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Survey Course in Bio Crystallography and Bioinformatics 
Lima, Peru, March 17-29, 2009 

 
Tutorial on MORF analysis 
 
Outline of document: 

1. Questions 
2. Codon Analysis – section 1 
3. Codon Distribution  
4. Codon Distribution/ codon usage table 
5. FABG homologs 
  
6. DOG Processing – section 2  
 
 

Multiple Open Reading Frames (MORF) are exactly what it sounds like. Any gene can be read in 6 
different frames.  An open reading (ORF) is defined as any region of codons seen between 2 stop codons 
(TAA, TAG and TGA). These regions in theory could code for a viable protein.  There are many examples 
of ORFs that have more then 1 frame open, they have multiple open reading frames. Genes having MORFs 
are potentially proteins with ancient ancestry being able to code for multiple proteins.  They also are a good 
way to gain an understanding of the proteins of interest but also give a deeper understanding of the coding 
system itself.  
 
 

1. Questions: 
a. What is the codon distribution of the M. tuberculosis FABG? 
b. What is the main codon use in Beta Keto ACPR proteins? 
c. What is the MORF distribution of Beta Keto ACPR proteins? 
 

2. Codon Analysis section 1 
The first thing we will do is generate a codon table of the FABG from M. tuberculosis and also see if it 

contains MORF for further analysis. 
a. Go to http://labs.hwi.buffalo.edu/duax/home.php?p=wra 
b. Click on the link to “codon analysis” 

 

 
 

c. Click on the link “Accession Numbers (separated by commas)” 
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This like will bring us to a text box.  Enter the swiss protein accession number from M. 
tuberculosis FABG. “P0A5Y4”. Click “Go” 

 
d. The program will run for a bit and will say it is looking for your sequence.  It is accessing 

the swiss prot database and downloaded the sequence for your protein. It is then doing 
some calculations in the background.  Eventually it will stop and will give you an output 
that look like this: 

  Codon Analysis output webpage. 
i. Accession ID 

1. Left click on the accession ID will bring up another window that 
contains the nucleotide sequence of all 6 frames.  

2. This is an effective way to get the nucleotide sequence of a protein or 
many proteins quickly. 

ii. Species 
1. Each of the labels under the species are links to 

http://www.uniprot.org/. Each link will present a table with all proteins 
in the swissprot database that have that title. 

2. Clicking “Bacteria” will present a table of all bacterial proteins. Where 
clicking on “Mycobacterium tuberculosis complex” will present all 
proteins with this title. 

iii. GC % 
1. Nucleotide compositions of G and C. 

iv. MORF type (stops seen by frame1-6) 
1. MORF type tells you how many open reading frames are present in this 

sequence.  SORF =1 ORF, DORF=2 ORF, TORF=3 ORF, etc. 
2. The numbers after the MORF type indicate how many STOP codes are 

present in each frame.  
Number Frame 
1 Sense (5’3’) 
8 Sense+1 
3 Sense+2 
2 Antisense (3’5’) 
12 Antisense+1 
5 Antisense+2 

v. Status 
1. As the program is running, status gives an update of what the program 

is doing “Looking for P0A5Y4” 
2. Once done, the status indicates Codon Analysis Complete with a link 

“view now” 
3. Click “view now” will bring up the codon usage table from that protein.  
 
4. The codon analysis table is set up to represent all the codons used in all 

6 frames. This gene has a high GC content. As such the GC rich and 
GC only codon are used more often then the AT rich and only.  
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e. Codon Analysis Table 

i. Codon: 32 codons 
ii. Complement: complements of the 32 codons to make a total of 64 

iii. F1:A – Codon counts of 32 codons 
iv. F1:B – Codon count of complement 32 codons 
v. F1:T – Total count of 32 codons and their complements. 

vi. F2:A – sense strained +1 Codon counts of 32 codons 
vii. F2:B – sense strained +1 Codon count of complement 32 codons 

viii. F2:T – sense strained +1 Total count of 32 codons and their complements. 
ix. F3:A – sense strained +2 Codon counts of 32 codons 
x. F3:B – sense strained +2 Codon count of complement 32 codons 

xi. F3:T – sense strained +2 Total count of 32 codons and their complements 
xii. Total A – Counts in 32 codons from all 6 frames   

xiii. Total B - Counts in 32 complementary codons from all 6 frames 
xiv. Total A+B – Counts in triple codons codons. 

