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Module 8:  Horizontal 
Gene Transfer 

Objective 
The objectives of this module are:  
1. To determine if there is evidence that the gene under investigation has arisen by horizontal transfer 

rather than vertical transfer by constructing phylogenetic trees, looking at gene neighborhoods and 
evaluating GC content of the gene under investigation compared to the genome as a whole. 

Materials 
To perform this activity you will need: 
• Access to the internet on a computer equipped with the most recent version of Firefox, Chrome or 

Safari. 
• To have completed the sign up for GENI-ACT described in the Signing Up for GENI-ACT section of 

the manual.  

Background 

Horizontal (or Lateral) Gene Transfer is the transfer of a gene from one organism into another organism 
that is not its offspring. In bacteria and archaea, a number of mechanisms for horizontal gene transfer have 
been experimentally confirmed. Horizontal gene transfer is a very important factor in microbial evolution. 
Organisms that receive a gene from horizontal gene transfer may develop a new phenotype. A horizontally 
transferred gene may cause a new phenotype immediately, or over time the horizontally transferred gene may 
accumulate many mutations that result in a new function of that gene product and a new phenotype in the 
organism. New phenotypes that result from horizontal gene transfer significantly increase the speed and 
efficiency of evolution. In many microbes, a large portion of the genome consists of genes obtained in the 
microbes' histories through horizontal gene transfer.   

A concise description of horizontal gene transfer can be found at :  
http://en.wikipedia.org/wiki/Horizontal_gene_transfer. 
 
To determine whether a gene in an organism is the result of horizontal gene transfer, phylogenetic trees and 
speciation relationships are evaluated.   
There are two types of phylogenetic trees: rooted and unrooted. Rooted phylogenetic trees show 
relationships with a timeline. This looks similar to a person's family tree. Often the length of the lines in a 
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rooted phylogenetic tree is related to time. By contrast, an unrooted phylogenetic tree shows a snapshot of 
relatedness without a timeline. An unrooted phylogenetic tree clusters similarities together but does not 
show an ancestral lineage. An unrooted person's family tree would show clusters of blood relatives, but 
would not show who was ancestor or progeny in those clusters. 
The T-Coffee website that you have already used in the Sequence Based Similarity Module allows for the 
construction of basic cladograms and phylogenetic trees (defined below)  Phylogeny.fr is a website that 
brings a number of distinct tools that are very useful for phylogenetic analysis into one location. Though the 
site is often slow, it gives more informative outputs for phylogenetic analyses.  

Procedures 
 
1. Copy the FASTA formatted amino acid for the protein under investigation from your Basic Information 

module notebook. 
2. Navigate to http://blast.ncbi.nlm.nih.gov/Blast.cgi and perform a BLAST analysis as you did in the 

Sequence Based Similarity Module.  Using the nr database will typically give you a larger number of 
significant BLAST hits for phylogenetic analysis. 

3. When results are obtained, pick approximately 15-20 sequences for analysis, but do not simply choose the 
15-20 or so best hits.  Pick 4-5 hits with the highest BLAST scores, but then scroll down the list of 
significant BLAST hits and pick some that are toward the middle of the list and some closer to the 
bottom of the list.  Try to pick organisms from different Genera if possible get the most variability.  The 
idea here is not so look only at the best hits, but to see whether those proteins from organisms that most 
closely group with your gene are from close relatives of Kytococcus. 

Figure 8.1.  
BLAST 
results for 
Ksed_00010.  
The nr 
database was 
used and 
Ksed_00010 
was found as 
the first hit 
(arrow).  
Seven of the 
15 additional 
sequences 
used for 
analysis are 
shown as 
checked. 
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4. Download the selected hits in FASTA format as you did when you used T-Coffee in Module 2 and 
paste it into your notebook,  a text editor or Word document (Figure 8.2). 

 
 
 
 
 
 
 
 
 
 
 

Figure 8.2.  A portion of the downloaded BLAST hits for Ksed_00010.  Note the long FASTA 
descriptor lines present for each sequence (an example of which is shown by the arrow) 
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5.  Since T-Coffee will truncate the FASTA descriptor line to be no more than 15 characters in length, we 
must edit the FASTA header to have the genus and species of the homologs right after the > symbol in 
the FASTA header in order to clearly see the organism name in the results of the phylogenetic analysis.  
To achieve this simply delete all text between the last occurrence of the genus and species name of the 
organism from which the sequence is from and the first > symbol in the FASTA header (Figure 8.3). 

