Summary of Mendel’s Principles

· The inheritance of biological characteristics is determined by genes that are passed from parents to their offspring in organisms that reproduce sexually

· The copies of genes are segregated from each other when gametes are formed

· The alleles for different genes usually segregate independently of one another.

Gamete Formation

· In sexually reproducing organisms, the new individual receives half of the genetic information from its mother and half from its father.  Gametes are formed in a special kind of cell division called meiosis (reduction division).  In this process, the genetic information is halved.  The process involves two separate and distinct divisions.

· First Division

1. single stranded chromosomes replicate and form a pair of identical sister chromatids

2. the sister chromatids pair up to form tetrads (prophase 1)

3. these pairs line up in the middle of the cell (metaphase 1)

4. the sister chromatid pairs separate and move to the opposite ends of the cell (anaphase 1)

5. two distinct cells are produced each with a pair of sister chromatids (telophase 1 and cytokinesis)

· Second Division

1. the pair of sister chromatids line up in the middle of the cell (metaphase 2)

2. the single-stranded chromosomes move toward the opposite sides of the cell (anaphase 2)

3. the two cells divide and produce two more cells (total of 4) with a single set of chromosomes (telophase 2 and cytokinesis)

Sex Determination

· many organisms contain two types of chromosomes: autosomes (body traits) and sex chromosomes (male and female traits)

· humans have 22 pairs of autosomes and one pair of sex chromosomes

· sex chromosomes are designated at X and Y (XX = ___________, XY = _________)

· sex of the offspring is determined by the male parent

Sex Linkage

· Biologist Thomas Hunt Morgan worked with fruit flies and demonstrated that genes for certain traits are located on the X chromosome

· These genes are called sex-linked and do not have corresponding alleles on the Y chromosome

· Many sex-linked genes are recessive and are expressed more frequently in __________.  If the male receives an X chromosome with the recessive trait, it will be expressed.  A female needs two X chromosomes with the recessive trait to have the gene expressed.  If the female inherits only one X chromosome with the recessive trait, she is a carrier but does not show the trait.

· Examples are ____________________ and ______________________.

Gene Linkage

· When genes for different traits are located on the same chromosome, they are normally inherited together and are said to be linked.  Gene linkage accounts for the fact that such traits as red hair and freckles are inherited together.

Crossing Over

· When sister chromatids pair up in the first meiotic division, a process of crossing over or exchange of chromosome parts can occur.  After the chromatids separate, the individual strands carry different combinations of information.  This is one way that variation can arise in offspring.

Interaction of Heredity and Environment

· The environment interacts with genes in the development and the expression of inherited traits.

· Effect of light on chlorophyll production – without light, most plants only produce a yellow pigment.  However, in the presence of light, the plant will develop chlorophyll, turn green, and be able to carry on photosynthesis.

· The effect of temperature on hair color in the Himalayan rabbit – in their normally Arctic environment, the hair of Himalayan rabbits is white with black only on their extremities.  In a warm climate, all of their hair develops as white.  In experiments where ice was applied to the normally white hair areas of the rabbit, the hair grew black, indicating that temperature plays a role in the production of hair color in the Himalayan rabbit.

· Identical twin studies – since identical twins develop form a single zygote that separates into two cell masses during cleavage, their genetic information is the same, and they should develop in an identical manner.  However, studies indicate that identical twins often show changes in their phenotype as they mature.  These changes have been shown to be dependent upon the environment.

DNA Structure

· In the 1940s, Oswald Avery, Colin MacLeod, and Maclyn McCarty found that DNA (deoxyribonucleic acid) is the genetic material which replicates and is passed from generation to generation.

· In 1952, Alfred Hershey and Martha Chase concluded that DNA controls cellular activity by influencing the production of enzymes.

· DNA, found in the nucleus of cells, is a large molecule consisting of thousands of smaller, repeating units known as nucleotides.  A DNA nucleotide is composed of three parts:

· Phosphate group made up of oxygen, hydrogen, and phosphorus

· Deoxyribose (5-carbon sugar) molecule made up of carbon, hydrogen, and oxygen

· Nitrogenous base made up of carbon, oxygen, hydrogen, and nitrogen.  There are four: adenine (A), thymine (T), guanine (G), or cytosine (C).

