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Reading Guide 
Mendelian Genetics 
 
Standard B-4: The student will demonstrate an understanding of the molecular basis of heredity. 
 
Mendelian Genetics  
 Genetics is the study of patterns of inheritance and variations in organisms.  Genes control each trait of a 

 

 Since in all cells (except gametes) chromosomes are diploid (exist as a pair of chromosomes), each cell 
contains two genes for each trait.   

 The two genes may be of the same form or they may be of different forms. 
 The different forms of a gene are called alleles. 

Law (Principle) of Dominance- states that some alleles are dominant whereas others are recessive.  
 An organism with a dominant allele for a particular trait will always have that trait expressed (seen) in the 

organism. (represented by a capital letter) 
 An organism with a recessive allele for a particular trait will only have that trait expressed when the 

dominant allele is not present.  (represented by a lowercase letter) 
 Genotype (genetic makeup) of an organism reveals the type of alleles that an organism has inherited for a 

particular trait.   
 TT represents a homozygous dominant genotype. 
 tt represents a homozygous recessive genotype. 
 Tt represents a heterozygous genotype. 
 Phenotype (physical characteristics) of an organism is a description of the way that a trait is expressed in 

the organism. 
 Organisms with genotypes of TT or Tt would have a phenotype of tall. 
 Organisms with a genotype of Tt would have a phenotype of short. 

 

Law (Principle) of Segregation- explains how alleles are separated 
during meiosis. 
 Each gamete receives one of the two alleles that the parent carries for 

each trait.  Each gamete has the same chance of receiving either one 
of the alleles for each trait.  

 During fertilization (when sperm and egg unite), each parent 
organism donates one copy of each gene to the offspring.    

 
Law (Principle) of Independent Assortment- states that the 
segregation of the alleles of one trait does not affect the segregation of the 
alleles of another trait. 
 Genes on separate chromosomes separate independently during meiosis.  
 This law holds true for all genes unless the genes are linked.  In this case, the genes that do not 

independently segregate during gamete formation, usually because they are in close proximity on the same 
chromosome.  

 A Punnett square can be used to predict the probable genetic combinations in the offspring that result from 
different parental allele combinations that are independently assorted.   
 A monohybrid cross examines the inheritance of one trait.  
 The Punnett square example represents the probable outcome of two heterozygous 

parents with the trait for height: T = dominant tall, t = recessive short (Tt x Tt).   
 A dihybrid cross examines the inheritance of two different traits. 
 The following Punnett square example represents the probable outcome of two traits of homozygous parents 

with the traits for shape and color: R = dominant round, r = recessive wrinkled; Y = dominant for yellow, y 
= recessive green (rryy x RRYY).   

 T t 

T TT Tt 

t Tt tt 

 
 

 All of the offspring for this generation would predictably 
have the same genotype, heterozygous for both traits (RrYy).  

 All of the offspring for this generation would predictably 
have the same phenotype, round and yellow (16/16 will be 
round and yellow). 

 
 
 
 
 

Gene Linkage and Crossing-over 
 Gene linkage simply means that genes that are located on the same chromosome will be inherited together.  

These genes travel together during gamete formation (meiosis). 
 This is an exception to the Mendelian principle of independent assortment because linked genes do not 

segregate independently.  
 Crossing-over is a process in which alleles in close proximity to each other on homologous chromosomes 

are exchanged.  This results in new combinations of alleles.   
 Crossing-over explains how linked genes can be separated resulting in greater genetic diversity that could 

 
 

Incomplete Dominance and Codominance 
 Incomplete dominance is a condition in which one allele is not completely dominant over another. The 

phenotype expressed is somewhere between the two possible parent phenotypes. 
 Codominance occurs when both alleles for a gene are expressed completely.  The phenotype expressed 

shows evidence of both alleles being present. 
  

Multiple Alleles and Polygenic Traits 
 Multiple alleles can exist for a particular trait even though only two alleles are inherited.  For example, three 

alleles exist for blood type (A, B, and O), which result in four different blood groups. 
 Polygenic traits are traits that are controlled by two or more genes.  These traits often show a great variety 

of phenotypes, e.g. skin color. 
Sex-Linked Traits 
 Sex-linked traits are the result of genes that are carried on either the X or the Y chromosome.  
 In organisms that undergo sexual reproduction, one pair of chromosomes (the sex 

chromosomes) determines the sex of the organism. 
 A Punnett square for the cross shows that there is an equal chance of offspring being 

male (XY) or female (XX). 
 If a gene is linked on the X chromosome (X-linked) it is more likely to show up in 

males 
 For example, the trait for color blindness is located on the X chromosome: 
 Hemophilia is also a sex-linked trait.  
 In rare cases, a female can express the sex-linked, recessive trait. 
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Questions/Main Idea 
 Study Guide Mendelian Genetics 

Gregor Mendel   
(1822-1884)  

  

 German monk born in 1822  
 Lived in what is now the Czech Republic  
 Tended the garden at his monastery, conducted experiments with 

pea plants  
 Studied peas for 7 years, published results 1866; ignored until 1900  
  

  

What is a trait?  
  
