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How to Use This Book



Painless biology? Yes, that’s right. Learning about and understanding biology does not have to be the intimidating process that so many students expect it to be. Think about it: biology is the study of life—isn’t that what you’ve been doing for most of your life? I’ve been teaching high school biology for 25 years, and so many students arrive in my classroom afraid of the subject and sure that biology is beyond comprehension. It is not. Think about what you already know about how life works. You’re off to a good start, right? There is definitely science to explore and there is a language that belongs to biology, but always keep in mind that when you do the work to explore, understand, and define life, you are working to increase your understanding of yourself and of the world around you. It’s totally worth it! Let’s go…


Painless Icons and Features


Painless Biology incorporates the following icons and features to help make learning biology easier.
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Interesting documented biological facts about the topics are covered in each chapter. Each Painless Fact helps to illuminate and personalize the information presented in that chapter.
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You will find a variety of helpful hints and suggestions that are specific to understanding biology throughout the chapters of this book
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Throughout these chapters you will find study skill strategies specific to learning about and exploring biology and the sciences.


[image: Images] PAINLESS STEPS


When the exploration of a topic is sequential or would benefit from a list of steps, the steps are provided under this feature.
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Many topics in this book are presented and then revisited and elaborated upon, or explored in a different context, in later chapters. It may help to go back and review the original information as you begin to apply it to a new biology concept.


[image: Images] CAUTION—Major Mistake Territory!


These warnings may help you avoid common mistakes and misunderstandings. Make sure to read them carefully.
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You will find Brain Ticklers throughout and at the end of each chapter of Painless Biology. These short quizzes are designed to make sure that you understand and recall the information you just learned. Complete the Brain Ticklers and check your answers using the answer key at the end of the chapter. If you get any wrong, you know that that’s a topic that needs to be reviewed.
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Super Brain Ticklers appear at the end of each chapter. These are comprehensive quizzes on all of the topics covered in the chapter. Solve these questions to make sure that you understand all of the chapter topics before moving forward.


Chapter Breakdown


Chapter One is an introduction to science and biology. Given that biology is the “study of life,” this chapter defines the characteristics shared by all living things. It also discusses one of the most important instruments used to study biology—the microscope.


Chapter Two explores the study of cells. In this chapter you will investigate how organisms are categorized and named. You will explore some of the diversity of life forms. You will examine the structures, called organelles, that make up all living things. You will also discover some of the impacts of cells and organelles that do not work correctly.


Chapter Three is about biological chemistry and explores atoms, molecules, and chemical bonding. The importance of water, along with the associated role of pH in living things, is discussed. This chapter explains the biological macromolecules: carbohydrates, lipids, proteins, and nucleic acids. It also explores some important specialized biological molecules like ATP and enzymes.


Chapter Four explores how materials are transported into and out of cells. Cell membrane structure is discussed as well as its impact on transport. Passive and active transport are reviewed including osmosis and osmotic solutions. Finally, this chapter discusses what happens when cell membranes don’t work correctly.


Chapter Five looks into the relationship between metabolism and energy. Photosynthesis, chemosynthesis, and cellular respiration and their cycles are explained. Energy-storing macromolecules like ATP are discussed.


Chapter Six is about human anatomy and includes explanations of basic anatomy and physiology, planes and directional terms, body cavities and membranes, and microanatomy and macroanatomy. This chapter explores the basic functions, microscopic and gross anatomy, and diseases of each of the human body systems. All body systems are reviewed: skeletal, muscular, integumentary, cardiovascular, respiratory, digestive, urinary, nervous, endocrine, immune, lymphatic, and reproductive.


Chapter Seven explores cellular reproduction, focusing on the roles of asexual and sexual reproduction. The cell cycle is explained with a focus on mitosis and meiosis. Aging and cellular life spans are discussed in the context of the activity of telomeres.


Chapter Eight is a chapter on the basics of genetics. Here, you will explore what genetics is, what it does, and how it impacts each of us. This chapter explores traits, DNA, chromosomes, genes, and alleles.


