Category 2: Mechanisms of Genetics
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B.6A: Identify components of DNA, and describe how information for specifying the traits of an organism is carried in the DNA.
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Components of DNA

· Deoxyribonucleic Acid (DNA) is a polymer which means it consists of repeated units.  Those smaller repeated units are called nucleotides.  
· Nucleotides are made of three parts: 
1. 5-Carbon Sugar called Deoxyribose
2. Phosphate
3. Nitrogen Base
· The phosphate and sugar units make up the “backbone” of the DNA molecule.  However, one of four nitrogen bases make up a nucleotide: adenine (A), guanine (G), cytosine (C), and thymine (T).  
· Guanine binds with cytosine and adenine binds with thymine.  Each of these pairs (G-C and A-T) is called a complementary base pair.  

· The percentage of adenine (A) should be equal to the percentage of thymine (T) in a DNA molecule.  The same is true of guanine and cytosine.  This is according to Chargaff’s Rule.
· If the sequence of one strand on DNA is…   ATC CGT GAT

· its complementary strand will be…               TAG GCA CTA
· DNA is double stranded and those two strands twist around each other to form a double helix.  The two strands of DNA are held together with hydrogen bonds between the nitrogen bases.

How is information for specifying traits carried in DNA?

· Nucleic acids store information in cells in the form of a code.  This code is based on the sequence of the four nitrogenous bases.  The particular order of bases within a gene determines the product of the gene.  Each organism is genetically different because of the sequence of their bases.

· Deoxyribonucleic acid (DNA) is the master copy of an organism’s genetic information.  The information in DNA contains instructions used to form nearly all of an organism’s proteins.  DNA is the blueprint for how an organism works and how it looks.  
· For example, DNA determines eye color, body structure, and enzyme production. 
· DNA is passed on every time a cell divides.  (The DNA in all of your cells is the same.)  DNA is also passed from one generation of an organism to the next.   
· For cells to use the information in DNA to make products, the information must be decoded.  The information carried by DNA is decoded in a two-step process.  

1. Transcription: the strand of DNA is used as a template to make a strand of RNA, a single-stranded nucleic acid

2. Translation: the order of the nucleotides in RNA is decoded into a sequence of amino acids, the monomers (building blocks) of proteins.  The amino acids are then assembled into proteins.

Check Your Understanding
1. Which of the following is a complementary base pair?
a. guanine-thymine

b. guanine-guanine

c. adenine-cytosine

d. guanine-cytosine

2. Which of the following correctly describes the structure of DNA?

a. strands of phosphate-nitrogen backbone, with complementary nitrogenous base pairs bound into a double helix

b. stands of sugar-nitrogen backbone, with complementary deoxyribose base pairs bound into a double helix

c. strands of phosphate-sugar backbone, with complementary nitrogenous base pairs bound into a double helix

d. strands of phosphate-sugar backbone, with complementary nitrogenous base pairs bound into a single helix

3.  The purpose of DNA Replication is—

a. To ensure daughter cells have a complete copy of DNA

b. To prevent mutations from occurring in cells

c. To provide genetic variation within specific organisms

d. To allow prokaryotic cells to undergo meiosis

4.  What are the 3 components that make up a Nucleotide?

_____________________     _____________________     _____________________

5.  What makes up the “backbone” of DNA?

______________________________  __________________________
6. Which figure best represents DNA Replication and explain why.
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____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
7.  Identify which process shown below occurs in the Nucleus. ______________________________
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 In the picture shown above, which processes occur at the ribosome?__________________

B.6B: Recognize that components that make up the genetic code are common to all organisms.

What is the Genetic Code?

· Members of the same species share certain common nucleotide sequences.

· Individuals within a species have slight variations within their DNA, which makes every individual unique.

· The more closely related two organisms are, the more alike their nucleotide sequences will be.

· For DNA to produce a protein, the following steps must occur:

DNA is transcribed to mRNA( mRNA is translated into amino acids( amino acids bind to make protein
· The genetic code is the matching of nucleotide sequences in DNA and RNA to the amino acids that will be used to make a protein.
What are the components of the genetic code?