  
  
  
  
  
  

 A trait is a characteristic that can vary from one individual to the 
next (e.g., eye color)   

 Mendel chose 7 pea plant traits to study:  
o  seed shape, seed color, flower color, pod shape, pod color, 

flower position, plant height   

 He was lucky that each trait happened to be located on different 
 

Mendel's experiments  

  

 First, he created true (pure) breeding pea plants  
 Then he experimented with different traits (one at a time)   
 He cross-pollinated plants with different traits, and observed the 

offspring   
  

What is true (pure) 
breeding?  

 True (pure) breeding = offspring always have same trait as parent 
(every time, no matter what!)   

What is self-pollination?  
  

 Self-pollination = plant fertilizes itself  

What is crosspollination?   Cross-pollination = one plant fertilizes another  

What is the P generation?   P generation = Parent generation   

What is the F1 generation?   F1 generation = 1st generation 
offspring of P generation  

What is the F2 generation?   F2 generation = 2nd generation offspring (offspring of F1 
generation)   

What were the results of 

crosses?  

 The F1 generation were all tall   

What were the results of 
1 generation 

crosses?  

 Some of the F2 offspring were tall, and some were dwarf   
 The ratio was always 3 tall to 1 dwarf (3:1)   

Mendel's findings  

  

 When Mendel crossed true-breeding plants with different traits, all 
of the F1 plants showed only one trait (e.g., all tall); the F2 plants 
showed a 3:1 ratio  

  
 He called the traits dominant (showed in F1 generation) or 

recessive 1 generation)   
  
  

 

  

 Mendel realized that:  
1. Inheritance of traits is controlled by genes contributed by each parent 

(e.g., flower color)   
2. These genes come in different forms, called alleles (e.g., purple or 

white flowers)   
3. Some alleles are dominant while others are recessive.   

 When both types of alleles are present, dominant alleles mask 
(cover up) recessive alleles.   

Dominance?  
  
  
  
  
  
  

  Generally, one allele is dominant to another  
 Dominant allele always expressed, even if combined with recessive  

allele o written as uppercase letter of the 

trait o e.g., tall = dominant: TT, tT, or Tt   

 Recessive allele expressed only if dominant allele is not present. o 
written as a lowercase letter of the dominant trait  o e.g., dwarf = 
recessive: tt   

What is genotype?  
  

 Genotype = genetic combination of alleles (e.g., TT, Tt, tt)  

What is phenotype?  
  

  Phenotype = physical characteristic or trait (e.g., tall, short)  
   

What is homozygous?  
  

  Homozygous = both alleles are same (e.g., TT) --  
   

What is heterozygous?  
  

  Heterozygous = alleles are different (e.g., Tt)  
   

What is hybrid?    Hybrid = offspring of crosses of parents with different traits (e.g., 
offspring of TT and tt)   

Segregation?  
 
 
 
 
 
 
How to set up a Punnett 
square 
  
 

  When gametes form, the alleles from each parent are segregated 
(separated) 

 

Independent Assortment?  

  
  

 Genes for two different traits are inherited independently  
 There is no connection between them (e.g., plant height and seed 

color)   

Summary:  

  

  

 



Summary Assignment  Genetics Punnett Square Practice 

1) For each of the genotypes (AA, Aa or aa) below determine what the phenotype would be.  
 
Purple flowers are dominant to white flowers.  PP_________Pp________ pp___________  
 
Hairy knuckles are dominant to non-hairy knuckles in humans. HH_________ Hh ________ hh __________  
 
Bobtails in cats are recessive. Normal tails are dominant. TT _________ Tt _________ tt _________  
 
2) For each of the following write whether it is homozygous dominant, heterozygous or homozygous recessive.  
AA __________________   Pp ___________________   tt____________________  
gg ______________________   Ii _______________________   TT ______________________  
 
Use the following information for questions 3-5: 
In dogs, the gene for fur color has two alleles. The dominant allele (F) codes for grey fur and the recessive allele (f) codes 
for black fur.  
 
3) The female dog is heterozygous. The male dog is homozygous recessive. Figure out the percentage or ratio of possible 
phenotypes and genotypes of their puppies by using a Punnett Square.  
 

 
4) The female dog has black fur. The male dog has black fur. Figure out the phenotypes and genotypes of their possible 
puppies by using a Punnett Square.  

 
 
5) The female dog is heterozygous. The male dog is heterozygous. Figure out the phenotypes and genotypes of their 
possible puppies by using a Punnett Square.  

 
 

USA Test Prep Genetics Assessment 
Online access code: TEXUKEZUBU 

 
 
 
 
Instructions: Complete each question by choosing or typing in the best answer.  
  

1. In a cross between two heterozygous individuals (eg. Rr X Rr), the expected phenotypic ratio of the 
offspring would be 

A) 1:2:2:1.  
B) 1:2:1.  

C) 1:1.  
D) 3:1.

  
2. In sunflowers, tall stems (T) is a dominant trait while short stems (t) is a recessive trait. In a field of 

1000 sunflowers, 820 are tall plants and 180 are short. Which statement BEST describes the genotype 
of the sunflowers in the field? 

A) About 50% are homozygous for tall stems.  
B) About 75% are homozygous for tall stems.  
C) About 50% are homozygous for short stems.  
D) About 50% are heterozygous for tall stems.  