Chapter Nine examines basic Mendelian inheritance and its patterns. You will explore a bit of the life and works of the “Father of Modern Genetics,” Gregor Mendel. You will explore simple Mendelian inheritance patterns: recognizing dominant and recessive genes as well as homozygous and heterozygous inheritance. You will learn about and practice with basic Punnett squares. You will also learn about non-Mendelian, or complex, patterns of inheritance.


Chapter Ten is about molecular genetics. You will explore the history of the study of genetics. This chapter will explain nucleic acids, DNA, and RNA. You will learn about how DNA replication, transcription, and translation work.


Chapter Eleven explains and describes the basics of genetic disorders, including dominant, recessive, and sex-linked genetic disorders. You will explore polygenic and multifactorial genetic disorders. The chapter will explain chromosomal abnormalities, and why they are not the same as genetic disorders. Genetic and chromosomal disorder screening tests and their uses will also be explained.


Chapter Twelve is about genetic technology. In this chapter you will learn about PCR, DNA microarrays, home DNA tests, mRNA vaccines, genetic engineering, GMOs, gene editing, CRISPR, and cloning.


Chapter Thirteen will explain the basic biology of ecological relationships. It will explore relationships between species, the importance of habitat and niche, and the roles of autotrophs and heterotrophs. This chapter will also describe feeding relationships, food webs, species interactions, and the different types of symbiotic interactions.


Chapter Fourteen is about ecology and the planet Earth. You will look into ecological levels of organization, the roles and importance of the Earth’s biomes, and the relationships between communities and ecological successions. You will explore the relationship between ecological relationships and energy flow as well as nutrient cycling in ecosystems.


Chapter Fifteen will move you into an understanding of human ecology and population biology. You will explore the basics of the unique role of human populations in the Earth’s ecosystems. The chapter will explain how human populations grow and change, limits to human population growth, and current information on the impacts of human population growth.


Chapter Sixteen is about evolution and natural selection. This chapter will discuss early evidence of life on Earth as well as the life and work of Charles Darwin and his theory of natural selection. You will explore multiple forms of evidence for evolution and learn about the history of human evolution.


Chapter Seventeen discusses and describes the unique impacts of the human race on the Earth. You will learn why some scientists are labeling this time on Earth the “Anthropocene Era.” You will explore the potential positive impacts provided by the field of conservation biology and how human intellect and choices have the potential to reduce negative human-generated destruction of the Earth’s resources.


And so here we go…. Painless Biology is ready to help you move forward in your understanding of life: how it began and continues on, how living things are organized and assembled, how living things have adapted and changed, how living things obtain and use energy, how living things interact with their living and nonliving surroundings, and how life is explored and understood. Let’s learn about biology.










Chapter 1



Science and Biology


What Is Science?


Science is a way of thinking


Have you ever heard people say that they believe something is true or false? Have you thought, “What does that mean?” Did you wonder, “Where did they get their information?” Did you think about asking, “What kind of evidence supports this belief?” Well, if you asked those questions, you were thinking scientifically. Science is an approach to life that involves gathering tested and supported information in order to answer questions and solve problems.


Scientific thinking: the process of investigation


So, how do we go about gathering information that is tested and supported? The first step is to ask questions that are based on observable evidence. You’ve probably been doing this for years! Kids start asking questions like “Why is the sky blue?” and “Why is the grass green?” when they’re about three years old. These are reasonable scientific questions, but keep in mind that questions like “What kind of phone should I buy?” or “What classes should I take next semester?” or “Where should I go to college?” can also be answered effectively using a scientific strategy.