 
6.  Navigate to http://www.ebi.ac.uk/Tools/msa/tcoffee/ , paste the edited sequences into the search box 

and hit submit. 
 
 

Figure 8.3.  The same sequences as in Figure 8.2 with the FASTA headers edited to only include 
the genus and species names of the organisms from which the hits were obtained. 



GENI-ACT MANUAL  MODULE 8:  HORIZONTAL GENE TRANSFER 

PAGE 162 OF 193 

 
7. Figure 8.4 shows a portion of the T-Coffee results.  Note the genus names of the hits at the left.  You 

should copy and paste the entire alignment, including the Clustal W header, into your notebook or a 

Word document and save it.  You will use the alignment again later in this module.    
 
 
 
 
 

Figure 8.4.  The T-Coffee results page with genus names clearly identified for each protein in the 
alignment.  The arrow points to the Phylogenetic Tree menu, which will generate both a cladogram 
and phylogram based on the alignment as described below. 
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8. Click on the Phylogenetic Tree tab and scroll to the bottom of the resulting page. You will see a 

cladogram indicated by default (Figure 8.5A), but if the “real” branch length button is clicked the image 
will appear as in Figure 8.5B). 

 
9. Interpretation of Cladograms and Phylograms: 

(http://evolution.berkeley.edu/evolibrary/article/phylogenetics_02) 
 

9.1. A cladogram (Figure 8.5A) is a branching diagram (tree) assumed to be an estimate of a phylogeny 
where the branches are of equal length.  In other words, the distances on the x axis are meaningless. 
Organisms in Figure 8.5A are in clades.  For example, Kytococcus and Demetria are in one clade in 
this figure.  The branch point closest to them represents a hypothetical ancestor that gave rise to 
each.  Ornithinimicrobium and Serinicoccus are in another clade with a common ancestor 
predicted.  The next branch point to the left forms a higher order clade that includes all 4 of these 
species and predicts a common ancestor further back in evolutionary time that gave rise to all 4 of 
these organisms.  The length of the lines between the branch points is not an estimate of 
evolutionary time.  The arrangement of genera from top to bottom (the y-axis) also has no bearing 
on relationships. 

9.2. A phylogram (Figure 8.5B) is a branching diagram (tree) that is assumed to be an estimate of a 
phylogeny. The branch lengths are proportional to the amount of inferred evolutionary change.  
Thus, while at first glance the cladogram in Figure 8.5A seems to suggest large differences in 
evolutionary time among the genera, we can see in Figure 8.5B that this is not the case.  

Figure 8.5.  The results of phylogenetic tree analysis in T-Coffee.  A.  Results expressed as a 
cladogram.  B. Results expressed as a phylogenetic tree.  See the text for a description of the 
meaning of the two different outputs. 



GENI-ACT MANUAL  MODULE 8:  HORIZONTAL GENE TRANSFER 

PAGE 164 OF 193 

 
 
 
 

9.3. Once the phylogram is produced in T-Coffee, it can be evaluated to make predictions on whether 
the gene under investigation might have been transferred to Kytococcus by horizontal gene transfer. 
However, more informative true phylogenetic trees can be prepared at another site. If your 
instructor tells you to stop at this point, you will interpret your phylogram as described below, but 
you are encouraged to generate the more informative phylogenetic tree diagrams described 
beginning in item below prior to making your conclusions. 

10. Possible interpretations of your T-Coffee phylogram: 
10.1. The protein under investigation is clustered with proteins from closely related bacteria – no 

evidence for horizontal gene transfer. 
10.2. The protein under investigation is clustered with proteins from bacteria that are NOT closely 

related – horizontal gene transfer is possible. 
10.3. The protein under investigation is clustered with proteins from related and unrelated bacteria –

the results cannot be interpreted. 
11. Visit the NCBI Taxonomy webpage at http://www.ncbi.nlm.nih.gov/Taxonomy/ and determine 

whether the organisms clustered with Kytococcus are closely related by comparing the lineages of each 
to that of Kytococcus. 
11.1.    Write the name Kytococcus sedentarius in the search window (Figure 8.6) and type go. 