 
3. Farmer Jones has a herd of cows. Brown coat is dominant over white coat in cows and his cows are all 

brown. Farmer Jones likes brown cows and wants to keep his herd brown by selling off any 
heterozygous cows. Heterozygous cows are brown but have the recessive gene for white coat.Suppose 
Farmer Jones wants to do a test cross of his cows to see what type of genotypes are carried for coat 
color throughout his herd.  

 
What is the genotype of the control bulls he should use to test for the heterozygous genotype? 

A) homozygous dominant  
B) homozygous recessive  

C) heterozygous dominant  
D) heterozygous recessive 

 
4. A population of red squirrelfish breeds and produce offspring, 75% are still red but 25% are yellow. This 

variation in the color of the squirrelfish can be explained by 
A) the presence of a mutagen in 

the environment that caused 
a color change.  

B) the presence of a recessive 
allele for yellow color that 
was masked by a dominant 
red color allele.  

C)  the rapid disappearance of 
the allele for red color in the 
fish population.  

D) the presence of an inhibitor 
protein that did not allow the 
allele for yellow color to 
produce visible results.

  
5. In an experiment, Mendel grew 633 green pea plants with either wrinkled seed-coats (dominant) or 

smooth (recessive). If the ratio of the wrinkled seed-coat plants to the smooth seed-coat plants was 
3:1, how many smooth seed-coat plants did he grow? 

A) 158  
B) 211  

C) 633  
D) 844 

 
 



6. In pole beans, green pods (G) are a dominant trait, while yellow pods (g) are a recessive trait. A bean 
plant with a GG genotype is crossed with a second plant that has the gg genotype. If this cross 
produces 500 offspring, approximately how many of the offspring will have green pods? 

A) 0  
B) 125  

C) 250  
D) 500

  
7. Free earlobes hang below the point where the ear lobe attaches to the head. Attached earlobes do not 

hang, but are attached to the head. The gene for free earlobes is dominant (F), while the gene for 

gene for attached earlobes. Ashley has attached earlobes, so she must have 
A) one dominant gene for free earlobes.  
B) two dominant genes for free earlobes.  
C) one recessive gene for attached earlobes.  
D) two recessive genes for attached earlobes.  

 
8. The Punnett square shown presents a cross between two piranha. Both parents have large teeth. 

 
According to the chart, which combination describes the offspring expected from the cross? 

A) 50% large-toothed and 50% small-toothed  
B) 75% small-toothed and 25% large-toothed  
C) 75% large-toothed and 25% small-toothed  
D) 100% large-toothed  

 
9. The Punnett square above represents a cross between two piranha. In piranha, fish with large teeth 

represent the dominant trait. Because the dominant trait masks the recessive trait, in a population of 
1,000 piranhas, all with large teeth, we could expect about ________of the next generation of fish to 
have small teeth. 

A) 0%  
B) 25%  

C) 50%  
D) 100% 

 
10. In pigs, the allele for a wavy, rough coat (R) is dominant to the allele for a soft, fine coat (r). A rough 

coat boar and a soft coat sow mate. They produce several litters, 50% are rough coat and 50% are 
smooth coat. What were the genotypes of the parents? 

A) RR × rr  
B) Rr × rr  

C) RR × Rr  
D) Rr × Rr  

  
11. Suppose a mother carries two recessive genes for freckles (rr) and a father carries one recessive gene 

for freckles and one dominant gene for clear facial skin (Rr). What is the likelihood that their first child 
will have freckles? 

A) ½   
B)   ¼  

C)   ¾  
D)  4/4  

 

  
12. There are four children in the Smith family. One child has blue eyes and blond hair. The other three 

children have brown eyes and blond hair. How can you explain this difference in eye color? 
A) Brown eyes are the inherited trait; blue eyes are a mutation.  
B) The brown eyed children have spent a lot of time outdoors; it's an environmental change.  
C) Eye color is an inherited trait; brown eyes are dominant over blue.  
D) The blue eyed child is younger than the children with brown eyes; their eyes will become 
brown.  

 
13. Sexual reproduction evolved multiple times in various groups of organisms. Sexual reproduction differs 

across the various groups, but almost always involved meiosis followed by gamete release and 
fertilization. What explains why the phenomenon of sexual reproduction was under selective pressure 
to evolve multiple times in groups of organisms? 

A) Sexual reproduction produces more offspring in one event than asexual reproduction. 
Greater numbers of offspring is a survival advantage.  
B) Sexual reproduction requires less energy expenditure on the part of the organisms and thus 
provides a better allocation of resources for the sexually reproducing individual.  
C) Sexual reproduction produces genetically diverse offspring. Genetically diverse populations 
are more resilient to environmental disturbance and are less likely to go extinct.  
D) Sexual reproduction limits the genetic variation in a population, providing for a mechanism 
to create genetically stable offspring. These offspring are more likely to survive.  

  
14. Gregor Mendel studied the inheritance of traits in pea plants. One trait he examined was the height of 

the plant. Pea plants with the dominant 'T' allele grew tall, and pea plants with the recessive allele 't' 
were short. According to Mendel's principles of heredity, if a homozygous tall pea plant was crossed 
with a homozygous short pea plant, approximately how many of their offspring would have the short 
phenotype? 