Scientific thinking: the process of evaluating information


Whatever your questions may be, however many types of evidence you collect, and however much evidence you gather, you then have to evaluate the credibility of the evidence. Many people will use the phrase “I have a theory about…,” and in scientific terms this is inaccurate. Usually, it means a person has a guess to make about the topic. In science, a theory is a very thoroughly tested and supported explanation of a subject. A scientific theory has been observed and experimented upon many times and has been repeatedly confirmed. A more scientifically accurate term would be hypothesis. When someone has a hypothesis, it means that he or she has a suggested answer to a question based on observation and limited information. A hypothesis is a starting point for his or her exploration of the topic. Scientific experimentation, or testing, can only support or refute a hypothesis; it cannot prove or disprove a hypothesis. The word law is also used differently in science than in everyday conversation. In science, a law is a statement of fact, established as fact because a specific natural event always occurs given the same conditions.
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CAUTION—Major Mistake Territory!


Do not use the word theory to mean “I have an idea about that.” In scientific conversations, discussing a theory indicates that you are talking about a concept that has been extensively examined, tested, and supported.





Scientific thinking: why does it matter?


In seeking the answers to questions, scientific thinking and scientific processes are used to recognize and identify the importance of thoughtful exploration of these questions. Scientific thinking requires the use of reliably tested and supported data when making scientific conclusions and important decisions. Collectively, these processes allow members of society to make responsible and informed decisions and choices that are supported by reliable evidence.


What Is Biology?


Biology is the science of life


There are many subdivisions of science. There is chemistry, which explores the structure and function of matter. There is physics, which studies how matter works within the universe. Biology studies how life and living things work. Biology explores the chemistry and molecular and microscopic structures of living things. It studies the macroscopic, or visible, structures and functions of living things and how they work together. Biology explores the development, evolution, and ecological interactions of all living things. In short, biology is the complete study of all living things.


Biology studies types of life


Often, when people refer to living things, they are talking about animals and plants. However, the groups of living things actually include bacteria, protists, and fungi as well as animals and plants. Human beings are members of the animal kingdom.


Biology recognizes the characteristics of life


All—yes, ALL—living things share several basic characteristics. Every species will have many other unique characteristics, but these specific characteristics are shared by every single living thing. If something (like water, fire, or a virus) does not have all these characteristics, it is not considered to be living.


1.Growth—All living things gain size (length, height, circumference, weight, mass) over time. Growth is not the same as development.


2.Development—All living things change as they age (metamorphosis of a tadpole into a frog; puberty and loss of baby teeth in mammals; plants growing seeds and flowers).


3.Organization—All living things have cell and body parts performing specific jobs in specific locations (cell membranes always contain cytoplasm in bacteria; the human heart and lungs are always in the chest cavity).


4.Reproduction—All living things have the ability to reproduce. Asexual reproduction produces identical new offspring for some species and identical new body cells for multicellular organisms. Sexual reproduction creates new and unique offspring of different parents.


5.Homeostasis—All living things have the ability to keep their bodies in balance. Examples of homeostasis include plants growing toward light, and birds and mammals maintaining their body temperature, pulse, and respiration.


6.Cells—All living things either are cells or are made of cells. All cells eventually die.


7.Metabolism—All living things obtain nutrients, then they use those nutrients for energy and structural materials, and finally they dispose of the leftover waste.


8.Adaptation—All living things adjust to their environment. This does not change their DNA. However, as members of a population, individuals with the adaptations that best meet the demands of their environment will have the most reproductive success. Their better adapted offspring will then contribute to changes in the general population in a process known as evolution.
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Decide whether each of the following statements is true or false.


1.A theory and a hypothesis are each a type of guess.


2.All living things share the characteristic of movement.


3.Growth and development are different characteristics of life.


(Answers are on page 14.)
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PAINLESS TIP


Although there is some controversy about it, most biologists agree that viruses are not living things. Viruses can’t create energy for themselves, don’t maintain homeostasis, don’t grow or develop, and aren’t made of cells. Although viruses do meet several criteria for living things, like change due to natural selection and reproduction, they don’t have all the characteristics of life. They reproduce by taking over the working parts of living cells. Therefore, they can’t be considered living things. Viruses are actually more like parasitic robots than living organisms.






