop held at UH-Manoa. Fifteen 
applicants were selected to attend the workshop.  The applicants were students from a 
diversity of research departments and one early career scientist. One applicant applied a 
day before the workshop began and was denied admission due to lack of prepared 
resources.  The participants were from a diverse array of research departments and 
spanned from undergraduates to early career scientists (Table 2).  One student was from 
the Victoria University of Wellington in New Zealand who was conducting research in 
the UH-Manoa Department of Microbiology during the summer and learned of the 
workshop via word of mouth. 
 
Table 2. Summary of participants in the UH-Manoa workshop 

Participant Affiliation Department Position 

Lydia Baker UH-Manoa Oceanography PhD student 

Tracy Campbell UH-Manoa Oceanography PhD student 

Rebecca Cowie 
Victoria University of 

Wellington 

Biological 

Sciences 
PhD student 

Chelsea Dudoit UH-Manoa Biology Undergraduate 

Darin Hayakawa UH-Manoa Microbiology PhD student 

Ying Huang UH-Manoa Zoology PhD student 

Sean Jungbluth UH-Manoa Oceanography PhD student 

Kehaunani Manoi UH-Manoa Marine Biology Undergraduate 

Jenny Murphy UH-Manoa Oceanography PhD student 

Olivia Nigro UH-Manoa Oceanography PhD student 

Jennifer Salerno UH-Manoa Zoology PhD student 

Chris Schvarcz UH-Manoa Oceanography PhD student 

Cawa Tran UH-Manoa Zoology PhD student 

Matthew Tuthill 
UH, Kapiolani 

Community College 

Microbiology & 

Biotechnology 
Lecturer 

Yong Hoon Yoo  UH, Botany UH, Botany PhD student 

 
The workshop held at the UH-Manoa for the Agouron course summer students did not 
include an application or selection process.  The participants represented universities and 
research institutions from diverse geographic locations (Table 3). 
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Table 3. Summary of participants in the Agouron Institute workshop 
Participant Affiliation 

Andre Antunes Universidade Jean Piaget de Cabo Verde 

Paulo Calil University of Hawai‘i 

Cheryl Chow University of Southern California 

Astrid Gardes Jacobs University Bremen 

Aurore Regaudie de Gioux Instituto Mediterráneo de Estudios Avanzados 

Clara Ruiz Gonzalez Instituto de Cièncias del Mar 

CarriAyne Jones University of Southern Denmark 

Nadav Kashtan Weizmann Institute of Science 

Kevin Meyer University of Maryland 

Elise Olson Woods Hole Oceanographic Institution / MIT 

Byron Pedler Scripps Institution of Oceanography 

Chau Pham University of California-Irvine 

Ty Samo Scripps Institution of Oceanography 

Jody Wright University of British Columbia 

Jodi Young University of Oxford 

Rosa Leon Zayas Scripps Institution of Oceanography 

 
A strength of the workshops was that they brought together students from different 
universities and departments with diverse research interests. The majority of the 
participants were PhD students.  Considering all of the workshops together, the 
participants included 2 undergraduates, 31 PhD students, 8 post-doctoral students, 2 early 
career scientists and 1 senior scientist.  Thirty-one of the students were female and 16 
students were male.   
 
Objectives and Syllabus 

The objectives of the proposed activities included 1) creation of a tutorial handbook and a 
practice dataset of microbial SSU rDNA data to be used during the workshops 2) hold 
three workshops offering specialized training in microbial SSU rDNA analysis using the 
ARB software for 30-35 participants, and 3) make the tutorial materials, course syllabus, 
and powerpoint lectures practice freely available for the public.   
 
The first objective was met, and a handbook was created which guides the user step-by-
step through the process of sequence data analysis using the ARB software program.  The 
handbook includes captured computer screen images which visually guided the user 
through the different menu options of the software. The handbook focuses on the use of a 
practice dataset of 20 raw chromatograms of SSU rRNA gene sequences.  The handbook 
consists of seven tutorials that instruct the user in the clean up and quality control of raw 
sequence chromatographs, assembling partial sequences into full length sequences, 
importing sequences into an existing SSU rRNA gene database, aligning sequences, 
quality control of alignments, creating phylogenetic comparisons using the different 
available methods, and designing probes and primers to target certain sequences.  
The handbook was used during the workshops and was overhauled and improved after 
each workshop.  
 
