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amino acid: any of 20 basic building blocks of pro-
teins, composed of a free amino (NH2) end, a free 
carboxyl (COOH) end, and a side group (R).

aerobic: living or occurring in the presence of oxygen.

alga: usually single-celled, predominantly aquatic 
organisms that contain chlorophyll and can therefore 
carry out photosynthesis. They lack true roots, stems, 
and leaves. Plural is algae. 

alignment: the comparison of related DNA or protein se-
quences that reveals the location of accumulated changes 
since their divergence from a common ancestor.

algorithm: a procedure consisting of a sequence of 
algebraic formulas and/or logical steps to calculate or 
determine a given task.

amoeba: or ameba (plural – amoebae) is a genus of 
protozoa that moves by means of temporary projections 
called pseudopods, and is considered to be a unicellular 
organism. The word amoeba or ameba is variously used 
to refer to it and its close relatives, now grouped as the 
Amoebozoa, or to all protozoa that move using pseudo-
pods, otherwise termed amoeboids.

ancestor: a person, organism, or sequence from whom 
another person, organism, or sequence is descended (e.g., a 
parent, grandparent, or great-grandparent).

antibiotic: any of various substances (e.g., penicillin) 
that can destroy or inhibit the growth of microorgan-
isms.

alpha-proteobacteria: a major group of bacteria, many 
of which are pathogens. The precursors of the eukary-
otic mitochondria have originated from this bacterial 
group.

archaea: one of the three domains of life (the others 
are bacteria and eukarya). Archaea are single-celled 
organisms that live under extreme environmental condi-
tions. Like bacteria, they are all prokaryotes and lack a 
nucleus. Archaea are similar to other bacteria in most 
aspects of cell structure and metabolism. However, their 
transcription and translation – the two central processes 
in molecular biology – do not show typical bacterial 
features, but are extremely similar to those of eukary-
otes. For instance, archaean translation uses eukaryotic 

initiation and elongation factors, and their transcrip-
tion involves TATA-binding proteins and TFIIB as in 
eukaryotes.

bacteria: one of the three domains of life. Bacteria 
(singular – bacterium) are a major group of living 
organisms. They are microscopic and mostly unicellular 
and lack a cell nucleus, cytoskeleton, and organelles 
such as mitochondria and chloroplasts. Bacteria are 
the most abundant of all organisms, and many of them 
are pathogens. Bacteria reproduce only asexually, not 
sexually. Speciýcally, they reproduce by binary ýssion, 
or simple cell division. During this process, one cell 
divides into two daughter cells with the development of 
a transverse cell wall.

bioinformatics: the development and application of 
computer and statistical methods to analyze biological 
data, and the development of databases for storage and 
management of biological data.

chloroplast: any organelle found in plant cells and 
eukaryotic algae in which photosynthesis is carried out. 
Chloroplasts are surrounded by a double membrane 
with an intermembrane space and have their own DNA. 
Chloroplasts are one type of plastid. Plastids are derived 
from endosymbiotic cyanobacteria. The plastid genome 
is considerably reduced compared to that of free-living 
cyanobacteria, but the regions that are still present show 
clear similarities.

cladogram: a philosophy of classiýcation that arranges 
organisms only by their order of branching in an evolu-
tionary tree and not by their morphological similarity. 
Modern systematic research is likely to be based on a 
wide variety of information, including DNA-sequences 
(so-called “molecular data”), biochemical data and mor-
phological data. In a cladogram, all organisms lie at the 
leaves, and each inner node is ideally binary (two-way). 
The two taxa on either side of a split are called sister taxa 
or sister groups. Each subtree, whether it contains one 
item or a hundred thousand items, is called a clade.

chromosome: a continuous piece of DNA, which 
contains many genes, regulatory elements and other 
intervening nucleotide sequences. In eukaryotes, the 
chromosome is the DNA-protein complex. eukaryotes 
possess multiple linear chromosomes contained in the 
cell’s nucleus. Bacterial chromosomes are not within 
nuclei and are often circular but sometimes linear. 

KEY TERMS
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compartmentalization, compartments: refers to the 
fact that the cell contains different organelles, allowing 
it to carry out different metabolic activities at the same 
time. 

Cyanobacteria: a group of bacteria that obtain their en-
ergy through photosynthesis. Fossil traces of cyanobacte-
ria from around 3.8 billion years ago are the oldest known 
organisms. They were previously called blue-green algae, 
even though they are not related to any of the other algal 
groups, which are all eukaryotes.

cycloheximide: an antibacterial and antifungal antibi-
otic.

cytoplasm: semi-þuid matter within the cell and sur-
rounding the nucleus, in which organelles are sus-
pended.

dichotomy: a division or split into two entities.

DNA: deoxyribonucleic acid – the molecule that stores 
genetic information, codes for RNA and proteins, and 
is stably transmitted from generation to generation.

domains of life: the highest category in the taxonomy 
of organisms. There are three such domains: Archaea, 
Bacteria, and Eukarya.

endoplasmic reticulum (or ER): is an organelle found 
in all eukaryotic cells that is an interconnected network 
of tubules, vesicles and cisternae that is responsible 
for several specialized functions: Protein translation, 
folding, and transport of proteins to be used in the 
cell membrane (e.g., transmembrane receptors and 
other integral membrane proteins), or to be secreted 
(exocytosed) from the cell (e.g., digestive enzymes); 
sequestration of calcium; and production and storage 
of glycogen, steroids, and other macromolecules. The 
endoplasmic reticulum is part of the endomembrane 
system.

endosymbiosis: an endosymbiont is an organism that 
lives within another organism, i.e., forming an endo-
symbiosis (Greek: endo = inner and biosis = living). 
Many examples of endosymbiosis are obligate, where 
neither the endosymbiont nor the host can survive 
without the other. The theory that eukaryotic chloro-
plasts and mitochondria originated as bacterial endo-
symbionts is known as the endosymbiotic theory.

endosymbiotic theory: developed and popularized 
by Lynn Margulis, this theory concerns the origins of 
mitochondria and plastids (e.g., chloroplasts), which 

are organelles of eukaryotic cells. According to this 
theory, these organelles originated as separate pro-
karyotic organisms that were taken inside the cell as 
endosymbionts. 

Eubacteria: see bacteria, one of the domains of life. 

Eukarya: one of the three domains of life. Eukaryotes 
are organisms whose cells are organized into complex 
structures by internal membranes and a cytoskeleton. 
The most characteristic membrane bound structure is 
the nucleus. This feature gives them their name, also 
spelled ñeucaryote,ò which comes from the Greek Ůɡ, 
meaning good/true, and əɎɟɡɞɜ, meaning nut, refer-
ring to the nucleus. Many eukaryotic cells also contain 
membrane-bound organelles such as mitochondria, 
chloroplasts and Golgi bodies.

evolution: is any process of change over time. In biol-
ogy, it refers to the change in the genetic, developmen-
tal, morphological, physiological, or behavioral traits 
over the course of multiple generations. 

Fungi: a kingdom of eukaryotic organisms. The fungi 
(singular – fungus) are heterotrophic organisms char-
acterized by a chitinous cell wall, and in the majority 
of species, ýlamentous growth as multicellular hyphae 
forming a mycelium; some fungal species also grow 
as single cells. Sexual and asexual reproduction is via 
spores, often produced on specialized structures or 
in fruiting bodies. Yeasts, molds, and mushrooms are 
examples of fungi. The discipline of biology devoted 
to the study of fungi is known as mycology.

GenBank: an open access, annotated collection of 
all publicly available nucleotide sequences and their 
protein translations. This database is produced at Na-
tional Center for Biotechnology Information (NCBI) 
as part of the International Nucleotide Sequence 
Database Collaboration, or INSDC. GenBank and its 
collaborators receive sequences – produced in labora-
tories throughout the world – from more than 100,000 
distinct organisms.

genes: units of inheritance; encode information essen-
tial for the construction and regulation of proteins that 
determine the growth and functioning of the organism.

genome: the entire genetic complement of an or-
ganism, which includes both genes and non-coding 
sequences.

histones: proteins that serve to package eukaryotic 
nuclear DNA.
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hyperthermophilic: referring to bacteria that live in 
hot water environments, including hot springs and gey-
sers in volcanically active regions.

hypothesis: a testable prediction or suggested explana-
tion for a phenomenon, or a reasoned argument for a 
possible correlation between multiple phenomena.

insertion/deletion (genetic): in a pairwise or multiple 
sequence alignment, a segment that has been inserted in 
one sequence or deleted in another. Genetic insertion is 
the addition of one or more nucleotide base pair into a 
genetic sequence. This can often happen in microsatel-
lite regions due to the DNA polymerase slipping. On a 
chromosome level, an insertion refers to the insertion of 
a larger sequence into a chromosome. In genetics, a de-
letion (also called gene deletion, deýciency, or deletion 
mutation) is a mutation (genetic aberration) in which a 
part of a chromosome or a sequence of DNA is miss-
ing. Any number of nucleotides can be deleted, from a 
single base to an entire piece of chromosome. Deletions 
can be caused by errors in chromosomal crossover dur-
ing meiosis and can cause serious genetic diseases.

lineage: a group of organisms that trace their descent 
from one common ancestor.

Margulis, Lynn (1938-): an American biologist 
best known for her theory of the origin of eukaryotic 
organelles, and her contributions to the endosymbiotic 
theory—which is now generally accepted for how 
certain organelles were formed. Margulis put forward 
the hypothesis that mitochondria originated as separate 
organisms that long ago entered a symbiotic relation-
ship with eukaryotic cells through endosymbiosis. 
According to this theory, organelles such as chloro-
plasts and mitochondria are the descendants of bacteria 
that evolved into an intracellular symbiosis with early 
eukaryotic cells. 

Mereschkowsky, Constantin (1855-1921): a Russian 
botanist who was the ýrst to argue that the chloroplast 
and the nucleus originated through endosymbiosis. He 
based his argument for the chloroplast on the observed 
fact of symbiosis and on prior work that showed the 
organelles reproduce themselves even when separated 
from the nucleus. Mereschkowsky’s research on lichens 
led him to propose that larger, more complex cells 
evolved from the symbiotic relationship between less 
complex ones. His ideas of symbiogenesis are reþected 
in the modern endosymbiotic theory developed and 
popularized by Lynn Margulis. 

mitochondria: the energy factory of cells. It is the 

organelle in most eukaryotic cells, including those of 
plants, animals, fungi, and protists, in which the Krebs 
cycle and the electron transport chain occur to generate 
ATP. Like chloroplasts, they are surrounded by a double 
membrane with an intermembrane space and have their 
own DNA. Mitochondria are derived from endosymbi-
otic alpha-proteobacteria. The mitochondrial genome 
is considerably reduced compared to that of free-living 
alpha-proteobacteria, but the regions that are still pres-
ent show clear similarities; singular is “mitochondrion.” 

molecular evolution: The study of evolutionary 
changes to the structure and function of DNA, protein, 
and other biological macromolecules.

Monera: an obsolete biological kingdom of the ýve-
kingdom system of biological classiýcation. It com-
prised most organisms with a prokaryotic cell organiza-
tion. For this reason, the kingdom was sometimes called 
Prokaryota or Prokaryotae.

morphological: relates to physical properties (size, 
shape, color, etc) of organisms. In this module, mor-
phological is contrasted with characters or traits that are 
molecular characters. (DNA or protein sequence)

multiple alignment: the comparison of three or more 
related DNA or protein sequences that reveals the 
location of accumulated changes since their divergence 
from a common ancestor.

node: is used in this module in the context of a phy-
logenetic tree; a node in a phylogeny represents the 
hypothetical ancestors that split into two (or more) 
descendants.

nucleotides: the basic building blocks of DNA and 
RNA molecules. They consist of a 5-carbon sugar 
(DNA — deoxyribose; RNA – ribose), a phosphate 
group, and a nitrogen-containing base (DNA – adenine, 
thymine, cytosine, and guanine; RNA – adenine, uracil, 
cytosine, guanine).

nucleus: a membrane-enclosed organelle (compart-
ment) found in most eukaryotic cells. It contains most 
of the cell’s genetic material, organized as multiple long 
linear DNA molecules in connection with a large vari-
ety of proteins, such as histones, to form chromosomes. 
The function of the nucleus is to maintain the integrity 
of these genes and to control the activities of the cell by 
regulating gene expression.

organelle: compartment within eukaryotic cell in which 
specialized functions are carried out (e.g. mitochondria, 
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nucleus, and chloroplasts). In cell biology, an organ-
elle is a discrete structure of a cell having specialized 
functions, and is separately enclosed in its own lipid 
membrane.

organ: a group of tissues that constitute a morphologically 
and functionally distinct part of an organism. 

pairwise alignment: the comparison of two related 
DNA or protein sequences that reveals the location of 
accumulated changes since their divergence from a 
common ancestor.

paulinella: rhizopod amoeba that contains cyanelles 
most closely resembling free-living cyanobacteria.

photosynthesis: the biochemical process in which 
plants, algae, and some bacteria convert light, water, 
and carbon dioxide into food (complex carbohydrates) 
and oxygen.

phylogeny: the patterns of ancestry among a group of 
organisms, typically represented by a tree structure; 
the evolutionary relationship of a group of species or 
populations.

plastid: a membrane-bound organelle found in plant 
and algal cells. In plants, plastids may differentiate 
into several forms, depending upon which function 
they need to play in the cell. Undifferentiated plastids 
(proplastids) may develop into any of the following 
plastids: amyloplasts – for starch storage; chloroplasts 
– for photosynthesis; etioplasts – chloroplasts that have 
not been exposed to light; elaioplasts – for storing fat; 
chromoplasts – for pigment synthesis and storage; and 
leucoplasts – for monoterpene synthesis. Plastids are 
derived from endosymbiotic cyanobacteria. The plastid 
genome is considerably reduced compared to that of 
free-living cyanobacteria, but the regions that are still 
present show clear similarities.

porphyra: a red alga that is a commonly eaten seaweed 
(also called nori).

prokaryotes: are usually unicellular organisms that 
lack a nucleus. They also lack cytoskeletons and 
membrane-bound cell compartments such as vacuoles, 
endoplasmic reticulum, mitochondria, and chloroplasts. 
This is in contrast to eukaryotes, organisms that have 
cell nuclei and may be variously unicellular or multicel-
lular. Prokaryotes are divided into Bacteria and Archaea 
(also Eubacteria and Archaebacteria). Also spelled 
“procaryotes.”

protein: a macromolecule that consists of amino acids 
joined by covalent peptide bonds. Proteins are the 
workhorses of the cell – they have enzymatic func-
tions (e.g., they are enzymes or subunits of enzymes) or 
structural functions (e.g., cytoskeletal protein).

Protista: a kingdom of diverse organisms, comprising 
those eukaryotes that cannot be classiýed in any of the 
other kingdoms as fungi, animals, or plants. Protists 
were traditionally subdivided into several groups based 
on similarities to the higher kingdoms: the animal-like 
protozoa, the plant-like algae, and the fungus-like slime 
molds and water molds.

respiration (cellular): the process in which the chemi-
cal bonds of molecules such as glucose are converted 
into energy usable for life processes. In cellular res-
piration, this process is broken down into two basic 
metabolic pathways: glycolysis (anaerobic respiration) 
or aerobic respiration.

ribosomes: complexes made up of proteins and ribo-
somal RNA; they are the site of protein synthesis and 
can occur as free ribosomes in the cytoplasm or associ-
ated with the endoplasmatic reticulum. Each ribosome 
consists of a large and a small subunit. 

sequence database: a large collection of DNA, protein, 
or other sequences stored on a computer. A database can 
include sequences from only one organism, or it can 
include sequences from all organisms whose DNA has 
been sequenced.

small subunit RNA: a small molecule of RNA that is 
found only in the nucleus of eukaryotes and respon-
sible for splicing of mRNA. May also be called “small 
nuclear RNA.”

streptomycin: an antibiotic that stops bacterial growth 
by damaging cell membranes and inhibiting protein 
synthesis. Speciýcally, it binds to the 16S rRNA of the 
bacterial ribosome, which prevents the release of the 
growing protein (polypeptide chain).

symbiosis: a term used by scientists to describe a 
relationship between organisms, very often of differ-
ent species. A symbiotic relationship can either beneýt, 
harm, or have no effect on one or both of the organisms 
involved. It can be used to describe relationships where 
one organism lives on or in another, or cases in which 
two otherwise unrelated organisms are connected by 
behaviors and environment.
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topology: in this module, topology refers to the branch-
ing order of a polygenetic tree (e.g., as a tree’s branches 
can be divided into additional branches, which may also 
branch in turn).

transcription: the process by which RNA polymerase 
synthesizes a single-stranded RNA molecule comple-
mentary to a single-stranded DNA sequence.

translation: the process by which RNA is used as a 
template to synthesize a sequence of amino acids ac-
cording to the rules speciýed by the genetic code.

Tree of Life: (also known as “evolutionary tree” and 
“phylogenetic tree”) describes the relationships of all 
life on Earth in an evolutionary context as in a branched 
diagram that is very tree-like. 
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PHASE
WHAT THE TEACHER DOES THAT IS

Consistent with the 5E Model Inconsistent with the 5E Model

ENGAGE
�  Creates interest
�  Generates curiosity
�  Raises questions
�  Elicits responses that uncover what students know 

or think about the concept/subject

�  Explains concepts
�  Provides de�nitions and answers
�  States conclusions
�  Provides premature answers to students� questions
�  Lectures

EXPLORE
�  Encourages students to work together without direct 

instruction from teacher
�  Observes and listens to students as they interact
�  Asks probing questions to redirect students� investi-

gations when necessary
�  Provides time for students to puzzle through problems
�  Acts as a consultant for students

�  Provides answers
�  Tells or explains how to work through the problem
�  Tells students they are wrong
�  Gives information or facts that solve the problem
�  Leads students step-by-step to a solution

EXPLAIN

�  Encourages students to explain concepts and de�ni-
tions in their own words

�  Asks for justi�cation (evidence) and clari�cation 
from students

�  Formally provides de�nitions, explanations, and 
new labels

�  Uses students� previous experiences as the basis for 
explaining concepts

�	 Accepts explanations that have no justi�cation
�	 Neglects to solicit students� explanations
�	 Introduces unrelated concepts or skills

ELABORATE
�  Expects students to use formal labels, de�nitions 

and explanations provided previously
�  Encourages students to apply or extend concepts 

and skills in new situations
�  Reminds students of alternative explanations
�  Refers students to existing data and evidence and asks 

�What do you already know?� �Why do you think�?�

�  Provides de�nitive answers
�  Tells students they are wrong
�  Lectures
�  Leads students step-by-step to a solution
�  Explains how to work through the problem

EVALUATE

�  Observes students as they apply new concepts and 
skills

�  Assesses students� knowledge and/or skills
�  Looks for evidence that students have changed their 

thinking or behaviors
�  Allows students to assess their own learning and 

group process skills
�  Asks open-ended questions, such as �Why do you 

think . . . ?� �What evidence do you have?� �What do 
you know about x?� �How would you explain x?�

�  Tests vocabulary words, terms, and isolated facts
�  Introduces new ideas or concepts
�  Creates ambiguity
�  Promotes open-ended discussion unrelated to 

concept or skill

The Key Components of the 5E Model

(Trowbridge & Bybee, 1990), adapted by Biological Sciences Curriculum Study
Available online at http://science.education.nih.gov/supplements/nih1/diseases/guide/module3.htm
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North Carolina Standard Course of Study for Biology � Grades 9-12

Highlighted sections are objectives addressed in the The Power Within module

Strands: Nature of Science, Science as Inquiry, Science and Technology, Science in Personal and  
Social Perspectives. The strands provide the context for teaching of the content Goals and Objectives.

