What are genes?
Since the beginning of time, people have recognized the concept of inheritance - that is, the fact that traits are passed down from generation to generation. In most situations, those traits are viewed positively: She's got her father's eyes. He's got his mother's smile. But an inherited condition - one that causes birth defects or disease - invariably causes concern, and sometimes even fear. Positive or negative, these traits get passed on through "genes." 

The easiest way to understand a gene is to think of it as a tiny piece of information. The body has tens of thousands of genes. Together, genes make up the molecular blueprint that determines how the body will develop, grow, and function. Genes do not float freely in the body; rather they are housed in molecular compartments know as chromosomes. If genes are the blueprints, chromosomes are the binders that hold the pages together and keep them organized. Humans have 23 pairs of chromosomes. Chromosomes, in turn are housed in cells. Thus virtually every cell in the human body is equipped with instructions that govern that cell's activity. 

Chromosomes contain the recipe for making a living thing. They are found in almost every cell’s nucleus and are made from strands of DNA (deoxyribonucleic acid). Segments of DNA called "genes" are the ingredients. Each gene adds a specific protein to the recipe. Proteins build, regulate and maintain your body. For instance, they build bones, enable muscles to move, control digestion, and keep your heart beating.
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1. According to the narrative, what is an example of genetic inheritance?

2. According to the narrative, what are the structures located within a cell made of DNA (Deoxyribonucleic acid) that store genetic information?

3. According to the narrative, what are some of the roles that genes play in a person's body?

LS-1.  Describe that asexual reproduction limits the spread of detrimental characteristics through a species and allows for genetic continuity.
Asexual Reproduction: Binary Fission
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Reproduction and development are necessary for the continuation of any species.  Asexual reproduction is a method of reproduction with all the genetic information coming from one parent.   
Asexual reproduction is sometimes called cloning.   Cloning is the production of identical genetic copies.   The diagram of the protist above is an example of cloning.
A mutation is a change of the DNA sequence within a gene or chromosome of an organism resulting in the creation of a new character or trait not found in the parental type.   In an asexual population, every time an organism dies because of a mutation, that mutation dies with it.  When a mutation occurs that benefits one asexual organism, all of its descendants will have the same advantage. 
4. According to the diagram above, how genetically similar are the daughter cells? Explain.

5. According to the diagram above, what would happen to one of the daughter cells if a genetic mutation prevented the organism from eating?  How will its descendants be affected?

6. According to the diagram above, what would happen to one of the daughter cells if a genetic mutation caused the organism to grow and divide more quickly than the other? How will its descendants be affected?

LS-2.  Recognize that in sexual reproduction new combinations of traits are produced which may increase or decrease an organism’s chances for survival.
LS-3.  Explain how variations in structure, behavior or physiology allow some organisms to enhance their reproductive success and survival in a particular environment.
Genes are genetic material on a chromosome that code for a trait. For example, you have a gene for eye color.

Organisms that reproduce sexually have pairs of genes (e.g., one gene coming from the mother and one gene coming from the father).   

Alleles are variations of genes. For example, you have the allele for brown eye color. Note that some alleles are dominant over others. That is, if a person inherits both the dominant and the recessive alleles, the dominant allele will be the one expressed.

A genotype is the actual set of alleles an organism carries. For example, you have the genotype Bb since you have the allele for brown eye color (B) and the allele for blue eye color (b). An organism is said to be homozygous for a certain trait if both it carries two of the same alleles. It is homozygous dominant if it carries two dominant alleles and homozygous recessive if it carries two recessive alleles. The organism in our example is heterozygous -- it carries two different alleles.

A phenotype is the expression of a gene. For example, since you have the genotype Bb with one dominant and one recessive allele, the dominant allele (B) will mask the recessive allele (b) and you will have the phenotype for brown eyes. 

	
	
	Mom’s Genotype (Aa)
Mom’s Phenotype: does not have spots.