· In 1953, James Watson and Francis Crick developed a model of the DNA molecule.  In this model, the DNA molecule consists of two complementary chains of nucleotides.  The DNA molecule has a ladder type organization which is though to be twisted around a protein framework in the form of a double helix.  The sides of the ladder are composed of alternating phosphate and deoxyribose molecules.  Each rung of the ladder is composed of bases held together by relatively weak hydrogen bonds: A – T, C – G

DNA Replication = the exact self-duplication of the genetic material 

· DNA replicates during the processes of mitosis and meiosis

· Double-stranded DNA unwinds and unzips (hydrogen bonds are broken) between the base pairs

· Free nucleotides in the nucleus are incorporated by each of the unwound strands of DNA in order.  This forms two new double strands of DNA which are identical to each other and to the original DNA molecule.

· DNA polymerase joins individual nucleotides to produce DNA and proofreads each new DNA strand.

Chromosome Structure

· Eukaryotic chromosomes contain both DNA and protein packed together to form chromatin.

· Histones are proteins around which DNA is tightly coiled.

· Together, the DNA and histone molecules form a beadlike structure called a _______________________.  These __________________ pack with one another to form a thick fiber, which is shortened by a system of loops and coils.

· During most of the cell cycle, these fibers are dispersed in the nucleus so that individual chromosomes are not visible.  During mitosis, the fibers of each individual chromosome are drawn together to form tightly packed chromosomes that can be seen through a light microscope.

RNA Structure

· RNA is composed of nucleotide building blocks (phosphate group, 5-carbon sugar, nitrogenous base).

· RNA is composed of :

· Ribose (5-carbon sugar)

· Uracil (U) is substituted for thymine (T)

· There is a single chain of nucleotides

· Three types of RNA

· mRNA (messenger RNA) – carries the DNA message from the DNA in the nucleus to the sites of protein synthesis in the cytoplasm (ribosomes)

· tRNA (transfer RNA) – transports amino acids within the cytoplasm to the ribosomes

· rRNA (ribosomal RNA) – makes up the identification code of each ribosome for specific protein manufacturing

· RNA code is a triplet code (codon) have three nitrogen bases complimentary to and based on sequences of three bases in the DNA molecules.

Transcription = process in which RNA molecules are produced by copying part of a sequence of DNA

· RNA polymerase binds to DNA and separates the DNA strands.  RNA polymerase then uses one strand of DNA as a template from which nucleotides are assembled into a strand of RNA.

· RNA polymerase binds to promoters, which have specific base sequences.  The promoters are signals in DNA that indicate where to bind to make RNA.  There are also sequences that signal RNA polymerase to stop transcription.

· Some RNA molecules require editing before they can perform their function.  Introns, or intervening sequences, are cut out of RNA while they are still in the nucleus.  Exons, or expresses sequences, are spliced back together to form mRNA.

Translation = process in which the cell uses information from mRNA to produce proteins.

· mRNA is transcribed from DNA in the nucleus and then released into the cytoplasm.

· mRNA attaches to a ribosome.  As each codon of the mRNA molecule moves through the ribosome, the proper amino acid is brought into the ribosome and attached to the growing polypeptide chain.  The tRNA anticodon is complementary to the mRNA codon.  This allows for the proper amino acid to be placed in the polypeptide.

· Once the amino acid is joined to the polypeptide chain by a peptide bond, the tRNA is released and another codon and anticodon move into place.

· The polypeptide chain continues to grow until the ribosome reaches a stop codon on the mRNA molecule.

Mutations = changes in the DNA sequence that affect genetic information

· Gene mutations = random changes in the chemical nature of the genetic material (DNA).

· _______________________ occur at a single point in the DNA sequence.  The may involve a substitution of one nucleotide for another which generally changes one of the amino acids in a protein.

· _______________________ involve an insertion or deletion of a nucleotide.  The reading frame of the genetic message is shifted.  Every amino acid that follows the insertion or deletion is affected.  The protein is altered so that it can not perform its normal function.

· Chromosomal mutations = involve the number or structure of chromosomes.

Type
Description
Examples


The loss of all or part of a chromosome
ABC(DEF ( AC(DEF


A segment of a chromosome is repeated
ABC(DEF ( ABBC(DEF


Part of a chromosome becomes oriented in the reverse of its usual direction
ABC(DEF ( AED(CBF


Part of one chromosome breaks off and attaches to another, nonhomologous chromosome
ABC(DEF      ABC(JKL

   GH(IJKL ( GH(IDEF

