Biol 205: Introduction to Microbiology



Spring 2011


 Metagenomic analysis of a soil enrichment cultures (Winogradsky columns)
Textbook: p846-848, 810-814

Reading for Thursday, March 31

Rogan, B., et al. (2005) Exploring the Sulfur Nutrient Cycle Using the Winogradsky Column.  American Biology Teacher 67(6); 348-356
Sleator, R.D., et al. (2008) Metagenomics.  Lett. Appl. Microbiol. 47; 361-366.
Reading for Tuesday, April 5

Ley et al. (2005). Obesity alters gut microbial ecology.  Proc Natl Acad Sci USA, 102(31), 11070-11075.
Turnbaugh et al. (2006). An obesity associated gut microbiome with increased capacity for energy harvest.  Nature,  444(7122), 1027-31

Reading for Thursday, April 7

Mardis, E. (2008).  Next generation DNA sequencing methods.  Annual review of genomics and human genetics 9, 387-402.


Read everything up to the end of the section on Illumina, (skim section on 454 
sequencing), read section on sequencing transcriptomes, and future possibilities.

Goals:

· To use metagenomics/metatranscriptomics to examine microbial diversity in a soil enrichment culture (winogradsky columns)

· To learn the concepts and principles behind the technology of metagenomics, how it is used and how it is changing microbiology

· To learn about the metabolic diversity of bacteria, and how different environmental conditions influence the diversity and metabolic activities of bacteria

· To learn how RNA can be extracted from soil

· To develop skills in analyzing DNA sequence data using bioinformatics tools including BLAST, Ribosomal Database Project (RDP), and phyolgenetics software

· To learn how DNA sequence data can be used to infer biological activities occurring in specific environments
Winogradsky Column Background:
Sergei Winogradsky, a Russian microbiologist in the late 1800's and early 1900's, was instrumental in establishing the basis for microbial physiology and microbial ecology. He was the first to describe chemoautotrophs. In addition, he described the role of nitrifying bacteria in the nitrogen cycle and the microbial oxidation of various sulfur compounds.  

To make a Winogradsky column, mud is collected from a pond or riverbank and added to a plexiglass cylinder along with a source of cellulose, such as leaf litter, and additional sulfate to promote enrichment for microorganisms involved in the sulfur cycle.  Over a period of months, layers of microorganisms requiring a range of environmental conditions develop in distinct niches with distinct populations participating in diverse metabolic activities.  As various metabolites in the column are used, byproducts are produced, and the environment in the column changes. As a result of changing concentrations of oxygen, hydrogen sulfide, and variations in metabolites, different microbes will thrive and create their own niche. Bacterial growth is seen as changes in colour from the original grey-brown mud to a rich pallet of reds and greens.  The colored zones that we can expect are due primarily to phototrophic microbes. In the upper, aerobic layers, we can expect photosynthetic eukaryotic microbes; in the lower, anoxic layers, we can expect purple and green, phototrophic bacteria. These phototrophic bacteria utilize various sulfur sources as electron donors for photolysis.  The vast majority of these microorganisms cannot be cultured independently under normal laboratory conditions.  

In addition, bacteria involved in the sulfur cycle will be present. In the anoxic layers, bacteria such as Desulfovibrio carry out anaerobic respiration, using sulfate as an electron acceptor to produce hydrogen sulfide. The hydrogen sulfide may be trapped as a dark precipitate if the mud contains high concentrations of heavy metals or iron. Or, the hydrogen sulfide may be used as an electron donor for photolysis by anaerobic, phototrophic bacteria. (In eukaryotes, the electron donor for photosynthesis is water). If hydrogen sulfide diffuses upward in the column, it may also be oxidized to free sulfur by aerobic bacteria, such as Thiothrix and Beggiatoa. The free sulfur produced may then be oxidized to sulfate by bacteria such as Thiobacillus.   In addition, sulfur granules may be evident by microscopy in the cytoplasm of some bacteria. 

