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Tips & Tools

INTRODUCTION

The rapid advancement and availability of sequencing 
technologies are necessitating the inclusion of a core set 
of bioinformatics competencies in biology curricula. Many 
curriculum guidelines have developed specific recommenda-
tions for key concepts and skill sets related to bioinformatics 
and molecular evolution analysis (1–4). To broaden student 
exposure to bioinformatics, we have developed an activity 
that uses amino acid sequences from Tropical soda apple 
mosaic virus (TSAMV) and other tobamoviruses to facilitate 
teaching multiple sequence alignment and phylogenetics in 
undergraduate biology courses. The activity introduces 
students to basic bioinformatics and provides a core skill 
set in fundamental sequence analysis to help students better 
understand the key relationships between phylogenetics and 
virus evolution. Tobamoviruses are a good teaching model 
because well-established phylogenetic groups form naturally, 
presenting results that can be readily compared with those 
published in scientific literature. Additionally, students can 
make important societal connections when analyzing the 
potential economic impact of this group of agriculturally 
important plant pathogens. 

The activity described here was developed for an intro-
ductory bioinformatics course focusing on basic sequence 
analysis for biologists. In a computer lab, students use a freely 
available, user-friendly bioinformatics program to analyze the 
TSAMV replicase protein, and then use this information to 
better understand the evolution and ecology of this virus. 
To reach these goals, students complete multiple sequence 
alignments and phylogenetic analyses of the TSAMV replicase 
amino acid sequence in comparison with other tobamovi-
rus sequences. The activity is broadly adaptable and easily 
introduced in courses that include microbiology, molecular 
biology, genetics, or evolution.

PROCEDURE

Preparing students for the activity

Tobamoviruses are rod-shaped RNA viruses that infect 
a broad range of plants including tomatoes, peppers, and 
cucumbers. Genomes of tobamoviruses are approximately 
6.3–6.5 kb and consist of four open reading frames (ORFs): 
a 124- to 132-kDa replicase protein with methyltransferase 
and RNA helicase domains, a 181- to 189-kDa replicase pro-
tein with a polymerase domain, a movement protein (MP), 
and a coat protein (CP) (5–7). Tropical soda apple mosaic 
virus, a tobamovirus that was originally isolated from tropical 
soda apple (TSA), has also been shown to infect other sola-
naceous crops (8). Tropical soda apple is an invasive weed 
in the Solanaceae plant family and has spread throughout 
the southern United States, taking over large areas of cow 
pastures (9). Tropical soda apple is naturally infected by 
tobamoviruses and members of several other families of 
agriculturally important viruses and may facilitate virus dis-
semination. Tobamoviruses are excellent for introducing the 
principles of phylogenetics to students because three major 
phylogenetic groups naturally form based on the host plant 
family infected (Solanaceae, Cucurbitaceae, or Brassicaceae) 
(6, 10). Six single tobamovirus species branches also form, 
again based on host plant family. This activity utilizes the 
replicase amino acid sequence of TSAMV to determine the 
evolutionary relationship of this virus to other tobamovi-
ruses. This analysis provides the required context needed 
for developing diagnostics and preventive control measures 
to limit the spread of TSAMV and related viruses. 

Activity: Multiple sequence alignment  
and phylogenetic analysis

Students complete a multiple sequence alignment and 
phylogenetic analysis of 28 tobamovirus and 1 outgroup 
replicase amino acid sequences (see Appendix 1 for supple-
mentary instructions). Sequences can be collected from 
NCBI using the accession numbers or amino acid text file 
provided (Appendices 2 and 3, respectively). Students then 
import sequences into MEGA7 for their analysis (11). After 
the sequences are imported into MEGA7, students should 
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note the number of sequences and their general lengths. 
The students will then use ClustalW to make the multiple 
sequence alignment. The alignment may take several minutes 
to complete. Once the sequence alignment is complete, 
students should be directed to evaluate their alignments. 
In general, observations can be made by looking for major 
regions of the sequences that are similar and the presence 
and distribution of gaps. After completing the multiple se-
quence alignment, students will use the same software to 
create a neighbor-joining phylogenetic tree. Once the tree 
is constructed, students can be directed to make their inter-
pretations based on the groupings they observe within the 
phylogenetic tree. They should be able to determine which 
species on the tree belong to which tobamovirus phyloge-
netic group in Appendix 2. Based on this analysis, students 
will recognize that the species form three major groups and 
six single species branches based on the host family these 
viruses infect. The phylogenetic analysis will place TSAMV 
with Pepper mild mottle virus (PMMoV) within the Solana-
ceae group (10). Students can then be directed to predict 
other host plants that TSAMV may potentially infect. Through 
a literature search, or through the reference provided (8), 
students will discover that TSAMV can infect bell peppers and 
tomatoes. This is predicted in the tree, as TSAMV is most 
closely related to PMMoV and other viruses from peppers 
and tomatoes. The phylogenetic analysis reinforces the idea 
that the biology of TSAMV can be better understood through 
comparative molecular analysis. The entire activity can be 
completed in a single class, or spread over two class periods. 

Extensions

Several extensions to this activity emerge once the 
basic processes of multiple sequence alignments and phy-
logenetics are understood. Students can use the genome 
accession numbers in Appendix 2 to collect complete ge-
nome sequences, or amino acid sequences for MP or CP, to 
generate a phylogenetic tree and compare the results with 
their replicase tree and literature results (6, 8, 10).

CONCLUSION

This activity has been implemented over the past four 
semesters, and more than 60 students have completed it. 
Students report a better understanding of molecular evolu-
tion by having the opportunity to see how actual similarities 
and differences in amino acid sequence alignments translate 
to phylogenetic relationships. The formation of groups based 
on host plant family provides a very simple framework for 
students to learn how to start evaluating phylogenetic trees. 
The ease of the activity demystifies sequence analyses for 
the students and opens their horizons to other applications 
including epidemiology, human genetics, and health and 
disease. Responses from students also make evident the 
value of this practical exercise in building their confidence 
for future bioinformatics analyses. 

SUPPLEMENTAL MATERIALS

Appendix 1:  Instructor notes and handout for class-
room instruction 

Appendix 2:  Table of tobamoviruses, abbreviations, and 
accession numbers

Appendix 3:  Text file of 28 tobamovirus and 1 outgroup 
replicase amino acid sequences 
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