Competency Goal 1:
The learner will develop abilities necessary to do and understand scientiýc inquiry.

Objectives
1.01 Identify biological questions and problems that can be answered through scientiýc investigations.

1.02 Design and conduct scientiýc investigations to 
answer biological questions.

• Create testable hypotheses 
• Identify variables.
• Use a control or comparison group when appro-
priate.
• Select and use appropriate measurement tools.
• Collect and record data.
• Organize data into charts and graphs.
• Analyze and interpret data. 
Å Communicate ýndings.

• Students will compare different phylogenies that 
represent different hypotheses regarding the evolu-
tion of eukaryotic organelles

• Students will learn that molecular data can be used 
to generate multiple sequence alignments and to 
reconstruct phylogenies, and why/how these tools 
are appropriate for the question of organelle origin

• Students will “carry out” sequence alignments and 
phylogeny reconstruction and will interpret the 
resulting phylogeny

• Students will be asked to describe and discuss their 
results

1.03 Formulate and revise scientiýc explanations 
and models of biological phenomena using logic and 
evidence to: 

• Explain observations
• Make inferences and predictions
• Explain the relationship between evidence and 
explanation

• Students will use evidence (given to them) to con-
ýrm and correct hypotheses that were published in 
a 1905 study.

1.04 Apply safety procedures in the laboratory and in ýeld studies: 
• Recognize and avoid potential hazards
ÅSafely manipulate materials and equipment needed for scientiýc investigations

1.05 Analyze reports of scientiýc investigations from 
an informed, scientiýcally literate viewpoint 
including considerations of:
• Appropriate sample
• Adequacy of experimental controls
Å Replication of ýndings
•Alternative interpretations of the data

• Students will use evidence (given to them) to con-
ýrm and correct hypotheses that were published in 
a 1905 study.
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Competency Goal 2:
The learner will develop an understanding of the physical, chemical and cellular basis of life.

Objectives
2.01 Compare and contrast the structure and func-
tions of the following organic molecules:

• Carbohydrates
• Proteins
• Lipids
• Nucleic acids

• Students will use ribosomal DNA sequences for the 
sequence alignment and phylogeny reconstruction 
in the computer lab. DNA, ribosomes, translation 
are topics that this is related to and that can be 
reviewed in the pre-lab or post-lab.

2.02 Investigate and describe the structure and func-
tions of cells including:

• Cell organelles
• Cell specialization
• Communication among cells within an organ-
ism.

• The focus of this module is the evolutionary origin 
of chloroplasts and mitochondria. Properties of 
the organelles are part of the computer lab. The 
structure and function of these organelles can be 
reviewed in the pre-lab or the post-lab.

2.03 Investigate and analyze the cell as a living system including:
• Maintenance of homeostasis
• Movement of materials into and out of cells
• Energy use and release in biochemical reactions

2.04 Investigate and describe the structure and function of enzymes and explain their importance in biological 
systems.

2.05 Investigate and analyze the bioenergetic reac-
tions:

• Aerobic respiration 
• Anaerobic respiration
• Photosynthesis

• The focus of this module is the evolutionary origin 
of chloroplasts and mitochondria. Aerobic respira-
tion (partly carried out in the mitochondrion) and 
photosynthesis (carried out in the chloroplast) can 
be reviewed in the pre-lab or the post-lab.

Competency Goal 3:
The learner will develop an understanding of the continuity of life and the changes of organisms over time.

Objectives
3.01 Analyze the molecular basis of heredity including:

• DNA replication
• Protein synthesis (transcription, translation)
• Gene regulation

• Students will use small subunit ribosomal RNA se-
quences for the sequence alignment and phylogeny 
reconstruction. The function of the ribosomes and 
the process of translation can be reviewed in the 
pre-lab or the post-lab.

3.02 Compare and contrast the characteristics of asexual and sexual reproduction.

3.03 Interpret and predict patterns of inheritance.
• Dominant, recessive and intermediate traits
• Multiple alleles
• Polygenic inheritance
• Sex-linked traits
• Independent assortment
• Test cross
• Pedigrees
• Punnett squares
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3.04 Assess the impact of advances in genomics on 
individuals and society.

• Human genome project
• Applications of biotechnology

3.05 Examine the development of the theory of evo-
lution by natural selection, including:

• Development of the theory
• The origin and history of life
• Fossil and biochemical evidence
• Mechanisms of evolution
• Applications (pesticide and antibiotic resis-
tance)

• Students are going to learn about the evolutionary 
origin of chloroplasts and mitochondria, and how 
these primary endosymbioses have shaped the his-
tory of all eukaryotic life throughout the module.

• Mechanisms of evolution can be covered in a post-
lab activity

• The origin of the eukaryotic nucleus can be covered 
in a post-lab activity

Competency Goal 4:
The learner will develop an understanding of the unity and diversity of life.

Objectives
4.01 Analyze the classiýcation of organisms accord-
ing to their evolutionary relationships.

• The historical development and changing na-
ture of classiýcation systems
• Similarities and differences between eukaryotic 
and prokaryotic organisms
• Similarities and differences among the eukary-
otic kingdoms: protists, fungi, plants, animals
• Classify organisms using keys

• Eukaryotic and prokaryotic organisms are going to 
be used in the computer-lab, and their evolutionary 
relationships are of central importance in the pre-
lab and the computer-lab.

• Similarities and differences among the eukaryotic 
kingdoms are not the focus of any exercise but can 
be covered in a post-lab activity.  

4.02 Analyze the processes by which organisms representative of the following groups accomplish essential life 
functions including:

• Unicellular protists, annelid worms, insects, amphibians, mammals, non vascular plants, gymnosperms 
and angiosperms
• Transport, excretion, respiration, regulation, nutrition, synthesis, reproduction, and growth and development

4.03 Assess, describe and explain adaptations affecting survival and reproductive success.
• Structural adaptations in plants and animals (form to function)
• Disease-causing viruses and microorganisms
• Co-evolution

4.04 Analyze and explain the interactive role of internal and external factors in health and disease:
• Genetics
• Immune response
• Nutrition
• Parasites
• Toxins

4.05 Analyze the broad patterns of animal behavior as adaptations to the environment.
• Innate behavior
• Learned behavior
• Social behavior
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Competency Goal 5:
The learner will develop an understanding of the ecological relationships among organisms.

Objectives
5.01 Investigate and analyze the interrelationships among organisms, populations, communities, and ecosystems.

Å Techniques of ýeld ecology
• Abiotic and biotic factors
• Carrying capacity

5.02 Analyze the þow of energy and the cycling of matter in the ecosystem.
• Relationship of the carbon cycle to photosynthesis and respiration
Å Trophic levels ð direction and efýciency of energy transfer

5.03 Assess human population and its impact on local ecosystems and global environments.
• Historic and potential changes in population
• Factors associated with those changes
• Climate change
• Resource use
• Sustainable practices/stewardship
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The Teaching Standards

The Power Within Correlation
Standard A: Teachers of science plan an inquiry-based science program 
for their students.  In doing this, teachers
�   develop a framework of yearlong and short-term goals for students.
�   select science content and adapt and design curriculum to meet the inter-

ests, knowledge, understanding, abilities, and experiences of students.
�   select teaching and assessment strategies that support the development  of 

student understanding and nurture a community of science learners.

Each activity in the module provides short-term objectives for students. There 
is a conceptual �ow of activities that help teachers plan a timeline for teaching 
the module.

Use of this module helps teachers to update their curriculum in response to 
student interest in the topic.

The module�s focus is active, collaborative, and inquiry-based learning.

Student inquiry is encouraged by all activities in the module.

The module promotes discourse among students, and challenges students to 
accept responsibility for their learning.

The use of the 5E instructional model with collaborative learning is an e�ec-
tive way of responding to diversity in student backgrounds and learning styles.

Standard B: Teachers of science guide and facilitate learning.  In doing 
this, teachers
�   focus and support inquiries while interacting with students.
�   orchestrate discourse among students about scienti�c ideas.
�   challenge students to accept and share responsibility for their own learning.
�   recognize and respond to student diversity and encourage all students to 

participate fully in science learning.
�   encourage and model the skills of scienti�c inquiry, as well as the curiosity, 

openness to new ideas and data, and skepticism that characterize science.

There are a variety of assessment components provided in module.

Answers are provided to help teachers analyze student feedback.

Standard C: Teachers of science engage in ongoing assessment of their 
teaching and of student learning.  In doing this, teachers
�   use multiple methods and systematically gather data about student 

understanding and ability.
�   analyze assessment data to guide teaching.

The answers provided for teachers model respect for the diverse ideas, skills, 
and experiences of all students.

Students work collaboratively in teams to complete activities in the module.

Discussion activities in this module model the rules of scienti�c discourse.

Standard E: Teachers of science develop communities of science learners 
that re�ect the intellectual rigor of scienti�c inquiry and the attitudes 
and social values conducive to science learning. In doing this, teachers
�   display and demand respect for the diverse ideas, skills, and experiences of 

all students.
�   structure and facilitate ongoing formal and informal discussion based on a 

shared understanding of rules of scienti�c discourse.
�   model and emphasize the skills, attitudes, and values of scienti�c inquiry.

The Power Within
Correlation to the National Science Education Standards
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The Content Standards

The Power Within 
activity

Pre-lab Activities

Wet-lab Activities

Additional Activities

 Standard A (Science as Inquiry) : As a result of activities in grades 9-12, all students should develop
1. abilities necessary to do scienti�c inquiry.
�   Identify questions and concepts that guide scienti�c investigations
�   Use technology and mathematics to improve investigations and communications
�   Formulate and revise scienti�c explanations and models using logic and evidence
�   Recognize and analyze alternative explanations and models
�   Communicate and defend a scienti�c argument
2. understanding about scienti�c inquiry.

Introduction

Pre-lab Activities

Explanation

Elaboration

Wet-lab Activities

Additional Activities

Standard C (Life Science): As a result of their activities in grades 9-12, all students should develop  understanding of
1. the cell.
�  Cells store and use information to guide their functions.
�  Cells can di�erentiate, and complex multicellular organisms are formed as a highly organized arrangement of di�erentiated cells
2. molecular basis of heredity.
�  In organisms, the instructions for specifying the characteristics of the organism are carried in the DNA.
�  Changes in DNA occur spontaneously at low rates
3. biological evolution.
�  Species evolve over time.
�  The great diversity of organisms is the result of more than 3.5 billion years of evolution
�  Biological classi�cations are based on how organisms are related. Organisms are classi�ed into a hierarchy of groups and 

subgroups based on similarities which re�ect their evolutionary relationships

Pre-lab Activities

Wet-lab Activities

Post-lab Activities

Standard E (Science and Technology): As a result of activities in grades 9-12, all students should develop understanding of
1. abilities of technological design. 
2. science and technology.
�  Scientists in di�erent disciplines, ask questions, use di�erent methods of investigation, and accept di�erent types of evidence 

to support these explanations.
�  Science often advances with the introduction of new technologies.
�  Creativity, imagination, and good knowledge base are all required in the work of science and engineering.
�  Science and technology are pursued for di�erent purposes.

Post-lab Activities

Quiz Game

Standard F (Science in Personal and Social Perspectives): As a result of activities in grades 9-12, all students should 
develop understanding of
6. science and technology in local, national, and global challenges.
�  Science and technology are essential social enterprises, but alone they can only indicate what can happen, not what should happen
�  Individuals and society must decide on proposals involving new research and the introduction of new technologies into society

All

Standard G (History and Nature of Science): As a result of activities in grades 9-12, all students should develop  
understanding of
1. science as a human endeavor.
�  Individuals and teams have contributed and will continue to contribute to the scienti�c enterprise.
2. nature of scienti�c knowledge.
�  Because all scienti�c ideas depend on experimental and observational con�rmation, all scienti�c knowledge is, in principle, 
subject to change as new evidence becomes available.
3. historical perspectives.
�  The historical perspective of scienti�c explanations demonstrates how scienti�c knowledge changes by evolving over time, 
almost always building on earlier knowledge. 

The Power Within
Correlation to the National Science Education Standards
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INTRODUCTION
The Power Within has several key learning 
objectives related to the concepts of cellular 
structure, taxonomy, and genetic evolution:

1. To differentiate between prokaryotes and 
eukaryotes in structure and function; 

2. To describe the structure and function of 
cell organelles, including the nucleus, mito-
chondrion, and chloroplast;

3. To identify characteristic features of organ-
isms from different kingdoms and to classify 
speciýc organisms accordingly;

4. To deýne symbiosis, and to identify gen-
eral and speciýc examples of parasitic, com-
mensalist, and mutualistic relationships;

5. To explain Lynn Margulis’s endosymbi-
otic theory, particularly in relation to cellular 
compartmentalization;

6. To interpret a cladogram in the context of 
phylogeny and evolutionary theory; and

7. To recognize the relationship between or-
ganisms’ genetic sequences and their respec-
tive positions on an evolutionary tree.

The Cell: An OVerView
The human cell is a marvel of complexity 
despite its miniature size.  The average diam-
eter of one human cell is so small that several 
such cells, lined end to end, would approxi-
mate the width of a human hair. 

Cells vary widely in their structure and function. 
The human body alone contains over 200 kinds, 
from a large neuron a meter in length to a tiny 
sperm cell, whose length can be measured in 
micrometers. Yet despite this degree of varia-
tion, cells also contribute to the consistency and 
unity of life on Earth. Every living creature, no 
matter if it lives in deep hydrothermal vents at 
the bottom of the ocean, preys on gazelles in the 
savannah, or reaches its branches upward in a 
rainforest, is made of one or more cells. Animals, 
plants, bacteria, fungi, and protists all rely on 

their constituent cells for functions such as nutri-
tion, reproduction, motility, protein production, 
and the generation and processing of energy.

Prokaryotes vs. Eukaryotes
Cells differ in their fundamental structure de-
pending on the nature of their genetic material, 
as well as the lack or presence of specialized, 
membrane-bound structures called organ-
elles. Prokaryotic cells usually contain their 
genetic material in the form of a single circular 
chromosome and lack a deýned nucleus, or 
control center of the cell. Prokaryotes do not 
contain any organelles. Typically, prokaryotic 
cells are single, small cells, with a width rang-
ing from 1 to 10 micrometers.

Alternatively, eukaryotic cells have a 
membrane-bound nucleus as well as mem-
brane-bound organelles. The nucleus contains 
genetic information in the form of chromo-
somes, which vary in number according to 
species (but whose numbers do not, perhaps 
surprisingly, reþect the complexity of the 
organism). Typically, multicellular organ-
isms are eukaryotes, and their cells are often 
greater than 10 micrometers in width. 

Organelles
A distinguishing characteristic of eukaryotes 
is the presence of membrane-bound organ-
elles, structures within the cell that perform 
speciýc functions. For example, the mito-
chondrion, often known as the “powerhouse” 
of a cell, is responsible for converting oxygen 
and glucose into energy in the form of ATP 
and carbon dioxide as a by-product. 

In a complementary process, the chloroplast 
takes oxygen and energy in the form of sunlight 
to make glucose and an oxygen by-product.

Endothelial cells under the microscope.



20 	 ' DESTINY � UNC-Chapel Hill � CB #7448, MPSC Annex � Chapel Hill, NC 27599 � moreheadplanetarium.org/go/destiny

Inner membrane

FIGURE 1: MITOCHONDRION
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FIGURE 2: CHLOROPLAST

Granum
(stack of thylakoids)

Stroma
(the �uid between the grana)

Thylakoid

Inner membrane

Outer membrane



22 	 ' DESTINY � UNC-Chapel Hill � CB #7448, MPSC Annex � Chapel Hill, NC 27599 � moreheadplanetarium.org/go/destiny

kingdoms
The lack or presence of particular mem-
brane-bound organelles is a useful feature for 
classifying organisms into their representa-
tive kingdoms. Prokaryotes dominate the 
kingdoms of Archaebacteria and Eubacte-
ria. These kingdoms include organisms such 
as Streptococcus, a bacterium responsible for 
causing strep throat, and blue-green algae, 
which grow in water. 

Conversely, eukaryotes are found in the 
Kingdoms Protista, Fungi, Plantae, and An-
imalia, and include organisms such as molds, 
mushrooms, hardwood trees, and humans, 
respectively. Multicellular eukaryotes’ cells 
typically contain a nucleus and mitochondria, 
and chloroplasts are commonly found in the 
plant kingdom.

ribosOMes 
Both prokaryotes and eukaryotes have 
ribosomes, which are responsible for protein 

synthesis via the translation of mRNA into 
an amino acid sequence. The fact that both 
prokaryotes and eukaryotes have ribosomes 
is a testament to the need for all organisms to 
make protein. Additionally, because all living 
things make protein, the structure and genetic 
composition of the ribosome tends to evolve 
more slowly than other cell structures.

Ribosomes have two parts, known as a small 
and a large subunit. Each subunit contains the 
label “S” (for “Svedberg unit”), which correlates 
with its size. In prokaryotes, ribosomes have a 
30S and a 50S subunit; in eukaryotes, ribosomes 
have a 40S and a 60S subunit. Another difference 
between prokaryotic and eukaryotic ribosomes is 
where they are found. Prokaryotes typically con-
tain ribosomes found free-þoating in the cytosol, 
whereas eukaryotes have ribosomes that are at-
tached to an intricate membrane network within 
the cell known as the endoplasmic reticulum, or 
ER. The ER provides a structure for transport of 
proteins made on ribosomes. ER with ribosomes 
attached is known as “rough ER”; ER without 

FIGURE 3: COMPARING EUKARYOTES AND PROKARYOTES

Prokayrotes Eukayrotes

Nuclear envelope

Membrane-enclosed  
organelles

Cellulose in cell walls

Ribosomes in mito-
chondria and chloro-
plast

Cell division with 
mitosis

Ribosomes in  
cytoplasm

Chromosome 
(singular circular 
in prokaryotes, 
multiple linear in 
eukaryotes)

Cell division  
without mitosis



' DESTINY � UNC-Chapel Hill � CB #7448, MPSC Annex � Chapel Hill, NC 27599 � moreheadplanetarium.org/go/destiny 	 23 

FIGURE 4: DIFFERENT RIBOSOMES IN EUKARYOTIC CELLS
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ribosomes is “smooth ER.”  Small ribosomes are 
also located inside the mitochondria and chloro-
plast of eukaryotic cells.

ribosOmes anD eVolution 
When comparing evolutionary relationships 
between different kinds of organisms, it is 
helpful to pick a structure common to all 
organisms. It also helps to ýnd a structure that 
changes very slowly over evolutionary time, 
because it is easier to track changes in relation-
ships between organisms over long periods 
of time. The ribosome is an ideal choice. It 
is common to all organisms because of the 
universal need for organisms to make protein. 
It also evolves slowly over time, which allows 
scientists to relate the gradual accumulation of 
ribosomal changes to different species along 
an evolutionary line. It is particularly advanta-
geous to use ribosomal RNA because only the 
DNA that codes for the RNA is needed for 
comparisons between organisms. Additionally, 
the organisms do not need to be intact or alive 
for the harvesting of such DNA.