· DNA nucleotides contain three components—deoxyribose, phosphate groups, and a nitrogen base.

· Proteins are made by joining amino acids into long chains called polypeptides.

· Codon Charts are used to identify which amino acids should be brought into the ribosome for protein assembly.  Use the next page for some codon practice.
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Check Your Understanding
1. A segment of a gene contains 27 nucleotides, none of which include stop or start codons.  How many amino acids does this segment code for?

a. 3 amino acids

b. 9 amino acids

c. 27 amino acids

d. 81 amino acids

2. A mutation of a gene occurs because of a change to one of the nucleotides in a sequence of DNA while the DNA is being copied.  Which mutation would have the greatest effect on the protein that the gene codes for?

a. the change of a codon from UCU to UCG

b. the change of a codon from UAA to UAG

c. the removal of one nucleotide near the beginning of the gene

d. the addition of nucleotides after the stop codon

3. If a strand of mRNA is CUC GCA GAU, what is the sequence of amino acids that will be produced?  (use the codon chart provided above) 

a. Ser His Lys 
b. Ile Met Thr 
c. Gly Leu Cys 
d. Leu Ala Asp
4. The complete amino acid sequence was determined of a protein shared by all primate groups.  The data provided in the graph above shows the percentage of amino acids each primate protein shared with the human protein.  According to this molecular homology data, 
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A The gorilla is least related to humans.
B The gorilla and chimpanzee are most closely related.
C The chimpanzee is most closely related to humans.

D The chimpanzee is least related to the gibbon
5. [image: image11.png]


The diagram shows a model of species divergence among some primates. If this model is correct, the greatest genetic differences would be found in the DNA sequences of which two species?
a. Tarsius bancanus and Cebus 

albifrons

b. Macaca sylvanus and 

Macaca mulata

c. Hylobates lar and Pongo

Pygmaeus

d. Pan troglodytes and Lemur

Catta
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Label the nucleotide parts.
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_____________

b. _____________
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7.  Which of the following illustrations depicts a nucleotide, the building block of DNA?
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B.6C: Explain the purpose and process of transcription and translation using models of DNA and RNA

[image: image17.png]


What is RNA?
· DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are nucleic acids.  They are made up of smaller subunits called nucleotides.  
· Like DNA, RNA (ribonucleic acid) contains four nitrogen bases, but instead of thymine, RNA contains a base called uracil (U).  Unlike the double stranded DNA, RNA is made of a single strand of nucleotides, each of which contains the simple sugar ribose (R).

· Guanine binds with cytosine and adenine binds with uracil.  Each of these pairs (G-C and A-U) is called a complementary base pair.
Three types of RNA

1. Messenger RNA (mRNA): carries part of the genetic information of DNA from the nucleus to the ribosomes in the cytoplasm, where the information is translated into a protein.

2. Transfer RNA (tRNA): attaches to individual amino acids and transfers them to ribosomes.

3. Ribosomal RNA (rRNA): is found in ribosomes, organelles where proteins are assembled from amino acids.
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What is the purpose and process of transcription?
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In transcription, a gene located on the DNA serves as a template for the assembly of a molecule of RNA.
· Steps of Transcription 
1. RNA Polymerase binds to a nucleotide sequence on the DNA in a region near the gene called the promoter.  Here, the hydrogen bonds holding the bases together are broken and the double helix is separated into two separate strands.

2. The RNA Polymerase then moves down the strand of DNA and transcribes (takes the order from DNA) the nucleotide sequence base by base on to RNA.
3. The strand is proofread, and any parts that do not code for a specific protein, called introns, are cut out.  The sections that are left, called exons, are then joined together.  This strand is now mRNA.
4. mRNA leaves the nucleus and enters the cytoplasm where it will bind with a ribosome.

What is the purpose of translation?

· In translation, the codons in mRNA are decoded into a series of amino acids that will make up a protein.  A codon is a group of three consecutive nucleotides that specifies a particular amino acid.  

· The decoding process involves transfer RNA (tRNA) that move through the cytoplasm.  The tRNA binds to a specific amino acid as well as a codon on mRNA.