The Winogradsky Column Metagenomics/Metatranscriptomics Project:

The Winogradsky column is a complex community of interacting microorganisms.  In a community like the soil, we know there is an abundance of bacteria but we don’t really know the true extent of the diversity and composition of the microbial community.  Culture based-techniques are limited to analysis of the bacteria that grow in the lab, and most bacteria don’t grow under normal lab conditions.  Therefore, we need non-culture based techniques to investigate the diversity of this community.  Therefore we are using high throughput sequencing to: 


1) Investigate the microbial diversity of the Winogradsky column using metagenomics based on 16s rRNA sequences.

2) Investigate microbial metabolic activities through metatranscriptomic sequencing of total mRNA 


The data analysis performed in this class is part of a much larger, multi-year and multi-class research project.  This project began in the Spring of 2008 as a collaboration with Dr. Lois Banta and her microbiology class at Williams College, and the Broad Institute Genome Center.  We used metagenomics to explore the bacterial diversity by sequencing the pool of 16s rRNAs in Winogradsky columns.  The Winogradsky columns were set up by Dr. Banta using pond sludge from two different ponds (near Williams College) and two different cellulose sources (leaf litter or newspaper).  The samples were collected by the Bio 205 class in 2008 and sent for sequencing.  We have about 50,000 16s rRNA sequences from this part of the experiment.  Although this is only a part of the overall project, it is an important first step in understanding the microbial diversity and genetic coding potential of the community.

16s rRNA Sequencing:

The data you will analyze is from the Winogradsky columns prepared in 2008, using pond sludge from ponds near Williams College, MA.  Soil samples were removed from the Winogradsky columns by drilling holes through the plexiglass walls and removing soil with a syringe or small scoop.  Total DNA was extracted with a commercial kit.  The DNA was then used as template in a PCR to amplify 16s rRNA genes.  Importantly, as in our “unknowns” project, the primers were universal, meaning that they can bind to the 16s rRNA gene of virtually all species because they hybridize to a highly conserved region.  However, an important difference here is that the template is a pool of mixed genomic DNA, so there are potentially 1000s of different 16s rRNA genes present.  Each one is amplified in the reaction, yielding a mixed pool of 16s rRNA gene PCR products.  Thus we cannot just sequence the product “as is” using dideoxy sequencing because it would be a mix of sequences which could not be deconvoluted.  The PCR products were therefore subcloned into plasmids, meaning that a large library of plasmids was generated, in which each plasmid holds one amplified piece of DNA.  The library is then transformed into E. coli , such that each cell receives one plasmid, and therefore one 16s rRNA gene.   Each cell can be grown into a colony, which is then used as the source of template DNA for an individual sequencing reaction.

The cloning strategy used, TOPO cloning, is outlined in the figure below.  This is the approach of choice because it is so fast and efficient relative to traditional cloning strategies.  A unique feature of Taq DNA polymerase is that it adds a single non-templated A to the 3’ ends of the PCR products.  This allows the resulting fragments to be ligated into a specially designed plasmid vector with 3’ T overhangs that can base-pair with the overhanging A sticky ends on the fragments.  

The key to TOPO cloning is the enzyme DNA topoisomerase I, which functions both as a restriction enzyme and a ligase.  As part of its reaction mechanism, it make a covalent bond with the phosphate group of the 3’ T overhanging on the vector, and in only 5 minutes at room temperature, will ligate that vector to the fragment and release itself from the DNA.  (For comparison, cloning using traditional restriction enzymes and ligase can take many hours because the vector and fragment have to be cut with restriction enzymes, purified, etc.)  This ligated product (in our case, a single 16S rDNA PCR product inserted into the TOPO vector) is ready to transform into E. coli, which is be used as a factory to make many identical copies of the plasmid.  These plasmids are then purified from the E. coli cells and each plasmid was sequenced.