 
 

Figure 8.6.  
The NCBI 
Taxonomy 
Browser 
entry page. 
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11.2. The results page is shown in Figure 8.7, in which the levels of classification of Kytococcus 
sedentarius indicated.  Hovering over the hyperlinked names will tell you the level of 
classification of each. 

 
11.3. The same process should be repeated for the organisms closely clustered with your query 

protein in Kytococcus.  Figure 8.8 shows the classification of the genus Demetria, which is in 
the same clade as Kytococcus in the phylograms in figure 8.5 above.  You will note that the 
genus Demetria has identical classification to Kytococcus down to the Family level.  If this 
process was repeated for Ornithinimicrobium and Serinicoccus, which were in grouped with 
Demetria and Kytococcus in the next higher level clade, it would be found that  
Ornithinimicrobium and Serinicoccus were classified in the same manner as Kytococcus 
down to the suborder level of classification, and that each of these belonged to the same 
Family. 

 
 
 
 
 

Figure 8.7.  The NCBI Taxonomy Browser results for Kytococcus sedentarius.  The classification 
of Kytococcus down the Family level is indicated.  The genus Kytococcus and species sedentarius 
would come next. 
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11.4. The interpretation of the tree will vary depending on how many organisms closely 

taxonomically related your organism have been sequenced.  Hits in the same or Family or 
Order will might be considered very close relatives for organisms who have not had genomes 
of close relatives sequenced, and those in the Suborder, or even Class or Subclass should 
most often be considered close relatives in the phylogenetic tree analysis.  This is, in fact, the 
case for the Kytococcus example given above.  If your organism’s gene clusters with genes 
from organisms with identical lineage down to these levels of classification, you would NOT 
have evidence of horizontal gene transfer. Use the information you find from the Taxonomy 
browser to determine whether you have found information to support the possibility of 
horizontal gene transfer as described in step 10 above.  

 

Figure 8.8.  The Taxonomy Browser output for the 
genus Demetria.  Note that the classification is the 
same as that for Kytococcus to the family level 
(Dermacoccaceae). 
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Phylogeny.fr 
The phylogeny.fr site will allow you to produce more advanced phylogenetic trees than available on T-
Coffee.  The following information is provided for those who wish to construct such trees, but your 
instructor may have you opt out of using this site.  If instructed to skip this section you can jump to the 
chromosome neighborhood viewer section below. 
1. Navigate to http://phylogeny.lirmm.fr/phylo_cgi/index.cgi .  Select the Online Programs pull down 

menu and choose the PhyML option listed under Phlogeny on the top section (Figure 8.9)  
 

 

 
 
 
 
 

Figure 8.9.  The Phylogeny.fr entry page.  Click on the PhyML option (arrow) to begin. 
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2. Paste the T-Coffee alignment that you generated earlier in this module into the box, including the 
Clustal W header as shown (Figure 8.10) click submit.  NOTE:  this server is often very slow.  

 

Figure 8.10.  The PhyML start page with the T-Coffee alignment generated from Ksed_00010 pasted 
into the alignment box.  Select the protein option and submit to being the analysis. 
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3. It may take a few minutes to be completed, but a rudimentary unrooted phylogenetic tree will be 
generated based on the alignment (Figure 8.11).   We are not interested in the tree itself at this point, but 
rather the Tree in Newick format file indicated by the arrow. 

Figure 8.11.  The output from the PhyML tool.  A crude unrooted phylogenetic tree file is shown at 
that top, as well as a hyperlink to the Tree in Newick format as shown by the arrow. 
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4. Clicking on the Tree in Newick link will open another window as shown in Figure 8.12. This file will be 
used in higher resolution phylogenetic tree drawing programs available through phlogeny.fr. 

5. From the Online Programs menu at the top of the page at phylogeny.fr, select the TreeDyn tool and 
paste the Newick formatted file into the text box as shown in Figure 8.13.  Then click “submit”. 

