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CHAPTER TWO 

FROM GENES TO BRAINS 

Introduction written by Dr. J. Dan Rothwell, Cabrillo College. 

Professor F. had just finished giving a lecture and a few students were at the front of the 

room asking questions. Suddenly, he felt dizzy and saw what he called “bubbles” floating 

in front of his eyes. He started to fall. At first, he thought he was having a stroke but when 

his knees hit the floor he saw his hands and the floor were covered in blood. Students 

were screaming and running. In his dazed state, Professor F. looked up and saw a former 

student named Steve wielding an ax handle in one hand and a spray bottle in the other. 

Steve was swinging the handle at students and spraying them with a liquid. In the midst 

of all the screaming and struggling, three students moved in on the assailant. Fending off 

the spray and the ax handle, they finally wrestled him to the floor. "Don't hurt him, he 

has a mental disorder" was all Professor F. could say. In a matter of moments, campus 

police arrived, handcuffed Steve, and led him away.   

 At this point I should mention that Professor F. is your teacher, Terry Fetterman. 

His assailant, Steve, hit him in the face with the ax handle, crushing his cheekbone and 

facial nerve. He had been Terry's student two years earlier, and no, Terry had not failed 

him. In fact, Steve had done quite well in his Biopsych class. So, why did he attack Terry? 

As Terry’s best friend we have discussed this many times. Maybe Terry can start to 

answer this question in the following chapters. (Dan Rothwell) 

 Although you probably have not had an experience like mine, many of you have 

observed with people who behave in ways that seem bizarre. In many cities, you may 

pass them on the sidewalk and hear them mumble to themselves or have conversations 

with invisible companions. About one percent of the world’s population, including my 

attacker, has a brain disease called schizophrenia (Gottesman, 1991). Schizophrenia is 

the most serious mental disorder, featuring severe fragmentation of thoughts, emotions, 

and actions. Symptoms include delusions—beliefs that have no basis in reality. 

Aggression is not common among people with schizophrenia. The case of the student 

who attacked me was unusual. Steve had paranoid delusions. He attacked me because he 

was convinced that I was plotting against him with a professor at Stanford and one at 

UCSC. In his mind, he was defending himself against a threat. 

 Psychology is concerned with every aspect of mind and behavior, including 

disorders such as schizophrenia. Our focus in biopsychology is the brain. In this chapter I 
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want to build the foundation of knowledge you need to understand the cells and processes 

that underlie the structures and functions of the brain. 

 The primary function of the brain is to guide behavior so we can satisfy needs. 

Everything else, thinking, perceiving, learning, and memory, allow us to reach useful 

goals. Our understanding of how the brain works, though not complete, can help explain 

our behavior and the behavior of others. Some basic knowledge about brain functions are 

used many times in the rest of this book. It will also help you evaluate the daily barrage 

of stories in the media about “cures” for brain diseases and deficits, as well as claims that 

certain foods, herbs or drugs may make you smarter, happier or more creative. 

 So we are starting from scratch and building a hierarchy so we can discuss how a 

body develops and maintains itself, and describe ways that we and other animals have 

adapted to the world around them. At certain points in the chapter I will circle back to 

pick up some new ideas that expand upon earlier ideas and concepts. In Chapter 3 we will 

look closely at components of the brain and nervous systems and what they do. Along the 

way, we will discuss ways that both biology and the environment contribute to 

differences between people, and debunk simplistic ideas about left-versus-right brain 

activities. But before we can get to any of that, we need to understand the material basis 

underlying everything else. 

Don’t sweat the small stuff 

The ancient Greek philosophers thought the earth was made up of four basic substances, 

or “elements” – earth, air, fire, and water. Scientific thinking began when several Ionian 

philosophers began using the experimental method. But when they wanted to know what 

everything was made of, they did a thought experiment. If you took a substance, say a 

piece of apple, and cut it in half, then cut one half in half again, and continued to divide it 

in this way, you would eventually get down to something so small that it would be 

impossible to cut again. This, reasoned the Greek geeks, would be the smallest particle of 

matter. Democritus (around 450 B.C.E.) named the particle an atom, a meaning not, and 

tomos meaning to cut: that which cannot be cut or divided further. By 1900 we knew that 

the atom was not a simple, indivisible particle but is in fact made up of subatomic 

particles. So, how big is an atom? 