Organisms in different kingdoms differ not 
only in the presence of types of organelles, 
but also differ in the nature of the DNA that 
code for their ribosomal RNA. The more 
dissimilar two strands of such DNA, the 
farther apart these two organisms will be 
on an evolutionary tree, or cladogram. A 
cladogram is a visual representation of how 
different organisms are related. The oldest an-
cestors are represented near the bottom of the 
diagram, whereas relatively recent organisms 
are found near the top.

DNA that codes for ribosomal RNA has 
provided evidence that mitochondria and 
chloroplasts, although found in a variety of 
multicellular organisms, actually have more 
in common with Eubacteria than they do with 
organisms in other kingdoms. Consider the 
following hypothetical DNA sequences:

AGTCCCTGAGAGCTCACAG
— from Eubacteria

AGTCCCTGTGAGCTCACAG
— from mitochondria

AGTCCGTGCGAGCAGACAG
— from the nucleus of an animal cell

Notice that the DNA sequences in Eubacteria 
and mitochondria differ only by one nucleotide; 
an adenine (A) in the Eubacteria is changed 
to thymine (T, in blue) in mitochondria. These 
sequence alignments suggest a more remote 
evolutionary relationship between the Eubac-
teria and the animal, since the animal DNA has 
four different nucleotide bases (the red G, C, A, 
and G) compared to that of the Eubacteria.

To explain the phenomenon of molecular 
similarity between Eubacteria and mitochon-
dria, we need to ýrst focus on a broader, more 
organismal concept of relationships. 

Symbiosis
Scientists use the word symbiosis to describe 
a relationship between organisms, very often 
of different species. Just as human relation-
ships can be positive or negative, so too can a 
symbiotic relationship either beneýt, harm, or 
have no effect on the organisms involved.

On one end of the symbiotic spectrum is 
parasitism. Parasites depend on their hosts 
for food and sustenance at the expense of 
their hosts. Therefore, one species beneýts in 
the relationship, while the other is harmed. 
Examples of parasites include viruses, as well 
as certain bacteria, fungi, insects, and worms.

In commensalism, one species beneýts while 
the other is unaffected. A classic example of 
commensalism is that of the remora sucker-
ýsh and the shark. The remora has an append-
age modiýed into a kind of sucker that helps 
it attach to the shark. As it moves along with 
the shark, the remora feeds on food carried 
to it by ocean currents or dropped as scraps 
by the shark. The remora thus beneýts from 
being on the shark because of the food it gets; 
the shark, on the other hand, neither beneýts 
nor is harmed by the remora.

In mutualism, both organisms beneýt from 
the relationship. In the case of a yucca plant 
and yucca moth, these different species serve 
essential functions to beneýt each other. Yuc-
ca moth caterpillars feed on the seeds of the 
yucca plant. In return, the yucca moths can 
þy from plant to plant to help pollinate the 
plants. Over time, the relationship between 
yucca moths and yucca plants has become 
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necessary. Each organism is codependent on 
the other and would face a dramatic decrease 
in population without its obligate, or neces-
sary, partner. The adaptations developed 
over time by the yucca moth in response to 
changes over time in the yucca plant provide 
an example of co-evolution.  

Endosymbiosis vs. Ectosymbiosis
Symbiotic relationships can be classiýed as 
endosymbiotic or ectosymbiotic. In endosym-
biosis, one organism lives inside of another (in 
Greek, “endo” refers to “within” or “inside”). 
For example, in one example of endosym-
biotic mutualism, green algae live inside the 
digestive cells of green hydra, which are very 
small aquatic organisms. The photosynthetic 
algae are useful to the hydra in times of starva-
tion and oxygen deprivation, and the hydra 
provide protection and additional materials 

for the algae. In contrast to endosymbiosis, 
ectosymbiosis (in Greek, “ecto” refers to 
“outside”) relates to one organism living on 
the outside of another organism or on the 
outside of an organism’s cells. For example, 
cows and other ruminants have bacteria in the 
gut that can digest the polysaccharide cellulose 
into its constituent sugars. The by-products 
of these digestive processes provide the cow 
with energy. Although these microorganisms 
live inside the animal, they live extracellularly 
(outside the cells) in the digestive tract and 
thereby form an ectosymbiotic relationship 
with their hosts.  

Lynn Margulis and the  
EndosymbioTIC Theory
In 1970, female scientist Lynn Margulis com-
bined the concepts of mutualism, endosym-

DaVid Burdick | National Oceanic and Atmospheric Administration/Department of Commerce

In an example of commensalism, a remora attaches itself close to the gills of a nurse shark. The remora bene�ts by getting 
food, while the relationship neither helps nor hurts the shark.
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biosis, and evolutionary theory to generate a 
powerful explanation for eukaryote structure 
and function known as the endosymbiotic 
theory. According to this theory, free-living 
bacteria of ancient times generated their own 
energy by way of anaerobic (non-oxygen-re-
quiring) processes such as fermentation. The 
presence of oxygen would have actually been 
toxic to such cells. In such an oxygen-poor 
environment, primitive forms of photosynthe-
sis did not involve the production of oxygen. 
This model of primitive oxygen-independent 
photosynthesis stands in stark contrast to the 
reality of photosynthesis today, in which pho-
tosynthetic organisms such as trees and grass 
naturally produce oxygen as a by-product.

More recently, photosynthesis in bacteria 
developed into the form with which we are 
familiar today. An increase in the bacteria’s 
photosynthetic activity led to the production 
of oxygen, causing the death of many organ-
isms that were not used to living in such an 
environment.  Some bacteria adapted over 
evolutionary time to handle oxygen through 

processes such as aerobic cell respiration. 
Other bacteria continued to produce energy 
anaerobically; such bacteria belong to the 
present-day kingdom of Archaebacteria and 
survive in remote locations, such as hydro-
thermal vents deep in the ocean.

Another way in which prokaryotes cope with 
an oxygen-rich environment is by taking in 
aerobic bacteria as endosymbionts. In this 
way, the prokaryotic host cell that cannot 

J.S. Peterson | USDA�NRCS PLANTS Database

The yucca plant (above) and the yucca moth (right) have come 
to depend on each other for survival.

Bill May | USDA FOREST SERVICE

HYDRA PHOTO BY Ralf Wagner

Photosynthetic green algae (left) live inside the digestive 
cells of green hydra (right) in a demonstration of endosym-
biotic mutualism.
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handle oxygen on its own will be able to 
do so with the help of the bacteria that can 
conduct cellular respiration inside of it. Mar-
gulis initially proposed the idea of anaerobic 
and aerobic bacteria living together in the 
context of a parasitic relationship—that is, 
the aerobic bacteria preyed upon host cells, 
to the host cells’ detriment. However, she 
contends that the originally parasitic rela-
tionship became mutualistic as evolutionary 
forces came into play. Over time, the host 
cell came to provide the aerobic bacteria with 
protection and additional food sources, such 
as the sugars needed to power the process 
of cellular respiration. In this way, both the 
host cell and the aerobic bacteria beneýtted in 
their relationship with one another.

How does the endosymbiotic theory relate to 
the structure and function of the modern-day 
eukaryote? Evidence suggests that mitochon-
dria, which serve as energy powerhouses 
of cells in all organisms, evolved from the 
aerobic bacteria of long ago. Furthermore, the 
host cells that played such a key role in the 
endosymbiotic theory are believed to be the 
precursors of the modern eukaryotic cell.

What evidence supports the idea that mito-
chondria once existed as free-living bacteria? 
First, mitochondria have their own DNA that 
is distinctly different from the nuclear DNA 
of eukaryotic cells; such a difference suggests 
that the mitochondria and the eukaryotic cell 
have different origins. Second, the shape and 
size of mitochondria is very similar to the 
shape and size of present-day bacteria. Fi-
nally, both mitochondria and bacteria divide 
in a similar way.

Mitochondria are not the only organelles 
that are believed to have developed by way 
of endosymbiosis.  As early as 1905, even 
before Margulis’s groundbreaking work, 
Russian scientist Constantin Mereschkowsky 
used endosymbiosis to explain the origin of 
chloroplasts. Chloroplasts, too, contain many 
of the characteristics of bacteria, and they are 
believed to have evolved in a way akin to the 
evolution of mitochondria. The way in which 
green pigments are distributed in chloroplasts 
approximates the way in which they are dis-
tributed in cyanobacteria. Additionally, both 
chloroplasts and cyanobacteria use carbon 

dioxide from the atmosphere to make energy 
molecules such as glucose. Like mitochon-
dria, chloroplasts reproduce in a manner simi-
lar to bacterial replication.

Recent evidence supports the theories of 
Mereschkowsky and Margulis. Lab studies 
conducted by Kwang W. Jeon showed that al-
though bacteria introduced into amoebas led 
to their initial death, the relationship between 
amoebas and bacteria evolved in a relatively 
short period of time into a mutually beneýcial 
one. After time passed, not only could the 
amoebas coexist with the bacteria, but they 
also developed a need for the bacteria and 
could not live without them. The bacteria that 
were once harmful to the amoeba became 
indispensable. Even at the molecular level, 
genetic changes occur to reþect the nature 
of a symbiotic relationship; the bacteria will 
actually begin to exert genetic control over 
their host cells.

Cooperation, Not Competition
Endosymbiosis differs from evolutionary 
theory in that it concentrates not so much on 
competition, but more on how organisms con-
tribute to each other’s survival. In some ways, 
Darwin’s evolutionary theory aligns with the 
endosymbiotic theory: organisms undergo 
a variety of changes, some enabling them 
to adapt to another organism’s needs, to the 
beneýt of both partners. The concept of coevo-
lution illustrates this concept. The structures 
of some plants are particularly well suited in 
length, shape, size, scent, and/or color to draw 
pollinators in and to provide easy access. A 
bumblebee’s weight, for instance, provides 
just the right amount of force to open a snap-
dragon. This is beneýcial to the snapdragon 
because the bee serves as a pollinator, and it is 
beneýcial to the bee, which will receive nectar 
from the snapdragon. The ability to provide 
access to some organisms and not to others 
also confers protection to the host.

Evolution of life as we know it may have 
required teamwork, the kind of teamwork 
evident in endosymbiosis. This leads us to the 
question, How did endosymbiosis affect the 
evolution of eukaryotes and thereby affect the 
branching patterns of life?

Constantin  
Mereschkowsky

JaVier Pedreira

Lynn Margulis
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Pre�lab ActiVities
Initially, students are engaged to think about 
biological relationships by way of a TV real-
ity show skit. They then visit ýve stations to 
gain the knowledge that provides the power 
to help them understand how bioinformat-
ics can be used as a tool to test the prediction 
that endosymbiosis played a role in the evolu-
tion of eukaryotic cells. The ýve stations are 
as follows:

P—Parts of the cell
OðOrganism classiýcation
W—Who am I? (contributions of scientists)
E—Evolutionary relationships (how to read 

cladograms)
R—Relationships between organisms (types 

of Symbiosis)

Wet�Lab ActiVities
A new tool, bioinformatics, allows scien-
tists to better understand the role played by 
endosymbiosis in the evolution of eukaryotes. 
Biologists are now using computers to com-
pare gene sequences of different organisms. 
Generally, the more similar two organisms’ 
genes, the more recent their two — lineages 
split apart from one another. Students will 
test the prediction based on similar gene 
sequences that chloroplasts and mitochondria 
are closely related to the bacteria.

Post�Lab ActiVities
The post-lab activities include a review of 
the wet-lab activity, plus another opportunity 
for students to use a data base to obtain real 
amino acid sequence data to create a clado-
gram. Included in the post-lab activities is a 
Power Within quiz game. A tree analysis ac-
tivity provides students additional assistance 
in reading cladograms.

Additional ActiVities
Additional activities include the “Fishy Fam-
ily Tree” activity, which allows students to 
use structural differences to make a clado-
gram. Students ýnd their symbiotic partner 
in “Symbiotic Connections.” Students are 
able to understand the importance of bioin-
formatics in our world today as they read an 
article from Nature entitled “SAR11 clade 
dominates ocean surface bacterioplankton 
communities.”

INTERDISCIPLINARY ACTIVITIES
“Picture This” is a writing and listening 
exercise that be used as a starting point for an 
evolution unit in a biology or language arts 
class. Working individually or cooperatively, 
science and non-science teachers can use the 
reading and discussion activities suggested 
in “Darwin the Writer” or assign one of the 
literary works described in “Additional Ac-
tivities for English Classrooms.” An activity 
for Social Studies and other classrooms takes 
a discovery-based approach to understanding 
clinical trials.
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THE POWER WITHIN
Students focus on endosymbiosis 
and its role in the evolutionary 
origin of the mitochondrion and 
the chloroplast—two eukaryotic 
organelles. Students learn about 
the science of bioinformatics 
as they use molecular data to 
generate sequence alignments 
which can be used to construct 
phylogenetic trees. In the process 

they learn that the computer can be used as a tool for 
scientiýc investigation. Students learn how to read and 
compare phylogenetic trees.

FROM FISHES TO FINCHES
Students compare protein from 
the muscle cells of ýsh to deter-
mine which ýsh are most closely 
related. Since DNA determines 
protein, those ýsh which have 
the most similar proteins would 
be expected to have similar DNA 
and similar origins.  

EXPLORING NEW ENVIRONMENTS
Students examine complex rela-
tionships between organisms and 
the physical and biological envi-
ronment as well as the movement 
of energy and materials within an 
ecosystem.

SEQUENCE OF MODULES
A sequence relating the three modules is summarized 
below:

1. EXPLORING NEW ENVIRONMENTS — Stu-
dents learn fundamental concepts of relationships 
between organisms and their environment. In both mod-
ules students examine the vital relationship of bacteria 
to all living organisms. 

2. FROM FISHES TO FINCHES — Students use 
molecular data to determine which ýsh are most closely 
related. In The Power Within students also use molecu-
lar data to compare the evolutionary origin of organ-
isms, and in each module they learn how to read and 
draw phylogenetic trees.

3. THE POWER WITHIN — Students are introduced 
to the science of bioinformatics which uses molecular 
data to generate sequence alignments. This data can 
then be used to construct phylogenetic trees. Bioinfor-
matics, which allows students to compare sequence 
alignments, would be considered a more advanced 
method of comparing organisms than comparing mor-
phological differences or differences in protein banding.

CONNECTION TO OTHER DESTINY MODULES
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THE POWER WITHIN IMPLEMENTATION PLAN � PRE-LAB

Activity Estimated 
Time

Materials/Equipment Purpose/Objectives/ 
Essential Question

Engagement Activity:
�Power Trip� skit

15 Minutes Copies of script
Copies of worksheet

Purpose
To help students understand the evolu-
tionary origin of certain eukaryotic organ-
elles�chloroplasts and mitochondria.

Objectives
P:  Students will review the structure and 

function of cellular organelles.
O:  Students will analyze the classi�ca-

tion of organisms according to their 
evolutionary relationships.

W: Students will become familiar with the 
contribution of various scientists to the 
theory of endosymbiosis.

E:  Students will learn how to draw and 
interpret cladograms.

R:  Students will analyze and explain the 
interactive role of organisms in nature.

Essential Question
How did endosymbiosis lead to the origin 
of eukaryotic cells?

Exploration Activity:
P�Parts of the Cell
O�Organism Classi�cation
W�Who am I?
E�Evolutionary Relation-

ships
R�Biological Relationships

45 Minutes Data Sheet for Stations
P: Cell Poster/Station Sheets/Cell 

models/Crossword Puzzle
O: Magnetic Diagram Station 

Sheets and Labels
W: Station Sheets
E: Magnetic White Boards/Pens, 

Station Sheets
R: Station Sheets and Stickers
Alphabet Rubber Stamp Set
Ink pads

Explanation/ 
Elaboration Activity

15 Minutes Diagrams
�  How a bacterium might 

become a mitochondrion
�  Di�erent ribosomes in 

eukaryotes
�  Geological time scale
�  Domains of life
�  Pictures of cladograms
�  Tree analysis picture

Evaluation 10 Minutes Writing Activity

Alignment with NC Competency Goals

Biology

Goal 1
Objectives 1.01, 1. 02, 1.03, 1.05
Goal 2
Objectives 2.01, 2.02

Goal 3
Objectives 3.01, 3.05
Goal 4
Objectives 4.01, 4.03
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Purpose
To help students understand the evolutionary origin of 
two eukaryotic organelles—the chloroplast and mito-
chondrion.

ObjectiVes:
•  Students will review the structure and function of cel-

lular organelles.
Å  Students will analyze the classiýcation of organisms 

according to their evolutionary relationships.
•  Students will analyze and explain the interactive role 

of organisms in nature.
•  Students will learn how to analyze sequence align-

ments and draw and interpret cladograms. 
•  Students will examine scientists’ explanations for the 

evolutionary origin of eukaryotic organelles.

Essential question 
“What role did endosymbiosis play in the evolution of 
the eukaryotic cell?”

Materials needed  
for the POWER stations:
•  Timer – one per class
•  5 stamps P, O, W, E and R
•  5 ink pads

Engagement
Based on a reality-TV format, this skit in-
troduces students to four types of relation-
ships in nature. This activity takes  
15 minutes.

Exploration
Teacher will set up the ýve POWER Stations
(Allow students 8-10 minutes for each station.)

Instruct students to make observations 
and gather information from each of the 
ýve stations, P, O, W, E, and R, and to 
answer the essential question: What role 

did endosymbiosis play in the evolution of the eukary-
otic cell?

Instructions: All group members are responsible for 
everyone in the group as well as themselves in learning 
the assigned materials at each station. The group leader 
for each station will stamp the individual data sheets for 
group members if they feel everyone in the group has 
learned the assigned material.

All student groups will visit each of the 5 Exploration 
stations, P, O, W, E, and R. Use a timer to “move” the 
groups along to all of the 5 stations.

Randomly assign a different group to explain each of 
the 5 stations. For example: 

Only one group will be asked to explain the Scien-
tist station via the questions they have written. That 
one student group will ask the class their revealing 
questions to assess the class’s understanding of the 
scientists and their contributions.