How Do We Explore Biology?



We use the scientific method


Scientists have been using a common model for exploring, examining, and sharing information about the natural world for thousands of years. This model is now called the scientific method. At one point, the scientific method was promoted as a linear process that allowed scientists to effectively gather and share scientific information.
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PAINLESS STEPS


Identifying the steps that make up the scientific method is painless and looks like this:


Step 1: Observations—Experience the world around you by using all your senses.


Step 2: Questions—Identify the things you wonder about and develop your questions.


Step 3: Hypothesis—Develop a testable and falsifiable statement about your question.


Step 4: Research—Explore what has already been understood about your hypothesis.


Step 5: Experimentation—Develop and perform experiments to test your hypothesis.


Step 6: Data collection—Gather data from the experiments you perform.


Step 7: Analysis—Inspect and examine experimental results.


Step 8: Conclusion—Explain experimental data and their relationship to the original hypothesis. Data will only support or refute the hypothesis; it will not “prove” or “disprove” anything in the hypothesis.





Today, scientists use all these elements of the scientific method, but they understand that their sequence is very flexible. For example, if scientists gather data that do not support their hypothesis, they don’t need to start over. Instead, they are likely to modify their questions, hypotheses, research, or experiments to be more appropriate to their investigation.
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PAINLESS TIP


A great way to start thinking scientifically is to pay attention to your observations. Then you can start formulating questions about your observations. For example, if you go to a park, or even your yard, and stay still, you may observe the birds interacting. What do they look like? Do they seem to notice each other? What are they doing? Do they seem to have a hierarchy (are some acting dominant)? Do birds that look similar act differently toward each other than birds that look different? How might you begin to look for answers to your questions?





We identify types of information: observation vs. inference


Scientists have to be careful about introducing their own bias, or prejudice, into their investigations. They need to objectively evaluate their thoughts and work to make sure they’re not introducing false information based on personal bias. One way to do this is to carefully determine whether a statement is based on observation or inference. Observation is the act of monitoring or carefully examining something in order to get information. Observation is used in scientific reasoning because it stands alone and isn’t influenced by personal beliefs. Inference is the use of past experiences, assumptions, or speculation to frame a belief. Scientists avoid the use of inference because it may insert inaccurate or untrue information into their work.


We identify types of data: quantitative vs. qualitative evidence


When we’re investigating a scientific question and gathering information, that information is called data. Data are generally accepted as being either quantitative or qualitative evidence. Quantitative data are numerical—for example, measurements of time, temperature, size, mass, and, obviously numbers. Qualitative data are sensory information. Qualitative data include colors, textures, shapes, smells, and tastes. Identifying what kind of information they’re looking for helps scientists watch for it more carefully.
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Name the term that represents each of the following descriptions.






	
1.Introducing one’s own perspective, or prejudices, into a scientific investigation


2.Evidence that is gathered using the senses (sight, sound, touch, smell, taste)


3.The process of carefully examining something



	
A.qualitative


B.observation


C.bias









(Answers are on page 14.)





We communicate our data: tables, graphs, and variables


As scientists gather data, they need to arrange and present it in an organized way. Tables and graphs help with this strategy. A table is a collection of information arranged into groups or columns. Here is an example of a table:
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Figure 1–1. Example of a Table


A graph is a diagram that shows the relationship between two, often quantitative, variables. Line graphs are often used to convey scientific data. A variable is a factor in an experiment or investigation that is likely to change. There are different types of variables in an experiment. Control variables show us what happens if nothing is changed; scientists usually measure their results against a control. An independent variable is a single factor that changes in an experiment. It can be changed by a scientist or simply by nature. A dependent variable is a change that occurs because of the changed independent variable.
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PAINLESS TIP


Remember that dependent variables are dependent upon changes in the independent (or manipulated) variable. Dependent variables are usually the results we look for in an experiment.