[image: image6.png]Classifier

Classifier:  Naive Bayesian rRNA Classifier Version 2.0, July 2007
Taxonomical Hierarchy:  Taxonomic Outline of the Bacteria and Archaea, release 7.8
Query File:
Query Submit Date:  Mon Mar 09 15:46:10 EDT 2009

Display depth: [Auwto -]  Confidence threshold: [30x <] Refresh

‘domain % Library
Bacteria 99.7
unclassified_Root 03

Hierarchy View (click a node to make it the root -- click the root to see sequence assignment detail):

no rank Root (1536 sequences) [show assignment detail] _download hierarchy as text file
domain Bacteria (1531)

» phylum Actinobacteria (1)

» = class Actinobacteria (1)

» » » subclass Coriobacteridae (1)
» phylum Acidobacteria (1)

» = class Acidobacteria (1)

» » » order Acidobacteriales (1)

» phylum Proteobacteria (34)

» = class Deltaproteobacteria (14)
» = » order Desulfovibrionales (14)
» » class Gammaproteobacteria (5)
» » = order Pseudomonadales (2)




Invitrogen TOPO cloning kit website (http://www.invitrogen.com/content/sfs/brochures/ 710_021849%20_B_TOPOCloning_bro.pdf)

Future Research on Winogradsky Column

A problem with the current data is the need to infer biological and metabolic processes based on species identification alone.   This is especially a problem in this type of study, since it depends on knowledge of the metabolic activities of the identified species and many are unknown, poorly characterized or not culturable under normal laboratory conditions.  To effectively investigate the diverse metabolic activities taking place in the soil sequencing should not be limited to species identification, but broadened to allow identification and quantification of the genes represented.  The Biol 205 class of Spring 2009 began the next phase of the project.  In that lab, we attempted to extract total RNA, rather than DNA, to sequence the total pool of expressed genes in the samples. (This proved more challenging and it wasn’t until much later that summer that I was able to isolate soil RNA along with an independent research student.)  By extracting RNA and sequencing it, we will have the sequence of the total expressed gene pool in the soil – we will have a quantitative snapshot of all genes expressed by the community of microorganisms.  In an individual organism, the pool of expressed genes is called a transcriptome, in a mixed population such as this, it is the expressed gene pool of the community, called the metatranscriptome.  Only the genes being expressed will be sequenced, and since the data is quantitative, we will be able to identify which genes are most abundantly expressed.  The combination of the community analysis and the metatranscriptome will provide significant insight into the diversity and metabolic capabilities of soil microorganisms.  The metatranscriptome sequencing was generously provided by Cofactor Genomics (St. Louis, MO) through a Undergraduate Classroom Project Grant.  They have generated 6 Gb (6 billion bases) of sequence data (the human genome is about 3 Gb).  The raw data is not yet ready to analyze so the analysis will have to be performed by a future microbiology class.

Overview of your assignment:

To understand the microbial diversity in the Winogradsky column you will be analyzing the 16srRNA sequences from the metagenomics component of the project.  You will be using bioinformatics tools to address the following questions:

1) What is the diversity of bacteria in the Winogradsky column at the level of phylum and genus?

2) How do environmental conditions (ie layer position) influence bacterial community composition?

3) How does mud source or cellulose source influence community composition?

4) Are bacteria involved in the major nutrient cycles, especially the sulfur cycle, present in high abundance and in the expected locations?
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Samples:

	SAMPLE ID
	MUD SOURCE
	CELLULOSE
	SAMPLE DESCRIPTION

	G1377
	S. Vermont Orchard
	Food
	Top

	G1378
	S. Vermont Orchard
	Food
	Middle/top

	G1379
	S. Vermont Orchard
	Food
	Middle/bottom

	G1380
	S. Vermont Orchard
	Food
	bottom

	G1381
	S. Vermont Orchard
	Leaf Litter
	Top

	G1382
	S. Vermont Orchard
	Leaf Litter
	Middle/top

	G1383
	S. Vermont Orchard
	Leaf Litter
	Middle/bottom

	G1384
	S. Vermont Orchard
	Leaf Litter
	bottom

	G1386
	Buxton Pond
	Food
	grey - top

	G1387
	Buxton Pond
	Food
	red - middle

	G1388
	Buxton Pond
	Food
	black - bottom

	G1389
	Buxton Pond
	Leaf Litter
	Green/brown - near top

	G1390
	Buxton Pond
	Leaf Litter
	brown - middle

	G1391
	Buxton Pond
	Leaf Litter
	grey - middle/bottom

	G1392
	Buxton Pond
	Leaf Litter
	brown and black, bottom

	G1393
	Eph's Pond
	Food
	Red/green, top

	G1394
	Eph's Pond
	Food
	red, middle/top

	G1395
	Eph's Pond
	Food
	black, grey  - middle

	G1396
	Eph's Pond
	Food
	red and black - bottom

	G1397
	Eph's Pond
	Leaf Litter
	brown and red - near top

	G1398
	Eph's Pond
	Leaf Litter
	green – middle/bottom

	G1399
	Eph's Pond
	Leaf Litter
	Brown,red – middle/top

	G1400
	Eph's Pond
	Leaf Litter
	black - bottom


Winogradsky Column Metagenomics: Analysis of 16s rRNA Sequences 

Assignment:  To understand the microbial diversity in the Winogradsky column you will be analyzing the 16s rRNA sequences from the metagenomics component of the project.  Use bioinformatics tools to answer the questions below.  You will write a paper with a brief introduction, methods and results/discussion sections.  (Details below). 

1. What is the diversity of bacteria in a Winogradsky column at the level of Genus and how do environmental conditions (ie different layers) affect diversity?  Choose one column to answer the following questions.  Collect the data from RDP into Excel.

· How many different genera are found in the whole column?

· How many genera are found in each layer?  Which layer has the greatest diversity? What are the major differences among the layers of the column?

· Of the total number of sequences, what fraction was assigned to a genus? (ie, not every single sequence can be assigned to a genus with confidence, so some may be assigned only to a higher taxonomic level, such as order.  RDP shows you how many sequences you had in the original file, and your excel table can tell you how many sequences were classified at the level of genus).

· What are the general patterns of distribution within the column?  Are the same genera found throughout or are they highly localized to specific layers?

· Make a bar graph of the most abundant genera in the Winogradsky column, showing their distribution in the different layers.  For our purposes, we will define an abundant genus as one that appears at least 10 times in any layer. 


2. What is the diversity of bacteria in the same Winogradsky column at the level of Phylum?  

· Address the same questions as above for Genera, and make a graph of the most abundant phyla

· At this high level of hierarchy, are the layers similar in diversity?

3. Are the most abundant genera in particular layers of the column phylogenetically related?  Is the ability to grow in a particular niche a property of a particular group of bacteria, or can genera from many different branches of the bacterial tree survive in distinct environments? (ie Do the genera present in each individual layer cluster together in a clade or are they distributed in different clades?)  

· To answer this question, generate a phylogenetic tree for the Winogradsky column with a representative sequence from each of the abundant genera (those that have 10 or more sequences in at least one layer).  Once the tree is generated, click on the nodes to highlight the names of genera with 10 or more sequences in the first layer.  Take a screen shot of the tree.  Repeat the highlighting for the other layers.  You should end up with 4 versions of the same tree, with different highlighting for each layer.   

4.  Identify the single most abundant genus in each layer of the column analyzed in question 3.  Describe their distributions among the different layers (in paragraph and/or graphical format).  Briefly describe the major metabolic capabilities of the most abundant genus in each layer and discuss their potential role in the sulfur cycle, if any.  Are they chemolithotrophs?  Sulfate reducers? Etc.  Perhaps they play an important role in a different nutrient cycle? (You will need to use your textbook, primary resources, and other sources for information on these groups. I may have chapters from The Prokaryotes  that may be helpful – just ask me for genera or topics and I will check).

5. Also using your textbook, Rogan et al and other relevant sources, is the community of bacteria involved in the sulfur cycle present, and are they located where you would expect? Are they abundant? (Depending on what you find for question 4 this question may be redundant or overlapping.  You may be able to address question 4 and 5 together.)  
4. How do different mud sources or cellulose sources affect diversity?  Compare a single layer between two or three different columns.  Based on your analysis in the questions above, you can choose either a genus-level or phylum level comparison. 

· What is the mud/cellulose source for the different columns?

· Make a graph of the most abundant bacteria

· How does the different composition (mud/cellulose) of the column affect diversity in that layer? (Number of different genera identified in each, differences in genera present, etc)

Assignment:

You will be writing a paper based on your data analysis and answers to above questions.  Your paper should be a maximum of 5 pages (1.5 spaced), not including figures.  In your paper you should include:

· Descriptive title

· Introduction: provide relevant general background, be sure to start with general concepts then focus to more specific.  The introduction should appropriately set up the questions and results, framing this particular study in a broader context.   The purpose and specific questions should be clearly stated.