	
	
	 A 
	a

	Dad’s Genotype: (Aa)

Dad’s Phenotype: does not have spots.
	A
	AA (offspring with no spots)
	Aa (offspring with no spots)

	
	a
	Aa (offspring with no spots)
	aa (offspring with spots)


Some individuals of a certain insect species have spots where others do not.
“A” produces the dominant trait for not having spots.  If one of the genes in the pair is an “A” the organism will show the dominant trait for not having spots.   The recessive trait for having spots is produced by the gene “a”. 
Since the gene for not having spots “A” is dominant the only combination of mommy and daddy genes that will produce offspring with spots is “aa” (see Punnettt square above).  Three out of four (75%) offspring do not have spots where one out of four (25%) have spots.  
Complete the Punnettt square below:
	
	
	Mom

	
	
	 a 
	a

	Dad 
	A
	
	

	
	a
	
	


7. According to the diagram above, what are the genotypes of dad and mom?  Explain.

8. According to the diagram above, what are the phenotypes of dad and mom (i.e. did the mom or the dad have spots)?  Explain.

9. According to the diagram above, what percentage of the offspring have spots? Explain.
10. According to the diagram above, what percentage of the offspring do not have spots? Explain.
11. What percentage of the offspring would have spots if the mom had the same genotype as the dad? 
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Certain traits of a species will become more abundant if they benefit the species. In this case, having spots must camouflage the insect, therefore the gene responsible for the spotting, “a”, will increase over time in the population.
12. According to the diagram above, why would having spots increase the insect’s chances for survival?
13. According to the diagram above, why does the frequency of the recessive “a” gene increase over time?

14. According to the diagram above, what environmental changes might occur to increase the frequency of the dominant “A” gene? Explain.
15. According to the diagram above, what might happen to the frequency of the “a” gene if a mutation caused the spots to appear much larger?  Explain.
LS-2.  Recognize that in sexual reproduction new combinations of traits are produced which may increase or decrease an organism’s chances for survival.
LS-3.  Explain how variations in structure, behavior or physiology allow some organisms to enhance their reproductive success and survival in a particular environment.

[image: image4.jpg]Natual seloction s  process by which organisms most ulted o hei enironment bocomo the

ones most kaly fo sunvo and loave descandanis

PEPPERED MOTHS.
A classc sxampl of naturalselecion n acion s the

‘casa of the pepperad moth, Biston betula, which s
widosproad i Brfain, Two foms f pepperad moth

aro commonly found:

aabgntfom (tpica). and

b a dark fom (callod malanic or carbonari).

In ineteerh-contury Brtan, butety and moth collectng
was & popular pasim. Tho st rapors o he melaic form
of tho meih wera mada in 1848 near Manchester, England.
Over the nextcantury, he occurrence o he dark form
‘appeared o crease n many parts of Bran, The reason
fortis was.not Known, howaver, un e 19505 wark of
Betish biokogst Honry Bornard Kattowsll 1607-79),

Kettowsi's work
Kattiowslrs rasoaroh showed that, genaraly

‘o tho dark form was most abundant In industrial aro
he ightform was most abundant I ural areas.

oy

Propotonciigh

Ooucan





16. What is natural selection?
17. What are the two forms of peppered moths?

18. How were the two forms of peppered moths distributed relative to the amount of industrialization? 
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19. Why were the two forms of peppered moths distributed relative to the amount of industrialization?
20. What happened to the relative frequencies of the two forms of peppered moths after the Clean Air Act was introduced in 1956? Explain. 

21. What might happen to the relative frequencies of the two forms of peppered moths if pollution increases?
LS-3.  Explain how variations in structure, behavior or physiology allow some organisms to enhance their reproductive success and survival in a particular environment.
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The picture above shows a make-believe, long furry animal. The animal’s head is small compared to its long body. The head has two tiny ears, a flat nose, and a mouth with broad, flat teeth. The four long, slender legs end in large, webbed feet with four bulbous toes on each foot. The long tail has a tufted end. 

22. Describe the type of natural habitat the animal is best suited for. 

23. Identify and explain four traits showing how the animal is best suited for its environment.

LS-2.  Recognize that in sexual reproduction new combinations of traits are produced which may increase or decrease an organism’s chances for survival.

LS-3.  Explain how variations in structure, behavior or physiology allow some organisms to enhance their reproductive success and survival in a particular environment.
LS-4.  Explain that diversity of species is developed through gradual processes over many generations (e.g., fossil record).
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Divergence as shown in the diagram above is the evolutionary tendency or process by which animals or plants that are descended from a common ancestor evolve into different forms when living under different conditions.
24. According to the diagram above, what is evolutionary divergence?

