Biology 10th – Unit 10 Ch’s 9-10

“DNA: © Designed Not Accidental” NOTES: Chapter 10
  

    
Molecular Genetics


	A survey unit on genetics leading to the phrase and concept Mr. Galloway coined for his children - “DNA: © Designed Not Accidental” - in order to conceptually experience the awesome glory of God whose infinite intellect created the incomprehensibly complex coding of the most information rich system ever discovered: Deoxyribonucleic Acid.


(Compiled from numerous sources: HRW Text, Princeton AP, Dr. Spetner, Dr. Gitt, etc)

** Be sure to view the PowerPoint for helpful illustrations, pictures, and graphic representations.

The Structure of DNA 

    A. Nucleotide Data 
        1. DNA contains four different nucleotides: 
            a. two with purine bases, adenine (A) and guanine (G); 

   (a purine is a type of nitrogen-containing)
                base having a double-ring structure. 
            b. two with pyrimidine bases, thymine (T) and cystosine (C); 

   (a pyrimidine is a type of nitrogen-containing)
                base having a single-ring structure. 

        2. DNA constancy is given in a set of rules: 
            a. The amount of A, T, G, and C in DNA varies from species to species. 
            b. In each species, the amount of A=T and the amount of G=C. 
  

    B. Vast Variation in Base Sequence Combinations 
        1. Number of atoms in the Universe = 1080
        2. Number of children from one couple without two exactly the same = 102017
    C. Diffraction Data 
        1. Rosalind Franklin, a student at King's College, produced X-ray diffraction photographs. 
        2. Franklin's work provided evidence that DNA has the following features: 
            a. DNA is a helix. 
            b. One part of the helix is repeated. 

    D. The Watson and Crick Model 
        1. American James Watson joined with Francis H.C. Crick in England to work on structure of DNA. 
        2. Watson and Crick received the Nobel Prize in 1962 for their model of DNA. 
        3. Using information generated by Chargaff and Franklin, Watson and Crick built a model of DNA as 
            double helix; sugar-phosphate molecules on outside, paired bases on inside. 
        4. Their model was consistent with both rules and dimensions of DNA polymer provided by 
            Franklin's photograph of X-ray diffraction of DNA. 
        5. Complementary base pairing = paired relationship between purines & pyrimidines in DNA, such 
            that “A” is hydrogen-bonded to “T” and “G” is hydrogen-bonded to “C”. 
            They always bond in the following way: A-T and C-G.
             
Replication of DNA 

    A. DNA replication is the process of copying a DNA molecule. 
        1. Unwinding: old strands of the parent DNA molecule are unwound as weak hydrogen bonds 

between the paired bases are unzipped and broken by the enzyme helicase. 
        2. Complementary base pairing: free nucleotides present in nucleus bind with complementary 

bases on unzipped portions of the 2 strands of DNA; process is catalyzed by DNA polymerase. 
        3. Joining: complimentary nucleotide bond to each other to form new strands; each daughter DNA 

molecule contains an old strand and a new strand; process is also catalyzed by DNA polymerase. 
        4. DNA replication must occur before a cell can divide; in cancer, chemotherapy drugs with 
            molecules similar to the four nucleotide are used to stop replication. 

    B. Replication is Semiconservative 
        1. DNA replication is semiconservative because each daughter double helix has one parental strand 
            and one new strand. 
        2. 1958, Matthew Meselson and Franklin Stahl confirmed a model of DNA replication. 
            a. They grew bacteria in medium with heavy nitrogen (15N), then switched to light nitrogen (14N). 
            b. Density of DNA following replication is intermediate as measure by centrifugation of molecules. 
            c. After one division, only hybrid DNA molecules were in the cells. 
            d. After two divisions, half the DNA molecules were light and half were hybrid. 
        3. These were exactly the results to be expected if DNA replication is semiconservative. 

