Motif Finder v1.0
Assignment 3  (5 marks)
Due Thur, Sept 9 by 11:59pm

Aim – Motif Finder v1.0

This assignment requires you to implement a set of C++ classes that provide an interface for scientists who wish to search for motifs within a genome. Using the class interface to COrganism and the subclass CGene, your (main) program will prompt the user for an organism, open the DNA and PTT files for that organism, continually prompt the user for their “favorite motifs”, each time searching the DNA for the user’s “favourite motif” and reporting the initial occurrence of that motif (if any) as well as the closest “upstream” and “downstream” gene.

The assignment will test a student’s knowledge of design, C++ classes, string processing with the C++ string class, and using C++ dynamic memory allocation routines.

Introduction

As you are now aware, the DNA for many genomes exists in (text) files, for example, here are the first few lines of the genome for E.coli (the K12 type of E.coli) from Ecoli.fna:

>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete genome

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGC

TTCTGAACTGGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAA

TATAGGCATAGCGCACAGACAGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACC
ATTACCACCACCATCACCATTACCACAGGTAACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAG

CCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGTAACGAGGTAACAACCATGCGAGTGTTGAA
GTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGAAAGCAATGCC

AGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTGGCGATGATTG

AAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT

Once adequately stored in a data structure, you can search for motifs (words) of DNA in much the same manner that you might search for words in a story, play, or poem. 

DNA is double-stranded. One strand is called the “direct strand” (+) and the other strand is called the “complementary strand” (-).  Imagine that the two strands of a genome are split apart as shown on the next page. Because both strands are “complements” of each other
, only the DNA in the direct(+) strand is actually stored in the .fna file. Thus, the nucleotides (letters of DNA) that you see in Ecoli.fna file is the DNA on the direct strand only. Imagine that the direct (+) strand of DNA is stretched into a single sequence. Now imagine that this single sequence of nucleotides is packed 70 per line (followed by a newline) into a file. Thus, the DNA for a genome is stored in a .fna file (e.g.,  Ecoli.fna) with a starting header line beginning with the character “>” followed by 70 nucleotides per line are stored in FASTA format. See the diagram on the next page.
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>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete genome

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGC

TTCTGAACTGGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAA

TATAGGCATAGCGCACAGACAGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACC

ATTACCACCACCATCACCATTACCACAGGTAACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAG

CCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGTAACGAGGTAACAACCATGCGAGTGTTGAA

GTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGAAAGCAATGCC

AGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTGGCGATGATTG

AAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
In addition to a .fna file that contains all the DNA, databases of genomes also provide other files. One of those files is called the “protein table”; this file ends with a .ptt file extension. The protein table (or gene table; in this lingo, “protein” = “gene”) is a file that lists all the information about the genes (remember, gene = proteins) that are found in a genome. What is not immediately obvious is that not all of a genome is made up of genes. In fact, in the human genome, only about 10-15% of the DNA makes up the genes; the remaining 85-90% of the DNA is “between the genes” or intergenic DNA. In the diagram below, the sequence in bold are genes; the other sequence is “between the genes”.

>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete genome

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGC

TTCTGAACTGGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAA

TATAGGCATAGCGCACAGACAGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACC
ATTACCACCACCATCACCATTACCACAGGTAACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAG

CCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGTAACGAGGTAACAACCATGCGAGTGTTGAA
GTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGAAAGCAATGCC

AGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTGGCGATGATTG

AAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
Each line in the protein table for a genome (e.g., Ecoli.ptt) tells us exactly where in the genome (where in the Ecoli.fna file) a particular gene starts, ends, which strand of the DNA double-helix where this gene was found,  the protein length of the gene (that is, once it is converted from DNA to a protein), the protein identification number (or pid), the gene name, etc.  The last portion of a line gives a short description of what we think that gene produces for a product, e.g., we believe the gene named “thrB” produces the particular protein product “homoserine kinase”. The diagram below shows the first three lines of Ecoli.ptt; thus, each line of information represents the information for one gene. Notice that the very first gene (thrL) starts at position (or base pair, bp) 190 and ends at base pair (position) 255. Also note that since nucleotides (bases) are one letter each, each nucleotide  takes up one byte in memory. Thus a position of 190 in the file means that the start of this gene can be found 190 bytes from the start of the genome (not counting the header line of course).
   190..255  +   21  1786182  thrL   b0001   -   -        thr operon …… 337..2799  +  820  1786183  thrA   b0002   E   COG0527  aspartokinase I, ……
2801..3733 +  310  1786184  thrB   b0003   E   COG0083  homoserine kinase

INPUT 
stdin – Your program will prompt the user for the name of an organism until a valid organism is found (.fna and .ppt file are found and opened and loaded successfully), then continually prompt the user for a motif (DNA word) to search for.

Text files (ifstream)
<organism name>.fna
<organism name>.ptt
In the starting directories:

/share/cs-pub/204/assignments/ass3/C     
and

/share/cs-pub/204/assignments/ass3/C++     

small versions of the Ecoli genome (Ecoli_10.fna) and protein table (Ecoli_10.ptt) are provided as well as the entire genome (Ecoli.fna) and entire protein table (Ecoli.ptt).  Obviously, you are encouraged to start with the small versions.
OUTPUT (stdout)
A sample run is shown below:

banshee: a.out

==========================================================================

Enter the Organism name (e.g., Ecoli): Ecoli_10
  Attempt to Load Protein Table (list of genes) for organism: Ecoli_10

  Attempt to open filename: Ecoli_10.ptt

  Number of lines in Ecoli_10.ptt is: 10

  Protein table Ecoli_10.ptt successfully opened and loaded.