 To cover the dot of this i would take approximately 100,000,000,000,000 atoms. 

So, atoms are small. At the center of an atom is its nucleus. (The nucleus is about 

100,000 times smaller than the atom itself.) It is made up of two kinds of particles, 
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protons with a positive electrical charge and neutrons with no charge. In what you might 

think about as a cloud, there are negatively charged electrons, zooming around the 

nucleus at close to the speed of light, seeming to be everywhere at once, hence the cloud. 

An atom with one proton and one electron describes the simplest atom, hydrogen (H). 

There are 92 naturally occurring kinds atoms, called elements. All atoms are electrically 

neutral, and what makes one atom different from another is the number of protons.  

Hydrogen was formed in the Big Bang, all the rest of the elements are made within stars. 

 In a star the tremendous heat and pressure can force two hydrogen atoms so close 

together that they fuse into one. The new atom has two protons and two electrons, and is 

called helium (He). If another hydrogen atom is forced in, the new atom will have three 

protons and three electrons, and is called lithium (Li). As this process continues more and 

more elements are produces. Of interest to us are carbon (C), with six protons, sodium 

(Na) with 11, magnesium (Mg) 12, chlorine (Cl) 17, potassium (K) 19, and calcium (Ca) 

with 20. Notice that each new atom has the same number of positive and negative charges 

and is therefore electrically neutral. If an electron is added to or stripped away from an 

atom it becomes electrically charged and is called an ion. A positive ion has lost an 

electron while a negative ion has gained an electron. A sodium ion has a positive charge 

Na+. A chlorine ion (called chloride) has a negative charge Cl–. A calcium atom looses 

two electrons so it has a positive charge of two, Ca2+. 

 One of the characteristics of electrical charges is that opposites attract and likes 

repel. A sodium ion and chloride have opposite charges and so attract each other and 

form a bond, NaCl (salt) is the result. Many atoms can combine into relatively stable 

units bonded together into molecules. When we want to talk about molecules we can use 

what is called the “empirical formula,” water is H2O, two atoms of hydrogen and one 

atom of oxygen; carbon dioxide is CO2, one atom of carbon and two atoms of oxygen. 

Another useful way to represent molecules is the “structural formula,” that show how and 

where the atoms are bonded.   H2O and CO2 look like this:  

  H – O – H  O = C = O        

Notice that the first has single lines that represent single bonds, while the second has 

double lines that represent (you guessed it) double bonds. Why? 

 Here’s why. The electrons are organized into shells. The first shell cannot contain 

more than two electrons. The second shell cannot contain more than eight. Oxygen has 

eight electrons, two in the first shell (filled) and six in its outer shell. An atom with an 
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unfilled outer shell tends to combine with other atoms in a way that fills its outer shell. 

Hydrogen atoms have only one electron in their outer shell, so when an atom of oxygen 

and two atoms of hydrogen come together they share electrons thus completing oxygen’s 

outer shell. That’s a molecule of water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The carbon in CO2) has four electrons in its outer shell and each oxygen has six. Carbon 

forms four bonds: two double bonds, one with each oxygen, completing each outer shell. 

 Carbon turns out to be very cool. It looks like this:        |              
        –  C  –    
                 | 
Because of its structure carbon can bond with other carbon atoms to form chains. It can 

bond with four hydrogens to make methane, CH4 , or with other carbons to make longer 

chains like propane, C3H8 , glucose, C6H12O6 ,  (shown below), and millions more. 
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 Chains of carbon atoms can make up complex carbohydrates. (Can you see where 

the name carbohydrate comes from?) Where is the energy you get out of carbohydrates 

like glucose? It is in the bonds. When they are broken the energy is used by your cells. 

(By the way, hydrocarbons (like gasoline) are also carbon chains bonded with hydrogen 

that we use for energy by burning: again the energy is in the bonds.) 