    C. Prokaryotic Versus Eukaryotic Replication 
        1. Prokaryotic Replication 
            a. Bacteria have a single loop of DNA that must replicate before the cell divides. 
            b. Replication in prokaryotes may be bidirectional from one point of origin or in only one direction. 
            c. Replication only proceeds in one direction, from 5' to 3'. 
            d. Bacterial cells are able to replicate their DNA at a rate of about 106 base pairs per minute. 
            e. Bacterial cells can complete DNA replication in 40 minutes; eukaryotes take hours. 
        2. Eukaryotic Replication 
            a. Replication in eukaryotes starts at many points of origin and spreads with may replication 

bubbles -- places where the DNA strands are separating and replication is occurring. 
            b. Replication forks are the V-shaped ends of the replication bubbles; sites of replication. 
            c. Eukaryotes replicate their DNA at 500 - 5,000 base pairs per minute. 
            d. But, eukaryotes have 100 to 3000 times more DNA than prokaryotes. 
                So, eukaryotes take hours to complete DNA replication. 

How Genes Work / Function
    A. Investigators Recognize Gene Activity 
        1. English physician Sir Archibald Garrod introduced phrase inborn error of metabolism. 
            a. Garrod said inherited defects could be caused by the lack of a particular enzyme. 
            b. Knowing that enzymes are proteins, Garrod suggested link between genes and proteins. 

    B. Genes Specify Enzymes = one gene specifies synthesis of one enzyme. 

    C. Genes Specify a Polypeptide = one gene specifies the synthesis of one polypeptide
    D. From DNA to RNA to Protein 
        1. Classical geneticists conceived of a gene as any of the particles of inheritance on a chromosome. 
        2. To molecular geneticists, a gene is a sequence of DNA nucleotide bases that codes for a product. 
        3. DNA is restricted to nucleus; protein synthesis occurs in cytoplasm. 
        4. Ribonucleic acid (RNA) was found in both regions and was likely intermediary in protein synthesis. 

    E. Types of RNA 
        1. Like DNA, RNA is a polymer of nucleotides. 
        2. RNA is single –stranded, contains the sugar ribose, and the base URACIL instead of thymine. 
        3. There are three major classes of RNA. 
            a. Messenger RNA (mRNA) takes a message from DNA in nucleus to ribosomes in cytoplasm. 
            b. Ribosomal RNA (rRNA) and proteins make up ribosomes where proteins are synthesized. 
            c. Transfer RNA (tRNA) transfers a particular amino acid to a ribosome. 

    F. The Required Steps 
        1. DNA undergoes (1)  transcription to mRNA, which is (2)  translated to a protein. 
        2. DNA is a template for RNA formation during transcription. 
        3. Transcription is the first step in gene expression; it is the process whereby a DNA strand serves 

as a template for the formation of mRNA. 
        4. An mRNA transcript directs the sequence of amino acids in a polypeptide during translation. 

The Genetic Code
    A. Sequence of Bases in DNA 
        1. The central dogma of molecular biology states that the sequence of nucleotides in DNA specifies 

the order of amino acids in a polypeptide. 
        2. The genetic code is a triplet code comprised of 64 three-base code words (codons). 
        3. Codon consists of 3 nucleotide bases of DNA. 

    B. Finding the Genetic Code 
        1. In 1961, Marshall Nirenberg and J. Heinrich Matthei found an enzyme that could be used to 

construct synthetic RNA; discovered the codon UUU coded for phenylalanine. 
        2. The code is degenerate; there are 64 triplets to code for 20 naturally occurring amino acids and 

this robustness protects against potentially harmful mutations. 
        3. The genetic code is unambiguous; each triplet codon is believed to have only one meaning. 
        4. The code has start and stop signals: there is one start codon and three stop codons. 

    C. The Code is Universal 
        1. The universality of the code suggests it originates from a common Designer not ancestor.
        2. Once the code was established, changes have been and are very disruptive. 

The First Step: Transcription 

    A. Transcription (Transcribing into the same language: nucleotides to nucleotides)
         This is like a scribe copying the book of Genesis in Hebrew into another Hebrew copy.
        1. Takes place in the nucleus of eukaryotic cells. 
        2. Summary of Transcription Steps = 
1. The two chains of the DNA molecule separate near the promoter. 
2. RNA polymerase binds to the promoter on the template chain of DNA.
3. RNA polymerase attaches to the first DNA nucleotide of the template chain. 