The line graph below shows a population count over the course of 125 years. The variables here are time (measured in years) and the population count (measured in millions of individuals). Graphs are always titled and the axes are always labeled. In this graph the x-axis (horizontal line) is labeled with the years (quantitative data and independent variable) and the y-axis (longitudinal line) is labeled with population numbers (quantitative data and dependent variable). This graph tells us that the population change was dependent on the passage of time.
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Figure 1–2. Example of a Line Graph
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PAINLESS TIP


The most commonly used graphs in biology are based on line graphs. Remember that the line on the bottom, the x-axis, is where the independent variable goes. The results, or dependent variable, are graphed on the y-axis on the side.






We communicate our data: clarity and measurement


Scientists depend on each other to share information. Scientists also need other scientists to duplicate their experiments and results in order to support or refute their data. For these reasons, it is really important that scientists communicate accurately and clearly. Precise vocabulary matters in science, and so do precise measurements. All scientists around the world use the metric system to gather and share numerical data. The metric system allows these scientists to perform the same experiments and compare data using the same numerical system.
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Figure 1–3. Metric Conversion Chart


We use technology to investigate: microscopy


One type of technology that biologists are known to use is the microscope. Microscopes allow us to see objects that are too small to see with just our eyes. Microscopes range from very simple to incredibly intricate in terms of complexity. The type of microscope most commonly seen in classrooms is the compound light microscope. This type of microscope has a light source found below the stage where a specimen is held in place on a glass slide. It also has two lenses held in place above the slide by a solid tube. The two lenses are like magnifying glasses that can be focused on the specimen. Together the two lenses compound the magnification. For example, the eyepiece, or ocular lens, may have a magnification of 10 times (10×) and the second lens, or objective, may have a magnification of 40 times (40×). A specimen viewed through both lenses and the tube, with light from below the specimen clarifying the image, would be magnified 400 times (400×).
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Figure 1–4. Example of a Compound Microscope
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Select the correct term to complete each sentence.


1.In an experiment, the variable that represents the result is the (dependent or independent) variable.


2.In an experiment, the variable that represents the normal or unchanged state is the (independent or control) variable.


3.Microscopes most commonly available to students are called (compound light or scanning light) microscopes.


(Answers are on page 14.)





The electron microscope is another type of microscope used commonly in biology. Electron microscopes use magnetic fields to move electrons through an ultrathin slice of a specimen and create highly magnified images. These microscopes can provide an image of the structures that make up cells. A transmission electron microscope (TEM) can magnify a specimen up to 500,000 times. A scanning electron microscope (SEM) focuses electrons to scan the surface of a sample to create a two-dimensional surface image and magnify it up to three million times. Clearly, microscopes are important technological devices for biologists who are trying to understand how all living things are put together, how they work, and how they interact.
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Match these definitions to the correct terms.






	
1.The microscope lens that your eye looks into


2.Statement describing a tested and observed predictable phenomenon


3.A microscope that uses electrons and magnetic fields to achieve magnifications up to 500,000×


4.A well-tested and supported explanation of events in the natural world


5.A variable that is changed in an experiment in order to produce results


6.A characteristic of all living things that allows them to maintain their internal balance


7.A characteristic of all living things that involves getting and using energy and nutrients and releasing waste


8.A characteristic of all living things that is seen in the way that all members of a species have their anatomy arranged in the same way



	
A.homeostasis


B.TEM


C.theory


D.organization


E.ocular


F.dependent


G.metabolism


H.law


I.independent









(Answers are on page 14.)





Vocabulary


Bias: When an investigator’s preconceived ideas or beliefs influence the way he or she proceeds with research, an experiment, data collection, or data analysis.


Compound light microscope: A common light microscope that uses visible light and a series of lenses to produce magnified images of very small specimens.


Control variable: The condition in an experiment that does not change. It can be used to measure the change in a dependent variable.


Data: Information gathered from experimentation or research.