25. What is the role of natural selection in evolutionary divergence?
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These finches probably descended from one type of ancestor and then, due to isolation and through chance, different climates and natural forces such as food availability and type, they evolved into thirteen different types of finches.
Their beaks have evolved over time to be best suited to their function. For example, the finches that eat grubs have a thin extended beak to poke into holes in the ground and extract the grubs. Finches that eat buds and fruit would be less successful at doing this, while their claw like beaks can grind down their food and thus give them a selective advantage in circumstances where buds are the only real food source for finches.
26. According to the diagram above, what caused the divergence of Darwin’s Finches?

Guppies & Reproduction
Guppies are small fish that live in fresh water. Most guppy species reproduce sexually, but some reproduce asexually. There are two lakes in a particular region. One lake contains a species of guppy that reproduces asexually. The other lake contains a species of guppy that reproduces sexually.

27. A scientist studying these lakes predicts that the sexually reproducing guppies would survive better than the asexually reproducing guppies if a fungus was introduced to both lakes.  According to the narrative, what supports this hypothesis?

Shrimp vs. Fish
A desert lake has evaporated to half its original size over the past 50 years. This caused a large increase in the lake’s salt concentration. Over these 50 years, scientists have observed a decrease in the population of one fish species and an increase in the population of a shrimp species.
28. According to the narrative, what is a hypothesis that explains the organisms’ ability to live with the salt concentration?
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These fossils demonstrate gradualism, the theory on the time frame of evolution that states that species gradually change over time. Since the fossils are found in different layers of sedimentary rock, the older layer contains species that evolved into newer species with some changes in the newer layer of rock.
29. According to the diagram above, how does the fossil record support gradualism?
LS-5.  Investigate how an organism adapted to a particular environment may become extinct if the environment, as shown by the fossil record, changes.
Extinction Defined
Extinction is the process in which groups of organisms (species) die out. If the birth rate is less than the death rate over time, extinction results. Extinction is a natural result of evolution. Species go extinct when they are unable to adapt to changes in the environment or compete effectively with other organisms. Well over 99 per cent of the species that have ever lived have gone extinct. 
30. What is extinction?

31. What happens to a species that is unable to adapt to its environment?

Studying Extinctions
Scientists learn about extinctions by studying the fossil record and the chemical composition of rocks and chemicals around excavation sites. Looking at the relative abundance of fossil families in a rock layer indicates whether or not plant and animal families in the world at that time were thriving and diversifying or in decline. 
32. How does the fossil record help the scientist learn about extinction? 
Background Extinction
Most extinction (perhaps up to 95 per cent of all extinctions) occur as background extinctions, occurring throughout time. These extinctions are not caused by major catastrophes or horrendous climactic changes, but by small changes in climate or habitat, depleted resources, competition, and other changes that require adaptation and flexibility. 

Most dinosaur species perished in background extinctions that occurred throughout the Mesozoic Era. For example, Maiasaura, Styracosaurus, Protoceratops, Dilophosaurus, Cetiosaurus, Iguanodon, Allosaurus, Ouranosaurus, Deinocheirus, and Edmontosaurus were probably killed off in background extinctions. The flowering plants (angiosperms) appeared during the Cretaceous period, displacing most conifers and many other plants. This had major effects on dinosaurs. Some herbivorous dinosaurs, like Edmontosaurus, ate only conifers. As flowering plants came to dominate the landscape, Edmontosaurus died out, unable to find enough conifers to sustain it. 
33. Why did the Edmontosaurus become extinct?

Mass Extinctions
A mass extinction will appear in the rock layers as a dead zone (containing few fossil remains) between layers with evidence of extensive life above and below it. The dead zone represents the time of a mass extinction and its aftermath. 

Examining the chemical content of the rock strata gives clues about the causes of the extinction, including information about the climate, volcanic activity, extensive fires (soot would appear in the layers), flooding , cosmic collisions (meteorite impacts add rare elements and alter existing rocks), etc. 
34. What evidence does the fossil record provide for mass extinctions?
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35. Most dinosaur species perished in background extinctions that occurred throughout the Mesozoic Era.   How many millions of years ago did these background extinctions take place?
(This gene combination does not benefit insect.)





(This gene combination benefits the insect.)
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