4. Complementary RNA nucleotides are added to the newly forming RNA molecule (mRNA).
5. RNA polymerase reaches the termination signal and releases the DNA and RNA molecules. 

    B. (Details) How Messenger RNA is Formed (mRNA)
        1. Transcription begins when RNA polymerase attaches to a promoter on DNA. 
        2. RNA polymerase is an enzyme that speeds formation of RNA from a DNA template. 
        3. Promoter is DNA region that defines start of gene, direction of transcription, and strand copied. 
        4. Next, a segment of the DNA helix unwinds and unzips. 

    C. RNA Polymerase 
        1. As RNA polymerase moves along the template strand of the DNA, complementary RNA 

nucleotides pair with DNA nucleotides of the strand. 
        2. RNA polymerase joins the RNA nucleotides together in the 5' [image: image1.png]


3' direction. 
        3. Transcription begins when RNA polymerase attaches to a region of DNA called a promoter; a 

promoter defines the start of a gene, the direction of transcription, and the strand transcribed. 
        4. RNA/DNA association is not as stable as DNA helix; therefore, only newest portion of RNA 

molecule associated with RNA polymer is bound to DNA; the rest dangles off to side. 
        5. Elongation of mRNA continues until RNA polymerase comes to a DNA terminator sequence. 
        6. Terminator sequence causes RNA polymerase to stop transcribing DNA release mRNA transcript. 
        7. Many RNA polymerase molecules work on the same DNA molecule at same time, to make the 
            production of mRNA scripts faster (more efficient).
    D. Messenger RNA is Processed 
        1. In eukaryotes, newly formed primary mRNA transcript is processed before leaving nucleus. 
        2. Primary mRNA transcript is immediate product of transcription; contains exons and introns. 
        3. Ends of the mRNA molecule are altered: a cap is put on 5-end and a poly-A tail is put on 3-end. 
            a. "Cap" is a modified guanine (G) that tells a ribosome where to attach to begin translation. 
            b. The "poly-A tail" consists of a 150--200 adenine (A) nucleotide chain that facilitates transport of 
                mRNA out of the nucleus and inhibits degradation of mRNA by enzymes. 
        4. Portions of the primary mRNA transcript, called introns, are removed. 
            a. Exon is portion of DNA code in primary mRNA transcript eventually expressed as a result of 
                polypeptide synthesis. 
            b. Intron is non-coding segment of DNA removed by spliceosomes before mRNA leaves nucleus. 
        5. Spliceosomes are a complex that contains several kinds of ribonucleoproteins; it cuts primary 

mRNA transcript and then rejoins adjacent exons. 
        6. Role of introns is being investigated
            a. Evolutionists “believe” RNA might have served as the genetic material and first enzymes in 
                early life forms that supposedly evolved massive amounts of new genes through mutations and  
                became new creatures. 
            b. However, this unsubstantiated hypothesis (Greek term hypo-thesis = underlying belief) is 
                falsified by the fact that no mutations ever add any new genetic information and therefore could 
                never have been a mechanism to make new kinds of creatures. (See Dr. Spetner, Dr. Gitt on 
                my website – www.soulcare.org).
The Second Step: Translation
    A. Translation takes place in cytoplasm of eukaryotic cells. 
        1. Translating from one language (nucleotides / nucleic acids) into a different language
            (amino acids/protein).  This is like translating the Hebrew book of Genesis into English.
    B. The Role of Transfer RNA
        1. Transfer RNA (tRNA) molecules transfer amino acids to the ribosomes. 
        2. tRNA is a single-stranded ribonucleic acid that doubles back on itself to create regions where 
            complimentary bases are hydrogen-bonded to one another. 
        3. At the 3' end it binds to amino acid; at other end it has an anticodon that binds to mRNA codon; 

anticodon is group of nucleotides on tRNA complementary to codon on mRNA. 
        4. There is at least one tRNA molecule for each of the 20 amino acids found in proteins; there are 

fewer tRNA's that codons because some tRNA's pair with more than one codon. 
        5. tRNA synthetases are amino acid-activating enzymes that recognize which amino acid should 

join which tRNA molecule, and then catalyze ATP-requiring reactions joining them. 
        6. Amino acid-tRNA complex forms, then travels in cytoplasm to ribosome for protein synthesis. 