 Millions of different molecules are possible and some that are very stable are the 

building blocks for even more complex molecules. Several kinds of carbohydrates and 

lipids (fats) are used in you body. The most important molecules however, are amino 

acids, which combine to make proteins. (We are very interested in proteins, since they are 

instrumental in everything organisms do.)  Right now, lets to put it all together. 

 Here’s the story so far. Matter is made up of 92 naturally occurring elements. Each 

element is made of one kind of atom. The underlying structure of the atom gives an 

element its chemical properties. (That’s Atomic Theory.) Atoms combine to form 

molecules, which can combine to form even more complex molecules, such as 

carbohydrates, fats, and proteins: the building blocks of life. Four elements, oxygen, 

carbon, hydrogen, and nitrogen make up 96% of living matter on Earth.  

 

It’s Alive!   The cell is the simplest collection of elements that has all the properties of 

life. Everything that’s alive is either a single cell or is made up of cells. Cells come from 

previously existing cells. (That’s Cell Theory.) We’re interested in nerve cells, but let’s 

look at a generalized cell so you can learn the names of structures and their functions. 
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As you can see in the drawing, the cell is surrounded a membrane and filled organelles 

(little organs.) Let’s go through the structures and their functions. 

The plasma membrane functions as a selective barrier that allows only certain chemicals 

and nutrients in and waste materials out. The plasma membrane and several internal 

organelles consist of many different proteins imbedded in a double layer of lipids. 

  
Cytoplasm is the fluid within the cell. It is very much like ocean water. 

The Nucleus is the largest structure in the cell. It contains the genetic material (DNA) as 

genes in structures called chromosomes. The nucleus controls the activity of the cell and 

is surrounded by a double membrane.  

Ribosomes synthesize proteins from amino acids. Free ribosomes in our drawing look 

like little dots floating in the cytoplasm. They make proteins that are used within the cell, 

such as enzymes. Other ribosomes are bound to membranes. 

The endoplasmic reticulum (ER) is a system of interconnected tubes and sheets of 

membrane that are continuous with the nuclear membrane. There are two kinds of ER 

that differ in structure and function. The smooth ER synthesizes lipids that are used to 

build membranes and steroids, and helps to detoxify drugs. The rough ER is called rough 

because it has attached ribosomes. It synthesizes proteins for inclusion into membranes, 

and others to be secreted by the cell.  

The Golgi Apparatus looks like flattened stacks of membrane sacs. It receives material 

from the rough ER on one side, modifies and stores them, and then packages, labels and 

sends them off from the other side. Vesicles are the packages sent out by the Golgi.  

Mitochondria are the sites of cellular respiration. They use carbohydrates or fats, and 

oxygen to generate energy that the cell can use in the form of ATP (adenosine 

triphosphate.) ATP is formed from ADP (adenosine diphosphate) by bonding another 

phosphate to it. That’s where the energy is: in the bond. When anything happens in the 
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cell that requires energy, ATP molecules are broken down, removing bonds and releasing 

the energy, leaving ADP, which can be recycled. (By the way, mitochondria aren’t 

exactly you. They have there own DNA and ribosomes.) 

Microtubules and microfilaments make up the cytoskeleton of the cell. They are the 

matrix that provides structural support for the cell; the transportation network that moves 

things around the cell; and they can move the cell by pushing on the plasma membrane. 

 

Alive and well – Mitosis and Meiosis 

 Your body grows and repairs itself by reproducing its cells. How do cells make 

other cells? The answer is mitosis. This is the process in which cells split in half and 

form two cells. As you can see below, each chromosome makes an identical copy of 

itself, a sister chromosome, joined in the middle. The nuclear membrane breaks into 

pieces as tiny microtubules from opposite sides of the cell attach to each pair of sister 

chromosomes and begin to pull them apart. Now the cell begins to pinch in half. The 

nuclear membranes reform and the cell splits. All your body’s cells are made this way. 