· The structure of tRNA is important to its function.  One end of the molecule is a section that binds to the amino acid.  The other end is an anticodon which is a group of three nitrogenous bases that are complementary to an mRNA codon.

· Steps of Translation:

1. Ribosome attaches to an mRNA molecule.

2. As each mRNA codon moves through the ribosome, the proper amino acid is brought to the ribosome by the tRNA.

3. The amino acids are then joined together by the ribosomes to form a peptide.

4. When the ribosome reaches a STOP codon, it falls away from the protein chain and the mRNA.
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Check Your Understanding
1. In order to be translated, RNA must travel to the cytoplasm.  In order to reach the cytoplasm, this RNA must pass through 
a. the cell membrane 
b. the mitochondrion 
c. the environment surrounding the cell 
d. pores in the nuclear membrane

2. Which of the following is true of translation?

a. It requires DNA and ribosomes.

b. It takes place in ribosomes in the cytoplasm.

c. It requires only ribosomal RNA (rRNA) and ribosomes.

d. It requires only transfer RNA (tRNA) and ribosomes.

3. Which step of transcription occurs first?

a. RNA polymerase slices a gene out of the DNA molecule.

b. The two strands of DNA separate.

c. RNA Polymerase assembles nucleotides into RNA.

d. RNA Polymerase binds to a promoter.
4.  Using the following word bank fill in the following description of translation.

	Codons
	Twenty
	Proteins

	Cytoplasm 
	Ribosome
	Amino Acid

	Transfer RNA
	Protein Synthesis
	RNA


Translation occurs in the _________________, specifically on the ______________. The mRNA made in the nucleus travels out to the ribosome to carry the message of the DNA. Here at the ribosome, that message will be translated into an ___________________ sequence. 

Important to the process of translation is another type of RNA called ______________________ which function to carry the amino acids to the site of ______________________ on the ribosome. 

A tRNA has two important areas. The anticodon, which matches the codon on the _______strand. Remember that ______________ are sets of three bases that code for a single amino acid. 
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At the top of the tRNA is the amino acids. There are _____________ amino acids that can combine together to form _______________ of all kinds, these are the proteins that are used in life processes. 

5. Which cell process is happening in the picture?
a. Photosynthesis
b. Cellular Respiration
c. Translation
d. Replication
B.6D: Recognize that gene expression is a regulated process
What is gene expression?

During transcription, an active gene is transcribed into mRNA.  Then, during translation, mRNA is translated into a protein.  All these steps—from the start of transcription to the assembly of a protein—are controlled and regulated by the processes of gene expression.

Cells differ from one another and perform different tasks because of differences in gene expression.

· Ex: muscle cell and skin cell have the same DNA, yet perform different functions

How is gene expression regulated in prokaryotes?

· Operons: groups of proteins that are regulated together
· operons are located next to two regulatory regions of DNA—a promoter and an operator
· How regulation works
a. [image: image22.jpg]TK Mt

I



RNA Polymerase binds to the promoter which is a signal that shows RNA Polymerase where to begin transcription

b. Operator controls the rate of transcription.

· Example
· An example of an operon is the lac operon in E. coli bacteria.  The group of three genes must be turned on before the bacterium can use lactose (sugar) as food.

· When lactose is not present in the environment, the repressor binds to the operator.

· The protein blocks the movement of RNA Polymerase along the DNA, thus the operon is not transcribed into RNA.

· When lactose is present, the repressor binds to lactose instead of the operator.  The path of DNA is cleared for transcription to occur.

How is gene expression regulated in eukaryotes?

· In eukaryotes, genes are rarely found in clusters that are activated by the same promoter.

· Many eukaryotic genes are preceded by a short region of DNA called the TATA box that positions the RNA Polymerase.

· Cells also regulate gene expression with DNA-binding proteins called transcription factors.  