A) 0%  
B) 25%  

C) 50%  
D) 100% 

 
 

15. Imagine a change in the iguana's habitat from dry land 
to aquatic. Based on the Generation I allelic frequencies, 
we can assume only a small percentage of iguanas had 
webbed feet and were able to survive. Over many 
generations, if their habitat remains aquatic, iguanas 
without webbed feet will disappear from this 
population. Scientists eventually distinguish two species 
of iguanas, one that has feet with no webbing that lives 
on land and another that has webbed feet, living in and 
around aquatic habitats. 
 
What comment can you make about the genetic make-up of the two iguana species? 

A) The two species have different allelic ratios of common genes.  
B) New genes gradually appeared in the aquatic species of iguana.  
C) There was a mutation in the DNA causing webbed feet to appear.  
D) The two iguana species no longer share any genetic similarities. 



Name _____________________________ Class __________ Date __________ 

 

The Work of Gregor Mendel 

1. What are alleles? 
 
 

2. Describe the difference between dominant and recessive alleles? 
 

 
Use the information and the Data Table to answer questions 3 through 5. 

 
Plant height was one trait that Mendel studied in pea plants. The height of the pea plant could 
be either tall or short. Suppose a researcher has two plants one that is tall and another that 
short. The researcher crosses the tall plants and the short plants which resulted in 100 
offspring. They recorded the following data. 
 

Results of Seed Experiment 

Phenotype Number of Plants in 
the F1 Generation 

Short Plants 29 

Tall Plants 71 

 
3. Using the data in the table above, which is likely the dominant allele for plant height  tall or 

short? Explain your answer. 
 

 
 
4. Which of the following parent crosses would have F1 generation that matches the data in the 

table? (Hint: You will want to create Punnett Squares for each of the crosses below) 
 
 RR x rr 
 
 Rr x Rr 
 
 Rr x rr 
 
 
5. Are the data from the experiment alone sufficient to conclude that the allele for tall plants are 

dominant over the allele for short plants? Why or why not? 

 

 

Reading Guide 
DNA Structure and DNA Replication 
 
Standard B-4: The student will demonstrate an understanding of the molecular basis of heredity. 
 
 Nucleic acids are organic molecules that serve as the blueprint for proteins and, through the action 

of proteins, for all cellular activity.  
 There are two types of nucleic acids. 

 Deoxyribonucleic acid (DNA) 
 Ribonucleic acid (RNA) 

 Both DNA and RNA are composed of small units called nucleotides.  The nucleotides that compose 
nucleic acids have three parts: 

 A nitrogenous base 
 Cytosine (C)    
 Guanine (G)   
 Adenine (A)     
 Thymine (T)    (DNA only) 
 Uracil (U)       (RNA only)  

 A simple (pentose) sugar 
 Deoxyribose (DNA only) 
 Ribose  (RNA only) 

 A phosphate group 
 DNA RN A 
Monomer Nucleotide Nucleotide 
Sugar Deoxyribose Ribose 
Bases Used A,T,C,G A,U,C,G 
Location Nucleus only Nucleus and Cytoplasm 

Function Carriers genetic info Carries genetic info and protein 
synthesis 

Structure Double Helix Single strand  
DNA, genes, and chromosomes compose the molecular basis of heredity.  
 A chromosome is a structure in the nucleus of a cell consisting essentially of one long thread of 

DNA that is tightly coiled. 
 DNA, composed of nucleotides, provides the blueprint for the synthesis of proteins by the 

arrangement of nitrogenous bases. 
 The code for a particular amino acid (the base unit of proteins) is determined by a sequence of 

three base pairs on the DNA molecule.   
 A gene is a specific location on a chromosome, consisting of a segment of DNA, that codes for a 

particular protein.  
 The particular proteins coded by the DNA on the genes determine the characteristics of an 

organism.  
 Each chromosome consists of hundreds of genes determining the many proteins for an individual 

organism.   
 DNA functions as the code of life and the blueprint for proteins. 
 The specificity of proteins is determined by the order of the nitrogenous bases found in DNA.   

 A gene is a segment of DNA that codes for one particular protein.  
  



 

 

 The number of chromosomes varies with the type of organism.  
 Sex chromosomes- determine the sex (XY male, XXfemale) of the organism 
 Autosomes or autosomal chromosomes All other chromosomes are known as autosomal 

chromosomes  
 Cells (except for sex cells) contain one pair of each type of chromosome. 

 Each pair consists of two chromosomes that have genes for the same proteins. 
 One chromosome from  the male parent and the other from the female parent.   
 Human cells have 46 chromosomes (23 pairs). 

 Each chromosome consists of thousands of genes. This is because there are so many unique proteins 
that each organism needs to produce in order to live and survive. 

DNA Replication in S phase 
 DNA replication is carried out by a series of enzymes.   
 STEP 1: An enzyme (helicase) unzips the two strands of DNA separating paired bases. 
 STEP 2: An enzyme (DNA polymerase)  comes and adds complementary bases and builds 

phosphate sugar backbone 
Each base that is exposed can only bond to its complementary base. 

