Material for Exam II: B: Molecular Genetics

BIO 100


Exam II Notes: Molecular Genetics
These notes correspond to material in assigned readings (pp. 121-139, 172-180).  Material in readings but not covered in these notes or in class or in lab will not be on exam II.  

Much of the early reading was (or will be) material covered in lecture and/or lab.  I will focus on the highlights here.

I. Mitosis is the division of a somatic (body) cell.  Meiosis is the division of cell to produce gametes.  Both mitosis and meiosis begin with a doubling of the genetic material.  Thus in humans, there are 46 double chromosomes after the doubling.  The two pieces of a double chromosome are called sister chromatids and have identical genes and alleles on them.

In mitosis, all 46 chromosomes line up randomly at the center of the cell (metaphase plate) and each double chromosome is ripped apart, with each single chromosome heading toward either end of the cell (pulled there by spindle fibers).  As a result, there are now 46 single chromosomes at each end of the cell.  Each set of 46 chromosomes forms the nucleus of a new cell.  Cytokinesis is the process of cell division that follows telophase, the last stage of mitosis.  For a review of the stages of mitosis, see your book (Figure 8.8, p. 126-127) and the Answer Key for DNA/Forensics lab.  

Mitosis creates two identical cells, each with 46 chromosomes (23 from Mom, 23 from Dad).  It is the way you went from a fertilized egg to the trillion-celled creature you are today.

II. Meiosis

When you make gametes, you can only have 23 chromosomes, not 46.  You want one of each homologous chromosome, not two of each chromosome.  (Why?  Because if the egg has 23 chromosomes and the sperm has 23 chromosomes, then the fertilized egg will have 46 chromosomes, two of each number!)  As mentioned above, meiosis begins with a doubling of the genetic material.  Since the cell already had 46 single chromosomes, it has 46 double chromosomes after the doubling.  So it will have to divide twice to get down to 23 single chromosomes.  So how does it do that?

The first meiotic division begins when each double chromosome finds its homologous chromosome (Fig. 8.16, p. 132-133 see metaphase 1).  For example, the double #1 chromosome Mom gave you finds the double #1 chromosome that Dad gave you.  All 23 pairs line up at the metaphase plate.  As anaphase 1 begins one of each homologous chromosome goes to each side.  (So there is no ripping of the chromosomes after the first meiotic division.)  Now there are 23 double chromosomes at each end of the cell (telophase 1).  The second meiotic division is like two mini mitotic divisions.  Each of the 23 double chromosomes becomes its own cell and then all 23 double chromosomes line up at the metaphase plate (metaphase 2).  Now the double chromosomes rip apart (anaphase 2), giving you 23 single chromosomes on each side of the cell (telophase 2).  Because this happens in each of the two cells, you end up with 4 cells, all with 23 single chromosomes.  Each cell is a gamete.  Remember that in mitosis, you ended up with 46 single chromosomes in each cell.

III. Why do some genetic traits tend to travel together?

There are really two reasons.

1. Pleiotropy: sometimes genes have more than one effect, so traits occur together because they are caused by the same gene.

2. Linkage: sometimes genes travel together because they are on the same chromosome.  Remember that we have only 23 pairs of chromosomes but 30,000 genes.  Thus all chromosomes have many genes on them.  If the gene for freckles is on the same chromosome as the gene for red hair, then these genes would often get passed together (especially if they are near each other on the same chromosome).  Thus people would either have both red hair and freckles, or neither red hair nor freckles.  I will not ask about linkage on the exam.

IV.  The Genetic Material: Early Studies

A. Because we knew that chromosomes behaved like Mendel’s factors, we figured that chromosomes housed the genetic material.  The problem is that because chromosomes are composed of both DNA and protein, we didn’t know which material coded for traits.  (Now we know that DNA is wrapped around spooling proteins called histones (8.5, p.124), which explains why chromosomes are composed of both DNA and protein.)