· Methods/Materials: Very brief description of how the data was collected and analyzed.  Include the specific samples used in your analysis.  The ID number of the samples should be included here, but in the rest of the paper you should refer to the samples by their descriptive names, not their ID number 

· Results/Discussion section:  The results and discussion (interpretation of results) can be combined into a single section.  You should address all questions from the assignment above.  Although it is presented above as a series of numbered questions, your results/discussion section be in the form of a paper, not an answer sheet.  Be clear about the samples you are analyzing, the purpose and questions you are addressing and the interpretation of the data.  Discuss patterns, observations, and address the questions about the sulfur cycle and metabolic activities of the major bacterial genera in the column.

· Figures/Tables:  Figures should be numbered and have appropriate descriptive titles.  All figures must be referred to in the text, in the order in which they appear.    Figures should have a brief figure legend.  Unlike in posters, figure legends in papers only have a brief description of the figure such as what data is presented, one or two sentences describing the methods, but no interpretation of the data.  You may find it easier to put all you figures at the end of the document rather than to try to embed them into the text.

· A reference cited section must be included, and citations must be properly used in text.  

Below are descriptions of some of the basic tools and operations you will need to perform for various questions in the assignment.  Think of this as your toolbox for answering the questions in the assignment.

I. Taxonomic Identification using RDP
Purpose: RDP is a database of ribosomal sequences and has some useful tools related to analyzing rRNA sequences.  You will use RDP to identify the taxonomic group of all sequences in the sample.
A. You will need to create an account on RDP.

1. Go to: http://rdp.cme.msu.edu/
2. Click on Login and then ”Not a user? Sign up!”

3. Follow the directions to set up an account.

B. Uploading sequence files

1. Choose “Bacteria 16s rRNA” in the dropdown menu

2. For Group name, use the column and sample name

3. Choose the file and upload

RDP aligns your sequence to known 16s rRNA sequences and assigns a taxonomic identification as it uploads. The alignment method used is tailored specifically to rRNA sequences.

4. If you get an error message, you may have to edit the file.  (If no error message, go on to step 5). Some sequences are not accepted by RDP if they are too short or have too many ambiguous characters (bases that could not be determined accurately during sequencing).  RDP will list the sequences that need to be removed.  If you have to remove sequences:

i.  open your sequence file in Textedit 
ii. manually delete those sequences.

iii. Save As… give your file a new name to indicate it is the edited version.

iv. Try uploading again

5. Once it is fully uploaded and aligned, it should have all sequences under “A” for aligned.  If you have been waiting for more than a few minutes, click the refresh button on your browser.

C. Viewing classifications of your sequences

1. Click on your filename in the “overview” page

i. Click on “View classification” This will show the taxonomic hierarchy of the sequences in your sample. 

2. The Classifier Page
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i. Root refers to the base of your taxonomic tree.  All submitted sequences fall under the root, which you can think of as a grouping above domain (ie all living things).  Below the root we have Domains (Bacteria, Archaea, Eukarya), then Phylum, Class, Order…etc.

ii. Sequences are classified based on aligning your sample to other known sequences and classifying yours based on its closest match to known sequences.  

1. You can set the minimum confidence level using the confidence threshold

2. The confidence of the classification is shown for each sequence at each taxonomic level.  You can see this by clicking on “show assignment detail”
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3. When the confidence level falls below the threshold, the sequence cannot be assigned to any taxonomic group at that level of the hierarchy.  In this case it will be classified to the level above (at which confidence remains high).  So a sequence that is below the threshold at the class level will be given the name unclassified_phylum, where “phylum” would be the name of the phylum of that sequence, meaning “this sequence is a member of the phylum phylum but it can be grouped into any known class”

iii. You can change the level of information in the hierarchy by changing the display depth.  Set the depth to 6, and click refresh.  The tree now shows information to the level of genus.  (RDP does not classify beyond genus.)  You can now see the full information of which genuses, or any other taxon, are represented and at what abundance.  