   Adenine (A) can only bond to thymine (T)   Appalachian Trail or Apples in the Tree 
 Cytosine (C) can only bond to guanine (G)    Grand Canyon or Cars in Garage 

 STEP 3: DNA polymerase proofreads the strand to make sure there are no mistakes 
 
 
BIG PICTURE 
Largest (chromosome) to smallest (nucleotide) 
 

 
 
  
 

 

 Study Guide Structure of DNA and DNA Replication 
What is DNA?    DNA = deoxyribonucleic  acid   

 information  
nucleus   

What we already know 
about DNA   

 Codes for proteins essential to life  
 A nucleic acid macromolecule  
 Monomer of a nucleic acid is a nucleotide  
 The three parts of a nucleotide:  

 1. Phosphate group  
 2. Sugar (deoxyribose)  
 3. Nitrogen base  

Nitrogen bases  The nitrogen base can either be a purine or a pyrimidine.   
 How many carbon rings does each have?  

 Purines have 2  Pyrimidines have 1  
 DNA has 4 nitrogen bases:  

 Thymine (T)  
 Adenine (A)  
 Cytosine (C)  
 Guanine (G)  

Adenine and Guanine are purines  Cytosine and Thymine are pyrimidines.  
Discovery of the 
structure of DNA  

Many scientists contributed to determining the structure of DNA  
 Erwin Chargaff  
 Rosalind Franklin  

James Watson & Francis Crick  
Erwin Chargaff  Worked with DNA nitrogen bases, discovered (1950):   

 In any sample of DNA,   
 # adenines (A) = # thymines (T)   
 # cytosines (C) = # guanines (G)   
 Therefore, in  DNA, the bases are always paired:   A with T, and C with 

G.  
  

Franklin, Watson and 
Crick 

Credited with finding the structure of DNA (1953)  
-ray photos and used them with other 

evidence  
They described DNA as a double helix, with the strands held together by 
weak hydrogen bonds formed between the bases A-T and C-G.   

DNA Structure Looks like a twisted ladder made of nucleotides  
 The nucleotide: (hosphate group, sugar, nitrogen base  

Sugars and phosphates make the sides of the ladder, nitrogen bases are the 
rungs  
The atoms within the two strands are held together by strong covalent bonds  
The two strands are held together by weak hydrogen bonds between the 
nitrogenous bases. 

What bonds with what?  A bond between two purines would be too wide.  
A bond between two pyrimidines would be too narrow.   
THUS, a purine always bonds with a pyrimidine.  
 A bonds with T  
 G bonds with C 

3 main steps to replication   Step 1  Helicase unzips the DNA strand by breaking the hydrogen bonds 
 

 Step 2  DNA polymerase inserts new complementary bases  
 Step 3 DNA polymerase proofreads the sequence; fixes errors   



DNA Structure 

Replication and cell 
division  

  
 All DNA must be copied before cell division (mitosis) so each daughter 

cell can receive a complete set.  
 DNA replication occurs during the S phase of the cell cycle, before 

chromatin condenses into chromosomes.  
Antiparallel strands of  
DNA  

 Notice that one strand is always upside-down relative to the other 
strand?  

 The two strands are antiparallel to each other   
Direction of replication    One DNA strand forms in the same direction that helicase unzips it  

 The other one must go the other way (because DNA is antiparallel)  
 This causes fragments of DNA to form, which are then later sealed by 

another enzyme   

The result of replication   two new strands of DNA that are exactly the same as the original strand   
Why is DNA called  semi-
conservative?  

 DNA replication is called semi-conservative because each strand has an 
old part and a new part  

 Semi = half or part; conservative = preserving the old ways  
DNA replication is very 
accurate  

 DNA polymerase laying down new nucleotides makes 1 error per 
1,000,000 nucleotides  

 Sounds good?  
 

each time our cells replicate  
 

correct the new strand  
 Afterward, the error rate is about 1 error per 10,000,000,000 or 1 error 

every 3 cell divisions.  

Summary:  

 

Summary Assignment  DNA Structure and Replication 
 
Label the diagram below with the following choices: 

 Nucleotide 
 Deoxyribose 

 Phosphate Group 
 Base Pair 

 Hydrogen Bond 
 Nitrogenous Base 

 

 
 

 
Label the nucleotides (A, T, G, C) in the DNA molecule below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



USA Test Prep DNA Structure and Replication Assessment 
Online access code: TOCELULUWO 

 
Instructions: Complete each question by choosing or typing in the best answer.  
  
 
1) Which process MUST occur before mitosis and meiosis can occur? 

A) DNA translation  
B) DNA replication  

C) DNA conjugation  
D) DNA transcription 

 
2) With the exception of gametes, all new somatic cells in all multicellular organisms are formed through 

the process of mitosis. What must occur with the DNA in the original cells in order for mitosis to make 
new cells? 
A) the DNA coils up and becomes invisible  
B) the DNA forces the production of water  
C) the DNA will mutate itself, based on the type of organism it is  
D) the DNA must replicate itself in order to make two exact copies  

 
3) DNA is typically found in cells in the form of a very long strand that is coiled many times and contains 

thousands or millions of nitrogen bases. Which term best describes this very long molecule of DNA? 
A) chromosome  
B) gene  

C) allele  
D) nucleotide 

 
4) A single strand of DNA contains the following nine nucleotides in this order: ACT TAT GGA. What 

sequence of bases will be present on the complementary strand of DNA? 
A) UGA AUA CCT  
B) ACT TAT GGA  

C) ACU UAU GGA  
D) TGA ATA CCT 

 
5) In the typical cell cycle, DNA synthesis occurs in the _________ phase. 