Note: To see the antisense codons just reverse the Codon and Complement columns. 
 
What are the least used codons FABG? 
What are the most used codons in FABG? 

 
f. Where are the stops seen in the sequence? Are they at the beginning of the sequence or at 

the end or in the middle? 
i. Go to expasy.org and click on “DNA-> Protein” 

ii. Click on the link at the top of the page “Translate” 
 

 
 

iii. Get the FABG nucleotide sequence from the Accession ID link. Paste it into the 
text box. Click “Translate” sequence”.  

iv. Where are the stop codons located in all 6 frames? Is there any frame where you 
can put together long sequences of amino acids (>100 amino acids)? 

 
v. For those who did not answer the last question but jumped ahead, there is a long 

sequence of ~150 amino acids on the antisense strand. Is this a protein?  Is there 
a protein on the antisense strand of FABG from M. Tuberculosis? 

vi. Go back to the tutorial on Identifying homologs of a sequence “How to Blast a 
Sequence.” Blast the ~150aa sequence from the antisense strand of FABG. What 
proteins are identified?  Looking at the sequence overlap, what can we say 
about this stretch of Amino acids?    

 
3. Codon Distribution  
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Proteins Vol.61, 4 Pages: 900-906. 
 
FABG belongs to the family of Short Chain Oxido reductase enzymes. This is a very large family of 
protein >16,000 in the gene bank.  Plotted above is the distribution of 84 SCOR genes having three open 
reading frames. (a) Codon use (b) nucleotide triple frequency, and (c) complementary pairs of nucleotide 
triples. Codons that have different definitions in different species (TTG, CTT, CTC, CTA, CTG, ATA, 
ATG, GTG, TAA, TAG, AAA, TGA, AGA, and AGG) are identified by X. 
 
 

a. How does the FABG SORF compare to these 84 TORFs? Compare the codon use, 
nucleotide triple frequency and complementary pairs of FABG. 

b. All the data we need is present in the codon analysis table.  
i. 64 codons plotted in (A). Using your favorite graphing program plot out the 

codons in F1:A and F1:B. 
ii. 64 nucleotide triples in (B) plot columns Total A and Total B.  

iii. 32 complementary triples are plotted from column Total A+B. 
c. Answer question in tab a. 
 

 
 

4. Codon Distribution/ codon usage table  
The codon distribution for FABG can be elucidated from the codon analysis table. This is 
only one protein of many in the genome.  How does this compare to the overall codon usage 
of mycobacterium tuberculosis genome? 
a. Go to the Codon usage database http://www.kazusa.or.jp/codon/ 
b. In the query box type “tuberculosis” and then click submit. 

 
c. This should bring up a list of those entries in the codon database with tuberculosis in their 

titles. 
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d. Click on the link to “M. tuberculosis H37Ra”  
e. The codon table that comes up is a compilation of all M. tuberculosis H37Ra genes 

sequenced. 

 
f. Now we can plot this data and compare it to the gene data. We can then tell if there is a 

bias usage of a codon with FABG. Is there a usage of a codon in FABG that is not used 
widely in the tuberculosis genome? 