The second objective was also met, and I was able to exceed my initial expectations and 
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accommodated 45 participants between the 3 workshops.  The first workshop for the 
Agouron students was shorter in length (1 day) and some students could have benefited 
from an additional half-day of training.  However, the students were not all planning to 
use the workshop skills in the future and one day of training is probably sufficient for an 
introduction.  In the future, an optional half-day of additional training would be helpful to 
offer these students.  The students attending the two-day workshops were able to more 
thoroughly master the tutorial exercises and software than the Agouron course students.  
One difference between the workshops was that the students attending the two-day 
workshops applied to attend the workshops and were interested in learning the skills for 
their own research.  Overall, all students had very positive feedback about the workshops 
and were appreciative of the opportunity to learn in a short workshop setting. 
 
Discussions were initiated during lunch for both the WHOI and UH-Manoa workshops, 
with topics as follows: 
 
WHOI workshop, Day 1: Student introductions: the students introduced themselves and 
briefly explained their research area and incorporation of phylogenetics into their 
research projects. 
UH-Manoa workshop, Day 1: Student introductions: the students introduced themselves 
and briefly explained their research area and incorporation of phylogenetics into their 
research projects. 
UH-Manoa workshop, Day 2: Opportunities in science education for PhD’s: a round-
table discussion led by Hawaii Institute of Marine Biology Academic Program Specialist 
Judy Lemus. 
 
The third objective has also been met. The course materials were posted to the C-MORE 
website on 10/23/2009 and are available at the following site: 
http://cmore.soest.hawaii.edu/education/grads-postdocs/arb_workshop.htm 
 
The availability of the workshop materials was advertised via e-mails to the course 
participants and the ARB users group.  Additionally, a write-up about the workshops and 
available materials will appear in a future issue of the Ocean Carbon and 
Biogeochemistry (OCB) newsletter. 
 

Logistics and Budget 

Amy Apprill organized the workshops with support from various avenues. Macintosh 
computers belonging to the Agouron Institute were provided for the Agouron and UH-
Manoa workshops. Ken Doggett (C-MORE) provided invaluable support with organizing 
the laptops and installing a wireless network for use during the workshops. For the 
WHOI workshop, Christine Hammond (Asst. Director of Computer and Information 
Services at WHOI) provided use of 12 training facility computers for the workshop and 
her support staff aided Amy Apprill in the installation of the ARB software.   
 
The Buttery, a restaurant housed at WHOI, catered coffee breaks and lunches for the 
WHOI workshop.  The meals were very reasonable, and amounted to less than $8/person 
per day.  Coffee breaks for the UH-Manoa workshop were self-catered, and lunches were 
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obtained from Da Spot (UH-M sustainability courtyard) and Papa John’s pizza.  Meals 
amounted to $6.25/person per day.  Overall, expenses for meals were over-estimated in 
the budget compared to actual expenditures. 
 
Expenses for the student notebooks were under-estimated in the budget compared to 
actual expenditures.  Notebooks for the Agouron Institute and UH-Manoa workshops 
were less than $3/notebook.  However, notebooks for the WHOI workshop were much 
more expensive ($18/notebook) because WHOI copy machines could not be utilized for 
this project and the copying had to be conducted at Staples.   
 
Amy Apprill’s salary was also under-estimated in the budget because the proposed salary 
did not account for a health insurance allowance.     
 
The entire budget amount of $11,477.00 was spent during this project. 
 
Student Feedback 

Students were given an optional form for evaluating the workshop.  The form included 
the following questions:  

 

1. Did you feel that the ARB workshop was a useful experience?  
2. Name at least two things that you found most helpful or useful from the workshop.  
3. Name at least two things that could be improved for future workshops. 
4. Would you recommend others to attend a workshop like today’s, and why or why not? 
 