A) H6 
B) G1 

C) G2 
D) S 

6) Inherited traits are passed down from our parents to us, their offspring, by the information that is 
coded in our parents' 
A) RNA.  
B) antibodies.  

C) chromosomes.  
D) plasma.

 
7) Information about traits is stored in the cell nucleus in a molecule called ______. 

A) DNA  
B) ATP  

C) cytoplasm  
D) the nucleus

 
8)  A sequence of nucleotides found in the DNA of this chromosome codes for a specific protein or trait. 

This segment of DNA is known as a(n) 
A) allele.  
B) codon.  

C) gene.  
D) nucleotide.

  
 

9) One side (one polymer of nucleotides) of the DNA molecule is said 
to be complementary to the other side of the molecule. Which of 
these best formulates how the structure of DNA pairs perfectly to 
the process of DNA replication? 
A) During DNA replication, transfer RNA molecules bring amino 
acids to the exposed gene.  
B) During DNA replication, the molecule splits at the peptide 

bonds, and amino acids are added to the new side of the 
ladder.  

C) During DNA replication, the molecule splits at the weak 
hydrogen bonds, and each side provides a template for the new side of the ladder.  

D) During DNA replication, the enzyme zipperase breaks the weak bonds between the ladder and 
complementary lipid molecules are shuttled to the exposed nucleotides.   

 
10) DNA can make exact copies of itself through replication because the nitrogen bases ALWAYS pair 

A) a-t and c-g.  
B) a-u and c-g.  

C) a-c and t-g.  
D) c-g and t-u.

  
11) According to cell theory, all cells carry out the functions needed to sustain life. That means all cells 

must contain 
A) DNA.  
B) a nucleus.  

C) cell walls.  
D) a control center.

  
12) Before a cell can divide, it must copy its DNA one ___________ at a time in a process called DNA 

replication. 
A) base  
B) sugar  
C) nucleotide  

D) amino acid 

 
 

13) In the diagramabove, the gene is located at a specific site on a(n) 
______ strand. 
A) DNA  
B) QRS  
C) RNA  
D) tRNA  

 
14) Place the components on the right in order, from smallest to largest. 

A) A-B-D-C  
B) B-C-D-A  
C) C-D-B-A  
D) D-C-B-A  

 
 
15) A segment of DNA shows bases in this order AGT CAC GCA, complete the corresponding DNA strand: 

TCA GTG? 
A) ACG  
B) CGT  

C) GCA  
D) TGC 

 



 

Base Pair Rule Data Analysis 
 
Base Percentages 
 
In 1949, Erwin Chargaff discovered that the relative amounts of A and T, and of G and C, are 
almost always equal. The table shows a portion of the data that Chargaff collected. 
 

Percentages of Bases in Five Organisms 

Source of DNA A T G C 

Streptococcus 29.8 31.6 20.5 18.0 

Yeast 31.3 32.9 18.7 17.1 

Herring 27.8 27.5 22.2 22.6 

Human 30.9 29.4 19.9 19.8 

E.coli 24.7 23.6 26.0 25.7 

 
1. Interpret Tables  Which organism has the highest percentage of adenine? 
 
 
 
 
2. Calculate  If a species has 35 percent adenine in its DNA, what is the percentage of the 

other three bases? 
 
T = ________ 
 
G = ________ 
 
C = ________ 
 
 
 

3. Draw Conclusions  What did the fact that A and T, and G and C, occurred in equal 
amounts suggest about the relationship among these bases? 

 

 

Reading Guide Photosynthesis and Cellular Respiration (Energy Transfer) 
Standard B-3:The student will demonstrate an understanding of the flow of energy within & between living 
systems.   
 
The ultimate source of energy for most life on Earth is the Sun.   
Photosynthesis is the overall process by which sunlight (solar energy) chemically converts water and carbon 
dioxide into chemical energy stored in simple sugars (glucose).   
 First stage - light-dependent reactions (require solar energy.) 
o Solar energy is absorbed by chloroplasts  & 2 energy storing molecules (ATP & NADPH) are produced.   
o The solar energy is used to split water molecules which results in the release of oxygen as a waste 

product..  
 Second stage - dark (light-independent) reactions (do not require solar energy) 
o Energy stored in ATP and NADPH is used to produce glucose from carbon dioxide.   
o Glucose can be used as an energy source through the process of cellular respiration or it can be converted 

to organic molecules (such as proteins, carbohydrates, fats/lipids, or cellulose) by various biologic 
processes.  

Solar energy 
6CO2  +  6H2O                             C6H12O6  +  6O2 

Cellular Respiration 
 The ultimate goal of cellular respiration is to convert the chemical energy in nutrients to chemical energy 

stored in adenosine triphosphate (ATP).  
  ATP can then release the energy for cellular metabolic processes, such as active transport across cell 

membranes, protein synthesis, and muscle contraction. 
 Any food (organic) molecule, or nutrient, including carbohydrates, fats/lipids, and proteins can be processed 

and broken down as a source of energy to produce ATP molecules. 
nutrients  +  oxygen                 water  +  energy (ATP)  +   carbon dioxide 

 The first stage of cellular respiration- glycolysis. 
 In the process of glycolysis a glucose molecule is broken down into pyruvic acid molecules and ATP 

molecules. Glycolysis is a series of reactions using enzymes that takes place in the cytoplasm. 
The second stage of cellular respiration depends oxygen availability.  