Dependent variable: An element of a scientific question that depends on something else; it is often the result of an experiment on an independent variable.


Electron microscope: A complex microscope that provides high magnification of very small objects using magnetic fields and electrons.


Graph: A diagram showing the relationship between variable quantities, which are set on an x-axis and a y-axis.


Homeostasis: Life process involving the adaptations in an organism that maintain its equilibrium, or balanced state, despite external conditions.


Hypothesis: A statement that predicts an outcome; it is used as a foundation of scientific investigation.


Independent variable: The element of a scientific investigation that is deliberately changed (resulting in the dependent variable).


Inference: A conclusion based on reasoning and evidence.


Law: A single fact of science that has been extensively tested, supported, and accepted. A scientific law tells us what will happen every time specific circumstances occur.


Metabolism: Life process when nutrients are taken in and broken down into small enough molecules to be used by the cells of a body; following the use of the molecules, waste products are eliminated.


Observation: The act of paying careful attention to the information obtained by our senses; all information is then recorded clearly, accurately, and honestly.


Organization: All living things are arranged in specific ways. There is a clear arrangement of organelles inside each cell. In multicellular organisms, cells, tissues, organs, and systems are found in very specific locations. Wouldn’t it be strange if your fingernails were at the base of your fingers instead of at your fingertips?


Qualitative evidence: Scientific information gathered from sensory input: sounds, colors, textures, shapes, and odors.


Quantitative evidence: Scientific information collected in numerical form, as in graphs, tables, and charts.


Scientific method: A research process in which a question is asked, a problem is identified, relevant data are collected, a hypothesis is developed from these data, and the hypothesis is empirically tested.


Table: A visual collection and representation of data or information.


Theory: A scientifically accepted explanation of how nature works.


Variable: A factor in an experiment or investigation that is likely to change.



Brain Ticklers—The Answers



Set # 1, page 4



1.False


2.False


3.True


Set # 2, page 7



1.C


2.A


3.B


Set # 3, page 10



1.dependent variable


2.control variable


3.compound light


Super Brain Ticklers


    1.E


    2.H


    3.B


    4.C


    5.I


    6.A


    7.G


    8.D










Chapter 2



Cells


What Are Cells?


Cells are the basic structural units of all living things


So, do you remember from the last chapter that all living things are either cells, or are made of cells? And that cells are organized structures, with parts that perform specific and unique functions? This is important because cells are the structural units that make up all living things.


Cells are different sizes and shapes


Cells come in many sizes. Most, but not all, cells are microscopic, meaning that most individual cells can only be seen by using a microscope. A cell’s size is limited by its surface area to volume ratio. This means that each cell needs to get nutrients and energy to its deepest, most interior regions, and nutrients get into the cell through its cell membrane. Therefore, the surface area of the cell membrane limits how much nutrition can enter the cell and become available to all the structures of the cell.
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Figure 2–1. Relative Sizes


There are more than 200 different types of cells in the body of a complex organism like a human. These cells have many different shapes that make them most effective at performing their functions.
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Figure 2–2. Types of Human Cells



Levels of Classification



The science of biological taxonomy names, identifies, and defines all known living things based on their shared characteristics and relationships with other living things. Living things are first identified as members of a domain (Archaea, Bacteria, or Eukarya), which are then divided into seven kingdoms (listed below under “Diversity of Cells”). Kingdoms are progressively split into smaller and more related groups in the following order: phylum > class > order > family > genus > species.
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PAINLESS STUDY TIP


An mnemonic is a word or phrase that uses the first letter of each term you want to remember. Mnemonics are a great way to remember the order of topics. When you were younger, you may have learned “ROY G BIV” to remember the order of colors in a rainbow. Many science students use the mnemonic “Doting King Philip Came Over From Germany Saturday” to remember the levels of taxonomic naming. Try making up your own mnemonic for the levels of organization—it may be even easier for you to remember.