Figure 8.12.  The PhyML results in Newick format.  This file should be copied and pasted into your 
notebook or a Word document and saved, as it will be pasted into two different tree drawing tools. 

Figure 8.13.  The TreeDyn start 
page for drawing a phylogenetic 
tree.  The Newick file from figure 
8.12 has been pasted into the text 
box.   
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6. An output will be generated as shown in Figure 8.14.  This may take several minutes, so once the 
program is running you can open another window and proceed to the next section of the manual below 
to save time.  

 

Figure 8.14.  The TreeDyn results page.  The “reloading, please wait” message in the green 
box may persist for some time.  Once you see this page appear, click on the Image in PNG 
format (bitmap) link shown by the arrow. This will show the TreeDyn phylogenetic tree. 
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7. After clicking on the Image in PNG format (bitmap) in Figure 8.14 has been clicked, an unrooted  
phylogenetic tree similar to the one shown in Figure 8.15 will appear.  A concise review of the 
interpretation of figure 8.14 can be found at:  http://epidemic.bio.ed.ac.uk/how_to_read_a_phylogeny.  
A summary of the main points, as taken from the hyperlink, is presented here.  As before, the vertical 
dimension has no meaning, but the horizontal dimension is meant to represent the extent of genetic 
difference.  Demetria and Kytococcus are still in one clade, but now we can interpret that Kytococcus 
has slightly more genetic change from the hypothetical precursor to each due to the fact that the line is 
longer from the branch point to Kytococcus than it is from the branch point to Demetria.  The red 
numbers indicate a type of statistical measurement of the significance of the grouping to the right of the 
number.  The closer to 1 that the number is means that there is strong evidence that the sequences to the 
right of the number cluster together to the exclusion of any other.  The line at the bottom is serves as 
scale of the level of genetic change represented per unit length of lines in the phylogenetic tree. 

 

 
 
8. You save the image to your storage device and then upload it to your GENI-ACT notebook 
 

Figure 8.15.  The TreeDyn phylogenetic tree.  See the text for details. 
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9. Another version of a phylogenetic tree, a so called radial tree, can be produced by another program on 
phylogeny.fr.  To access the program, select Drawtree from the Online Programs menu at phylogeny.fr 
and paste the Newick formatted tree file into the text box as shown in figure 8.16.  Hit submit to begin 
drawing the tree. As with the TreeDyn program, it may take several minutes for your tree to appear. 

 

 
 
 
 
 
 
 
 
 

Figure 8.16.  The Drawtree start page.   The Newick formatted tree file generated earlier from 
PhyML is pasted into the text box.  Hit submit to begin drawing the radial tree. 
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10. Figure 8.17 shows the Drawtree results for the Ksed_00010 alignment used throughout this section.  

The grouping of Kytococcus and Demetria can be seen as in the previous trees, and the line connecting 
Kytococcus  to the tree is longer than that for Demetria, just as was shown in the TreeDyn tree in figure 
8.15.  The length of the lines again reflects the amount of genetic change between the organisms in the 
tree.   One shortcoming of this type of tree at times is the overlap of names of organisms, as can be seen at 
the bottom of figure 8.17. 

 
11. Save Drawtree image and upload it as a PNG file  in your lab notebook. 
12. Review the trees you have constructed and come to a conclusion about whether you feel they show 

evidence of horizontal gene transfer, as described earlier in this module. 
 

Figure 8.17.  The Drawtree radial tree output.  The arrow points to the position of Kytococcus 
in the tree.  This version of the tree clusters the hits in a similar way as in Figure 8.15, but the 
length of the branches reflect the degree of relatedness of the tree proteins. 
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Gene Context 
The next piece of information you will consider in order to decide if there is any evidence of horizontal gene 
transfer is to look not only at your gene, but at the genes found in the immediate neighborhood of your gene 
on the Kytococcus sedentarius genome.  Genes tend to be inherited in blocks and if you find that your gene 
exists in a neighborhood in Kytococcus that looks similar in related species,  it would support the conclusion 
that the gene was inherited by vertical transfer.  If, on the other hand, you see your gene in a neighborhood 
more similar to that of unrelated species you would have evidence to support the possibility that the gene 
was acquired by horizontal transfer. 
 