 If oxygen is available, the next stage is the two-step process of aerobic respiration, which takes place 
primarily in the mitochondria of the cell. 

 The first step of aerobic respiration is called the citric acid or Krebs cycle. 
            Pyruvic acid                carbon dioxide  +  water  +  energy (2 ATP) 

 The second step of aerobic respiration is the electron transport chain. 
 Most of the energy storing ATP molecules is formed during this part of the cycle. 
 The electron transport chain is a series of chemical reactions ending with hydrogen combining with 

oxygen to form water.  Carbon dioxide is released as a waste product as it is formed in several 
stages of the Krebs cycle. 

 Each reaction produces a small amount of energy, which by the end of the cycle produces many (up 
to 36) ATP molecules and water 

C6H12O6   +   6O2                            6CO2  +   6H2O  +  energy 
ATP-ADP cycle. 
 Cells break phosphate bonds as needed to supply energy for most cellular functions, leaving adenosine 

diphosphate (ADP) and a phosphate available for reuse.  

 



Directions:   Summarize this information in a paragraph to turn in. 

Photosynthesis  
Cellular Respiration   

 Study Guide  
Photosynthesis and Cellular Respiration (Energy Transfer) 

What is the definition 
of photosynthesis?  

 Process by which autotrophs convert sunlight into sugars.  
 auto = self  
 troph = feed  

Why do we depend on 
plants?  

 They make food!  
 We CANNOT make our own food    
 Thankfully, plants produce glucose -- a food source for all heterotrophs!  

 hetero = different, other  
 troph  = feed   

What happens in 
photosynthesis and 
where does it take 
place?  

  
 Takes place in chloroplasts.  
 Light energy (wavelengths) are absorbed by the pigment chlorophyll.    
 Stomata (tiny openings found in plant leaves) allow carbon dioxide to be taken in from the atmosphere 

Photosynthesis 
Equation  

Energy   +   6H2O   +   6CO2            C6H12O6   +   6O2  

 
How do plants store 
energy?  

 When chlorophyll absorbs light, it splits water into H2 and O2, and puts electrons into an excited state (they 
have extra energy)  

 As the electrons leave the excited state, release energy and heat  
 The cell converts the energy into ATP and NADPH for storage  

Cellular Respiration   Using glucose to make energy (ATP).  

Where Do Plants Get 
Energy?  

 Plants get energy from the sun and store it in the bonds of  glucose 

Glucose Turns into 
Energy  

Q. How do we get energy?    A. by eating food.  
Q. What types of food provide the most energy?  A. Carbs (sugars or glucose) have the most energy   
Q. What does your body do to the food you eat?  A. digests our food (breaks apart bonds), releasing energy  

Breaking Bonds   Breaking bonds releases energy!  
  

 What form of energy do our cell (and our body) use?  
 the molecule ATP  

 So.. our body breaks down glucose and uses it to make ATP (ENERGY!)  
 Which organelle is responsible for producing energy for our cells?  

The MITOCHONDRIA  
What is ATP?   ATP (adenosine triphosphate) is a nucleic acid that can transfer energy within the cell.  

  
 The extra energy is transferred to ATP.   

The energy in ATP is stored in the bonds between the phosphates (ATP has 3 phosphates).   

Aerobic Respiration   An aerobic process (requires oxygen).  
 Takes place in the mitochondria.  
 Equation:  

6O2     +    C6H12O6          6H20   +   6CO2   +   36ATP  
Oxygen  +   Glucose            Water   +  Carbon Dioxide + Energy  

HOLD IT! Notice 
Anything Similar?  

Equation for photosynthesis: Energy   +   6H2O   +   6CO2             C6H12O6   +   6O2  
Equation for aerobic cellular respiration:  6O2   +   C6H12O6               6H20   +   6CO2   +   36ATP  

The Big Picture 

 

Energy Transfer Summary Assignment 
 

Instructions: 
 In the boxed labeled A & B, write the chemical equation for each energy process. 
 In the boxes labeled 1-6, use the following terms to label the products and reactants of 

each energy process 
 
 
 
 
 
 

O2    Sunlight   Glucose   
 
 CO2 + H2O   ATP Energy   O2 



USA Test Prep Energy Transfer Assessment 
Online access code: FONUWENOKU 

 
 
Instructions: Complete each question by choosing or typing in the best answer.  
  

1) What substance is a reactant, along with oxygen, in cellular respiration? 
A) fat  
B) sugar  

C) water  
D) carbon dioxide

  
2) Identify the products of photosynthesis. 

A) sunlight oxygen, water  
B) sugar (glucose), oxygen  

C) sunlight, water, carbon dioxide  
D) sunlight, carbon dioxide, water

  
3) Notice in the image of the plant that both oxygen and carbon dioxide 

enter and exit the plant. Using what you know about photosynthesis 
and cellular respiration, explain what is happening with regard to these 
two gases. 
A) Unlike animals, plants use carbon dioxide in cellular respiration and 
produce oxygen.  
B) Plants, as autotrophs, only undergo photosynthesis and both use and 

produce oxygen and carbon dioxide in this process.  
C) Plants require oxygen for photosynthesis and produce carbon 

dioxide. Plants then use the carbon dioxide produced in cellular 
respiration, releasing oxygen as a byproduct.  