3. Navigating The Hierarchy

i. Each taxonomic group is clickable.  When you click on it, a new page will be generated with that group as the root.  That is to say, you will view all the information below that node.  

ii. The table will show the proportions of sequences in the taxonomic level below the new root.  

iii. You can navigate all the way down to the lowest level of the hierarchy.  At the lowest level (or any point before that) you can click on ‘view assignment detail” to view the confidence levels of assignment for each sequence that falls in that group.



II. Collecting RDP Data into Excel: The Tully ’10 Pipeline

Bioinformatics frequently requires the development of novel computer programs to perform very specific tasks.  Many of these are fairly simple to write, with a bit of computer programming background.  This helps rapidly perform mundane tasks and reduces errors in copying data.  In this stage you will use command line interface to use scripts written by Phillip Tully ’10 specifically for us.

NOTE:  Although the perl scripts need to perform this step are available to you on vspace, it will not work on your Mac unless you have installed the “developer tools”.  This is easy to do if you want to do it.  I don’t know if they will work on Windows.
1. From the hierarchy page, click on Download Hierarchy as Text File

2. The file is downloaded to the desktop with the name download.txt.  Re-name it to SampleID_classified.txt where SampleID is the name of the sample, such as G1372.
3. Open the file to view its contents: The textfile contains the number of sequences that are classified into each taxonomic group at all taxonomic levels.  Note that it contains all known prokaryotic taxonomic groups, so most have 0 sequences. This file is very awkward to work with, so the next steps are to re-format the file.
4. Move the re-named file to the desktop folder called metagenomics
5. Open the application Terminal

6. You will use a script called trim.pl to remove any taxonomic groups with 0 sequences from the file.
a. At the prompt, type: cd Desktop/metagenomics then hit enter.
b. Next type: perl trim.pl --file SampleID​_classified.txt where sampleID_classified.txt is the name of the file created in step 2 above.  Hit enter.
c. Now open the metagenomics folder…note a new file has been created called sampleID_classified2.txt.  Open it, and notice that all taxonomies with 0 seqeunces have been removed.  
7. Next we will separate the file into several files, one for each hierarchical level of taxonomy, using the script separateRanks.pl

a. At the command prompt type: 
perl separateRanks.pl --file sampleID_classified2.txt

(where sampleID_classified2.txt is the name of the file generated in step 6 above.)  Then hit enter.
b. Open the metagenomics folder.  Note that several new files have been created, each with the filename extension of a different taxonomic level.

8. Repeat steps 1-7 for each sample that you need data from (such as all 4 layers from the column).

9. Next you will need to merge and compare the data from different samples, such as the different layers from the same column.  You can combine the data from up to 4 different samples using the script merge.pl

a. Create a new directory (folder) in the metagenomics folder

b. Move the files that you want to combine into the new folder

c. In the terminal window, type: perl merge.pl then hit enter

d. Next type the name of the new directory you created in the following format:  ./Directory_name (note the “./” which must be present), where Directory_name is the name of the new directory you created.
e. A new file, called output.xls will be created with the merged data.

f. Change the name of the file output.xls to something unique.

g. Open the file in Microsoft Excel.  You now have a table of all the bacteria in that taxonomic level in the different samples

10. To keep things organized, you should add column headings.

11. You can sort the data by numerical order, from most abundant to least abundant by using the sort function: go to the menu Data…Sort… then chose how you want the data sorted.
III. Retrieving Classified Sequences from RDP  

You will need to choose some sequences out of your sample for questions in your assignment.  To address the questions in the assignment you will need to associate the taxonomic grouping with each particular sequence.  Once again RDP is not very conveniently set up to do what we want.  There is no way to download a file that has the seqeunces you uploaded containing the newly generated taxonomic designations.  So Phil Tully ’11 and Daniel Griffiths ’11 wrote a script to help us.  

1. Go to RDP and click on the file you uploaded that has the sequences of interest.

2. Click View Classification
3. Click Show Assignment Detail
4. You should see a list of the IDs and their full taxonomic assignment. Click Download as text file
5. Move the downloaded file into the metagenomics folder.  