1. Navigate to IMG/EDU  at http://img.jgi.doe.gov/cgi-bin/edu/main.cgi.  Click on the Find Genes tab at 

the top of the page as you did in the Alternative Open Reading Frame Module and select the Gene 
Search option from the pull down menu. 

2. In the Gene Search window paste the locus tag for your gene in the keyword box, select Locus Tag (list) 
from the filters pull down menu and click Go. 

3. On the resulting IMG gene detail page for your gene, scroll down to the Evidence for Function 
Prediction section. 

4. Click the hyperlink for Show neighborhood regions with this gene's bidirectional best hits (Figure 8.18) 
to determine if IMG has already recognized similar proteins in the same neighborhood in other 
organisms.   

 
 
 
 

Figure 8.18.  The Evidence for Function Prediction section of the Gene Details page on IMG/EDU.  
The link to show neighborhood regions with genes bidirectional best hits is indicated by the arrow. 
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5. In the example in Figure 8.19, the arrows show that the gene neighborhood in which Ksed_00010 is 

found has hits that are very similar in the organisms shown.  The query gene (Ksed_00010) will be 
shown in red and neighbors that are similar will have the same color in each organism.  Note also that 
the genus and species names shown are ones that we have previously determined to be closely related to 
Kytococcus when constructing the phylogenetic trees earlier in this module. 

6. Possible interpretations of the gene context investigation: 
6.1. The gene neighborhood from your organism looks similar to the same neighborhood closely related 

bacteria – no evidence for horizontal gene transfer. 
6.2. The gene neighborhood from your organism looks similar to bacteria that are NOT closely related 
– horizontal gene transfer is possible. 

6.3. The gene neighborhood from your organism looks similar to neighborhoods from related and 
unrelated bacteria – can’t interpret the results. 

7. Snip (PC) or Capture (Mac) the image of the neighborhood regions with the your gene’s best 
bidirectional hits and upload it to the lab notebook, along with comments about your interpretation of 
the findings. 

 

Figure  8.19.  The results of the show neighborhood regions with gene’s bidirectional best hits. 
Arrows indicate a series of genes in different organisms with the same organization.  The query gene 
(Ksed_00010) is shown in red. 
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Chromosome Viewer Heat Map 
The third, and final, piece of information you will consider is how the GC (guanidine and cytosine) content 
of your gene compares with the average GC content of the genome.  If the GC content of the gene you are 
annotating has a GC content significantly different from the average GC content of the genome, it suggest 
that there is a possibility that the gene was transferred to your organism from an organism that has a 
different average GC content. 
1. Go to the gene detail page and scroll down to the Evidence for Function Prediction section. Click on 

the hyperlink "Chromosome Viewer colored by” and select GC.  This will map the chromosome region 
with a colored coded GC % according to the legend at the bottom of the page (not shown).  The query 
gene will have red bar under it (Ksed_00010 in Figure 8.20), and the average GC% of the genome (72%) 
will be indicated at the top of the page (Genome average GC content in Figure 8.20).  Hovering your 
cursor over the query gene (not clicking on it), will result in a popup box displaying the GC content of 
the gene.  You can also find the GC content of the gene on gene details page of IMG/EDU. 
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2. Look to see if the genes in the neighborhood share similar GC percentages.  If the query gene has a 

greatly different GC percentage than the genome as whole it could indicate horizontal transfer from the 
genome of an organism with a GC% different from that of your organism. 

3. Check the individual gene for GC percentage. Record the information in the lab notebook. 
 
A hypothesis should be formed about the likelihood of horizontal gene transfer having taken place for your 
query gene in your organism.  Summarize the evidence (phylogenetic tree, gene neighborhood, GC content 
data) to support horizontal gene transfer if you hypothesize that may have occurred.  State that there is no 
evidence for horizontal gene transfer if you feel the results of this module do not support horizontal gene 
transfer. 

Figure 8.20 .  The Chromosome viewer colored by GC content results page.  Hovering the cursor 
over the query gene (Ksed_00010 in the example above) will result in a box popping up with the GC 
content of the gene, which can then be compared to the average GC% of the genome shown a the top 
of the figure. 