  Attempt to Load DNA for organism: Ecoli_10

  Attempt to open filename: Ecoli_10.fna

  Number of lines of DNA (not including header) in Ecoli_10.fna is: 9

  DNA Ecoli_10.fna successfully opened and loaded.
What motif would you like to find >>  CCCGCACCTGACAGTG

    CCCGCACCTGACAGTG was found at bp 280

     In between genes:  

 

UPSTREAM   Name: thrL  Start: 190   End: 255   PID:  1786182  
     

and



DOWNSTREAM Name: thrA   Start: 337  End: 2799  PID:  1786183  
 ----------------------------------------------------------

 Do you want to search for another motif? (y/n):  n
----------------------------------------------------------

Do you want to try another organism? (y/n):  n
==========================================================================

Note that in the sample run, the motif CCCGCACCTGACAGTG   was found to start between the first two genes in the Ecoli protein table. Since the motif CCCGCACCTGACAGTG  starts at location 280 and the initial gene (thrL starts at: 190 and ends at 255) and the second gene (thrA   starts at 337 and ends at 2799):   255 < 280 < 337.
>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete genome
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGC

TTCTGAACTGGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAA

TATAGGCATAGCGCACAGACAGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACC
ATTACCACCACCATCACCATTACCACAGGTAACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAG

CCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGTAACGAGGTAACAACCATGCGAGTGTTGAA
GTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGAAAGCAATGCC

Clearly, you will need to store the genes (protein table) in an array and search that array to determine the relative locations of the start of the motif and the nearby genes. If a motif location starts within a gene, report:

motif found at bp xxx
WITHIN GENE  Name: thrL  Start: 190   End: 255   PID:  1786182  
OUTPUT (stderr)
Your utility should print the any errors on opening files, allocating memory on the heap, or other problems to standard error.
Part I  -- Conversion from K&R C to C++.

You start with a working(!!) program written in (old) K&R C to open a protein table file (.ptt) and store the information in an array of structures on the heap. Play with this solution. Study the code, study the input file (Ecoli_10.ptt, the small version), study the output. Alter this code to use C++ I/O (iostream, fstream), and C++ dynamic allocation routines (new, delete). You should be able to port this code over to Part II.  You will finish this portion of the assignment when your C++ version produces the same output as my C version. (This Part I only reads, stores, and prints the protein table).
See:  /share/cs-pub/204/assignments/ass3/C
Ecoli.ptt     Ecoli_10.ptt  constants.h   gene.h        main.c

Part II  -- Port the functions that load and print the protein table to C++ classes. You start with much if not all of the interface for a gene (line of the protein table): see Cgene.h. You start with much of the interface for an organism: see Corganism.h. Note: use the string class; avoid arrays of characters!!  Do not use <stdio.h> from here on out. Use only C++ streams.
See:  /share/cs-pub/204/assignments/ass3/C++
Part III  -- Complete main.cpp and the class Corganism to search for and report the results of searches. Of course, this will require you to store your protein table on the heap in an array of Cgene objects and search that array (perhaps using bsearch()??), as well as reading and storing the DNA sequence. Note: do not store the newlines from the .fna file in memory; read them and throw them away; this will facilitate your searching.
COMPILING YOUR UTILITY (final version)
It is assumed that you will use only the following files to manage your source code:


Cgene.h   

--
interface for one gene (line) from protein table (provided)

Cgene.cpp

--
definitions of class Cgene 


Corganism.h
--
interface to a genome
 (most of it is provided)

Corganism.cpp
--
definitions of class Corganism

main.cpp

--
your main() routine and any associated functions you need


$ CC main.cpp Cgene.cpp Corganism.cpp
Notes:

(1) Get organized!  Look at your calendar and determine when you will be able to work on this assignment (and when you will not be able to). Remember: software types underestimate the time to complete a project by one-half. On strategy: work on this assignment for two hours each day until it is due; more on days that you can.

(2) Ask questions early. 

(3) So why are we giving you all this “starter code”?  Most importantly, it is critical that you see a clean C++ class interface. True, you might not have written the interface in this way, however, rarely in the real world do you get to design things the way you want. This assignment includes some not so subtle lessons in good software engineering.

(4) Did I mention to start early?  

SUBMIT:

Submit your solutions to the exercise by using the directive below:

submit –c csci204 –a ass3 main.cpp Cgene.h Cgene.cpp Corganism.h Corganism.cpp

An extension of time for the completion of the assignment may be granted in certain circumstances. A request for an extension must be made to the Subject Coordinator before the due date. Late assignments without granted extension will be marked but the mark awarded will be reduced by 1 mark for each day late. Assignments will not be accepted more than three days late. 










































Motif found at base pair (bp) 280





(1) The direct (+) strand in the double helix





(2) The direct (+) strand in one sequence





(3) The direct (+) strand stored in a .fna file





 AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTC…………





 One gene here starts at 190;





Another  gene here at 337








Upstream gene ends at 255 … Downstream gene


starts at 337








� There is lots of biology that is beyond the scope of this programming assignment. If you are curious, ask me.


� Since we are ignoring chromosomes, this interface is really only ready for organisms that have but one chromosome, e.g., bacteria. With organisms with more than one chromosome, the .fna and .ptt files come one per chromosome, e.g., Human13.fna and Human13.ptt. Thus, it would be a simple extension to alter this so that we could handle multiple chromosomes. But remember, bacteria are cool … and very important!
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