B. While DNA was discovered in 1868 by Swiss biochemist Friedrick Miescher, is was not considered likely to be the genetic material because he only found four varieties of DNA:

1. Adenosine (from adenine)

2. Thymidine (from thymine)

3. Guanosine (from guanine)

4. Cytidine (from cytosine)

C. Because proteins were much more variable (there are 20 different essential amino acids), researchers believed that they were more likely to be the genetic material.  Through several seminal studies, it was determined that DNA is the genetic material, not proteins, shocking much of the scientific community at the time.
V.  The Structure of DNA

A. Nucleic Acid Chemistry

1. Nucleotides consist of a nitrogenous base, a pentose sugar (deoxyribose and ribose), and a phosphate group.

a. Nitrogenous bases are either purines (two rings) or pyrimidines (a single ring).

b. Purines include guanine and adenine.

c. Pyrimidines include cytosine, thymine, and uracil (U is only in RNA).

d. Pentose sugars are 5-carbon sugars.  Deoxyribose is the sugar in DNA while ribose is the sugar in RNA.

2. When nucleotides join one another to form chains, the phosphate group of one nucleotide links to the carbon of the other, leaving the nitrogenous bases hanging away from the phosphate sugar ‘backbone’.

B. Basic Composition Studies

1. In order to determine the chemical structure of DNA, it was important that James Watson and Francis Crick knew more about relative abundances of the nucleotides in DNA.

2.  That information was provided by Erwin Chargaff, who noted the following:

a. The amount of A = the amount of T.

b. The amount of G = the amount of C.

c. The amount of A did not equal the amount of G or C, however, one could determine the amount of A if one knew the abundance of G.  How?

d. Question: If 20% of the bases were G, what is the percentage of A?  (See end of notes for answer.)

C. X-ray Diffraction Analysis

1. X-ray diffraction (Fig. 10.3b, p. 174) is the study of a molecule’s three-dimensional structure using X-rays.  As the X-rays bounce off the molecule, and strike the photographic film, the diffraction pattern reveals information about the 3-D structure of molecule.

2. This technique was used to study the complex structure of proteins primarily, but Rosalind Franklin (Fig. 10.3b, p. 174) was an expert at studying DNA using this technique.  Her analysis revealed a characteristic pattern that suggests a helical arrangement.  (Linus Pauling, a giant in biochemistry, thought that DNA formed a triple helix.)  Rosalind Franklin did not want to share her X-ray diffraction data with Watson and Crick, so Watson stole a peek anyway and then gave her credit for her findings.

D. The Watson-Crick Model

1. Using the data of Chargaff and Franklin, Watson and Crick used reasoning and copious use of physical models (i.e., they played with expensive tinker toys, Fig. 10.3a, p.174) to decipher the puzzle that was DNA structure.

2. Using Chargaff’s data, they correctly assumed that the only way that A = T and C = G would be if they matched up somehow.  Thus they assumed a double helix and built their model accordingly.

3. After consulting with specialists who study hydrogen bonds (H bonds), they reasoned that the bases should face to the inside of the helix, where the distances between purines and pyrimidines would facilitate H bonding.  This also placed the hydrophobic (water-hating) nitrogenous bases away from the aqueous cytoplasm of the cell, placing the hydrophilic (water-loving) sugar-phosphate backbone there instead.

4. The double helix is two strands of DNA wrapped around one another, held together by many H bonds.  One strand is upside down while the other strand is rightside-up.  Thus the strands are sometimes called antiparallel (Fig. 10.5b, p. 175).

5. In double-stranded DNA molecules, the molecule is like a spiral ladder, with the sides of the ladder (the vertical part) composed of the sugar-phosphate backbone and the rungs of the ladder (the part you step on) being paired nitrogenous bases (A and T or G and C).

6. Watson and Crick were awarded the Nobel Prize in Physiology and Medicine in 1962 for their work.  They shared the honor with Maurice Wilkins, the coworker of the then deceased Rosalind Franklin, because the Nobel Prize is never awarded posthumously.

VI. DNA Replication
A. DNA replication is semiconservative.  That means that when a DNA molecule is replicated, each of the two strands becomes a template for a new strand (Fig. 10.6, p. 176).  This was first noted by Watson and Crick in their famous paper on the structure of DNA.

1. The two strands of the DNA molecule are first unwound.  (Remember that they are wrapped around each other in a helix.)

2. Then the weak hydrogen bonds between the nucleotide bases are broken and the two strands separate.  (It is the fact that the H-bonds are so weak that allows the two strands to separate very easily once they are unwound from each other.)  Each single strand has a complementary strand built off its ‘template’.

3. Once the two original single strands are fully separated and copied, you have two double-stranded DNA molecules, with each one having an original single strand and newly created one.