· Roles of Transcription Factors
· open tightly packed chromatin to enhance transcription

· attract RNA Polymerase
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block access to certain genes

Check Your Understanding
1. A human liver cell and a human skin cell in the same person have the same genetic sequences. However, these cells are different because the liver cell –
a. Has more dominant traits than the skin cell
b. Can reproduce but the skin cell cannot
c. Carries out respiration but the skin cell cannot
d. Uses different genes than the skin cell
2. Are all genes expressed in all cells? Explain.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

B.6E: Identify and illustrate changes in DNA and evaluate the significance of these changes.

What are mutations?

· A mutation is a change to the structure or organization of DNA.

· A gene mutation involves a change to a single gene.

· A chromosomal mutation involves changes to the structure or organization of a chromosome.

· Some mutations have little or no effect on an organism, while others can be harmful and lead to problems.

· Some mutations can be beneficial.  Beneficial mutations alter the function of a protein in such a way that it makes an organism more fit to survive in its environment.

· Mutations are most likely to occur during DNA replication.  Only mutations that occur during meiosis or in cells that undergo meiosis can be passed to offspring.
What are the effects of gene mutations?
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A gene mutation that changes one base pair of a gene is called a point mutation.  

· There are three types of point mutations: substitutions, insertions, and deletions.
· Substitutions: one base pair in a gene is replaced with another.  May be neutral or harmful.

· Insertions: one base pair is added to the gene; may have a drastic effect on the protein because it causes the whole sequence to shift. 
· Deletions: one base pair is removed from the gene; may have a drastic effect on the protein because it causes the whole sequence to shift.

· Insertions and Deletions are also called Frameshift mutations 
What are the effects of chromosomal mutations?
· Chromosomal mutations may change the structure of chromosomes.
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Deletion= removal of part of a chromosome
· Duplication= addition of an extra copy of a section. 
· Inversion= a set of genes reverses its position on a chromosome
· Translocation= sets of genes exchange positions on two nonhomologous chromosomes.
· Many chromosomal mutations are lethal to offspring that inherit them.
Check Your Understanding
1. Substitutions, insertions, and deletions are known as “point” mutations because they 

a. change the genetic information of DNA 
b. affect the structure of a chromosome 
c. involve only a single nucleotide 
d. change the amino acid that is inserted into a protein
2. What factor most affects whether a mutation will be passed to offspring?

a. the type of cell in which the mutation occurs

b. whether the mutation is a gene mutation or a chromosomal mutation

c. whether or not the mutation is neutral

d. the location of the mutation on the DNA molecule

3. Mutations in DNA molecules can occur when — 

a. replication of DNA is exact 
b. a DNA enzyme attaches to an RNA codon 
c. RNA codons are replaced by DNA nucleotides 
d. a change occurs in DNA nucleotide bases
Use the illustration that follows to answer the next two questions:
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4.  Changes in DNA sequences are called mutations.  Mutations may affect only one nitrogen base in the sequence, or may affect large regions of a chromosome.  The particular type of gene mutation that is illustrated above is called a

A point mutation

B insertion mutation

C frameshift mutation

D nonsense mutation
5. The significance of this gene mutation is that

A A different amino acid sequence results which is likely to affect the functioning of the final protein product. 

B A different amino acid sequence results which is not likely to affect the functioning of the final protein product. 

C No protein product will be produced.

D The protein product is unaffected.

6. Which mutation in a fruit fly could be passed on to its offspring?
a. A mutation in a leg that causes the leg to be shorter

b. A mutation in a sperm cell that changes the shape of the wing.

c. A mutation in a cell of an eye that changes the color of the eye.

d. A mutation in a cell of the digestive tract that produces a different enzyme.

7. When DNA is copied, sometimes a base pair is substituted for a different base pair, as shown in the diagram.
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This substitution will most likely result in—
a. A mutation.

b. Crossing over.

c. Loss of chromosomes.

d. A break in a chromosome.

8. Which type of mutation is inherited?

a. All helpful mutations

b. Those in the egg and sperm cells

c. Ones that lead to acquired traits

d. Those that have environmental causes

9. Mutations cause changes in?

a. Protons

b. Electrons

c. Neutrons

d. Proteins

B.6F: Predict possible outcomes of various genetic combinations such as monohybrid crosses, dihybrid crosses, and non-Mendelian inheritance
How do genetic combinations affect offspring?