D) Plants require carbon dioxide for photosynthesis and produce 
oxygen as a byproduct. Plants then use the oxygen released in 
cellular respiration, producing carbon dioxide as a byproduct.  

 
4)   

 
 
 
Two potted plants were used in an experiment to study the amount of starch formed in leaves under different 
conditions. The table describes the conditions the plants were subjected to and the results of testing the 
leaves with potassium iodide to detect the presence of starch. 
 
Which of these conclusions is BEST validated, based on the experimental data? 

A) Sunlight is essential for photosynthesis.  
B) Starch is not produced during photosynthesis.  
C) Oxygen is not produced during photosynthesis.  
D) Carbon dioxide is essential for photosynthesis.  
 

5) During photosynthesis, sugar C6H12O6 is produced from carbon dioxide, water, and sunlight. Which 
statement BEST explains what happens during photosynthesis? 
A) Atoms are gained when sugar is formed.  
B) Single atoms are converted into molecules .  
C) Atoms from compounds are lost when sugar is formed.  
D) Atoms of compounds are rearranged to form new compounds.  

6) Photosynthesis is the process plants use to convert sunlight into chemical energy. The process of 
photosynthesis can be modeled to illustrate the most important aspects of the natural phenomenon. 
Through this process, plants use energy in sunlight to turn carbon dioxide gas and water into sugar. 
Plants then use this sugar to grow. At the same time, plants produce oxygen gas as a waste product 
which animals breathe. What cause and effect prediction can be used to test the assumptions in the 
model? 
A) with more sunlight the plant will produce less oxygen  
B) with more sunlight the plant will use less carbon dioxide  
C) with less sunlight more sugar will be produced by the plant  
D) with more sunlight more sugar will be produced by the plant  

 
7) The process of cellular respiration 

A) occurs only in animals.  
B) breaks down food molecules to release stored energy.  
C) must occur before plants are able to carry out photosynthesis.  
D) is performed only by organisms that are incapable of photosynthesis.  

 
8) Plants use sunlight, plus carbon dioxide and water to produce food, or glucose (a sugar). The by-

product of photosynthesis is oxygen, which is added to our atmosphere. During a summer drought, 
what can we expect to happen to these strawberry plants? 
A) They will become extinct.  
B) There will be less sugar produced.  
C) There will be an excess of oxygen produced.  
D) The plant will require more carbon dioxide to make sugar.  

 
9) Stomata are tiny openings found in plant leaves. Specialized cells known as guard cells surround the 

stomata and open and close the openings. When it is very hot, plants may close their stomata to 
prevent water loss. When plants close their stomata, what else is affected? 
A) Plants cannot take in the carbon dioxide they need for photosynthesis.  
B) Plants cannot take in the sunlight they need for photosynthesis.  
C) Plants cannot release glucose made in photosynthesis.  
D) Plants cannot take in water from the air.  

 
10) Producers, or plants, take in oxygen and release carbon dioxide during __________________ , just like 

animals and other living things. 
A) decomposition.  
B) photosynthesis.  

C) transformation.  
D) cellular respiration.

  
11) Cellular respiration allows organisms to release the energy stored in the chemical bonds of glucose, 

C6H12O6. The energy in glucose is used to produce ATP, which cells use to supply their energy needs. 
During aerobic cellular respiration, oxygen is reduced and _________ is produced as a by-product of 
this specific intermediate reaction. 
A) water  
B) ozone  

C) glucose  
D) carbon monoxide 

 
 
 
 
 



12)  What is the independent variable based on the data shown? 
A) temperature  
B) plant growth  
C) rate of photosynthesis  
D) cannot determine based on information given  

 
 
 
 

13)  The chemical process for respiration 
A) releases ADP.  
B) releases energy.  

C) releases oxygen.  
D) releases glucose.

  
 
 

14) Which of these is NOT part of cellular respiration? 
A) electron transport chain  
B) glycolysis  

C) Calvin Cycle  
D) Krebs Cycle 

 
 
 

15) When you respire, your cells are undergoing a chemical reaction. Glucose, one of the reactants, is 
being broken down or decomposed. What is one of the products of cellular respiration? 
A) C6H12O6  
B) CO2  

C) H2  
D) O2

  

Photosynthesis and Respiration Final Assignment 
 

Part 1: Apply 
 
1. Sketch a model of typical plant cell in the space below and identify/label the mitochondria and 
chloroplasts. Be sure to draw other organelles found in the cell, such as a nucleus, endoplasmic reticulum, 
ribosomes, and the golgi apparatus (labeling these organelles are not necessary).  
 
  
 
  
 
  
 
 
 
2. What will happen to plants that are kept in the dark? 
 
 
3. What will happen if you forget to water your plants? 
 
 
4. What happens to animals that are deprived of oxygen? 
 
 
  
Part 2: Big Ideas 
 
5. One hypothesis regarding the extinction of dinosaurs is that a meteor hit the earth causing an explosion so 
powerful that dust blocked out the sun. Consider the processes of photosynthesis and respiration and explain 
why would this have caused a mass extinction? 
 
 
 
 
  
6. Carefully and completely answer the "essential question" below. Use complete sentences and details from 
the model to explain your position. 
 
Essential Question: What is the relationship between photosynthesis and respiration? 
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