
 

 
Microbial Genomes Quick Start 

An NCBI Mini-Course 
 

In this mini-course, we will learn how to access the microbial genome 
sequences and annotations, how to navigate through and download 
the gene and protein datasets, and will be introduced to the available 
genomic and comparative genomic analysis tools. The course will 
address practical discovery questions such as 'Are there identifiable 
genes in microbial genomes that may be horizontally transferred?' 
and 'What are the differences between closely-related pathogenic 
and non-pathogenic bacteria?'  

During the first hour, an overview will be given using the Escherichia 
coli O157:H7 EDL933 genome, followed by an hour of hands-on 
session to practice using the Rickettsia prowazekii str. Madrid E 
genome.  The following handout contains the screenshots of the 
overview. 

URL: http://www.ncbi.nlm.nih.gov/Class/minicourses/microbialgenome.html
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Problem 1 
  

Access the Microbial Genomes Page 
(http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi).  How many complete microbial 
genome sequences are available?  How many are in progress and how many are 
in the assembly stage?  From the “Organism Group” pull down menu, select 
Firmicutes.  The complete genome sequences are available for how many 
Firmicutes?   
 
Go back to the Complete genomes Page by selecting  “All Organisms” in the 
“Organism Group” pull down menu .  Select the organism Escherichia coli 
O157:H7 EDL933.  How many strains of Escherichia coli have been completely 
sequenced?  Is the strain pathogenic in humans?  Name a few differences 
between the pathogenic and non-pathogenic strains.  For example, a type III 
secretion system, the locus of enterocyte effacement, numerous toxins and 
adhesins, as well as fimbrial gene clusters and iron uptake systems are found in 
pathogenecity islands. Click on the RefSeq accession number NC_002655. 
 
From the resulting table, access the entry NC_002655 in the Nucleotide 
database.  Access the Protein link.  How many protein coding genes have been 
annotated on the genome?  Go back to the Genomes Page.  Access the Protein 
table that contains locations and detailed information such as the strand, product 
name, FASTA sequence etc. from the Protein coding link.  Also, access and 
download the RNA table through the Structural RNA link.  How many genes 
encoding arginine tRNA are annotated on the EDL933 strain? 
 
Return to Genome page.  Click on the gene link for thrC in the genome map at 
the bottom of the page.  What conserved domain is found in the protein?  What is 
the pathway in which it is involved?  Go back to the Genome page. 
 
Click on the COG link.  It provides an assignment of each protein to one or more  
COG functional categories.  Note the variations in the %genome category 
compared to the %genus category.  What would be its importance?  Download 
the protein table for the proteins assigned to Intracellular trafficking and 
secretion.   
 
Go back to the genome page.  Click on the Tax Plot link.  Tax Plot allows a three-
way comparison of three different proteomes, including proteins encoded on all 
chromosomes and plasmids   To study proteins specific to pathogenic O157 
strains compared to K12, select the non pathogenic strain Escherichia coli K12 
and other pathogenic strain, O157:H7.    Assign a functional classification to 
these proteins by selecting a category from the pull down menu.  Compare the 
assignments to the Translation and Cell envelope biogenesis or Cell motility 
functional category.  What do you infer?  Go back to the Genome page. 
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Access the GenePlot link.  GenePlot uses precalculated BLAST results to 
determine the top hits in two organisms. The best hits of each protein from two 
genomes are calculated and plotted based on chromosomal location.  Download 
all best hits between the K12 and EDL933 strain proteins.  Open the file in Excel 
and select the gi column for the EDL933 strain.  Use Batch Entrez 
http://www.ncbi.nlm.nih.gov/entrez/batchentrez.cgi?db=Protein to download all 
the proteins in Entrez.  Now obtain the proteins that are annotated on the 
EDL933 strain that have no homolog in the K12 strain by using the Entrez history 
option and subtracting these proteins from all proteins annotated on the EDL933 
strain.   
 
Go back to the Genome page.  Access the TaxMap link.  It reports the taxonomic 
distribution of the top BLAST hits for each of the protein in the entire proteome of 
the EDL933 strain by comparing to the non-redundant database (excluding 
closely related species) by BLAST similarity.  Compare the map to that of K12 
http://www.ncbi.nlm.nih.gov/sutils/taxik.cgi?gi=115 . What do you conclude?  
Identify different phages inserted in the EDL933 strain genome. Select one 
region that is more similar to Viruses.  Select the link for integrase (gi 15800926).    
This link gives the top 200 protein BLAST similarity hits for the query protein.  
Select the Best hits option.  Which organisms are represented in the similar 
proteins?  Select the COG0582 link at the top to access the tabular format of the 
proteins assigned to that COG.  Access the Initial Version of the COG database 
by clicking on the link on the left.  Access the Phylogenetic Patten link.  What is 
the major functional category that is ubiquitously present?  Go back to COG 
home page.  Select the Phylogenetic Patterns search.  Access the pre-calculated 
comparison between Escherichia coli and Buchnera sp. APS.  Obtain a list of 
COGs that contain proteins only from O157 strain and not from K12 or Buchnera.  
What is the major type of proteins in this list?   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 3

http://www.ncbi.nlm.nih.gov/entrez/batchentrez.cgi?db=Protein
http://www.ncbi.nlm.nih.gov/sutils/taxik.cgi?gi=115