    C. The Role of Ribosomal 
        1. Ribosomal RNA (rRNA) is produced from a DNA template in the nucleolus of nucleus. 
        2. rRNA is packaged with a variety of proteins into ribosomal subunits, one larger than the other. 
        3. Subunits move separately through nuclear envelope pores into cytoplasm where they combine. 
        4. Ribosomes can float free in cytosol or attach to endoplasmic reticulum. 
        5. Prokaryotic cells contain about 10,000 ribosomes; eukaryotic cells contain many times more. 
        6. Ribosomes have a binding site for mRNA and binding sites for two (tRNA) molecules. 
        7. They facilitate complementary base pairing between tRNA anti-codons and mRNA codons; one 

protein is an enzyme that joins amino acids together by means of a peptide bond. 
        8. Ribosome move down mRNA molecule, new tRNA's arrive; amino acids join; polypeptide forms. 
        9. Translation terminates once polypeptide is formed; ribosome dissociates into its two subunits. 

    D. Translation Requires three steps: chain initiation, chain elongation, chain termination.
        1. In translation, mRNA codons base-pair with tRNA anti-codons carrying specific amino acids. 
        2. Codon order determines order of tRNA molecules and sequence of amino acids in polypeptide. 
        3. Protein synthesis involves chain initiation, chain elongation, chain termination. 
        4. Enzymes are required for all three steps; energy is needed for first two steps. 
        5. Chain Initiation 
            a. Small ribosomal subunit attaches to mRNA in vicinity of the start codon: a base triplet (AUG). 
            b. First initiator tRNA pairs with this codon; then large ribosomal subunit joins to small subunit. 
            c. Each ribosome contains tow sites: the P (for peptide) site and the A (for amino acid) site. 
            d. Initiator tRNA binds to P site although it carries one amino acid; the A site is for next tRNA. 
            e. Initiation factor proteins are required to bring necessary translation components together. 
        6. Chain Elongation 
            a. tRNA with attached polypeptide is at P site; tRNA  / amino acid complex is just arriving at A site. 
            b. The polypeptide is transferred and attached by a peptide bond to the newly arrived amino acid. 
            c. Reaction is catalyzed by a ribozyme, which is part of the larger subunit. 
            d. The tRNA molecule in the P site leaves. 
            e. Translocation occurs with mRNA, along with peptide-bearing tRNA, moves from site A to P. 
            f. As ribosome has moved forward three nucleotides, there is new codon located at empty A site. 
            g. The complete cycle is rapidly repeated, about 15 times per second in Escherichia coli. 
        7. Chain Termination 
            a. Termination of polypeptide synthesis occurs at stop codon that does not code for amino acid. 
            b. The polypeptide is enzymatically cleaved from the last tRNA. 
            c. tRNA and polypeptide leave the ribosome, which dissociates into its two subunits. 
MUTATIONS, Myths, and Macroevolution:  
        1. A genetic mutation is a permanent change (error) in the sequence of DNA bases. 
            Genome is the sequence of DNA bases.
             - Somatic (body) cell mutations only affect the individual and can cause cancer, etc.
             - Germline (gamete) cell mutations are passed on to the next generation.
2. Most are destructive and usually recessive, so they pass on in the heterozygous form.


3. Three major causes of mutational change:
- High energy radiation such as X-rays
  Cause physical breakage
- Low energy radiation such as UV light
  Cause DNA cross-links
- Chemical modification of the DNA bases

       4. Enzymes proofread and repair the DNA, thus reducing the error rate to one per billion. 

       5. Mutations that survive the proofreading process contribute to gene mutations.

“A mutation includes changes that affect expression of genes without altering their coding sequences and changes that do not cause any detectable phenotypic difference (silent mutations). In a complex organism, mutation can occur at many different structural levels and can be classified in many different ways: 

· Magnitude of genetic change: gene, chromosomal, or genomic mutations.
· Inheritance Pattern: somatic vs. germ-line; autosomal, sex-linked, dominant, codominant, partially dominant, recessive. 

