VII.  CONCLUSIONS.

From the plethora of approaches used here to explore ratio gene dependence, several

points have become clear.  First, base pair identity in non-target regions of spot DNA does not necessarily correlate to an increase or decrease in signal.  This source of error should be optimized in the hybridization protocol: the hybridization temperature at which the microarrays are incubated, along with salts and buffer solutions, should be sufficient to allow hydrogen bonds to form only between appropriate probe and target.  If probes and targets are designed within a narrow GC content range and hybridized under optimal conditions, any non-target base pair identity between them should not lead to unaccountable signal.  Second, probe molecules were in a 100-fold excess of the most concentrated spots in these studies.  10 µL of 1 ng/µL probe solution was hybridized to each metagrid, or 10 ng; multiplying this value by the conversion factor 1.75 nmole / 32.7µg (58), then by Avagadro’s number gave 3.2 x 1011 probe molecules per metagrid.  Thus, there were 3.2 x 1011 probe molecules to 2.0 x 109 target molecules for the most concentrated spots (Table 12); therefore, all spots should have been saturated with probe and any unbound molecules should have been removed.  Third, certain aberrant genes exist which defy   a priori predictions of their behavior.  When no other factors indicate ratio preference, such as GC content, sequence similarity or cross-hybridization, some genes may still show skewed ratios with no obvious explanation.  For future microarray studies to be reliable, researchers must either a) show that no such aberrant genes exist, or b) identify any aberrant genes and eliminate them from investigation.  Fourth, quantitative fold induction and repression measurements should be approached with caution.  Inferring biological relationships between similarly expressed genes requires rigorous and carefully constructed controls designed specifically for the given experiment, without which microarray data hold less meaning.    


It remains unclear why specific genes act unpredictably in the microarray system.  Except for a single case, all mean ratios were skewed in favor of Cy5, arguing for FRET between the dye molecules.  Alternatively, these results may also be caused by some intrinsic property of binding DNA to glass that bends the molecules in such ways that complementation is not wholly foreseeable.  It remains to be seen what signal is deemed biologically significant.  Many recent publications conclude biological relationships from fold changes (37) that, in light of this work, are not necessarily valid.  Significance thresholds should be determined for each permutation of the microarray experiment.  Well-designed controls and filters for aberrant genes are crucial to achieve accurate ratios, enabling sound biological conclusions from this powerful technology.
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X. APPENDICES.

Appendix A: Source Code for GC Content.  (Compbio, Spring 2002, Perl).

#!/usr/bin/perl -w

# Emily  Oldham, 2-12-02.  Exercise 5-7.   Determining GC content of a DNA sequence.

# Get the DNA sequence data:

print "Please type the filename of the DNA sequence data or type exit to quit: ";

$dna_filename = <STDIN>;


if ( $dna_filename =~ /exit/ ) {


print "goodbye\n";


exit;


}

chomp $dna_filename;

# Making sure the file exists:

unless ( -e $dna_filename) {

    print "File \"$dna_filename\" doesn\'t seem to exist!!\n";

    exit;

}

# Making sure the file can be opened:

unless ( open(DNAFILE, $dna_filename) ) {

    print "Cannot open file \"$dna_filename\"\n\n";

    exit;

}

@DNA = <DNAFILE>;

close DNAFILE;

$DNA = join( '', @DNA);

# Remove any whitespace:

$DNA =~ s/\s//g;

#Remove any numbers:

$DNA =~ s/[0-9]//g;

$DNA =~ tr/ACGT/acgt/;

$count_of_A = 0;

$count_of_C = 0;

$count_of_G = 0;

$count_of_T = 0;

$errors     = 0;

for ( $position = 0 ; $position < length $DNA ; ++$position ) {

    $base = substr($DNA, $position, 1);

    if ( $base eq 'a' ) {

        ++$count_of_A;

    } elsif ( $base eq 'c' ) {

        ++$count_of_C;

    } elsif ( $base eq 'g' ) {

        ++$count_of_G;

    } elsif ( $base eq 't' ) {

        ++$count_of_T;

    } else {


print "Error!! I don't recognize this base: $base\n";


++$errors;

    }

}

print "C = $count_of_C\n";

print "G = $count_of_G\n";

print "errors = $errors\n";

$GCcontent = (($count_of_C+$count_of_G )/($count_of_C+$count_of_G+$count_of_A+$count_of_T)*100);

print "The GC content of your DNA is: $GCcontent";

# exit the program

exit;

Appendix B: Source Code for Probe Design. (Summer 2002, Java).

/*


CHOOSING 30mer PROBES

*/

import element.*;

public class Probes {


public static void main(String args[]) {


String name = "PROBES";


ConsoleWindow c = new ConsoleWindow(100,80, name);

//Conditions/Items to Report for Each Probe:  


//1).  GC content, used to measure melting temperature.


//2).  Hairpins:  Using a sliding frame of a single bp, compare every 5 bps to every other


//5 bps. 


//3).  Reversing probes and seeing if it binds to itself: using sliding frame of a single


//bp, check every 5 bps for reverse complementation.