These scientific names allow scientists around the world to communicate accurately about the organisms with which they are working. When scientists refer to a very specific type of organism, they will use the genus and species names designated by taxonomy. For example, every domestic cat is scientifically named Felis catus. Felis is the genus name and catus is the species name. The naming rules require that the genus always begins with a capital letter and the species always begins with a lowercase letter. The genus and species should also be underlined or italicized. All living and extinct organisms that have been found have been named within this classification system. If a scientist wants to refer to multiple species of one genus, she may write the collective name as Genus spp. For example, if a scientist wanted to collectively discuss wolves (Canis lupus), coyotes (Canis latrans), and dogs (Canis familiaris), he could group the three together as Canis spp.
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Figure 2–3. Levels of Organization
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PAINLESS TIP


Organization and classification of all life forms belongs to a science called “biological taxonomy.” This branch of science was developed by Carl Linnaeus in the 1750s.


Linnaeus sorted and classified many plants and animals based on structural characteristics of their bodies and whether they lived primarily on land, in the water, or in the sky. Taxonomy is an ever-changing field that must continually be updated in order to classify newly discovered organisms and to incorporate the newest scientific information and methods.





Cells are prokaryotic or eukaryotic


The simplest cells are prokaryotic and are found in two domains: Archaea and Bacteria. These cells are very simple, and some are very similar to the first living things on Earth. Both domains are single celled, and so they perform all the functions of a living thing within their tiny, single-celled structures. Archaea are capable of surviving in extreme conditions, like extreme heat, salinity, and acidity, but are also found in milder environments. Archaea and Bacteria have an outer membrane to enclose their internal cytoplasm and structures, but they do not have membrane-bound organelles. Without membrane-bound organelles, they can’t have a nucleus or mitochondria—their DNA simply floats in their cytoplasm. They often have an additional protective outer wall structure.


Cells of eukaryotes are more complex. Organisms of the third domain, Eukarya, called eukaryotes, can be either single celled or multicellular. Eukaryotes have both an external membrane and multiple internal membrane-bound organelles. Eukaryotic organelles include a nucleus, a membrane-bound structure that contains genetic material. The kingdoms contained in the domain Eukarya are Protista, Chromista, Fungi, Plantae, and Animalia.


Diversity of Cells


Kingdoms Archaea, Bacteria, Protista, Chromista, Fungi, Plantae, and Animalia


Each type of cell has different needs and performs different functions.


Archaeal and bacterial cells are prokaryotes found throughout the world. They conduct all the functions of any living cell, either on their own or in cooperation with other organisms. Both types of prokaryotes can reside inside and outside of other living bodies—usually, but not always, in a mutually beneficial relationship. Both archaea and bacteria commonly reproduce asexually by simple cell division, called binary fission.
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PAINLESS TIP


The science of taxonomy has revised its classification system and criteria many times since Linnaeus’s work. Domains and kingdoms have been added and the bases for classification have been modified as science and understanding of the world has improved. Current classification depends on genetics, cellular structure, nutrition mode, lifestyle, organization of body parts (morphology), and evolutionary history (phylogeny).





•Archaeal cells can live in common conditions but often live in extreme environments like volcanos, hot springs, salt lakes, and marshes, while bacteria are generally found in more common environments. Some types of archaea make their own nutrients from chemosynthesis (using other energy sources than sunlight) rather than photosynthesis (using sunlight).


•Bacterial cells live in every environment in the world. They are classified based on their shapes—a rod-shaped bacterium is called a bacillum, a spherical-shaped bacterium is called a coccus, and a spiral-shaped bacterium is called a spirillum. Bacteria are composed of cytoplasm surrounded by a cell membrane, a cell wall, and often by an exterior capsule. The cytoplasm usually contains a single circular strand of DNA and ribosomes. Some bacteria have hairlike structures that can help them move, stick to surfaces, or transfer their genetic information to other cells. Some bacteria that transmit human illnesses include Vibrio cholera, which causes cholera, and Mycobacterium tuberculosis, which causes tuberculosis (TB). Many bacterial diseases can be treated with drugs called antibiotics.