· Gregor Mendel: identified that genes control traits
· different forms of the same gene are called alleles
· ex: in pea plants, gene that controls the color of pea seeds has two alleles: green and yellow

· Genotype: the genetic makeup of an organism (Hh)

· Phenotype: the physical traits of an organism (curly hair)

· Principle of Dominance: when an organism has two different alleles for a trait, the allele that is expressed is the dominant allele, the allele that is not expressed is the recessive allele.

· Homozygous Dominant= HH

· Heterozygous: Hh

· Homozygous Recessive= hh

How are genes inherited in a monohybrid cross?

· Law of Segregation= the alleles for a gene segregate, or separate, during gamete formation
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· Monohybrid Cross (Punnett Square)= the cross of two organisms that are hybrids for one trait.
· As the punnett square shows, the genotypic ratio of the offspring is 1TT : 2Tt : 1tt, or 1:2:1
· It also shows the phenotypic ratio of 3 tall plants to 1 short plant.
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T= tall

· t= short
How are genes inherited in a dihybrid cross?

· Dihybrid Cross= the cross of two organisms that are hybrids for two traits.

· Notice that there are 16 possible genotypes for the offspring, but only four phenotypes.  

· The phenotypic ratio is 9:3:3:1.
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· The Law of Independent Assortment states that the alleles for two traits, such as pea color and pea shape, segregate independently of one another.
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Other Patterns of Inheritance

· Incomplete Dominance= some alleles are partially dominant over recessive alleles

· Ex: red flowers and white flowers cross to produce pink flowers.

· Codominance: sometimes two alleles are expressed in the heterozygous genotype and produce a mix

· Ex: In chickens, the alleles for black feathers and white feathers are both expressed, so chicken will have a mix of white and black feathers.

· Multiple Alleles: gene with more than two alleles

· Ex: Human blood types are affected by three alleles for the same gene

· Polygenic Traits= traits that are determined by multiple genes

· Ex: height and skin color in humans

· Maternal Inheritance= chloroplasts and mitochondria both contain genes that are passed from generation to generation only in egg cells.  Your mitochondrial genes are the same genes found in your mother’s mitochondria

· Other- Pedigree Chart= a chart showing patterns of inheritance passed on from generation to generation
Check Your Understanding
1. A cross of two pea plants produces 40 seeds.  Among the plants grown from these seeds, 29 plants produce round peas (R) and 8 plants produce wrinkled peas (r).  The remaining plants did not mature.  What are the genotypes of the parent plants?

a. RR and rr

b. Rr and rr

c. Rr and Rr

d. RR and Rr

2. In horses, hair color is determined by a single gene. In a hair pattern called roan, white hairs are evenly distributed with hairs of a darker color.  This observation suggests which type of inheritance?

a. dihybrid cross

b. codominance

c. incomplete dominance

d. polygenic dominance

In fruit flies, long wings (L) are dominant to short wings (l).  If the following individuals are crossed, what is the probability that their offspring will have long wings? 

    Ll X ll

a. 1/4

b. 1/2

c. 3/4

d. 4/4
3. Black fur (B) is dominant.
Brown fur (b) is recessive. 

 
Two guinea pigs were crossed as shown in the Punnett square.
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Which of these answers describes the correct phenotype of the parent guinea pigs?

a. Both brown

b. One black and one brown

c. Both black

d. Bb and Bb

4. In your own words describe the following and give examples of each-

Homozygous Vs Heterozygous:

Genotype Vs Phenotype:

Incomplete Dominance Vs Codominance:

Monohybrid Cross Vs Dihybrid Cross:

5. The transmission of a genetic disorder is shown in the pedigree. According to the pedigree, what is the type of inheritance for this disorder?
a. Non-sex linked dominant

b. Non-sex linked recessive

c. Sex-linked carried on the Y chromosome

d. Sex-linked carried on the X chromosome
B.6G: Recognize the significance of meiosis to sexual reproduction

How is meiosis significant to sexual reproduction?