 
 

 4



 5 5

 



 
 

 

 6



 
 
 

 
 
 
 
 
 

 7



 
 

   
 

 8



 
 

 
 

 9



 
 

 
 

 10



 
 

 

 11



 
 

 

 12



 
 

 
 

 13



 
 

 

 14



 

 

 15



 
 

 

 16



 
 
 

 
 
 

 17



 
 

 
 

 18



 
 

 

 19



 
 
 

 
 

 20



 
 
 

 21



 
 
 

 

 22



 

 

 23



 
 

 24



 
 

 

 25



 
 

 
 

 26



 
 
 

 
 
 

 27



 
 
 

 
 

 

 28



 
 

 

 29



 
 
 
 

 
 
 
 
 

 30



 
 
 

 
 

 31



 
 

 
 

 
 

 32



 33 33

 



 34 34

 



 
 

 35



 
 

 36



 
 

 

 37



 
 

 
 

 38



 
 

 39



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 40



Problem 2:  
 
Access the Microbial Genomes Page 
(http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi).  How many complete microbial 
genome sequences are available?  How many are in progress and how many are 
in the assembly stage?  From the “Organism Group” pull down menu, select 
Spirochaetes.  The complete genome sequences are available for how many 
Spirochaetes?   
 
Go back to the Complete genomes Page by selecting “All Organisms” in the 
“Organism Group” pull down menu.  How many Rickettsia genomes are 
completely sequenced?  Note their sizes.  Select the organism Rickettsia 
prowazekii str. Madrid E.  Is the organism pathogenic in humans?  How are the 
bacteria transmitted to humans? Click on the RefSeq accession number 
NC_000963. 
 
From the resulting table, access the entry NC_000963 in the nucleotide 
database.  Access the Proteins link.  How many protein coding genes have been 
annotated on the genome?  What do you think about the number of proteins 
compared to some other bacteria such as Escherichia coli?  Go back to the 
Genomes Page.  Access the Protein table that contains locations and detailed 
information such as the strand, product name, FASTA sequence etc. from the 
Protein coding link.  Also, access and download the RNA table through the 
Structural RNA link.  How many genes encoding arginine tRNA are annotated?  
Go back to the Genome page. 
 
Click on the gene lpxD in the genome map at the bottom of the page.  What 
conserved domain is found in the protein?  What is the pathway in which it is 
involved?  Go back to the Genome page. 
 
Click on the COG link.  It provides an assignment of each protein to one or more 
COG functional categories.  Note the variations in the % in genome category  
compared to the % in Bacteria category.  What would be its importance?  
Download the protein table for the proteins assigned to Cell wall/membrane 
biogenesis.   
 
Go back to the genome page.  Click on the Tax Plot link.  Tax Plot allows a three-
way comparison of three different proteomes, including proteins encoded on all 
chromosomes and plasmids.  Choose Rickettsia typhi str. Wilmington and 
Rickettsia conorii str. Malish 7 from the pull down menu.  Which Rickettsia 
species is more similar to Rickettsia prowazekii str. Madrid E?  Now select the 
organisms Oryza sativa (taxonomy id 4530) and Escherichia coli K12.  What 
does the result indicate?   
 
Access the GenePlot link.  GenePlot uses precalculated BLAST results to 
determine the top hits in two organisms. The best hits of each protein from two 
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genomes are calculated and plotted based on chromosomal location.  Download 
all best hits between the Rickettsia prowazekii str. Madrid E and Rickettsia typhi 
str. Wilmington proteins.  Zoom in the plot .125X.  Note the inversion in the two 
genomes.  Which region of the genome is inverted?  Go back to Genome page. 
 
Access the TaxMap link.  It reports the taxonomic distribution of the top BLAST 
hits for each of the protein in the entire proteome by comparing to the non-
redundant database (excluding closely related species) by BLAST similarity.  
Exclude all hits that are most similar to Bacteria. What does the graph now 
indicate?  Click on the first line.  Search for the tlc1 gene in the result.  This 
protein is most similar to the protein from which lineage?  Click on the gi number 
15603932 for the protein.  This link gives the top 200 protein BLAST similarity hits 
for the query protein.  Select the Best hits option.  Which organisms are 
represented in the similar proteins?  The protein is most homologous to protein 
from which organism after bacteria?  Select the COG3202 link at the top to 
access the tabular format of the proteins assigned to that COG.  What are the 
source organisms for the homologs to this protein?  Access the Initial Version of 
the COG database by clicking on the link on the left.    Select the Phylogenetic 
Patterns search.  Obtain a list of COGs that are absent in Rickettsia. What are 
the major functional categories? 
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