Group members should divide up the tasks and share in 
the responsibility equally. All group members will be 
involved in the Explanation that is brought back to the 
class.

STATION P: PARTS OF THE CELL
Materials Needed
Station Sheets, Cell Poster, Cell Model, Crossword 
Puzzle	

PROCEDURE
1.  Review the Background Information for Cellular 

Organization.
2.  Using your knowledge gained in step #1 above, 

complete the Crossword Puzzle.
3.  Assemble the plant and animal cells using the pro-

vided materials.

STATION O: ORGANISM CLASSIFICATION
Materials Needed
Station Sheets and Magnetic Diagrams with labels

PROCEDURE
1.  Students will complete the table that summarizes the 

main points used in classifying organisms into the 
major taxonomic categories.

The Power Within PRE�LAB ACTIVITIES:
UTILIZING THE 5E MODEL
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Directions
There are ýve ñbaggies of informationò used to dis-
tinguish each group of organisms. Divide the baggies 
among the members of your group and take turns 
placing the correct information onto the magnetic game 
board. Consult with your group to make sure all the in-
formation is in the correct category. When everyone in 
your group is ýnished, answer the following questions 
to determine to which kingdom the mystery organism 
belongs.

STATION W: WHO AM I?
Materials Needed
Station sheets and charts

PROCEDURE
1.  Each member of your group needs to choose a dif-

ferent scientist from the 5 scientist sheets provided 
at your station.

2.  Students will read the information about each scien-
tist and introduce their scientist to group members. 

3.  Formulate speciýc clues that will reveal your scien-
tist without telling who your scientist is. Example: 
Which scientist came up with the formula, E=mc2? 
Answer: Albert Einstein. 

STATION E: EVOLUTIONARY RELATIONSHIPS
Materials Needed
Magnetic white boards, pens, station sheets

PROCEDURE
1.  Read the information on the station sheets.
2.  Use the example provided to draw your own clado-

gram on the white board provided at the station.

STATION R: RELATIONSHIPS THAT EXIST BETWEEN 
ORGANISMS 
Materials Needed
Station sheets, Tic Tac Toe Grid; stickers

PROCEDURE
1.  Examples of parasitism, commensalism, and mutual-

ism are required to complete the Tic Tac Toe chart.
2.  Each example corresponds to a sticker on the next 

sheet of labels.
3.  Match each label to its corresponding symbiotic 

description above, and place the sticker in its ap-
propriate space.

Explanation/ Elaboration
1.  Student groups will be selected 

randomly to present information from 
each of the ýve stations.

2.  Teachers will guide students by using 
questioning techniques to ensure 
essential information is presented at 
each station.

3.  More in depth topics related to each 
station will be discussed by the 
teacher.

EValuation
Endosymbiosis Quiz Game — Jeopardy 
style quiz game
or 
Writing Activity — Students are asked 
to write a paragraph which describes a 

diagram illustrating the endosymbiosis theory.
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Based on a reality-TV format, this skit introduces students to four types of relationships occurring between organ-
isms in nature. Depending upon time taken for discussion, this activity lasts 15-20 minutes.

Materials Needed

•  Copies of the “Power Trip” script for students playing parts. The announcer will need a copy of the entire script. 
Each pair of actors will need only copies of their own scene.

•  Copies of the “Power Trip” worksheet and script: one worksheet and one full script (or one scene) for each student 
group.

Directions for the Teacher

1.  The teacher selects nine students to play parts in the skit: one announcer and eight contestants in the “Power 
Trip” reality show on TV.

2.  The students act out the scenes in this week’s episode of “Power Trip” in front of the class.

3.  The teacher may choose to have the class vote on their favorite character—the character they most want to stay 
on the show (Madison, Mike, Tina, Antonio, Rose, Trey, Lara, or Theta). The character with the least votes is off 
the show!

4.  The teacher then divides the class into groups of ýve or six students. Each group will have a copy of the script 
and a copy of the “Power Trip” worksheet. (As an alternative, shorter version of this activity, the teacher may ask 
each group to analyze a different scene and report their conclusion to the rest of class.)  

5.  The teacher will explain that, all around us in nature, living things are involved in a kind of reality show of their 
own – with many relationships and associations between different species occurring. Some of these relationships 
are beneýcial to both organisms; some are beneýcial or harmful to one partner in the relationship and not to the 
other; and some associations do not beneýt either partner, and in fact may be harmful to one or both of them.

6.  The teacher provides the following instruction to the groups: “Using clues provided in the ‘Power Trip’ script, 
identify which scenes correspond to each of these four types of biological relationships described on your work-
sheet: commensal, competitive, mutualistic, and parasitic.” 

7.  When the groups complete their worksheets, the teacher brings the class together to discuss their answers. In ad-
dition to matching each scene with a type of relationship, the class should compare the clues they gathered from 
each scene. These clues can be listed on the board in front of the class.

8.  Finally, now that the students know which organisms are related to the “Power Trip” characters, the teacher may 
choose to have the class take another vote. Which organism (cockroach, mite, human toe, fungus, þower, tree, 
human large intestine, or bacterium) do they want to stay on the show? 

Engagement ActiVity
POWER TRIP: Engage Students in the Concept 
of BIOLOGICAL RELATIONSHIPS
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POWER TRIP: Teacher�s Script

SCENE 1

Announcer: In this week’s episode of the hit reality show “Power Trip,” the relationships between the remaining 
contestants are really being tested. While they try to make their big break in the entertainment industry, they have 
to endure the everyday struggles of young adults just starting out their lives in the big city. They have to make ends 
meet, discover who their real friends are, and perhaps even ýnd true love that will last long after this TV show has 
ended. 

Let’s check in on what happened to the Power Trippers this week …

While they wait for their big break, good friends Madison and Michael are sharing an apartment. 

[Madison and Michael take center stage.]

Madison: Um … can I talk to you about something, Mike? 

Michael: Sure, I’m just kind of hanging out. Going to have something to eat in a moment.

Madison: Uh … well, I don’t mind about this myself—I mean, it doesn’t bother me personally—but some people 
on the show are saying that you take advantage of me.

Michael: What?! Who said that?! Wow! I can’t believe that they would say that! 

Madison: Hey, now, don’t get all upset! It’s just that you’re sleeping on my couch, and eating all your meals over 
here, and giving nothing back. Some people think that’s not right.

Michael: Wow! It’s not like I’m in anyone’s way. I take up very little space around here, and I just eat leftovers. 
Cold pizza and þat Pepsi for breakfast. Yeah, thatôs my big gourmet feast! Thatôs taking advantage?!

Madison: OK, I’m sorry I brought this up. I really don’t care one way or the other.

[Madison and Michael exit.]

SCENE 2

Announcer: Meanwhile, the showôs hot couple, Antonio and Tina, are also having difýculties.

[Antonio and Tina take center stage.]

Antonio: Tina, I … I want to take a break from our relationship. 

Tina: No way! What are you saying?! I thought we were going to the beach together this weekend!

Antonio: I’m sorry, Tina. I … I need to stay in the city. I have an audition coming up. I need to focus on that. I … I 
need some space. 

Tina: What did I do, Antonio? We were getting along ýne. I thought you really liked me!
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Antonio: Yeah, I did … I mean, sort of … Uh, I don’t know. It’s just too much for me. You’re too much for me. It’s 
irritating!

Tina: I’m irritating? I’m irritating?! Do you think you’re some sort of dream date? It’s not like you’re good looking 
or anything!

Antonio: Yeah, well, don’t you think I know you’ve just been hanging out with me because I’m a free meal ticket. 
Well, that’s over!

Tina: Yeah, well, this stinks!

[Antonio and Tina exit.]

SCENE 3

Announcer: Rose and Trey are clashing again. They just cannot seem to be in the same space together without get-
ting in each other’s way.

[Rose and Trey take center stage]

Rose: I am sick and tired of this, Trey! Stop spreading rumors about me! I have not had cosmetic surgery! As if I 
even need it!

Trey: Hey, now, simmer down! What are you talking about?

Rose: You know what I’m talking about! You’re telling everyone I’m basically plastic! And I’m not! 

Trey: Well, now, I’m not saying I did or I didn’t. People talk. Anyway, you’re not going to win votes just because 
the viewers think you have a pretty face. 

Rose: If you think you’re going to win votes just because … because you’re the biggest oaf on the show.… Well, 
two can play that game, Trey! I can start rumors about you and steroids!

Trey: Hey, now, that hurts. You’re just throwing accusations around without any proof. You really need to stop being 
so petalant.

Rose: It’s pet-u-lant! Not pet-a-lant! Do you even know what the word means?!

[Trey and Rose exit.]

SCENE 4

Announcer: The only contestants who haven’t been involved in a big controversy this season are Lara and Theta. 

[Lara and Theta take center stage.]

Lara: Did you hear Mad and Mike arguing? Can you believe it? They never argue!

Theta: Yeah, it’s not like Rose and Trey. Those two have never gotten along.

Lara: I know. And did you hear that Antonio and Tina are breaking up?
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Theta: Yeah, they were getting along all right until … I don’t know … I think sometimes things just get out of bal-
ance. One side wants more than the other can give. You know what I mean?

Lara: Yeah, I hope that doesn’t happen with us. We’re so different, but we’re really good friends. You’ve helped me 
get this far on the show.

Theta: From the moment I arrived here, you made me feel like one of the group.

Lara: Well, not everyone’s like you, Theta. It’s give-and-take with you—not just take, take, take. You’re one of the 
good ones.

Theta: Why, thank you, Lara! I think you’re OK, too.

[Lara and Theta exit.]

Announcer: Tune in to see what happens next and who gets voted off the show. All we can say now is … IT’S A 
TRIP!
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POWER TRIP: Work sheet
Using clues provided in the script, identify which scenes in this episode of “Power Trip” correspond to each of these 
four types of biological relationship described below. Also identify which character corresponds to which organism 
in each “Power Trip” relationship.

A. Commensalism [J K]: In this biological relationship, one organism beneýts. The other organism does not 
beneýt, but neither is it harmed.

Example: The Madagascar hissing cockroach and the hissing-cockroach mite.

This cockroach (which really does hiss!) plays host to the mite, which feeds on saliva and scraps of food it ýnds on 
the roachôs body. The mite, which neither harms nor beneýts the roach, cannot survive apart from this host.

“Power”ful Connections: This commensal relationship corresponds to this scene in “Power Trip” (choose scene 1, 
2, 3, or 4): ______.

This organism (_________________) corresponds to this character (_______________) in the scene.

This organism (_________________) corresponds to this character (_______________) in the scene.

These are some of the clues provided in the scene: ____________________________________________________ 
 
_____________________________________________________________________________________________ 
 
_____________________________________________________________________________________________

B. Competition [L L]: In this biological relationship, both organisms are annoyed by the other’s pushy behavior. 
By the way, itôs not always a fair ýght.

Example: Plants such as þowers and trees may compete with each other for the same resources available in an 
area—moisture and nutrients in the soil, space in which to grow, and sunlight. 

“Power”ful Connections: This competitive relationship corresponds to this scene in “Power Trip” (choose scene 1, 
2, 3, or 4): ______.

This organism (_________________) corresponds to this character (_______________) in the scene.

This organism (_________________) corresponds to this character (_______________) in the scene.

These are some of the clues provided in the scene: ____________________________________________________ 
 
_____________________________________________________________________________________________ 
 
_____________________________________________________________________________________________

C. Mutualism [J J]: In this biological relationship, both organisms beneýt.

Example: The human large intestine and some species of gut þora (bacteria that make the intestines their home). 

Bacterioides thetaiotamicron is one species of bacteria that can be found in the healthy human intestine, where it 
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helps stimulate development of the blood vessels.

“Power”ful Connections: This mutualistic relationship corresponds to this scene in “Power Trip” (choose scene 1, 
2, 3, or 4): ______

This organism (_________________) corresponds to this character (_______________) in the scene.

This organism (_________________) corresponds to this character (_______________) in the scene.

These are some of the clues provided in the scene: ____________________________________________________ 
 
_____________________________________________________________________________________________ 
 
_____________________________________________________________________________________________

D. Parasitism [J L]: In this biological relationship, one partner beneýts, while the other organism is taken ad-
vantage of and even harmed.

Example: The human toe and Trichophyton rubrum, one of the species of fungi that cause Tinea pedis, the infection 
known as Athlete’s Foot.

The human toe can supply a menu of nutritious items (like dead skin and nails) for certain kinds of fungi to dine on. 
Normally, the human toe is ýne with this. But sometimes (in damp conditions, for instance) the fungi overgrow and 
become very irritating.

“Power”ful Connections: This parasitic relationship corresponds to this scene in “Power Trip” (choose scene 1, 2, 
3, or 4): ______.

This organism (_________________) corresponds to this character (_______________) in the scene.

This organism (_________________) corresponds to this character (_______________) in the scene.

These are some of the clues provided in the scene: ____________________________________________________ 
 
_____________________________________________________________________________________________ 
 
_____________________________________________________________________________________________
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POWER TRIP: Work sheet
Using clues provided in the script, identify which scenes in this episode of “Power Trip” correspond to each of these 
four types of biological relationship described below. Also identify which character corresponds to which organism 
in each “Power Trip” relationship.

A. Commensalism [J K]: In this biological relationship, one organism beneýts. The other organism does not ben-
eýt, but neither is it harmed.

Example: The Madagascar hissing cockroach and the hissing-cockroach mite.

This cockroach (which really does hiss!) plays host to the mite, which feeds on saliva and scraps of food it ýnds on 
the roachôs body. The mite, which neither harms nor beneýts the roach, cannot survive apart from this host.

“Power”ful Connections: This commensal relationship corresponds to this scene in “Power Trip” (choose scene 1, 
2, 3, or 4):     1    .

This organism (Madagascar hissing cockroach) corresponds to this character (Madison) in the scene.

This organism (hissing-cockroach mite) corresponds to this character (Michael) in the scene.

These are some of the clues provided in the scene: Michael/Mite is “just kind of hanging out,” eating leftovers, and 
sleeping on the couch. He’s not in the way. And Madison/Roach really doesn’t mind; he says that “it doesn’t bother 
me personally.”

B. Competition [L L]: In this biological relationship, both organisms are annoyed by the other’s pushy behavior. 
By the way, itôs not always a fair ýght.

Example: Plants such as þowers and trees may compete with each other for the same resources available in an 
area—moisture and nutrients in the soil, space in which to grow, and sunlight. 

“Power”ful Connections: This competitive relationship corresponds to this scene in “Power Trip” (choose scene 1, 
2, 3, or 4):      3        .

This organism (þower) corresponds to this character (Rose) in the scene.

This organism (tree) corresponds to this character (Trey) in the scene.

These are some of the clues provided in the scene: The announcer says it best: “They just cannot seem to be in the 
same space together without getting in each other’s way.”

C. Mutualism [J J]: In this biological relationship, both organisms beneýt.

Example: The human large intestine and some species of gut þora (bacteria that make the intestines their home). 

Bacterioides thetaiotamicron is one species of bacteria that can be found in the healthy human intestine, where it 
helps stimulate development of the blood vessels.

“Power”ful Connections: This mutualistic relationship corresponds to this scene in “Power Trip” (choose scene 1, 
2, 3, or 4):     4    .

KEY
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This organism (human large intestine) corresponds to this character (Lara) in the scene.

This organism (B. thetaiotamicron) corresponds to this character (Theta) in the scene.

These are some of the clues provided in the scene: Lara/large intestine tells her friend Theta/B. thetaiotamicron, 
“We’re so different, but we’re really good friends. You’ve helped me get this far on the show” and “It’s give-and-
take with you – not just take, take, take.” Theta agrees with Lara; and she says, “From the moment I arrived here, 
you made me feel like one of the group” (i.e., provided shelter) and “I think you’re OK, too.” 

D. Parasitism [J L]: In this biological relationship, one partner beneýts, while the other organism is taken advan-
tage of and even harmed.

Example: The human toe and Trichophyton rubrum, one of the species of fungi that cause Tinea pedis, the infection 
known as Athlete’s Foot.

The human toe can supply a menu of nutritious items (like dead skin and nails) for certain kinds of fungi to dine on. 
Normally, the human toe is ýne with this. But sometimes (in damp conditions, for instance) the fungi overgrow and 
become very irritating.

“Power”ful Connections: This parasitic relationship corresponds to this scene in “Power Trip” (choose scene 1, 2, 
3, or 4):    2   .

This organism (human toe) corresponds to this character (Antonio) in the scene.

This organism (T. rubrum) corresponds to this character (Tina) in the scene.

These are some of the clues provided in the scene: Antonio/human toe needs a break because Tina/fungus has 
become “irritating”; he says she sees him as “a free meal ticket.” Tina was looking forward to going to the beach 
(fungi like damp environments!).
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POWER TRIP: Students� scripts

POWER TRIP: Announcer�s Script

SCENE 1

Announcer: In this week’s episode of the hit reality show “Power Trip,” the relationships between the remaining 
contestants are really being tested. While they try to make their big break in the entertainment industry, they have 
to endure the everyday struggles of young adults just starting out their lives in the big city. They have to make ends 
meet, discover who their real friends are, and perhaps even ýnd true love that will last long after this TV show has 
ended. 

Let’s check in on what happened to the Power Trippers this week …

While they wait for their big break, good friends Madison and Michael are sharing an apartment. 

[Madison and Michael take center stage, act out their scene, and exit.]

SCENE 2

Announcer: Meanwhile, the showôs hot couple, Antonio and Tina, are also having difýculties.

[Antonio and Tina take center stage, act out their scene, and exit.]

SCENE 3

Announcer: Rose and Trey are clashing again. They just cannot seem to be in the same space together without get-
ting in each other’s way.

[Rose and Trey take center stage, act out their scene, and exit.]

SCENE 4

Announcer: The only contestants who haven’t been involved in a big controversy this season are Lara and Theta. 

[Lara and Theta take center stage, act out their scene, and exit.]

Announcer: Tune in to see what happens next and who gets voted off the show. All we can say now is … IT’S A 
TRIP!
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POWER TRIP: Michael and Madison�s Script

SCENE 1

Announcer: In this week’s episode of the hit reality show “Power Trip,” the relationships between the remaining 
contestants are really being tested. While they try to make their big break in the entertainment industry, they have 
to endure the everyday struggles of young adults just starting out their lives in the big city. They have to make ends 
meet, discover who their real friends are, and perhaps even ýnd true love that will last long after this TV show has 
ended. 

Let’s check in on what happened to the Power Trippers this week …

While they wait for their big break, good friends Madison and Michael are sharing an apartment. 

[Madison and Michael take center stage.]

Madison: Um … can I talk to you about something, Mike? 

Michael: Sure, I’m just kind of hanging out. Going to have something to eat in a moment.

Madison: Uh … well, I don’t mind about this myself—I mean, it doesn’t bother me personally—but some people 
on the show are saying that you take advantage of me.