5. FABG homologs 
a. The codon analysis program can handle more then one protein for analysis. Is the codon 

usage and MORF characterization for FABG from M. tuberculosis seen in other 
homologous FABG’s?  

b. From past tutorials we have identified ~20 FABGs from other species. Since the BLAST 
search from NCBI does not give us swiss prot ID, we are going to have to get those by re-
blasting through swissprot. 

c. Go To www.expasy.org 
d. Type into the search “P0A5Y4” and click search. 
e. Scroll down the webpage of P0A5Y4 to the sequences tab. Under tools it should say 

Blast.  If it does click “go”    

 
 
f. Wait for the Blast program to complete. This will give a collection of FABG homologs 

from other species. Instead of searching the Nonredundent database, which we searched 
through NCBI, this searched the swissprot database. Get the accession number from 10 or 
so hits of FABG from different species. 
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g. Copy the acc # in to the codon analysis online form. Separate each acc # by a comma. 

Click “go”. 

 Each acc# is separated by a comma. 
 
h. The results will tell a story of FABG evolution. 

 
i. From the run above we can see 4 of the FABG homologs have double open reading 

frames. Both the sense and the antisense strand are open. We can do the same type of 
analysis we did with the single FABG to all of these new FABG’s.  

j. Do any of the above FABGs have any protein homologs on one of their other strands? 
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6. Tutorial on DOG Processing Section 2 
Genomes today are sequenced at a very fast rate. This is a lot of information that needs to be annotated 

and analyzed.  Several rules are followed to increase the chances of correct annotation.  We have developed 
a tool that would enhance the correct selection of a coding frame (MORF) and correct selection of the Start 
and Stop codons. 

a. For an example we are going to analyze a SCOR protein from the genome of 
Anaeromyxobacter dehalogenans 2CP-C. 

b. Get the nucleotide sequence with the NCBI ID: YP_467052 
i. Go to ncbi.nih.gov, put the ID in the search box, search and click gene. 

ii. Ensure the gene is from A. dehalogenans. 
iii. Follow instructions from the database tutorial. 

c. Go to: http://labs.hwi.buffalo.edu/duax/phpmysql_webapplications/genome_a/ 

 
 
d. Copy and paste in Fasta format the sequence into the above text box. 

i. You should paste something like this 
 

>SCOR_TUT 
 tcatgcatcc tccgtcggcc ggtggacccg gcccgagacg cggcgcagga tcgcccgggg 
      61 gaccaggcgc gacgcggccg cggtgagctt gtagatcggg tgcggcaccc acaccacctc… 

 
e. We are searching for the dirty dozen codons in this sequence.  Default does not select the 

dirty dozen.  So click under options “Select none” (1).  This should remove all selected 
codon boxes. 

f. Click the button that says “Dirty Dozen” (2) Dirty dozen codons are selected based on 
their lack of use in an evolutionary distant set of proteins. These are potential stop codes 
in A. dehalogenans  genome. 

 

 
g. This will select 12 codons that were described in the lecture portion of the course. 
h. For those that were observant, the nucleotide sequence is the complement of the coding 

gene. To the sequence we pasted in we need to select the “Reverse complement of 
sequence in text box” (3) button so that the program identify the correct frame. 

i.  Click “Graph” 
j.  You should get a graph that looks like this: 

1. 

2. 

3. 
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k.  Where the sequence length runs along the bottom the x-axis and the codon position runs 

along the y-axis.  Below the graph there is a table that describes what codon was selected.   
l. Codon TTA was found 21 codons in from the 5’ end. 
m. If we plot this codon on to the SCOR sequence, we find that the program that was used to 

locate genes in this genome was wrong in identifying the start of this gene. The first 21 
amino acids are GARP rich and contain a stop code.  The start should have been the Leu 
residue directly next to the Stop Leu or the first Met that appeared. 

 
>SCOR_TUT_protein sequence 

MRGPAAPPRPGEPPGLPGPGL  |  LHSPVMAPPGAPEPLAVVTGAS…..  
 
n. Note: The rest of the SCOR sequence does not contain any Dirty dozen (potential stop 

codes). This type of analysis can be done with any gene.  There was significant analysis 
that went into the A. dehalogenans genome to develop the dirty dozen codons. What is 
seen as a potential stop in one genome could code for an amino acid in another. This is 
one reason if we ran this analysis on M. tuberculosis FABG we would incorrectly assume 
what we find to be true.  

 
 
 