//MELTING TEMPERATURE:

c.out.println("\n----------------MELTING TEMPERATURE---------------\n");

String probe = "ACTACGTTTGTCAGCAGTTGAATAAACTAG";

/*  For our conditions, a 1X dilution of 20X SSC stock has a sodium concentration

of 0.1667.  Multiplying this value by 0.25 will give a final [Na+] of 0.417.


According to Molecular Cloning, Sambrook and Russell, vol.2, p. 10.3, we will determine 


melting temperature according to the following equation:




Tm (in oC) = 81.5 oC + 16.6 * (log10[Na+]) +0.41 * (%[G+C]) - 675/n - 1.0m,




where n is the number of bases in the oligonucleotide (30) and m is the percentage 




of base pair mismatches (0).  [Na+] must be less than 0.5M and GC content must be




between 30% and 70%.

 The DIG Easy Hyb melting temperature equation:



Tm = 49.82 + 0.41*(%GC) - 600/l, where l is the length of the hybrid in base pairs (30)



Toptimum = Tm - 20 to 25oC (I'll use 20oC arbitrarily)


*/

// double SSC = 3.4;

c.out.println("Probe 30 bp long? = "+(probe.length() ==30));

c.out.println("GC content: "+GCcontent(probe));

double Tm1 = 81.5 - 16.6*0.2465 + 0.41*GCcontent(probe) - 22.5;

c.out.println("Molec. Cloning Tm = "+ Tm1);

double Tm2 = (49.82 + 0.41*GCcontent(probe) - 20);

c.out.println("DIG Easy Hyb Tm = " +Tm2);

c.out.println("Optimal DIG Easy Hyb Temp = " +(Tm2-20));

//HAIRPINS:

c.out.println("\n----------------HAIRPINS---------------\n");

int counter1 = 0;

for (int i = 0; i < 21; i++) {


String test1 = "";


for (int j = i; j < i+5; j++)  {



test1 = test1 + probe.charAt(j);



}



for (int l = i+5; l < 26; l++){ 




String test2 = "";




for (int k = l; k <l+5; k++)  {





test2 = test2 + probe.charAt(k);





}


counter1++;


if (RC(test1,test2))



{c.out.println(counter1+" : "+test1+" ; "+test2+" -- "+ RC(test1, test2)); }



}


}

//SELF-BINDING:

c.out.println("\n----------------SELF-BINDING---------------\n");

String probeBack = reverse(probe);

int counter2 = 0;

for (int m = 0; m < 26; m ++) {


String test3 = "";


for (int n = m; n < m+5; n++) {



test3 = test3 + probe.charAt(n);



}



for (int p = 0; p < 26; p++) {




String test4 = "";




for (int q = p; q < p+5; q++) {





test4 = test4 + probeBack.charAt(q);





}


counter2++;


if (RC(test3,test4))



{c.out.println(counter2+" : "+test3+" ; "+test4+" -- "+ RC(test3, test4)); }



} 


}

}

public static double GCcontent (String s) {


//int count_of_A = 0;


int count_of_C = 0;


int count_of_G = 0;


//int count_of_T = 0;


for (int pos = 0 ; pos < s.length() ; pos++ ) {

   if ( s.charAt(pos) == 'C' ) {

        
count_of_C++;

    
} else if ( s.charAt(pos) == 'G' ) {

        
count_of_G++;

   

}     



}

//calculate the percent GC content and return the results:


//must cast result as a double so integer division doesn't lose info.

return ( (double) (count_of_C + count_of_G) / s.length() * 100);

}

public static boolean RC (String one, String two) {


for (int i = 0; i < one.length(); i++) {



char x = one.charAt(i);



char y = two.charAt(i);



char z = ' ';



if (y == 'A') z = 'T';



else {if (y == 'T') z = 'A';



else {if (y == 'C') z = 'G';



else {if (y == 'G') z = 'C';}}}

 

if (z != x) return false;


}


return true;

}

public static String reverse(String probe)  {


String probeBack = "";



for (int i = 0; i < probe.length(); i++)  {




probeBack = probe.charAt(i) + probeBack;




}



return probeBack;

}

}
Appendix C: Source Code for Upstream Sequence Identity.  (Fall 2002, Java).

/*


Upstream BP similarity for 4 capture sequences 

11/13/02

*/

import element.*;

public class upstream {


public static void main(String args[ ]) {



ConsoleWindow c = new ConsoleWindow ();



c.out.println("----");



int counter = 0;



//CAP SEQ



String one = "ATTGCCTTGTAAGCGATGTGATTCTATTGGA";



//UPSTREAM SEQ



String two = "CTGAGGATAGCCTCGTTGTTAGCCTCGTTGA";



int limit = 1;



c.out.println(one.length());



for (int i = 0; i < one.length(); i++) {




if (one.charAt(i) == two.charAt(i)) 





{counter++;






if( counter >= limit) c.out.println("at position "+(i+1)+" counter is "+counter);





}




else counter = 0;




//if (counter==limit) c.out.println("counter got to limit at position "+(i+1));




}



c.out.println("base pair identity = "+counter);


}

}
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