Original double DNA strand:
ACCTGAGCTTACTAGCT





TGGACTCGAATGATCGA

They separate and each strand builds a new complementary strand.  (New strands are in lower case.)





ACCTGAGCTTACTAGCT





 t g g a c t c g a a t g a t c g a





a c c t g a g c t  t a c  t a g c t





TGGACTCGAATGATCGA

VII. The Structure of RNA

A. RNA is not usually double-stranded (although there are some strange exceptions you need not worry about).

B. Usually RNA is important in translation (the converting of a nucleic acid message to a protein), although RNA does serve as the genetic storage in some viruses that do not have DNA.

C. Briefly, the roles of RNA:

1. mRNA: messenger RNA is a copy of the DNA to be translated.  The mRNA is transcribed from DNA and then travels outside the nucleus to the ribosome.

2. rRNA: ribosomal RNA is the main machinery that accomplishes translation by reading the mRNA and getting the appropriate amino acid (the building block of proteins) from tRNA.

3. tRNA: transfer RNA is set to grab a particular amino acid based on its label.  The rRNA reads the label and knows that the appropriate amino acid is attached to the tRNA.  Don’t worry about tRNA for the exam.

VIII. Transcription

A. Transcription is the copying of a gene from DNA to RNA.  Because DNA does not leave the nucleus (it needs to be protected from DNAases in the cytoplasm so it hides in the nucleus, protected by the nuclear membrane), an RNA copy is transcribed.  This transcribed copy is called messenger RNA or mRNA.  Scribes used to copy books before the invention of the printing press, and the process of transcription is similar.  RNA and DNA are basically the same language (nucleic acid language, which is series of A, C, G, and T (or U). 

B. Before the gene can be transcribed, the double-stranded DNA molecule must be unwound a bit so the two strands can be separated.  Then the RNA bases are matched to the DNA strand (they are complementary) to complete transcription.

C. After the gene is transcribed into mRNA, it travels outside the nucleus to the ribosome where translation to a protein can occur.

IX. Translation

A. Once an mRNA molecule reaches the ribosome, it can be translated into a protein.  How does it happen?

B. The ribosome (constructed of rRNA) grabs the mRNA and reads the molecule three nucleotide bases at a time.  Each set of three nucleotides is called a codon.

C. Each codon codes for a specific amino acid, using Table 10.11 on p. 179 of your book.

D. For the exam, you should be able to transcribe DNA to RNA and then translate the RNA to an amino acid sequence (i.e., a protein) using Table 10.11.

E. If you have a string of 30 nucleotides, the protein would be 10 amino acids long.  How long would the nucleotide sequence be if there were 300 amino acids in the sequence?  (See end of notes for the answer.)

X. Mutations
A. Sometimes mutations involve whole chromosomes.  When mistakes occur during meiosis, some gametes have extra chromosomes while some are lacking chromosomes.  This leads to monosomy (having only one copy of chromosome) and trisomy (having 3 copies of a chromosome.  Remember that usually you get one of each of 23 chromosomes from each parent.  If one parent gave you an extra #21 (thus giving you two), and the other parent gave you another one, then you would have trisomy 21 (three copies of the 21st chromosome, also known as Down Syndrome).  The reason that Down Syndrome seems more common than other trisomies is because trisomies of larger chromosomes (1-15, for example), always result in spontaneous abortion because they are such serious errors (far too many extra copies).  Turner’s Syndrome is the only monosomy that does not always abort.
B. Mutations sometimes involve a single nucleotide base.  If just one nucleotide is copied incorrectly, then it may make no difference (known as a neutral mutation) or it could make a major difference (known as a deleterious point mutation).  It really depends on the change.  For example, if the DNA triplet is GGG or GGC (with corresponding RNA codes of CCC and CCG respectively), it still codes for proline, so that is a neutral mutation.  But if the DNA triplet is CTT and it gets changed to CAT, it goes from coding glutamic acid (RNA of CTT = GAA) to coding valine (RNA = GUA).  It is this point mutation that causes sickle cell anemia.

XI. Answer to Question

A. If 20% of the bases were G, then C would also be 20%, leaving 100%- 20% -20% = 60% for A and T.  Since they are also found in equal quantities, there should be 30%.

B. If a protein were composed of 300 amino acids, it would require 900 nucleotides to code it.
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