6. You should rename your downloaded file to something more descriptive, so you know what it is (don’t put spaces in your filename).

7. Open the file to see what it contains.  The file has the IDs and taxonomic designations but does not have the sequences.  You will need to create a new file that merges the sequences with the taxonomy using perl script called classifier_merge.pl 

8. You should have your downloaded file and the file for that sample that has the sequences (a file ending in .fasta) in the metagenomics folder.

9. In Terminal, type perl classifier_merge.pl --file taxonomy_file.txt –seq sequence_file.fasta where taxonomy_file.txt is the neame of the downloaded taxonomy file and sequence_file.fasta is the fasta file with the sequences.
10. The script creates a new file that uses the sequence IDs to merge the taxonomic data with the sequence data.  It also removes some data that is not needed, retaining only the IDs, phylum, genus and sequence data.
11. The results file, called results.txt should be renamed to something more informative.
12. Open the file in Excel.  From the open menu, select the file.  Follow the steps and select “semi-colon delimited” so that the data is appropriately placed into columns.
13. Now you can sort as needed and select sequences of particular genera or phyla.
14. To make a file that will be used to make a phylogenetic tree, select the sequences and names and paste them into a text file.  The file must be in FASTA format:
>Comamonas U002412843|G1377P32FB4.T0

ACCUAUAGGGCGAUUUGGGCCUCUAGAUGCAUGCUCGAGCGGCCGCCAGUGUGA…

>Proteiniphilum U002412841|G1377P32FB3.T0

GCGUAUAGGGGCGAUUGGGCUCUAGAUGCAUGCUCGAGCGGCCGCCAGUGUG…

IV. Generate a tree of the Bacteria in your sample
The phylogenetic tree uses the alignment generated by RDP (which you saw the results of as taxonomic identification) to determine which sequences (ie organisms) are most closely related, and how much they have diverged since their common ancestor.  The tree represents a hypothesis about the evolutionary relationships between the organisms.  Keep in mind that the tree is not the final word; it is the best hypothesis based on the given data and the program used.  Optimally, one would generate multiple trees using different methods and different sequences to get a better idea of the evolutionary relationships.  

You will be using RDP to generate your trees.  RDP uses a program called weighbor, for Weighted Neighbor Joining.



1. Once you have generated a file with the sequences you want to use to build a tree, (part III above), upload the file to RDP.

2. In the Overview page, click the grey “+” beside the file you want to use for your tree.

3. Click on TREEBUILDER (top right)

4. Once the new page has loaded, under “Select Outgroup”, leave the default selected.  The outgroup is the most evolutionarily distant organism in the alignment, and helps build the tree.  The selection of the outgroup in this case does not significantly alter the actual topology of the tree, but may affect how it looks.
5. Under “select alignment model” make sure bacteria is selected and that the number of sequences shown is the correct number
6. Click Create Tree
7. Try the different tree commands to see how they affect the tree.

8. Click on branch tip boxes to highlight particular genera for the question in the assignment.
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Try all of these to see how the tree changes.  


Use spacebar once you have highlighted desired branches to get rid of blue boxes





Click on blue boxes to highlight clades or terminal branches
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Root (1536); Bacteria (1531); Bacteroidetes (1298); Flavobacteria (3); Flavobacteriales (3); Flavobacteriaceae (3)

Assignment Detail (for Confidence threshold: 80%):

download as text file
U002451237| G1403P32RF3.TO _ Root{100%] Bacteria[100%] Bacteroidetes{100%] Flavobacteria[93%] Flavobacteriales[93%]
Flavobacteriaceae[90%] Gaetbulimicrobium[29%]

1002451239 |G1403P32RFA.TO Root[100%] Bacteria[100%] Bacteroidetes[100%] Flavobacteria[98%] Flavobacteriales[98%]
Flavobacteriaceae[83%] Coenonia[27%]

U002452431 G1403P33RN24.T0  Root[100%] Bacteria[100%] Bacteroidetes[100%] Flavobacteria[98%] Flavobacteriales[98%]
Flavobacteriaceae[98%] Flavobacterium{50%]