All 45 participants opted to evaluate the workshop.  All participants reported positive 
feedback and indicated that the workshop ranged from a useful to invaluable learning 
experience. Additionally, all instructors felt positive about the workshop outcome and 
were enthusiastic about helping teach future workshops.  From the participant reviews, it 
was clear that the students appreciated the handbook of tutorial materials and a ‘take-
home’ binder of reference materials for the future.  The largest time commitment to this 
project was the writing and assemblage of these materials, and future workshops could 
therefore be organized with less labor cost.  While it was not specifically mentioned, 
participants had no difficulties with the computers or software during the workshop.  The 
ARB software is often problematic to install and run, and one of the great strengths of the 
workshops was access to computers that flawlessly ran the software.  Other specific items 
which were reported to be most useful or helpful from the workshop included: 
 
Materials and content 

- Take home reference materials and handbook and the inclusion of screen-shots in 
the tutorials which mirrored what was seen on the projector and their computer 
screen. 

- Step-by step tutorial introductions to the ARB software which we walked through 
as a group, then had the opportunity to walk through the material on our own. 

- Exercises which took raw sequence data step-by-step through phylogenetic 
analysis. 

- Learning how to build phylogenetic trees and make filters. 
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- Introduction to useful web-based resources. 
- Having a pre-made sample database to work with in the software. 

Teaching 
- The workshop was taught by experienced users available for one-on-one question 

and answer sessions. 
- Good student: teacher ratio (8 students: 1 teacher). 

Logistics 
- Good time length and well organized. 
- Length of breaks was adequate to give necessary mental breaks.   
- Lunch and snacks were well provided. 
- Developed new contacts for my research. 

 
The participants mentioned several items that could be improved for future workshops. 
These suggestions included: 
 
Materials and content 

- Spend more time on background molecular biology information (mentioned for 
Agouron course). 

- Provide more explicit details about why certain features in ARB are more useful 
than others, and how the database is set-up. 

- Allow participants to bring own data to work on for the assignment. 
- Spend an extra day devoted to discussing experimental set-up for fluorescent in situ 

hybridization experiments and primer and probe design, 
- Spend more time on how to analyze functional genes and creating new databases 

creation, 
- More in-depth discussion about the different types of phylogenetic trees available 

and when it is appropriate to use each. 
Teaching  

- More teaching assistants (mentioned for Agouron course). 
Logistics 

- Hold a 2-day course instead of a single day course (mentioned for Agouron course). 
- It was difficult to see the projected screen from the back of the room.  
- Work in smaller groups instead of teaching the whole class together (mentioned for 
Agouron course). 
- Provide a list of participant list for networking purposes. 

 
Many of the above mentioned items which pertained to materials and content and 
logistics were improved for later workshops, and others could still be easy added for 
future workshops. Students from the Agouron workshop were least familiar with 
phylogenetics and the ARB software, and in the future could benefit from holding the 
workshop after the students had participated in laboratory activities that generate 
microbial sequence data.  Ideally, a second half-day of the workshop could be offered 
which would allow the students to work with ARB on their own data. We attempted to 
schedule this type of teaching scenario this year but it was not possible with the course 
and instructor schedules. 
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All participants stated that they would recommend the workshop to others, especially 
those at a basic or intermediate familiarity with phylogenetics and ARB.  Several 
participants commented on the convenience of a short 2-day workshop, and liked the fact 
that the workshops were scheduled when courses were not in session. One participant 
with a more advanced skill level did not gain as much from the workshop, and wanted 
more in-depth information about manipulating programming code in ARB.  This type of 
instruction probably goes beyond the scope of a 2-day course. 
 

Future Goals 
1. I plan to maintain the workshop materials on the C-MORE website and edit or 

improve as needed.   
2. Follow-up questionaires will be sent to workshop participants and the results 

reported back to C-MORE after 6 months and 1 year of the workshops (plan to 
submit reports by 2/2010 and 9/2010). 

3. I provided my contact information on the website and plan to assist any 
individuals wishing to hold future workshops which utilize my tutorial materials.  

4. Hold a workshop at WHOI during summer, 2010 for a nominal cost to 
participants ($20/person) to cover workshop notebook expenses. 
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