· Phenotypic properties: morphological (shape, size, quantity, coloration), nutritional (auxotrophic), biochemical, lethal (conditional lethal, dominant lethal), behavioral, silent. 

· Changes in DNA: missense (transitions, transversions), nonsense (amber, ochre, opal), deletion, insertion, frameshift, inversion, duplication, translocation. 

· Conditional: temperature-sensitive, suppressible. 

· Regulatory: increased or decreased expression, altered message processing, stability, or rate of translation. “ (http://www.colorado.edu/MCDB/MCDB2150Fall/notes/L25.html) 
       6. Effect of Mutations:

Missense Effect: Most base pair substitutions change the amino acid specified by the codon in which they occur. Such mutations are described as missense mutations because they cause an amino acid substitution in the coded protein. Depending on the nature of the amino acid substitution and its location within the protein, missense mutations may have a variety of effects, ranging from complete loss of biological activity to reduced activity or temperature-sensitive activity or no funtional effect at all. 

Nonsense Effect: Base pair mutations that generate a translation stop codon (TAA, TAG or TGA in the DNA sense strand, transcribed as UAA, UAG or UGA in the mRNA) cause premature termination of translation of the coded protein and are referred to as nonsense mutations.

       7. Types of “Gene Mutations”:

http://www.genetichealth.com/G101_Changes_in_DNA.shtml 
A gene is essentially a sentence made up of [three letter words composed from the four letter alphabet of]  the bases A, T, G, and C that describes how to make a protein. Any changes to those instructions can alter the gene's meaning and change the protein that is made, or how or when a cell makes that protein. There are many different ways to alter a gene, just as there are many different ways to introduce typos into a sentence. In the following examples of some types of mutations, we use the sentence "The fat cat ate the wee rat" as a sample gene:

Point Mutation
A point mutation is a simple change in one base of the gene sequence. This is equivalent to changing one letter in a sentence, such as this example, where we change the 'c' in cat to an 'h': 

	Original
	The fat cat ate the wee rat.

	Point Mutation
	The fat hat ate the wee rat.


Frame-shift mutation
In a frame shift mutation, one or more bases are inserted or deleted, the equivalent of adding or removing letters in a sentence. But because our cells read DNA in three letter "words", adding or removing one letter changes each subsequent word. This type of mutation can make the DNA meaningless and often results in a shortened protein. 

”The genetic code is translated three nucleotide bases (one codon) at a time, with no punctuation between the codons. Addition or deletion of a single base pair in the middle of a coding sequence will result in out-of-frame translation of all of the downstream codons, and thus result in a completely different amino acid sequence, which is often prematurely truncated by stop codons (UAG,UAA,UGA) generated by reading the coding sequence out-of-frame. Such mutations, which are a special subclass of point mutations, are referred to as frameshift mutations.  . . . Note that deletion or addition of three base pairs (or multiples of threes) does not cause a frameshift, but instead results in deletion or addition of one or more amino acids in the coded protein.”
http://www.colorado.edu/MCDB/MCDB2150Fall/notes/L25.html 
An example of a frame-shift mutation using our sample sentence is when the 't' from cat is removed, but we keep the original letter spacing:

	Original
	The fat cat ate the wee rat.

	Frame Shift
	The fat caa tet hew eer at.


Deletion
Mutations that result in missing DNA are called deletions. These can be small, such as the removal of just one "word," or longer deletions that affect a large number of genes on the chromosome. Deletions can also cause frameshift mutations. In this example, the deletion eliminated the word cat.

	Original
	The fat cat ate the wee rat.

	Deletion
	The fat ate the wee rat.


Insertion 
Mutations that result in the addition of extra DNA are called insertions. Insertions can also cause frameshift mutations, and general result in a nonfunctional protein. 

	Original
	The fat cat ate the wee rat.

	Insertion
	The fat cat xlw ate the wee rat.


Inversion
In an inversion mutation, an entire section of DNA is reversed. A small inversion may involve only a few bases within a gene, while longer inversions involve large regions of a chromosome containing several genes.

	Original
	The fat cat ate the wee rat.