 

 
 Human cells have 46 chromosomes arranged in 23 pairs. At the beginning of 

mitosis each chromosome makes an “identical” copy of itself, doubling the number of 

chromosomes to 92. These copies are pulled apart so that each half of the cell has a full 

complement of 46. Then the cell splits and leaving two cells with identical chromosomes. 

 Making a new multicellular organism requires a different form of reproduction in 
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which sperm and egg unite. (How sperm and egg get together is a story I’ll leave for 

lecture.) Meiosis is the process of making sperm or egg. It occurs in testes and ovaries. In 

the example below, we start with four chromosomes. After mitotic division (yielding 8 

chromosomes), there is an additional step. One chromosome from each pair is pulled to 

opposite sides of the new cell, which then splits again, leaving four “half-cells”. These 

are the sperm or egg cells, and each of these newly formed “half-cells” contains an 

assortment of chromosomes. 

 

 

 At conception, humans receive 23 chromosomes from an egg and 23 from a sperm. 

But there is another wrinkle in the process called crossing over. When the chromosomes 

are duplicating, they line up exactly parallel to each other. Where portions of the 

chromosome cross over each other they trade places. In humans there are two or three 

crossovers in every chromosome pair. So you don’t just get mom or dad’s chromosome, 

you get a combination on each chromosome.   

 There are 8 million possible combinations of 23 chromosomes in the egg, each of 

which can combine with any of 8 million combinations of the sperm. Even without 
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considering crossing over, that means more than 70 trillion possible individuals! Each 

person really is unique—not a copy of either parent. Sexual reproduction allows for 

reshuffling of genetic material and is an incredibly rich source of human variation.    

 

Copying Chromosomes 

So how do chromosomes make identical copies of themselves? The answer lies in DNA. 

Each chromosome is an extremely long, double-stranded molecule of deoxyribonucleic 

acid (DNA) that takes the form of a double helix. Here’s the big picture. 

 
Here’s a closer look at the structure of DNA. The basic components of DNA are 

nucleotide bases. There are four of these bases, adenine, thymine, guanine, and 

cytosine, usually referred to as A, T, G, and C. They bond in pairs, A only with T, and G 
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only with C. These base pairs make up the rung of the DNA ladder. (On average, a single 

chromosome contains about 67 million base pairs.)   

 
During replication an enzyme breaks the bonds between the bases, essentially 

“unzipping” the DNA into two halves. Within the nucleus there are also free nucleotide 

bases of A, T, G, and C. The exposed bases on each of the two strands attract the free 

nucleotide bases. Of course, only A will bond with T, and only G will bond with C. In 

this way each half will rebuild and identical copy of the original. This is pretty cool, but 

what exactly does DNA do in a cell?  

  The DNA in the nucleus of a cell is like a library full of cookbooks. But the 

DNA library contains the recipes for every structure and function that takes place in your 

body. These instructions include not only the ingredients but also how they should be 

used. Here’s a tasty example. Consider my recipe for Burn Your Buds Burritos: 

  Heat 4 tablespoons of olive oil in a cast iron skillet over very high heat. 

  Add 1 large, sliced onion and stir constantly until the onions are dark brown.  

  Add 1 chopped red pepper, 3 diced jalapeno chiles, and heat for 2 minutes. 

  Add 2 finely minced garlic cloves, heat for 30 seconds 

  Then add 1 lb. of beef, cut into 1/4-inch strips. 

  Cook, stirring constantly for 10 minutes, or ‘til meat is nearly burned. 
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  Place 3/4 cup of the mixture on a large, warm flour tortilla.  

Add grated cheddar cheese, sliced avocado, sour cream, salsa*, and hot sauce 

to taste. 

  Fold the tortilla. Eat. Enjoy. 

 You started with ingredients and now you have my famous burrito. You can make a 

burrito identical to mine because you know “the code.”  In other words, you can 

understand and interpret all the symbols: numbers, words, abbreviations, and sentences 

and follow the instructions. 

 Here’s how it happens in a cell. The code for building proteins is found in DNA. 

It is not made up of words and numbers, but of the four nucleotide bases: A, T, G, and C. 