Michael: What?! Who said that?! Wow! I can’t believe that they would say that! 

Madison: Hey, now, don’t get all upset! It’s just that you’re sleeping on my couch, and eating all your meals over 
here, and giving nothing back. Some people think that’s not right.

Michael: Wow! It’s not like I’m in anyone’s way. I take up very little space around here, and I just eat leftovers. 
Cold pizza and þat Pepsi for breakfast. Yeah, thatôs my big gourmet feast! Thatôs taking advantage?!

Madison: OK, I’m sorry I brought this up. I really don’t care one way or the other.

[Madison and Michael exit.]
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POWER TRIP: Antonio and Tina�s Script

SCENE 2

Announcer: Meanwhile, the showôs hot couple, Antonio and Tina, are also having difýculties.

[Antonio and Tina take center stage.]

Antonio: Tina, I … I want to take a break from our relationship. 

Tina: No way! What are you saying?! I thought we were going to the beach together this weekend!

Antonio: I’m sorry, Tina. I … I need to stay in the city. I have an audition coming up. I need to focus on that. I … I 
need some space. 

Tina: What did I do, Antonio? We were getting along ýne. I thought you really liked me!

Antonio: Yeah, I did … I mean, sort of … Uh, I don’t know. It’s just too much for me. You’re too much for me. It’s 
irritating!

Tina: I’m irritating? I’m irritating?! Do you think you’re some sort of dream date? It’s not like you’re good looking 
or anything!

Antonio: Yeah, well, don’t you think I know you’ve just been hanging out with me because I’m a free meal ticket. 
Well, that’s over!

Tina: Yeah, well, this stinks!

[Antonio and Tina exit.]
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POWER TRIP: Rose and Trey�s Script

SCENE 3

Announcer: Rose and Trey are clashing again. They just cannot seem to be in the same space together without get-
ting in each other’s way.

[Rose and Trey take center stage]

Rose: I am sick and tired of this, Trey! Stop spreading rumors about me! I have not had cosmetic surgery! As if I 
even need it!

Trey: Hey, now, simmer down! What are you talking about?

Rose: You know what I’m talking about! You’re telling everyone I’m basically plastic! And I’m not! 

Trey: Well, now, I’m not saying I did or I didn’t. People talk. Anyway, you’re not going to win votes just because 
the viewers think you have a pretty face. 

Rose: If you think you’re going to win votes just because … because you’re the biggest oaf on the show.… Well, 
two can play that game, Trey! I can start rumors about you and steroids!

Trey: Hey, now, that hurts. You’re just throwing accusations around without any proof. You really need to stop being 
so petalant.

Rose: It’s pet-u-lant! Not pet-a-lant! Do you even know what the word means?!

[Trey and Rose exit.]
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POWER TRIP: Lara and Theta�s Script

SCENE 4

Announcer: The only contestants who haven’t been involved in a big controversy this season are Lara and Theta. 

[Lara and Theta take center stage.]

Lara: Did you hear Mad and Mike arguing? Can you believe it? They never argue!

Theta: Yeah, it’s not like Rose and Trey. Those two have never gotten along.

Lara: I know. And did you hear that Antonio and Tina are breaking up?

Theta: Yeah, they were getting along all right until … I don’t know … I think sometimes things just get out of bal-
ance. One side wants more than the other can give. You know what I mean?

Lara: Yeah, I hope that doesn’t happen with us. We’re so different, but we’re really good friends. You’ve helped me 
get this far on the show.

Theta: From the moment I arrived here, you made me feel like one of the group.

Lara: Well, not everyone’s like you, Theta. It’s give-and-take with you—not just take, take, take. You’re one of the 
good ones.

Theta: Why, thank you, Lara! I think you’re OK, too.

[Lara and Theta exit.]
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THE POWER WITHIN  
DATA OBSERVATION SHEET

STATION P

STATION O
Based on the information given to you from the completed table and these questions, in what 
kingdom does your mystery organism belong?

_______________________________________

In what domain is this kingdom found?

_______________________________________
	

List some possible examples of this kingdom.

_______________________________________
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STATION W

Write your clue questions below.

1. ______________________________________________________________________________

2. ______________________________________________________________________________

3. ______________________________________________________________________________

4. ______________________________________________________________________________

5. ______________________________________________________________________________

STATION E

Copy the cladogram your group has drawn on the marker board onto your data sheet.

STATION R
Place stickers on the blocks to indicate which organisms your team has selected for 			 
each space below.

Species A + Parasitism
Species A bene�ts and Species B is 
harmed.

Commensalism
Species A bene�ts and  
Species B is una�ected.

Mutualism
Both species bene�t.

Species A 0 FREE SPACE Neutralism
Both species una�ected
NO STICKER NEEDED

Commensalism
Species A is una�ected  
while Species B bene�ts.

Species A � Competition
Neither species bene�ts
NO STICKER NEEDED

FREE SPACE Parasitism
Species B bene�ts at the expense of 
Species A.

Species B - Species B 0 Species B +
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P
STATION

PARTS OF THE CELL
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OBJECTIVE
Student will gain knowledge about the structure and function of the cell.

MATERIAL NEEDED
•  Background Information Sheet
•  Parts of the Cell Crossword Puzzle
•  Pre-printed magnetic sheets for plant and animal cell organelles
•	 Pre-printed magnetic sheets for plant and animal cells

PROCEDURE
1.  Review the Background Information for Cellular Organization.
2.  Using your knowledge gained in step #1 above, complete the Crossword Puzzle.
3.  Construct the plant and animal cells using the magnetic sheets provided.

After teacher review and evaluation of your models, please disassemble both the plant and animal cell models.

STATION P: Parts of the Cell
EXPLORATION ACTIVITY
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PARTS OF THE CELL: (Cellular Organization)
BACKGROUND INFORMATION

COMPARTMENT ORGANELLE DESCRIPTION FUNCTION

Plasma Membrane Semi-permeable lipid bilayer on outside of cell Controls movement of substances into and out of cell

Cytoplasm Consists of a semi�uid medium called cytosol, where the 
organelles are located

Site where most cellular activities are performed

Mitochondria �  Kidney bean-shaped
�  Contains inner and outer membranes composed of phos-

pholipid bilayers and proteins
�  Contains cristae (formed by infoldings of the inner 

membrane), and the matrix (space within the inner 
membrane)

�  Mitochondria possess their own genetic material, and 
the machinery to manufacture their own RNAs and 
proteins

�  Mitochondria contain ribosomes

�  Generate most of the cell�s supply of ATP
�  Source of energy
�  The matrix is important in the production of ATP with 

the aid of the ATP synthase contained in the inner 
membrane. Of the enzymes, the major functions 
include oxidation of pyruvate and fatty acids, and the 
citric acid cycle.

�  Mitochondria have the ability to manufacture their 
own RNAs and proteins

Chloroplast �  Looks like a green sack
�  Found only in plants and protista
�  The chloroplast is surrounded by a double-layered 

composite membrane with an intermembrane space
�  Chloroplasts often surround vacuoles, which are �uid 

cavities surrounded by a single membrane
�  The chloroplast has its own DNA
�  The chloroplast is the site of photosynthesis

�  The material within the chloroplast is called the 
stroma

�  Within the stroma are stacks of thylakoids, the sub-
organelles which are the site of photosynthesis

�  The thylakoids are arranged in stacks called grana 
(singular: granum)

�  Photosynthesis takes place on the thylakoid 
membrane

�  The chloroplast contains ribosomes

ONLY IN PLANT CELLS
Responsible for conducting photosynthesis (captures 
light energy from the sun, using water and carbon 
dioxide, producing sugar and oxygen)

Ribosomes �  A small, dense, functional structure found in all known 
cells that assembles proteins

�  Free ribosomes are suspended in the cytosol (the semi-
�uid portion of the cytoplasm) or bound to the rough 
endoplasmic reticulum, or to the nuclear envelope

�  Ribosomes are also found within the mitochondria and 
chloroplast

Builds proteins with the assistance of mRNA & tRNA

Endoplasmic reticulum �  An extensive membrane network of cisternae (sac-like 
structures), tubules, and vesicles held together by the 
cytoskeleton

�  Looks like a stack of pancakes with syrup dripping o�
�  If contains ribosomes is known as �rough ER�
�  If ribosomes are not present is known as �smooth ER�

Responsible for several specialized functions:
�  Protein translation
�  Protein folding
�  Transport of proteins to be used in the cell membrane
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ACROSS
4.  Structural and functional unit of life
6.  Powerhouses of the cell (plural)
7.  Control center for the cell
8.  Fluid portion of the cytoplasm

PARTS OF THE CELL CROSSWORD

6

2 3

7

8

4

1

5

DOWN
1.  In a plant cell: �uid-�lled cavity surrounded by a membrane
2.  Endoplasmic _____________ (ER)
3.  Responsible for photosynthesis in plant cells (singular)
5.  These may be attached to the ER or free in the cytoplasm
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PARTS OF THE CELL CROSSWORD
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CONSTRUCT A PLANT CELL MODEL
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CONSTRUCT AN ANIMAL CELL MODEL
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STATION P: Parts of the Cell
EXPLANATION/ELABORATION ACTIVITY
FIGURE 5: HOW A BACTERIUM MIGHT BECOME A MITOCHONDRION

A bacterium encounters an 
eukaryotic cell membrane.1.

The bacterium is enveloped by 
the eukaryotic cell membrane2.

The bacterium develops a double 
membrane and remains inside 
the cell.

3.

Eukaryotic cell 
membrane

Bacterial DNA
Bacterium

Cytoplasm

Bacterial 
ribosomes

Mitochondrion
DNA

Ribosomes

Outer mitochondrial membrane
(from the eukaryotic cell membrane)

Inner mitochondrial membrane
(from the bacterial cell membrane)

Nucleus

Bacterial 
cell membrane

Eukaryotic cell 
membrane

Bacterial 
cell membrane
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FIGURE 6: DIFFERENT RIBOSOMES IN EUKARYOTIC CELLS

Animal cell

Ribosomes on rough ER

Cytoplasmic ribosomes

Mitochondrial ribosomes

Chloroplast ribosomes

Cytoplasmic ribosomes

Mitochondrial ribosomes

Plant cell

Ribosomes on rough ER
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O
STATION

ORGANISM CLASSIFICATION
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OBJECTIVES
Student will gain knowledge about the classiýcation of organisms and complete a chart that summarizes the main 
points used in classifying organisms into the current major taxonomic categories.

MATERIAL NEEDED
•  Magnetic Game Board
Å  Magnetic Game Board Pieces contained in ýve bags, labeled with the headings from the game board
•  Station sheets for each student
•  Teacher Answer Sheet

TEACHER PREPARATION
1.  Prior to the lab, cut the game board pieces out and place in the appropriate size baggies, labeled with the headings 

from the game board.
2.  Magnetic Game Board and game pieces should be placed at the station.
3.  There are ýve ñbaggies of informationò used to distinguish each group of organisms.  Have the students divide 

the baggies among the members of the group and take turns placing the correct information onto the magnetic 
game board.  Students should consult with the group to make sure all the information is in the correct category.  
When all students in the group are ýnished, they should answer the questions to determine which kingdom the 
mystery organism belongs in.

4.  When students have completed this activity, the group leader should check their answers so that they can receive 
the stamp of completion.

5.  Instruct the students to place all the game pieces back into the correct baggie for the next group to use.  Make 
sure they do not share their ýndings with the other groups of students until asked to do so.

6.  Teachers can vary the difýculty of the chart by adding or deleting blocks on the game board.

STATION o: organism classification
EXPLORATION ACTIVITY
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At this station, you will complete the table that summarizes the main points used in classifying organisms  
into the major taxonomic categories.

Directions
There are ýve ñbaggies of informationò used to distinguish each group of organisms.  Divide the baggies among the 
members of your group and take turns placing the correct information onto the magnetic game board.  Consult with 
your group to make sure all the information is in the correct category.  When everyone in your group is ýnished, 
answer the following questions to determine which kingdom the mystery organism belongs in.

Mystery Organism
List the possible choices at each question until you have narrowed down the organism to one kingdom.

1.  This organism is eukaryotic:

_________________________________________________________________

2.  This organism has cell walls: 

_________________________________________________________________

3.  This organism has membrane bound organelles:

_________________________________________________________________

4.  This organism belongs to a group of organisms which could be unicellular or multicellular:

_________________________________________________________________

5.  This organism is heterotrophic:

_________________________________________________________________

6.  This organism does not carry out photosynthesis, but obtains its nourishment from dead or decaying organic matter:

_________________________________________________________________

Summarize
Based on the information given to you from the completed table and these questions, in what kingdom does your 
mystery organism belong?

__________________________________

In what domain is this kingdom found?   __________________________________
	
List some possible examples of this kingdom. __________________________________

Check
When you have completed this activity, have your teacher check your answers so that you can receive your stamp of 
completion.

Clean up
Place all the game pieces back into the correct baggie for the next group to use.  Do not share your ýndings with the 
other groups of students until asked to do so.

STATION O: ORGANISM CLASSIFICATION
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At this station, you will complete the table that summarizes the main points used in classifying organisms into the 
major taxonomic categories.

Directions
There are ýve ñbaggies of informationò used to distinguish each group of organisms.  Divide the baggies among the 
members of your group and take turns placing the correct information onto the magnetic game board.  Consult with 
your group to make sure all the information is in the correct category.  When everyone in your group is ýnished, 
answer the following questions to determine which kingdom the mystery organism belongs in.

Mystery Organism
List the possible choices at each question until you have narrowed down the organism to one kingdom.

1.  This organism is eukaryotic:
Protista, Fungi, Plantae, Animalia

2.  This organism has cell walls: 
Protista, Fungi, Plantae

3.  This organism has membrane bound organelles:
Protista, Fungi, Plantae, Animal

4.  This organism belongs to a group of organisms which could be unicellular or multicellular:
Protista, Fungi

5.  This organism is heterotrophic:
Protista, Fungi

6.  This organism does not carry out photosynthesis, but obtains its nourishment from dead or decaying organic matter:
Fungi

Summarize
Based on the information given to you from the completed table and these questions, in what kingdom does your 
mystery organism belong?

Fungi

In what domain is this kingdom found? 
Eukarya

	
List some possible examples of this kingdom.

Mushrooms, Yeast, Penicillium

Check
When you have completed this activity, have your group leader check your answers so that you can receive your 
stamp of completion.

Clean up
Place all the game pieces back into the correct baggie for the next group to use.  Do not share your ýndings with the 
other groups of students until asked to do so.

STATION O: ORGANISM CLASSIFICATION
KEY
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ORGANISM CLASSIFICATION

Domain Bacteria Archaea Eukarya

KINGDOM Fungi

CELL TYPE Prokaryote

NUMBER OF 
CELLS

Multicellular

MODE OF 
NUTRITION

Autotroph or 
Heterotroph

CELL  
STRUCTURES

Membrane-
bound organ-
elles. Cell walls 
composed of 
cellulose for 
some. Chloro-
plasts found in 
some. 

GENERAL 
CHARACTER-
ISTICS

Very diverse 
group of 
organisms 
that can move 
about at least 
for some part 
of their life 
cycle

EXAMPLES

STATION O: ORGANISM CLASSIFICATION
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ORGANISM CLASSIFICATION

Domain Bacteria Archaea Eukarya

KINGDOM Eubacteria Archaebacteria Protista Fungi Plantae Animalia

CELL TYPE Prokaryote Prokaryote Eukaryote Eukaryote Eukaryote Eukaryote

NUMBER OF 
CELLS

Unicellular Unicellular Typically uni-
cellular. Some 
colonial. Some 
are multicel-
lular

Most are mul-
ticellular. Some 
are unicellular

Multicellular Multicellular

MODE OF 
NUTRITION

Autotroph or 
Heterotroph

Autotroph or 
Heterotroph

Autotroph or 
Heterotroph

Heterotroph Autotroph Heterotroph

CELL  
STRUCTURES

Cell walls with 
peptidoglycan 
(a polymer of 
sugars cross-
linked by short 
polypeptides)

Cell walls 
without pepti-
doglycan

Membrane-
bound organ-
elles. Cell walls 
composed of 
cellulose for 
some. Chloro-
plasts found in 
some. 

Membrane-
bound organ-
elles. Cell walls 
composed of 
chitin. 

Membrane-
bound organ-
elles. Cell walls 
composed 
of cellulose.
Chloroplasts 
present. 

Membrane-
bound 
organelles. No 
cell walls. No 
chloroplasts.

GENERAL 
CHARACTER-
ISTICS

Ecologically 
diverse; some 
are free-living 
soil organisms 
and others 
are deadly 
parasites

Found in the 
most extreme 
environments 
like volcanoes, 
brine pools, 
and the guts 
of cows.  Cell 
membranes 
contain unique 
lipids.

Some share 
characteristics 
with plants, 
such as being 
photosynthe-
sizers while 
others share 
characteristics 
with animals, 
such as being 
heterotrophic.

Most feed on 
dead or decay-
ing organic 
matter.  Also 
secrete diges-
tive enzymes 
into their food 
source

Photosynthetic 
autotrophs, 
which means 
they can 
manufacture 
their own food 
by the energy 
from sun.

Very diverse 
group of 
organisms 
that can move 
about at least 
for some part 
of their life 
cycle

EXAMPLES Escherichia coli, 
Cyanobacteria

Extreme 
halophiles, 
Methanogens

Amoeba, 
Paramecium, 
Slime molds

Mushrooms, 
Yeast, Penicil-
lium

Mosses, Ferns, 
Maple trees

Sponges, 
worms, insects, 
�shes, birds, 
and mammals

STATION O: ORGANISM CLASSIFICATION
KEY
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STATION o: organism classification
EXPLANATION/ELABORATION ACTIVITY

Discuss the Geological Time Scale relating several major biological events to the history of the earth. Use the dia-
gram provided.

In this calendar 4.6 billion years of the earth’s history are compressed into one year. Each day on the calendar is 
equal to almost 13 million years on the earth.

It is estimated that the solar system is about 6 billion years old. The Earth formed approximately 4.6 billion years 
ago. Moon rocks and meteorites indirectly conýrm this information, with moon rocks dating around 4.6 billion years 
old and meteorites dating 4.5 billion years old. There was no oxygen present. Scientists have worked out a chronol-
ogy of Earth’s history based on the evidence in its rocks, using radiometric dating methods. Fossils, the preserved 
remnants left by organisms that lived in the past, are historical documents of biology. The fossil record is the way in 
which fossils appear within the layers of sedimentary rocks that mark the passing of geological time. The ýrst cells 
appeared 3.5 billion years ago. Stromatolites contain layered mats of prokaryotic cells similar to modern bacteria. 
The ýrst Eukaryotic cells evolved 1.5 billion years ago. Endosymbiosis suggests that cellular organelles may have 
originated from engulfed prokaryotes. The theory of enfolding suggests inner membranes of organelles originated 
from the enfolding of the cell membrane. Autotrophs evolved with the ability to carry out photosynthesis. Oxygen 
was ýrst released into the water and then the atmosphere, making possible aerobic respiration, a more efýcient form 
of respiration .