	Insertion
	The fat tar eew eht eta tac.


8. Types of Mutations Beyond Mere “Gene” Mutations:

Chromosomal mutations are defined as those that involve deletion, inversion, duplication, or other changes of a chromosomal region that is large enough so the change can be detected cytologically. By definition, chromosomal mutations are limited entirely to a single chromosome, although there could be more than one chromosomal mutation within a genome. 

Genomic mutations are defined as those that involve loss or gain of whole chromosomes, translocation from one chromosome to another or other gross chromosomal rearrangements. Note that both chromosomal and genomic mutations can cause aneuploidy. 

9. Mutational MYTH of Macroevolution:

Evolutionists have hoped to find a mechanism to accompany natural selection that would add or create new DNA to animal genomes in order for new “Kinds” of creatures to form over time.  Mutations were once believed to be that mechanism.  But after decades of examination, it is now clear that they never add new information.
 Dr Lee Spetner (Biophysicist and Professor at Johns Hopkins University) and author of, Not By Chance, The Judaica Press, Inc., Brooklyn, New York.  The book has been praised by scores of scientists from around the world, including Professor E. Simon, Dept. of Biology, Purdue University, who said: "It is certainly the most rational attack on evolution that I have ever read”.  

Dr. Spetner addresses the issue of mutational myth of macroevolution on p.159-160  
“Not even one mutation has been observed that adds a little information to the genome. That surely shows that there are not the millions upon millions of potential mutations the theory demands. There may well not be any. The failure to observe even one mutation that adds information is more than just a failure to find support for the theory. It is evidence against the theory. We have here a serious challenge to neo-Darwinian theory.” [Emphasis added]

  E. Junk DNA? God did NOT design junk.
For years, evolutionists assumed that DNA codes they did not understand must be unused “junk” genes left over from our supposed evolutionary ancestors.  However, scientists who were creationists believed that God created those codes for a reason, and that we simply had not yet discovered their function.  Now, geneticists are discovering that those genes perform vital regulatory functions.

Dr. Linda K. Walkup (PhD in molecular genetics from the University of New Mexico Medical School - http://www.answersingenesis.org/tj/v14/i2/junk_dna.asp 
 “What is the relevance to creation science, and to Christians in general, of a better understanding of the function of these DNA elements? Because of the publicity surrounding the Human Genome Project, there is increasing general interest in how our genomes work, and what exactly they look like. There is more and more emphasis being placed on discovering our evolutionary history through DNA, not fossils.

The fact that functions are being found for junk DNAs fits in well with creation science, but was not predicted by evolutionary theory, though of course the theory is being adjusted again to accommodate the data. The intricate flexibility and specificity of these ‘junk’ DNA sequences are a strong testimony to a Creator who plans and provides for the future of his creation.” 

Dr David A. DeWitt received a B.S. in biochemistry from Michigan State University and a Ph.D. in neuroscience from Case Western Reserve University. He is currently an associate professor of biology at Liberty University.
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In this DVD presentation, Dr. DeWitt shows how evolutionary assumptions have led to the mistaken belief that DNA is filled with "junk" leftovers from millions of years of evolution. On the contrary, this supposed junk has proven to play many essential roles.
HONORS CLASS EXTRAS:

1. Nucleic Acid Codons to Amino Acids
Note: 

The language of nucleic acids is made up of only 4 “letters” (A, T, C, G).
Every “sentence” ( a gene which is a DNA segment) is composed of “words” (codes).
Each word is 3 “letters” (nitrogen bases) long.  [Such as AAT, CTG, GTT, . . . ]
A chromosome is a long DNA macromolecule.
The genetic coding on the DNA is a chain of BILLIONS of the bases (A, T, C, G).
Transcription converts a segment of DNA to an mRNA inside the nucleus.
Translation then translates the mRNA
Each tRNA transfers a specific amino acid to a codon on the mRNA.