In sexual reproduction, a sperm cell from an adult make and an egg cell from an adult female unite to form a fertilized egg, or zygote.
· During meiosis, a diploid cell divides twice, resulting in four haploid cells.  Only gamete-producing cells undergo meiosis.

Meiosis is a special kind of cell division that produces gametes (sperm and egg) that have only half the number of chromosomes as the parent cell.   Your body is made of somatic cells that each has 46 chromosomes.  Of the 46 chromosomes in each of your body cells, 23 came from one of your parents, and 23 came from the other parent.  The two sets of matching chromosomes are called homologous chromosomes.  A cell (like a somatic cell) that contains both sets of homologous chromosomes is said to be diploid.  The number of chromosomes in a diploid cell is represented by 2n.  (For example, in humans 2n= 46.)   
What are the stages of meiosis?

MEIOSIS I
· Interphase: Before meiosis begins, each chromosome makes an exact copy of itself.  The resulting copies are called chromatids, and are attached at the centromere.   
· Prophase I: Homologous chromosomes join together side-by side to form a tetrad.  At this point, crossing over occurs and produces new combinations of alleles.

· Metaphase I: Tetrads align along the middle of the cell.

· Anaphase I: The spindle apparatus pulls the homologous chromosomes apart sending a chromatid to each end of the cell. 

· Telophase I and Cytokinesis: a new nuclear membrane forms around each group of chromosomes.  The cell divides into two haploid cells, each with one chromosome from each homologous pair.
MEIOSIS II

· Prophase II: the spindle apparatus forms and attaches to the chromosomes.
· Metaphase II: chromosomes are aligned in the middle of the cell.
· Anaphase II: the chromosomes separate into individual chromatids. 
· Telophase II and Cytokinesis: the nuclei form and the cell divides.  Four haploid daughter cells with a variety of allele combinations that may be passed on to the next generation.
Check Your Understanding
1. Describe the main results of meiosis-

2. What are the differences between meiosis and mitosis-

3. Describe how the gametes compare to one another-

B.6H: Describe how techniques such as DNA fingerprinting, genetic modifications, and chromosomal analysis are used to study the genomes of organisms.

What is a genome?

· A genome is the set of genetic information that an organism carries in its DNA.

How can chromosomal analysis be used to study a genome?

· Chromosomal analysis is the detailed study of the chromosomes of a cell.  It can identify genetic abnormalities and predict the likelihood of some diseases.

· Karyotype: a picture of all the chromosomes in an organism’s genome

· arranged in order from largest to smallest

· used to identify genetic abnormalities such as an extra or missing chromosome, or a chromosome that is missing a piece. 
· The figure shows a human karyotype.  There are 23 pairs of homologous chromosomes – 22 pairs of autosomes and one pair of sex chromosomes
How can DNA fingerprinting be used to study a genome?

· DNA fingerprinting is a technique that compares specific sections of two or more DNA samples.

· technique used for forensics, studying the migration pattern of animals, and determining evolutionary relationships.

· particularly useful in determining if a person was at a crime scene as well as determining paternity

How can genetic modification be used to study a genome?
· Genetic Modification, which is also called genetic engineering, involves directly changing the genome of an organism.

· Genetic modification has allowed researchers to discover how particular genes function when isolated from their genome.

· An organism that undergoes genetic modification is called a GMO, or genetically modified organism.

· Ex: farm crops such as corn, soybeans, and alfalfa

· These plants received genes from other organisms that provide resistance to pests, drought, or other stresses

Check Your Understanding
1. Nondisjunction is an error that occurs during meiosis when a gamete doesn’t receive a copy of one chromosome.  Which technique could be used to reveal this abnormality?

a. karyotyping

b. DNA fingerprinting

c. genetic modification

d. gel electrophoresis

2. Ms. Smith has a baby named Tyra.  She believes one of two men can be the father of her child.  A paternity test is done, and the results are shown below.  Which of the two men is Baby Tyra’s father?

a. Dad 1

b. Dad 2

c. Neither Dad 1 nor Dad 2


3. Which set of chromosomes represents a mutation?
a. 4

b. 7

c. 23

d. 24
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