Ask students to use the geological time scale to place the following events on a time line:
•  Formation of the Earth (no oxygen present)
Å  The ýrst cells (prokaryotes, stromatolites, heterotrophs)
•  First eukaryotic cells (organelles, oxygen, enfolding hypothesis, endosymbiosis)
•  Formation of the solar system

Billions of years ago
6		   	 4.5			   3.5			   1.5

Discuss how the information in parentheses relates to the event.

Discussion of the three Domains
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FIGURE 7: TIMELINE OF LIFE ON EARTH
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FIGURE 8: THE THREE DOMAINS
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W
STATION

WHO AM I?
Scientists and the Theory of Endosymbiosis
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OVerView
Students will read about ýve scientists who have contributed to our knowledge of the origin of various organelles 
within the eukaryotic cell such as the mitochondria and chloroplast.  They will become familiar with the types of 
evidence used by each scientist that helped formulate their ideas regarding evolution of these cellular structures.

Goal
How did each of the ýve scientists contribute to the theory of endosymbiosis?

ObjectiVes
Students will be able to:
•  Identify the important contributions of each scientist.
•  Identify how each scientist’s contribution(s) relate(s) to the endosymbiosis theory.
Å  Write speciýc questions giving clues about each of the scientists without revealing the scientist via the evidence 

used, published books, and theories in use today.

Student Instructions
Student Instructions: You have a limited time to earn your ‘W’ stamp of completion. The timer will tell you to move 
to the next station.
1.  Each member of your group needs to choose a different scientist from the 5 scientist sheets provided at your station.
2.  Read the information about your chosen scientist, then introduce your scientist to other members of your group.
3.  Formulate speciýc clues that will reveal your scientist without telling who your scientist is. Example: Which 

scientist came up with the formula, E=mc2? Answer: Albert Einstein.

Materials Needed
•  One station sheet with instructions for students
Å  One copy of each of the ýve Scientist sheets laminated or placed into sheet protectors and then placed into one of 

the ýve different folders.
	 •  Carl Linnaeus
	 •  Charles Darwin
	 •  Lynn Margulis
	 •  Constantin Mereschkowsky
	 •  Carl Woese

STATION w: who am i? 
scientists and the theory of endosymbiosis
EXPLORATION ACTIVITY
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STATION w: who am i? worksheet

Name __________________________________________________________________ Class _____________ 

Date _____________________

Student Instructions
Student Instructions: You have a limited time to earn your ‘W’ stamp of completion. The timer will tell you to move 
to the next station.
1.  Each member of your group needs to choose a different scientist from the 5 scientist sheets provided at your station.
2.  Read the information about your chosen scientist, then introduce your scientist to other members of your group. 
3.  Formulate speciýc clues that will reveal your scientist without telling who your scientist is. Example: Which 

scientist came up with the formula, E=mc2? Answer: Albert Einstein. 

Scientist  
Name

Contributions

Year Presented

Reception by Scienti�c 
Community

Connections to Evolution
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who am i?  
CHARLES DARWIN

Scientist  
Name Charles Darwin (1809-82)

Contributions

Proposed the theory of natural selection to explain how evolution occurs; used the phrase �descent 
with modi�cation� instead of evolved in the �rst edition of his book. Collected thousands of fossils 
and living organisms both plant and animal during his voyage aboard the HMS Beagle which be-
gan in 1831 and ended in 1836; noted that animals were unique to their speci�c habitat, i.e. fossils 
of South America were more similar to modern South American species than fossils from other 
continents.  His perception was a unity among species with organisms related through a common 
ancestor that lived in the remote past.

Year Presented Early 1840s � wrote long essay describing the major features of his theory of evolution
1859 � published book, On the Origin of the Species by Means of Natural Selection

Reception by Scienti�c 
Community

Only a few scientists in the 1700s questioned the accepted ideas of that time, that species were 
�xed and unchanging;  Darwin observed similarities between fossils and living organisms.

Connections to Evolution His theory of natural selection was an explanation of how evolution occurs.
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who am i?  
Carl Linnaeus

Scientist  
Name Carl Linnaeus (1707-1778)

Contributions
Father of Taxonomy � Linnaeus successfully introduced the system of classifying organisms, a sys-
tem that now includes kingdom, phylum, class, order, family, genus and species; only 2 kingdoms, 
Plantae and Animalia; admitted this was an �arti�cial classi�cation.� Collected and studied plants; 
plant taxonomy based solely on number and arrangement of plants� reproductive organs.

Year Presented 1735 � published the �rst edition of his classi�cation of living things, Systema Naturae.

Reception by Scienti�c 
Community

Linnaeus provided a workable system for naming organisms which was necessary due to the large 
number of plants and animals being brought back from Asia, Africa, and the Americas. He simpli-
�ed the naming of organisms by designating one Latin name to designate the genus and one as 
a shorthand name for the species. His binomial naming system became the standard for naming 
species. Linnaeus also published that plants reproduce sexually.

Connections to Evolution
In his early years Linnaeus believed species were unchangeable, but altered this to suggest some 
species in a genus arose from hybridization. He also felt some species of plants could be altered 
through acclimatization.
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who am i?  
Lynn Margulis 

Scientist  
Name Lynn Margulis (1938- )

Contributions

Margulis hypothesized in the 1960s that symbiosis was a major force in the evolution of cells. Her 
theory was known as symbiogenesis and argues that inherited variation does not come mainly 
from random mutation but does evolve from fusion of genomes in symbioses followed by natural 
selection; Ancestors of all life are bacteria which are fused into protists (algae, amoebas) which 
fused into multicellular organisms. Not all DNA is contained in the nucleus of the cell; mitochon-
dria contain their own DNA which is similar to the bacterium that causes typhus; chloroplasts 
contain their own DNA which is cyanobacterial DNA and dissimilar to the nuclear DNA.

Year Presented 1970 � published The Origin of Eukaryotic Cells
1981 � published Symbiosis in Cell Evolution

Reception by Scienti�c 
Community

Her theory challenged Darwin�s theory of evolution by natural selection. Their ideas were at odds 
and could not be discussed at respectable scienti�c meetings.

Connections to Evolution Theory is now taught to high school students. Endosymbiosis is the best explanation for the evolu-
tion of the eukaryotic cell.
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who am i?  
Constantin Mereschkowsky

Scientist  
Name Constantin Mereschkowsky (1855-1921)

Contributions He hypothesized that a free living bacterium was engulfed, but not digested, by an early plant cell 
and that modern-day chloroplasts descended from that original bacterium.

Year Presented 1905

Reception by Scienti�c 
Community

His papers were not translated and did not catch on in the Western world. The idea was accepted 
for two decades of the 20th century, but it was dismissed by a text writer, which led to a dismissal 
of any endosymbiotic origins of cellular structures for the next 50 years.

Connections to Evolution
Did not believe that Darwin�s theory of natural selection could explain the biological diversity of 
living organisms. He explained the diversity among eukaryotes by the acquisition and inheritance 
of microbes.
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who am i?  
Carl Woese 

Scientist  
Name Carl Woese (1928- )

Contributions

Woese redrew the tree of life based on three domains: eukaryotes, bacteria, and archaea.

He suggested this is based on genetic relationships rather than morphological similarities. Archaea 
include many species adapted to life in extreme environments without oxygen, such as hot springs 
and salt ponds.

He felt that instead of one primordial form, there were initially at least three types of loosely con-
structed organisms swimming in a pool of genes, and that these three evolved through horizontal 
gene transfer into three distinct types of cells.

Year Presented 1977

Reception by Scienti�c 
Community

He challenged the Darwinian assumption known as the doctrine of common descent, which stated 
that all life descended from a common ancestor. Famous scientists objected to the division of 
prokaryotes; archaea were once thought to be extreme organisms that evolved from organisms 
more familiar to us.

Connections to Evolution Archaea accepted by mid 1980s due to supporting data; very signi�cant in terms of search for life 
on other planets that have extreme environmental conditions.
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E
STATION

EVOLUTIONARY RELATIONSHIPS
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OBJECTIVES
To understand how DNA sequence alignments can be used to draw cladograms.

MATERIALS NEEDED
Station Sheets/Student Instructions
White Magnetic Boards

PROCEDURE
1. Read the information on the station sheets.
2. Use the example provided to draw your own cladogram on the white board provided at this station.

To better understand how the ýrst endosymbiont got inside the host cell, it would be beneýcial to know which 
species of bacteria came together to make the original eukaryotic cell.

A new tool, bioinformatics, allows scientists to address these kinds of questions. Bioinformatics is the application 
of computer and statistical methods to analyze biological data. 

Biologists are now using bioinformatics to compare gene sequences of different organisms. Generally the more simi-
lar two organisms’ genes, the more recent their two lineages split apart from one another.

Consider the following hypothetical DNA sequences that code for ribosomal RNA in aardvarks, bats, cockroaches, 
and dung beetles, respectively:

GTGGACTAC	 — Aardvark
GTGGACTAT	 — Bat
GACCACTAC	 — Cockroach
CACCACTAC	 — Dung beetle

Notice that the DNA sequences in aardvark and bat differ only by one nucleotide, while the DNA sequences in 
the aardvark and the cockroach differ by 3 nucleotide sequences and the aardvark and the dung beetle differ by 4 
nucleotides.

Two organisms evolving slowly over a long period of time, and having a distant common ancestor, are likely to have 
evolved lots of differences between their gene sequences.

Biologists use this kind of information to make a cladogram, like the one below, which is a dichotomous (a separa-
tion into two divisions that differ widely from each other) phylogenetic tree that branches repeatedly, suggesting a 
classiýcation of organisms based on the time sequence in which the evolutionary branches arise.

STATION e: eVolutionary relationships
EXPLORATION ACTIVITY
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The following chart represents differences in nucleotide sequences of the aardvark, bat, cockroach, and the dung beetle. 
This information can be used to create a cladogram showing the evolutionary relationships between organisms.

Aardvark
GTGGACTAC

Bat
GTGGACTAT

Cockroach
GACCACTAC

Dung beetle
CACCACTAC

Aardvark
GTGGACTAC

0 1 3 4

Bat
GTGGACTAT

1 0 4 5

Cockroach
GACCACTAC

3 4 0 1

Dung beetle
CACCACTAC

4 5 1 0

First, ýnd two species that have the least numbers of differences in their sequences.
Aardvark and bat. These would be placed at the tips of corresponding branches representing sister species, 
which are descendants of a common ancestor.

Now ýnd another two species that differ by only one nucleotide sequence.
Cockroaches and dung beetles differ by one nucleotide also. These two organisms would be placed at the tips of 
another set of corresponding branches, representing sister species, which are descendants of a common ancestor.

The aardvark and the bat differ from the cockroach and the dung beetle by 3, 4, or 5 nucleotides. In this case, 
a difference of this magnitude (considering only 9 nucleotides) would indicate they are on two completely 
separate branches of a cladogram and they had a common ancestor in the distant past.

Aardvark

Bat Cockroach

Dung beetle
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Create your own Cladogram
Observe the differences in the gene sequences represented in each organism below. Use this data to make your own 
cladogram for organisms W, X, Y, and Z. Use the magnets and the erasable whiteboard and markers to complete this 
activity. Copy onto your data sheet the cladogram that your group draws on the whiteboard.

Species W Species X Species Y Species Z

Species W 0 1 5 6

Species X 1 0 6 5

Species Y 5 6 0 1

Species Z 6 5 1 0

Find two organisms that have the least number of differences in their sequences. These would be placed at the tips of 
corresponding branches, representing sister species, which are the descendants of a common ancestor.

Now ýnd another two species that have the next smallest differences in their nucleotide sequences. These two organ-
isms would be placed at the tips of another set of corresponding branches representing sister species, which are 
descendants of a common ancestor.
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Create your own Cladogram KEY

W

X Y

Z
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For questions 1-3, use these sequence alignments:

Plant mitochondrial DNA:		 CTTAGCGATCATTA
Plant chloroplast DNA:		  CTTAGCGATCATTA
Plant nuclear DNA: 		  CTTAAGGATCATTC
Cyanobacterial DNA: 		  CTTAGCGATCATTA
Proteobacterial DNA:		  CTTAGCGATCATTA

1. Is the DNA from the nucleus of the plant like the DNA found in the mitochondria or chloroplast?

2. How do the DNA sequences from the cyanobacteria and proteobacteria compare with the DNA from the plant 
mitochondria and chloroplast? 

3. What might this kind of evidence indicate?

 
4. Is there a major difference between the following terms: phylogeny, evolutionary tree, phylogenic tree, and clado-
gram?

5. Using the ýgure below, come up with your own deýnition of what an ñoutgroupò is.

STATION e: eVolutionary relationships
EXPLANATION/ELABORATION ACTIVITY

taxon A

A and B are sister groups

taxon B taxon C

C is the outgroup to A and B

Common ancestor
of A and B
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STATION e: eVolutionary relationships
EXPLANATION/ELABORATION ACTIVITY

KEY

Is the DNA from the nucleus of the plant like the DNA found in the mitochondria or chloroplast? 
No, not exactly. There is a difference of three nitrogen bases.

How do the DNA sequences from the cyanobacteria and proteobacteria compare with the DNA from the plant mito-
chondria and chloroplast?  

The sequences are exactly the same.

What might this kind of evidence indicate?  
This evidence suggests a closer relationship between the mitochondria, chloroplast, cyanobacteria, proteobacte-
ria and a more remote ancestor for the nuclear DNA.

Is there a major difference between the following terms: phylogeny, evolutionary tree, phylogenic tree, and clado-
gram?

For general purposes, there is not much difference. Biologists use the terms interchangeably. All represent the 
evolutionary relationships between groups of organisms.  

An evolutionary tree, which is also called a phylogeny, represents the evolutionary relationships between groups 
of organisms called taxa. The tips of the trees represent groups that are descendent taxa called species. The node 
on a tree represents the common ancestors of descendent taxa. If two groups descend from the same node, they 
are called sister groups and would be considered close relatives.

Come up with your own deýnition of what an ñoutgroupò is.
An outgroup is a taxon outside the group of interest. It would stem from the base of a tree, because an outgroup 
is not related to the group of interest. An outgroup is helpful in constructing evolutionary trees because it gives 
you a sense of where on the bigger tree of life the main group of organisms falls.

Plant mitochondrial DNA:		 CTTAGCGATCATTA
Plant chloroplast DNA:		  CTTAGCGATCATTA

Plant nuclear DNA: 		  CTTAAGGATCATTC



' DESTINY � UNC-Chapel Hill � CB #7448, MPSC Annex � Chapel Hill, NC 27599 � moreheadplanetarium.org/go/destiny 	 93 

is NOT the same as

If organisms are positioned at the branches of a tree, they may not 
simply be written sequentially along the same tree line.

In a phylogenetic tree, what is important is not the position of organ-
isms along the tree, but rather the number of nodes (common ances-
tors) they have between them. In these trees, the human nucleus and 
the plant nucleus are still two nodes apart.

Keep the following in mind when reading a phylogenetic tree

amoeba (nucleus)

plant (nucleus)

fungus (nucleus)

human (nucleus)

amoeba (nucleus)

plant (nucleus)

fungus (nucleus)

human (nucleus)

The placement of one organism above another organism in 
the phylogenetic tree does not mean that the organism is more 
complex than the organisms below it.

Amoebas and plants are NOT 
more complex than humans.

amoeba (nucleus)

plant (nucleus)

fungus (nucleus)

human (nucleus)

amoeba (nucleus)

plant (nucleus)

fungus (nucleus)

human (nucleus)

IS the same as

amoeba (nucleus)

plant (nucleus)

fungus (nucleus)

human (nucleus)

CorrectIncorrect
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 Use the Diagram ProVided to Discuss theSE questions

1.  Does the horizontal proximity indicate similarity or closeness of relationship? (Yes or No)

2  Do deeper nodes represent organisms that have lived before more shallow nodes? (Yes or No)

3.  Are species which are located at the tips of longer and /or deeper branches more ancient or primitive? (Yes or No)

4.  Could one extinct species at a terminal node be the ancestor of another species? (Yes or No)

5.  Could criteria other than branching (such as the shape or horizontal closeness) deýne a tree? (Yes or No)

Sp
ec
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 Use the Diagram ProVided to Discuss theSE questions

1.  Does the horizontal proximity indicate similarity or closeness of relationship? 
No

2  Do deeper nodes represent organisms that have lived before more shallow nodes? 
Yes

3.  Are species which are located at the tips of longer and /or deeper branches more ancient or primitive?
No

4.  Could one extinct species at a terminal node be the ancestor of another species?
No

5.  Could criteria other than branching (such as the shape or horizontal closeness) deýne a tree?
No

KEY
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Sources consulted for pages 93-95 of The Power Within



' DESTINY � UNC-Chapel Hill � CB #7448, MPSC Annex � Chapel Hill, NC 27599 � moreheadplanetarium.org/go/destiny 	 97 

R
STATION

BIOLOGICAL RELATIONSHIPS
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OBJECTIVES
Students will be able to identify different types of biological and symbiotic relationships, and they will be able to 
determine if such relationships are positive, negative, or neutral for the organisms involved.

MATERIALS NEEDED
Worksheet with Parasitism, Commensalism, Mutualism, Neutralism, and Competition vocabulary
Stickers with the names of organisms in various biological relationships

PROCEDURE
Just as two people can have a positive or a negative relationship, so too can relationships between organisms be 
positive or negative. These relationships often occur between organisms of different species. In certain biological 
relationships, known as symbiotic relationships, one organism might beneýt at the expense of another, or two organ-
isms may depend on one another for survival.

The table on the next page includes examples of different kinds of biological relationships. Some of these examples 
include symbiotic relationships, such as parasitism, commensalism, and mutualism. In another type of biological 
relationship, competition, organisms may compete for various needs, such as food resources or a mate. Competition 
is not a symbiotic relationship; rather, it represents a type of organismal behavior.

The positive (+), neutral (0), and negative (-) signs represent the beneýt, absence of beneýt or harm, or harm (re-
spectively) of a particular organism. For example, in the upper left corner, Species A has a positive (+) sign, while 
Species B has a negative (-) sign. Therefore, the relationship between Species A and Species B is one of parasitism: 
Species A beneýts, but Species B is harmed.

Follow the instructions below the table to match your sticker labels to the proper spaces on the table. Place the stick-
ers directly on their corresponding spaces on the table.

STATION r: biological relationships
EXPLORATION ACTIVITY
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Species A + Parasitism
Species A bene�ts and Species B is 
harmed.

Commensalism
Species A bene�ts and  
Species B is una�ected.

Mutualism
Both species bene�t.

Species A 0 FREE SPACE Neutralism
Both species una�ected
NO STICKER NEEDED

Commensalism
Species A is una�ected  
while Species B bene�ts.