Since there are 4 letters and each word / code is made of 3 of the letters,
then the number of possible codes is 4 x 4 x 4 = 64
There are 20 amino acids used in living organisms to make 1,000’s of proteins.
Since there are 64 codons, then more than one codon can code for some amino acids.
SEE THE POWER POINT FOR LARGER IMAGES
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tRNA’s, their codons, and the amino acids they code for:
[image: image3.png]A i acds it clestrialy carged sidechins

Posiive Negative
“Argiins Fistdne e R —
) i) )

oo oo
=G =i HN—c
i i
e an. o
an a
&, )
i

. v s it oo bt wicargd e s

Scrne Tonine  Amparagie  Glutamine
G ) () Gy
co0r el

i i

on | ngeon || -
ang >
nal

LY
;

;
el weln el e D





2. HARDY-WEINBERG EQUILIBRIUM (A Scientific Law of Population Genetics)

** See the Power Point for more detailed explanations and diagrams.

The Hardy-Weinberg law of genetic equilibrium provides a mathematical model for studying evolutionary changes in allelic frequency within a population. In this laboratory, you will apply this model by using your class as a sample population. 

· In 1908 G. Hardy and W. Weinberg independently proposed that the frequency of alleles and genotypes in a population will remain constant from generation to generation if the population is stable and in genetic equilibrium. Five conditions are required in order for a population to remain at Hardy-Weinberg equilibrium: 

· 1.A large breeding population
· 2.Random mating
· 3.No change in allelic frequency due to mutation
· 4.No immigration or emigration
· 5.No natural selection
The Hardy-Weinberg Mathematical Equation
· p = frequency of the dominant allele 
(represented here by A)
q = frequency of the recessive allele 
(represented here by a)

· For a population in genetic equilibrium:
p + q = 1.0 (Sum of frequencies of alleles is 100%.) (p + q)2 = 1 . . . so . . . p2 + 2pq + q2 = 1

· The three terms of this binomial expansion indicate frequencies of three genotypes:
· p2   = frequency of AA (homozygous dominant)
2pq = frequency of Aa (heterozygous)
q2   = frequency of aa (homozygous recessive)

The Hardy-Weinberg Equation Graphed
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3. MENDEL’S ACCOUNTANT COMPUTER PROGRAM
(Developed by Dr. Sanford, Dr. Baumgarder, et al)

** See the Power Point for more detailed explanations and diagrams.

Mendel's Accountant (MENDEL) is an advanced numerical simulation program for modeling genetic change over time and was developed collaboratively by Sanford, Baumgardner, Brewer, Gibson and ReMine.

MENDEL is a genetic accounting program that allows realistic numerical simulation of the mutation/selection process over time. MENDEL is applicable to either haploid or diploid organisms, having either sexual or clonal reproduction. Each mutation that enters the simulated population is tracked from generation to generation to the end of the experiment - or until that mutation is lost either as a result of selection or random drift. Using a standard personal computer, the MENDEL program can be used to generate and track millions of mutations within a single population.

MENDEL's input variables include such things as mutation rate, distribution specifications for mutation effects, extent of dominance, mating characteristics, selection method, average fertility, heritability, non-scaling noise, linkage block properties, chromosome number, genome size, population size, population sub-structure, and number of generations.

The MENDEL program outputs, both in tabular and graphic form, provide several types of data including: deleterious and beneficial mutation counts per individual, mean individual fitness as a function of generation count, distribution of mutation effects, and allele frequencies.

MENDEL provides biologists with a new tool for research and teaching, and allows for the modeling of complex biological scenarios that would have previously been impossible.

References

· J. Sanford, J. Baumgardner, W. Brewer, P. Gibson, and W. Remine. Mendel's Accountant: A biologically realistic forward-time population genetics program. SCPE. 8(2), July 2007, pp. 147-165.

· J. Sanford, J. Baumgardner, W. Brewer, P. Gibson, and W. Remine. Using computer simulation to understand mutation accumulation dynamics and genetic load, in Y. Shi et al. (eds.), ICCS 2007, Part II, LNCS 4488, Springer-Verlag, Berlin, Heidelberg, pp. 386-392. 
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 You can

· Run the program
· View screen shots
· Download Mendel's Accountant from Sourceforge (see download instructions here
· Read about the authors
· Download the User's Manual and Linux How-to (requires Adobe Reader)

· Join the discussion group on FACEBOOK
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