The simplest kingdoms of eukaryotes are the animal-like and fungus-like Protista and the plant-like Chromista. These organisms all contain cells that are complex, with membrane-bound organelles including the nucleus. They can be either single celled or multicellular. Cells of Protista and Chromista are both capable of reproducing either asexually or sexually.


•Protists are simple and heterotrophic, with cells needing to get their nourishment from outside their bodies, much like organisms in the Animalia and Fungi kingdoms. Protists need to be either motile (able to move like animals) or be capable of absorbing nutrients from their environment (like fungi). They contain at least one membrane-bound nucleus and other membrane-bound organelles. Most protists have mitochondria and cytoskeletal organelles like cilia and flagella to allow for movement. Amoebas are able to move by changing the shape of their cell membrane to use pseudopodia (false feet) to pull them along. A human infection with an amoebic protist called Naegleria fowleri (brain-eating amoeba) can be fatal when breathed in through the nose. African sleeping sickness and Chagas disease are caused by two different Trypanosoma species.
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PAINLESS TIP


Chromista is the newest kingdom acknowledged by taxonomists. It was introduced in 1981 and has been gaining acceptance since the early 2000s. The Chromista separated from the Protista as a eukaryotic kingdom of simple plant-like organisms.





•Chromista are plant-like organisms with cells that are similar to plant cells. They are generally autotrophs, with organelles called plastids that contain a molecule called cytochrome c. This allows them to conduct photosynthesis, so they can manufacture their own food. Many Chromista also have tiny, external hair-like cytoskeletal structures called cilia and flagella. Originally, when they were split from the Protista, the Chromista kingdom only represented algae, but now it contains eight different phyla, including Paramecium and the dinoflagellates. Chromista also includes the parasites that cause malaria (Plasmodium), a brain-infecting parasite called Toxoplasma, and Phytophthora (which causes potato blight).


•Cells of Fungi are mostly similar to Animalia cells because both are heterotrophs and obtain their nutrients from preformed organic compounds. They do, though, have several unique features. Fungi have cellular structures that allow them to secrete enzymes to externally digest their food. They have cell walls (like plants) containing chitin (found in insect exoskeletons) rather than the cellulose found strengthening plant cell walls. Fungi often have multiple nuclei in a single cell. They may reproduce asexually or sexually. Examples of fungi include Rhizopus stolonifer (a bread mold), Tinea pedis (athlete’s foot), and Alternaria spp. (some species of which can form mildew in the moisture of a bathroom).


•Plant cells, being autotrophic and photosynthetic, contain chloroplasts with chlorophyll. Most plants are multicellular and contain cells that support their photosynthetic activity, such as cells with strong cell walls, storage space for water, and mechanisms for seed dispersal. Many plant cells cycle between an asexual, sporophyte generation and a sexual, gametophyte/seed generation. Plants may be simple, like mosses (Sphagnum spp.) or horsetail ferns (Equisetum spp.), or they may be more complex, like eastern pine trees (Pinus strobus) or flowering plants (Tulipa spp.).


•Cells of animals, as heterotrophs, require structures that allow them to obtain their nutrients through preformed organic compounds. Animals also use a lot of energy in their attempts to either catch food or avoid becoming food, so they need structures in their cells that will allow them to store significant amounts of energy and move efficiently. Animals make offspring using sexual reproduction and make new cells for themselves using asexual reproduction. Most animals are classified as invertebrates or vertebrates. Invertebrates include jellyfish, like the Portuguese man o’ war (Physalia physalis), earthworms (Annelida spp.); and beetles (Coleoptera spp.). Vertebrate animals include Atlantic salmon (Salmo salar), frogs (Anura spp.), ball pythons (Python regius), bald eagles (Haliaeetus leucocephalus), grizzly bears (Ursus arctos), and human beings (Homo sapiens).
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