Species A � Competition
Neither species bene�ts
NO STICKER NEEDED

FREE SPACE Parasitism
Species B bene�ts at the expense of 
Species A.

Species B - Species B 0 Species B +

The following examples are representative of Parasitism, Commensalism, or Mutualism. Each example corresponds 
to a sticker on the next sheet of labels. Match each label to its corresponding symbiotic description above, and place 
the sticker in its appropriate space.

1.  Ticks feed on the blood of deer, and the deer are harmed as a result.

2.  The remora suckerýsh is an organism that attaches itself to a shark and eats the leftover scraps of a sharkôs meal. 
The shark does not harm the remora, nor is it harmed in the process.

3.  A human becomes infected with hookworm, and his symptoms include abdominal pain, bloody diarrhea, and 
asthma type symptoms. The hookworm is a roundworm that gains nutrients from its host.

4.  Barnacles are crustaceans that latch onto the jaws of whales. As the whale moves through the water, currents 
bring food to the barnacles. The whale is not hurt by the barnacle.

5.  Lichens are composed of two different organisms in relationship with one another, algae and fungi; the algae 
make food for the fungi using the sun’s energy via photosynthesis; and the fungi provide moisture and minerals 
for the algae, providing it with a protective habitat.
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Species A + Parasitism
Species A bene�ts and Species B is 
harmed.
1. A) Tick and B) Deer

Commensalism
Species A bene�ts and  
Species B is una�ected.
2. A) Remora and B) Shark

Mutualism
Both species bene�t.
5. Lichens:
A) Algae + B) Fungi

Species A 0 FREE SPACE Neutralism
Both species una�ected
NO STICKER NEEDED

Commensalism
Species A is una�ected  
while Species B bene�ts.
4. A) Whale and B) Barnacle

Species A � Competition
Neither species bene�ts
NO STICKER NEEDED

FREE SPACE Parasitism
Species B bene�ts at the expense of 
Species A.
3. A) Human and B) Hookworm

Species B - Species B 0 Species B +

The following examples are representative of Parasitism, Commensalism, or Mutualism. Each example corresponds 
to a sticker on the next sheet of labels. Match each label to its corresponding symbiotic description above, and place 
the sticker in its appropriate space.

1.  Ticks feed on the blood of deer, and the deer are harmed as a result.

2.  The remora suckerýsh is an organism that attaches itself to a shark and eats the leftover scraps of a sharkôs meal. 
The shark does not harm the remora, nor is it harmed in the process.

3.  A human becomes infected with hookworm, and his symptoms include abdominal pain, bloody diarrhea, and 
asthma type symptoms. The hookworm is a roundworm that gains nutrients from its host.

4.  Barnacles are crustaceans that latch onto the jaws of whales. As the whale moves through the water, currents 
bring food to the barnacles. The whale is not hurt by the barnacle.

5.  Lichens are composed of two different organisms in relationship with one another, algae and fungi; the algae 
make food for the fungi using the sun’s energy via photosynthesis; and the fungi provide moisture and minerals 
for the algae, providing it with a protective habitat.

KEY
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1. A) Tick and B) Deer 2. A) Remora Sucker�sh and B) Shark 3. A) Human and B) Hookworm

5. Lichens:
    A) Algae + B) Fungi 4. A) Whale and B) Barnacle

1. A) Tick and B) Deer 2. A) Remora Sucker�sh and B) Shark 3. A) Human and B) Hookworm

5. Lichens: 
    A) Algae + B) Fungi 4. A) Whale and B) Barnacle

1. A) Tick and B) Deer 2. A) Remora Sucker�sh and B) Shark 3. A) Human and B) Hookworm

5. Lichens: 
    A) Algae + B) Fungi 4. A) Whale and B) Barnacle

1. A) Tick and B) Deer 2. A) Remora Sucker�sh and B) Shark 3. A) Human and B) Hookworm

5. Lichens:
    A) Algae + B) Fungi 4. A) Whale and B) Barnacle

1. A) Tick and B) Deer 2. A) Remora Sucker�sh and B) Shark 3. A) Human and B) Hookworm

5. Lichens:
    A) Algae + B) Fungi 4. A) Whale and B) Barnacle
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STATION r: biological relationships
EXPLANATION/ELABORATION ACTIVITIES

BIOLOGY VOCABULARY 
Often, the key to successfully explaining difýcult 
scientiýc concepts to students is making sure that they 
understand the language and vocabulary of science. 
The handout provided at the end of this teacher’s guide 
(“Biology Vocabulary: A Sample of Words with the 
Preýxes Endo-, Ecto-, and Exo-ò) is designed to help 
address this need.

The handout contains a sample of words that include 
the preýx endo-, which refers to processes within a 
cell or inside an organism; and a sample of words 
that contain the preýxes ecto- or exo-, which refer to 
outward processes or activities that occur outside of an 
organism. 

There are several ways in which the “Biology Vocabu-
lary” handout may serve as a useful teaching tool:

Å As a reference guide. Whenever a scientiýc concept 
is taught with the preýxes ñendoò or ñecto,ò the 
teacher can refer students to this table, or to sample 
words in this table, to underline the similarities 
between the new vocabulary word and the words that 
are provided.

• As a review sheet of various biology concepts. The 
words in the table cover a spectrum of topics, from 
molecular biology and cell development to homeo-
stasis.

• As a homework assignment or quiz. A teacher could 
eliminate certain words, deýnitions, or sections of 
text in the table, and ask the student to ýll in the 
blanks.

• As a way to introduce the concepts of endoparasit-
ism vs. ectoparasitism. Deýnitions of these concepts 
reinforce the ideas of symbiotic relationships in the 
The Power Within module, and highlight the idea that 
parasites can be classiýed according to where they 
live respective to their host.

• As a way to introduce the concepts of endosymbio-
sis vs. ectosymbiosis. The introduction of the preýxes 
endo- and ecto- naturally leads to the deýnition and 
use of vocabulary related to the concept of symbiosis.

Elaboration on Endosymbiosis VS. Ectosymbiosis
Sometimes, the concept of ectosymbiosis is a bit tricky. 
Although one organism might live inside of another, 
their relationship would be considered an ectosymbiotic 
one if the organism lived outside the cell of the host. If 
an organism lives on the interior lining of its host’s di-
gestive tract, but not inside the cells of the host’s diges-
tive tract, then the relationship is actually an example of 
ectosymbiosis.

Here is a suggested discussion question with which to 
engage students:

Q. Explain why having a symbiotic relationship 
between a host cell and a bacterial cell inside the host 
cell would be deýned as endosymbiosis.

A. Answers will vary. One possible answer is that 
the bacteria are living intracellularly; in other words, 
they are living inside the host cell. Therefore, the 
relationship is an endosymbiotic one.

Elaboration oN Endosymbiotic Theory
Reminding students of the symbiotic relationships of 
parasitism, commensalism, and mutualism is a good 
way to introduce Lynn Margulis’s endosymbiotic 
theory to students. The endosymbiotic theory sug-
gests that today’s modern-day mitochondria were once 
bacteria that entered into a symbiotic relationship with 
their host cells.

Once you have introduced the endosymbiotic theory to 
students, it will be important for them to apply the con-
cept of a symbiotic relationship between a bacterium 
and a host cell.

Some possible questions to ask students include:

Q. Some ancient bacteria were able to make energy 
using oxygen, while their host cells were not. How 
could such an adaptation be beneýcial to a host cell?

A:  Bacteria could generate their own energy not only 
for themselves, but also for their host cells.

Q.  What kind of beneýts could the host cell in turn 
provide to the bacteria?

A GuidE for the Teacher
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A. The host cell could offer the bacteria shelter and 
protection.

Q. In a situation where a bacterium generates energy 
for its host cell, and the host cell provides shelter and 
protection for the bacterium, what type of symbiotic 
relationship is represented by this type of interaction?

A. Mutualism describes the given relationship 
between a bacterium and its host cell, which is a 
relationship that served as a precursor to the present-
day mitochondrion.

Supplemental/Optional Additional ActiVity
As an additional activity to highlight the endosymbi-
otic theory, your students can watch a YouTube video 
on endosymbiosis titled “Only The Strong Survive: 
The Story of the Oxygen Revolution” (made by Nikki 
Bitsack and Alexandria Walker). See if your students 
can identify the endosymbiont (the organism inside the 
host cell), the host cell, and the reasons why they ended 
up so “happy together.”

http://youtube.com/watch?v=dSjg_uYS_QY

Students may also enjoy a YouTube video on symbiotic 
relationships titled “SymbioticConnections.com” (made 
by Sarah Arenstein, Claire Jaffe, Stephan Ott, and Liz 
Zack). See if your students can identify the different 
types of organisms identiýed in the video, as well as 
how the organisms beneýt from one another.

http://youtube.com/watch?v=NDuSuvTzwiw

Both videos can be used as supplemental teaching 
material, or may be assigned as part of a homework 
assignment with one or two accompanying thought 
questions.

SOURCES
Arenstein, S., Jaffe, C., Ott, S., & Zack, L. Sym-
bioticConnections.com. Retrieved November 21, 
2007, from YouTube Web site: http://youtube.com/
watch?v=NDuSuvTzwiw 

Bitsack, N., & Walker, A. Only the strong survive: the 
story of the oxygen revolution. Retrieved November 8, 
2007, from YouTube Web site: http://youtube.com/
watch?v=dSjg_uYS_QY 

Ectosymbiosis. Retrieved November 6, 2007, from 
Babylon Web site: http://www.babylon.com/deýnition/
Ectosymbiosis/English 

Tea for two. Retrieved November 6, 2007, from 
University of Regina Biology Dept. Web site: www.
uregina.ca/biology/courses/Bio265/PowerPoint/
Tea%20for%20Two%20-%20Assignment%20Two.ppt 
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BIOLOGY VOCABULARY
A Sample of Words with the Pre�xes Endo-, Ecto-, and Exo-

ENDO- ECTO-, EXO-

Endoderm:  The innermost layer of cells of a developing 
embryo. These cells develop into parts of the body such 
as the gastrointestinal tract and glands of the digestive 
system.

Ectoderm: The outermost layer of cells of a developing 
embryo. These cells develop into parts of the body such as 
hair, skin, and the lens of the eye.

Endotherm: An animal that is able to make its own energy 
and maintain its own internal body temperature; warm-
blooded.

Ectotherm: An animal whose body temperature depends 
on the temperature of its surroundings and gets its energy 
from the environment; cold-blooded.

Endoskeleton: A skeleton that is found entirely within 
some animals, such as the human skeleton.

Exoskeleton: A hard protective covering found on the 
outside of some animals.

Endocytosis: The process by which a cell membrane 
encloses a substance and brings it into the cell.

Exocytosis: The process by which a vesicle with a sub-
stance fuses with a cell membrane, leading to its transport 
out of the cell .

Endonuclease: An enzyme, such as a restriction enzyme, 
that cuts within a nucleotide sequence at a speci�c site.

Exonuclease: An enzyme that works on breaking down 
the ends of nucleotide sequences.

Endoparasite: A parasite that lives on the inside of its 
host.

Ectoparasite: A parasite that lives on the outside of its 
host.

Endosymbiosis: A relationship between two organisms 
in which one organism lives inside the other or inside the 
cell(s) of the other.

Ectosymbiosis: A relationship between organisms in 
which one organism lives on the outside of its host or on 
the outside of its host�s cells.

De�nitions Adapted from Oxford Dictionary of Science and Encyclopedia Britannica Online
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EVALUATION ACTIVITY

Photosynthetic bacteria Aerobic bacteria Prokaryotic host

Mitochondria-containing protist

Pla
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s, 
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Plants
Fungi Animals

Using the words provided in the diagram and other information that you learned in the pre- lab activities, write a 
paragraph that describes what is happening in the picture.

Examples of other information that can be added:

•  Endosymbiosis theory	
•  Eukaryotic cells
•  Conditions of early atmosphere

•  Ancient anaerobic cells
•  Age of the earth/age of the solar 

system

•  First prokaryotes
•  First eukaryotes
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THE POWER WITHIN IMPLEMENTATION PLAN � WET-LAB

Activity Estimated 
Time Materials/Equipment Purpose/Objectives/ 

Essential Questions

Bioinformatics Activity: 
�The Power Within� inter-
active CD

45 minutes Copy of �The Power Within� CD
Computer

Purpose:
To understand how endosymbiosis 
led to the evolutionary origin of 
certain eukaryotic organelles: chloro-
plasts and mitochondria.

Objectives:
�  To use molecular data to generate 
sequence alignments which can be 
used to construct a phylogenetic 
tree.

�  To recognize how the computer 
can be used as a tool for scienti�c 
investigations.

�  To apply scienti�c methods. 

�  To demonstrate the ability to read 
and compare phylogenetic trees.

Alignment with NC Competency Goals

Biology

Goal 1
Objectives 1.01, 1. 02, 1.03, 1.05
Goal 2 
Objectives 2.01, 2.02

Goal 3 
Objectives 3.01, 3.05
Goal 4
Objectives 4.01, 4.03
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THE POWER WITHIN IMPLEMENTATION PLAN � POST-LAB

Activity Estimated 
Time Materials/Equipment Purpose/Objectives/ 

Essential Questions

Review Questions from the 
Wet Lab Activity 20 minutes Copies of Review Questions Purpose:

To help students better understand 
the evolutionary origin of certain 
eukaryotic organelles: chloroplasts 
and mitochondria.

Objectives:
�  To use structural data to construct 
a phylogenetic tree.

�  To understand how scientists use 
bioinformatics to construct evolu-
tionary trees.

�  To analyze and interpret data.

Essential Question:
�  What is the evolutionary origin of 
chloroplasts and mitochondria?

Using Data Bases to Obtain 
Real Amino Acid Sequence 
Data to Create Cladograms

45 minutes Copies of Activity

Tree Analysis Activity 30 minutes Copies of the Activity

Power Within Quiz Game 30 Minutes CD containing the Power Within quiz 
game or Transparency of the game

Alignment with NC Competency Goals

Biology

Goal 1
Objectives 1.01, 1. 02, 1.03, 1.05
Goal 2 
Objectives 2.01, 2.02

Goal 3 
Objectives 3.01, 3.05
Goal 4
Objectives 4.01, 4.03
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1.  What was Constantin Mereschkowsky’s theory regarding the origin of chloroplasts?	
	

2.  Did the molecular data support the phylogenic trees drawn by Constantin Mereschkowsky? 

3.  How did eukaryotic cells evolve to be dependent on sophisticated internal machines like chloroplasts and mitochon-
dria?

4.  How can computers be used to solve the mystery of where cellular organelles like mitochondria and chloroplasts 
might have come from?

5.  How did Lynn Margulis’s work support Mereschkowsky’s theory?

6.  Describe the structure of ribosomes and explain how the presence of ribosomes in various cellular organelles was 
used to test Mereschkowsky’s theory.

7.  Explain how similarities in sequence alignments indicate evolutionary similarities.
	

8.  According to the sequence alignments for small ribosomal subunits, what type of bacteria would be most closely 
related to chloroplasts? 

9.  According to the sequence alignments for small ribosomal subunits, what type of bacteria would be most closely 
related to mitochondrial ribosomes? 

10.  Why do scientists need to examine multiple data sets before determining evolutionary relatedness? 

ReView Questions

Green algae

Land plants

Red algae

Invertebrate and vertebrate animals

Bacteria
Fungi (basidiomycetes)

Fungi (ascomycetes)

Name ___________________
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1.  What was Constantin Mereschkowsky’s theory regarding the origin of chloroplasts?	
Mereschkowsky hypothesized that a free-living bacterium was engulfed, but not digested, by an early plant cell 
and that modern chloroplasts have descended from that original bacterium.

2.  Did the molecular data support the phylogenic trees drawn by Constantin Mereschkowsky? 

Mereschkowsky’s tree indicates there were 
two independent origins of life. He made no 
reference to the origin of mitochondria; he was 
way ahead of his time in hypothesizing the 
endosymbiotic origin of chloroplasts.

3.  How did eukaryotic cells evolve to be dependent on sophisticated internal machines like chloroplasts and mitochon-
dria?
Chloroplasts allowed cells to capture light energy and transform it into chemical bond energy which could be 
used directly by the cell to carry out activities. The by product of photosynthesis, oxygen, changed the composi-
tion of the atmosphere and made possible aerobic respiration, a more efýcient form of respiration. The mito-
chondria evolved to carry out this more efýcient form of cellular respiration.

4.  How can computers be used to solve the mystery of where cellular organelles like mitochondria and chloroplasts 
might have come from?
The development and application of computers and statistical methods can be used to analyze biological data. 
The development of databases allows scientists to store and manage biological data.

5.  How did Lynn Margulis’s work support Mereschkowsky’s theory?
In 1967, Lynn Margulis proposed the hypothesis which became the endosymbiotic theory. She proposed that 
mitochondria originated from separate organisms that entered cells by endosymbiosis long ago and formed a 
symbiotic relationship with a eukaryotic cell.

6.  Describe the structure of ribosomes and explain how the presence of ribosomes in various cellular organelles was 
used to test Mereschkowsky’s theory.
Ribosomes are complexes of proteins and ribosomal RNA; they are the site of protein synthesis and can occur 
in the cytoplasm, attached to the endoplasmic reticulum. They are also located in the chloroplast and the mito-
chondrion. Each ribosome consists of a large and small subunit.

The ribosome is ideal for this test because of the universal need for organisms to make proteins. It evolves 
slowly over time, which allows scientists to relate the gradual accumulation of ribosomal changes to different 
species along an evolutionary line. It is particularly advantageous to use ribosomal RNA because only the DNA 
that codes for the RNA is needed for comparisons between two organisms. Additionally the organisms do not 
need to be intact or alive for the harvesting of such DNA.

7.  Explain how similarities in sequence alignments indicate evolutionary similarities.
The more similar the sequence alignments between two organisms, the more likely they have had the same 
common ancestor.

ReView Questions

Green algae

Land plants

Red algae

Invertebrate and vertebrate animals

Bacteria
Fungi (basidiomycetes)

Fungi (ascomycetes)

KEY
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8.  According to the sequence alignments for small ribosomal subunits, what type of bacteria would be most closely 
related to chloroplasts? 
The phylogeny makes it clear that the photosynthetic cyanobacteria contain the small ribosomal RNA sequence 
most closely related to that found in chloroplasts.

9.  According to the sequence alignments for small ribosomal subunits, what type of bacteria would be most closely 
related to mitochondrial ribosomes? 
Evidence indicates that Ŭ proteobacteria contain small ribosomal RNA sequence most closely related to those 
found in mitochondrial ribosomes.

10.  Why do scientists need to examine multiple data sets before determining evolutionary relatedness? 
The statistical relevance of data grows as the size of the data sets increase. Also, different molecules provide dif-
ferent answers because scientists can look at different cellular compartments.
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In order to determine how closely related species are, 
scientists often will study amino acid sequences of 
essential proteins. Any difference in the amino acid 
sequence is noted and a phylogenetic tree is constructed 
based on the number of differences. More closely relat-
ed species have fewer differences (i.e., they have more 
amino acid sequence in common) than more distantly 
related species.

There are many tools scientists can use to compare 
amino acid sequences of muscle protein. One such tool 
is the National Center for Biotechnology Information 
protein databases (http://www.ncbi.nlm.nih.gov/). By 
entering the amino acid sequence of a protein you are 
interested in, the BLAST search tool compares that se-
quence to all others in its database. The data generated 
provides enough information to construct cladograms.

The purpose of this activity is to use data obtained from 
NCBI to construct an evolutionary tree based on the 
amino acid sequences of the myosin heavy chain. In 
this example we have input a 60 amino acid sequence 
from myosin heavy chain of rainbow trout and then 
pulled out matching sequences using BLAST, which 
include chum salmon, zebra ýsh, common carp, and 
blueýn tuna, and then compared each of these sequenc-
es with each other.

You may either use the data provided below or have 
your class go online and obtain their data directly by 
performing BLAST searches. A quick guide to perform-
ing BLAST searches is given at the end of this activity.

The data below was obtained by entering a 60 amino 
acid sequence from the heavy myosin chain of rainbow 
trout. The database search tool returned all sequences 
that were a close match. The results are formatted as 
such:

The value for “identities” is the number of amino 
acids exactly in common, the value for “positives” 
is the number of amino acids that are similar to each 
other (such as serine and threonine), and the value for 
‘gaps’ is the number of amino acid positions that are 
absent one of the sequences. “Query” is the original 
trout sequence, “Sbjct” is the aligned sequence, and the 
middle sequence shows the mismatches: a “+” indicates 
a positive and a space indicates a mismatch that is not 
a positive. There are resources on the NCBI website 
to help you understand more about the information a 
BLAST search generates.

The data on the following pages compares rainbow 
trout to salmon, zebra ýsh, carp, and tuna, and then 
compares salmon to zebra ýsh, carp, and tuna, then 
zebra ýsh to carp and tuna, and ýnally carp to tuna.

Use the data provided to determine how many amino 
acid differences exist between the organisms. Organize 
your data in charts.

Using databases to obtain real amino acid sequence data to create cladograms

gi|755771|emb|CAA88724.1     myosin heavy chain [Oncorhynchus mykiss]

           Length=698

Score = 119 bits (299), Expect = 2e-26
Identities = 60/60 (100%), Positives = 60/60 (100%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL    60
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL

Sbjct 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL    60

From Bio-Rad�s Comparative Proteomics Kit I: Protein Pro�ler Module
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gi|21623523|dbj|BAC00871.1|     myosin heavy chain [Oncorhynchus keta]

           Length=1937

Score = 119 bits (299), Expect = 2e-26
Identities = 60/60 (100%), Positives = 60/60 (100%), Gaps = 0/60 (0%)

Query 1
AKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL    60
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL

Sbjct 1240
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL    1299

Rainbow trout compared to chum salmon

gi|68360600|ref|XP_708916.1|     PREDICTED: myosin, heavy polypeptide 1, 

skeletal muscle [Danio rerio]

           Length=2505

Score = 108 bits (269), Expect = 6e-23
Identities = 52/60 (86%), Positives = 57/60 (95%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL	6 0
VAKAK NLEKMCRTLEDQLSE+K+KNDEN+RQ+ND+S QRARL TENGEFGRQLEEKEAL

Sbjct 1240
VAKAKANLEKMCRTLEDQLSEIKSKNDENLRQINDLSAQRARLQTENGEFGRQLEEKEAL	1 299

Rainbow trout compared to zebra �sh

gi|806515|dbj|BAA09069.1|     myosin heavy chain [Cyprinus carpio]

           Length=955

Score = 104 bits (259), Expect = 8e-22
Identities = 51/60 (85%), Positives = 56/60 (93%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL	6 0
VAKAK NLEKMCRTLEDQLSE+KTK+DENVRQ+ND++ QRARL TENGEF RQLEEKEAL

Sbjct 259
VAKAKANLEKMCRTLEDQLSEIKTKSDENVRQLNDMNAQRARLQTENGEFSRQLEEKEAL	31 8

Rainbow trout compared to common carp

gi|1339977|dbj|BAA12730.1|     skeletal myosin heavy chain [Thunnus thynnus]

           Length=786

Score = 104 bits (259), Expect = 8e-22
Identities = 49/60 (81%), Positives = 57/60 (95%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL	6 0
VAK+KGNLEKMCRT+EDQLSELK KNDE+VRQ+ND++GQRARL TENGEF RQ+EEK+AL

Sbjct 88
VAKSKGNLEKMCRTIEDQLSELKAKNDEHVRQLNDLNGQRARLQTENGEFSRQIEEKDAL	1 47

Rainbow trout compared to blue�n tuna

gi|68360600|ref|XP_708916.1|    PREDICTED: myosin, heavy polypeptide 1, 

skeletal muscle [Danio rerio]

           Length=2505

Score = 108 bits (269), Expect = 6e-23
Identities = 52/60 (86%), Positives = 57/60 (95%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL	6 0
VAKAK NLEKMCRTLEDQLSE+K+KNDEN+RQ+ND+S QRARL TENGEFGRQLEEKEAL

Sbjct 1240
VAKAKANLEKMCRTLEDQLSEIKSKNDENLRQINDLSAQRARLQTENGEFGRQLEEKEAL	1 299

Chum salmon compared to zebra �sh

gi|806515|dbj|BAA09069.1|   myosin heavy chain [Cyprinus carpio]

           Length=955

Score = 104 bits (259), Expect = 8e-22
Identities = 51/60 (85%), Positives = 56/60 (93%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL	6 0
VAKAK NLEKMCRTLEDQLSE+KTK+DENVRQ+ND++ QRARL TENGEF RQLEEKEAL

Sbjct 259
VAKAKANLEKMCRTLEDQLSEIKTKSDENVRQLNDMNAQRARLQTENGEFSRQLEEKEAL 318

Chum salmon compared to common carp

gi|1339977|dbj|BAA12730.1|   skeletal myosin heavy chain [Thunnus thynnus]

           Length=786

Score = 104 bits (259), Expect = 8e-22
Identities = 49/60 (81%), Positives = 57/60 (95%), Gaps = 0/60 (0%)

Query 1
VAKAKGNLEKMCRTLEDQLSELKTKNDENVRQVNDISGQRARLLTENGEFGRQLEEKEAL	6 0
VAK+KGNLEKMCRT+EDQLSELK KNDE+VRQ+ND++GQRARL TENGEF RQ+EEK+AL

Sbjct 88
VAKSKGNLEKMCRTIEDQLSELKAKNDEHVRQLNDLNGQRARLQTENGEFSRQIEEKDAL	1 47

Chum salmon compared to blue�n tuna

gi|806515|dbj|BAA09069.1|   myosin heavy chain [Cyprinus carpio]

           Length=955

Score = 108 bits (271), Expect = 4e-23
Identities = 53/60 (88%), Positives = 59/60 (98%), Gaps = 0/60 (0%)

Query 1
VAKAKANLEKMCRTLEDQLSEIKSKNDENLRQINDLSAQRARLQTENGEFGRQLEEKEAL	6 0
VAKAKANLEKMCRTLEDQLSEIK+K+DEN+RQ+ND++AQRARLQTENGEF RQLEEKEAL

Sbjct 259
VAKAKANLEKMCRTLEDQLSEIKTKSDENVRQLNDMNAQRARLQTENGEFSRQLEEKEAL	31 8

Zebra �sh compared to common carp
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Which two ýsh share the most amino acids in their myosin heavy chains based on your data?

Which two ýsh share the fewest amino acids?

Are there any ýsh that share more amino acids with each other than each does with the two ýsh in question one? If 
yes, which ýsh?

gi|1339977|dbj|BAA12730.1|     skeletal myosin heavy chain [Thunnus thynnus]

           Length=786

Score = 102 bits (253), Expect = 4e-21
Identities = 47/60 (78%), Positives = 57/60 (95%), Gaps = 0/60 (0%)

Query 1
VAKAKANLEKMCRTLEDQLSEIKSKNDENLRQINDLSAQRARLQTENGEFGRQLEEKEAL	6 0
VAK+K NLEKMCRT+EDQLSE+K+KNDE++RQ+NDL+ QRARLQTENGEF RQ+EEK+AL

Sbjct 88
VAKSKGNLEKMCRTIEDQLSELKAKNDEHVRQLNDLNGQRARLQTENGEFSRQIEEKDAL	1 47

Zebra �sh compared to blue�n tuna

gi|1339977|dbj|BAA12730.1|     skeletal myosin heavy chain [Thunnus thynnus]

           Length=786

Score = 104 bits (259), Expect = 9e-22
Identities = 49/60 (81%), Positives = 57/60 (95%), Gaps = 0/60 (0%)

Query 1
VAKAKANLEKMCRTLEDQLSEIKTKSDENVRQLNDMNAQRARLQTENGEFSRQLEEKEAL	6 0
VAK+K NLEKMCRT+EDQLSE+K K+DE+VRQLND+N QRARLQTENGEFSRQ+EEK+AL

Sbjct 88
VAKSKGNLEKMCRTIEDQLSELKAKNDEHVRQLNDLNGQRARLQTENGEFSRQIEEKDAL	1 47

Common carp compared to blue�n tuna

Rainbow trout Chum salmon Zebra �sh Common carp Blue�n tuna
Rainbow trout
Chum salmon

Zebra �sh
Common carp
Blue�n tuna

Construct a table of your data containing the number of amino acid differences between each of the different ýsh.
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Construct a cladogram based on this data:

The myosin heavy chain of white croaker (Pennahia argentata) (BAB12571) has the following amino acid differ-
ences with the ýve ýsh above.

Add this ýsh to your cladogram and explain why you placed it where you did.

Rainbow trout Chum salmon Zebra �sh Common carp Blue�n tuna
White croaker 4 4 11 9 11
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Which two ýsh share the most amino acids in their myosin heavy chains based on your data?

Trout and salmon

Which two ýsh share the fewest amino acids?

Tuna and zebra ýsh

Are there any ýsh that share more amino acids with each other than each does with the two ýsh in question one? If 
yes, which ýsh?

Yes, carp and zebra ýsh

Construct a cladogram based on this data:

Construct a table of your data containing the number of amino acid differences between each of the different ýsh.

Rainbow trout Chum salmon Zebra �sh Common carp Blue�n tuna
Rainbow trout 0 0 8 9 11
Chum salmon 0 8 9 11

Zebra �sh 0 7 13
Common carp 0 11
Blue�n tuna 0

tuna carp zebra�sh croaker salmon trout

KEY
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Taxonomic data can be derived from many sources: 
DNA sequences, protein sequences, morphology, and 
paleontology. Classiýcation of organisms derives from 
these sources. Inconsistencies in the phylogenetic trees 
generated between molecular and taxonomic data em-
phasize why data from different sources is required to 
generate phylogenetic trees and why there is still much 
dispute in the ýeld of phylogenetics on the correct 
placement of organisms within phylogenetic trees. The 
amount of work required to process the small amount 
of data provided here also emphasizes the need for 
skilled bioinformaticists to process and analyze the vast 
amount of data generated by genomic and proteomic 
research.

Examine the taxonomic classiýcation of the ýshes 
below and construct a phylogenetic tree based on that 
data. The large phylogenetic tree ýgure will be useful 
for this exercise.

Rainbow Trout (Oncorhynchus mykiss) Vertebrata; 
Euteleostomi; Actinopterygii; Neopterygii; Teleostei; 
Euteleostei; Protacanthopterygii; Salmoniformes; Sal-
monidae; Oncorhynchus.

Chum Salmon (Oncorhynchus keta) Vertebrata; Eutele-
ostomi; Actinopterygii; Neopterygii; Teleostei; Eutele-
ostei; Protacanthopterygii; Salmoniformes; Salmonidae; 
Oncorhynchus.

Zebra Fish (Danio rerio) Vertebrata; Euteleostomi; 
Actinopterygii; Neopterygii; Teleostei; Ostariophysi; 
Cypriniformes; Cyprinidae; Danio.

Carp (Cyprinus carpio) Vertebrata; Euteleostomi; 
Actinopterygii; Neopterygii; Teleostei; Ostariophysi; 
Cypriniformes; Cyprinidae; Cyprinus.

Blueýn Tuna (Thunnus thynnus) Vertebrata; Euteleos-
tomi; ctinopterygii; Neopterygii; Teleostei; Euteleostei; 
Neoteleostei; Acanthomorpha; Acanthopterygii; Percom-
orpha; Perciformes; Scombroidei; Scombridae; Thunnus.

White Croaker (Pennahia argentata) Vertebrata; Eutele-
ostomi; ctinopterygii; Neopterygii; Teleostei; Euteleostei; 
Neoteleostei; canthomorpha; Acanthopterygii; Percomor-
pha; Perciformes; Percoidei; Sciaenidae; Pennahia.

Does the taxonomic classiýcation support the molecular 
data?

Why do scientists need to examine multiple data sets 
before determining evolutionary relatedness?

Please note, this is a quick guide to obtain a list of ýsh 
myosin sequences, there are many reýnements you can 
make to your search and many different ways to use 
BLAST searches.

Further information can be found on the NCBI website.
1) Go to http://www.ncbi.nlm.nih.gov/ and choose 
BLAST.

2) Choose Protein-Protein BLAST.

3) Enter your myosin sequence into the search box.
Rainbow Trout Myosin Heavy Chain Protein Sequence 
(CAA88724):

VAKAKGNLEKMCRTLEDQLSELKTKNDEN-
VRQVNDISGQRARLLTENGEFGRQLEEKEAL

4) Leave the other ýelds as found and hit the BLAST 
button.

5) A new window should pop up. Hit the Format button.

6) After a short wait the BLAST results window will 
come up and may well be hundreds of pages long 
— don’t worry. There should be a long list of sequences 
that produced signiýcant alignments. Although the 
search may pick up hundreds of sequences, they are in 
order of homology, so the ones you are interested in 
should be in the ýrst 25 or so.

7) Further down the BLAST results page, after the list 
of sequences, each sequence will be aligned with the 
original trout sequence (as shown in the example) so 
that you can see how the two compare.

8) To compare your second ýsh, say blueýn tuna, with 
the other ýsh, you must perform a second BLAST 
search with the tuna sequence to obtain the protein 
alignments of tuna with the other ýsh. Alternatively, 
you can align 5 protein sequences yourself from your 
original search in a word processing document (use 
Courier font, this aligns sequences because all the let-
ters are the same width) and have your students manu-
ally compare them.

Quick Guide to BLAST searching
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Construct a simple phylogenetic tree based on the taxonomic data.

Does the taxonomic data support the molecular data? Please explain your answer.

Why do scientists need to examine multiple data sets before determining evolutionary relatedness?

BLAST-SEARCHING QUESTIONS
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Construct a simple phylogenetic tree based on the taxonomic data (the large phylogenetic tree ýgure will be useful here).

Does the taxonomic data support the molecular data? Please explain your answer.

The trees do not entirely match. Both trees show a close relationship between salmon and trout and zebra ýsh 
and carp. However, tuna is in the same sub-phylum (Euteleostei) as salmon and trout, yet this does not concur 
with the molecular data and croaker is in the same order as tuna (Perciformes) and yet the amino acid sequence 
of croaker’s myosin is much closer to salmon than tuna.

Why do scientists need to examine multiple data sets before determining evolutionary relatedness?

The statistical relevance of data grows as the size of the data set increases. The 60 amino acid segment of myosin 
heavy chain constitutes just 3% of the myosin heavy chain molecule, which is around 1,900 amino acids long. 
Performing a BLAST search with a larger portion of the molecule generates a cladogram with different relation-
ships, demonstrating that the 60 amino acid piece is not large enough to provide a full picture of relatedness. 
However, even if the full-length myosin were compared, that is just a single protein out of the thousands gener-
ated by the organism. The data would be much stronger if the sequences of multiple proteins were compared, and 
stronger still if molecular data were used with other types of classiýcation data such as morphological data.

BLAST-SEARCHING QUESTIONS
KEY

carp zebra �sh tuna croaker salmon trout

Cypriniformes

Ostariphysi

Perciformes

Acanthopterygii

Salmoniformes

Protacanthoptrygii

Euteleostei

Teleosti
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Tree Analysis

1.  Is the tomato more closely related to the red algae (Porphyra) or to maiza (corn)? 

2.  Which node represents the ancestor of the red and green algae?

3.  Which node represents the ancestor of all life?

4.  Which node represents the ancestor of eukaryotes?

5.  Which node represents the ancestor of animals and fungi?

6.  Did #1 live before #4 or vice versa?

7.  Did # 4 live before #3 or vice versa?

8.  Which organism shown on the tree is most closely related to the human?

Human

Fly

Yeast (Fungi)

Chlorella (Green algae)

Maize (corn)
Tomato
Porphyra (Red algae)

Rickettsia

Nostoc

Thermococcus

1

2

4

3
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9.  Mereschkowsky thought that different bacteria gave rise to different plant lineages. Which of the trees below is 
most consistent with Mereschkowsky’s hypothesis?

10.  How do you think Mereschkowsky’s hypothesis can be tested?

11.  Brieþy summarize the three main differences between the three phylogenetic trees shown below.

Green alga cp

Bacterium A

Plant cp

Bacterium B

Red alga cp

Bacterium C

1 2

3

Green plant cp

Green alga cp

Red alga cp
Bacterium A

Bacterium B

Bacterium C

Green plant cp

Green alga cp
Red alga cp

Bacterium A

Bacterium B
Bacterium C
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1.  Is the tomato more closely related to the red algae (Porphyra) or to maiza (corn)? 
The tomato is most closely related to corn

2.  Which node represents the ancestor of the red and green algae?
#1

3.  Which node represents the ancestor of all life?
#3

4.  Which node represents the ancestor of eukaryotes?
#4

5.  Which node represents the ancestor of animals and fungi?
#2

6.  Did #1 live before #4 or vice versa?
#4 lived before #1

7.  Did # 4 live before #3 or vice versa?
#3 lived before #4

8.  Which organism shown on the tree is most closely related to the human?
Fly

9.  Mereschkowsky thought that different bacteria gave rise to different plant lineages. Which of the trees below is 
most consistent with Mereschkowsky’s hypothesis?
Tree #1

10.  How do you think Mereschkowsky’s hypothesis can be tested?
Mereschkowsky’s hypothesis can be tested using alignments of DNA that encodes very conserved genes from 
eukaryotes, bacteria, and arachaea, as well as DNA from the chloroplast.

11.  Brieþy summarize the three main differences between the three phylogenetic trees shown below.

	 Tree # 1
	 Different bacteria gave rise to chloroplasts in different lineages of plants and algae.

	 Tree #2
	 One bacterium (A) gave rise to all chloroplasts that are found in plants and algae.

	 Tree #3
	 Chloroplasts are not derived from bacteria at all.
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