When a protein is going to be produced, an enzyme splits the appropriate section of the 

DNA molecule, exposing a long sequence of bases—that’s a gene: a recipe to make a 

protein. The sequence, which is typically hundreds or thousands of bases long, is used as 

a template from which a protein can be built, but the work must be completed in the 

cytoplasm. Free RNA bases in the nucleus bind to their complementary DNA bases. (The 

only difference between DNA and RNA bases is that thymine (T) has an added H atom, 

and is called uricil (U) in RNA.) This is transcription .  
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The newly produced strand of RNA, called messenger RNA (mRNA), leaves the nucleus, 

and enters the cytoplasm, because the cytoplasm contains amino acids, transfer RNA 

(tRNA), and ribosomes. A ribosome “reads” the mRNA strand, three bases at a time. This 

triplet of bases is called a codon. Each codon specifies one of 20 amino acid. ����
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���������� The tRNA has an “anticodon” at one end and a certain amino acid attached to 

the other. A tRNA brings its amino acid to the ribosome and aligns its anticodon with the 

mRNA’s codon. If all three bases are complimentary, the ribosome holds on to the amino 

acid and releases the tRNA. Then another tRNA brings its amino acid and the process 

repeats itself. Each time, the ribosome bonds another amino acid to the growing chain of 

amino acids as you can see below. This is called translation. The sequence of codons is  

translated into the sequence of amino acids making up the new protein. The order is what 

makes one protein different from another. 
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 Everything alive on this planet: bacteria and baboons, bamboo and blueberries, even 

vampire bats and bureaucrats - all use the same genetic ingredients. The nucleotide bases 

are the same. The codons that specify each amino acid for every organism on Earth are 

the same. For example, the codon that codes for tryptophan, ACC, codes for tryptophan 

in every living organism, and every organism uses the same 20 amino acids. The unity of 

life on earth is astounding. 

If you removed the gene that codes for insulin in a human, and put it into a 

bacterium, it would start making human insulin. As it reproduced, all of the resulting 

bacteria would have the newly inserted insulin gene and would also make insulin. That's 

essentially the way drug companies produce human insulin. Bacteria do it. You can see 

another example of a gene transplanted from one species to another below, in which a 

tobacco plant has been given the "light producing" gene from a firefly.  (Very cool.) 

�
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 Because organisms have so much in common researchers and genetic engineers 

have been able to do some amazing things. For example, bacteria have been modified to 

mass-produce valuable chemicals including cancer drugs, hepatitis vaccine, and human 

growth hormone. Genes can be inserted into crops, making them resistant to destructive 

pests and infectious agents. In Southeast Asia, 70% of all children under five suffer from 

vitamin A deficiency, which leads to blindness. A gene inserted into a rice plant produces 

vitamin A enriched rice, stopping the major cause of blindness and improve the health of 

millions of children in Southeast Asia (Campbell & Reece, 2001). As exciting as these 

accomplishments are, they pale by comparison to the potential benefits from the Human 

Genome Project. In 2001 the complete sequence of the human genetic code, all 3 billion 

base pairs, was officially published. As genes are identified and understood, we will 

continue to see significant advances in diagnosing, treating, and preventing human 

disease such as diabetes, schizophrenia, Alzheimer’s, and cancer. Thousands of disease-

associated genes have been identified. 

 These advances in knowledge will solve many problems, but some people have 

concerns. Employers or insurance companies might use information about people’s genes 

to exclude those at risk for certain diseases. Some people have compared genetically 

modified crops to Frankenstein’s monster, calling them “Franken-foods.”(The monster 

would not be happy.) The manipulation of human genetic material is fraught with ethical 

questions. Should people really have the option of creating “designer kids?” Researchers 

continue to learn more about how genes function, but the proper application of this 

knowledge cannot be decided on the basis of scientific evidence alone. 

Proteins: Molecular Parts and Labor 

Before we go on I want to tell you why proteins are such a big deal. Proteins are 

involved in everything that happens in your body. There are proteins used for structure, 

support, transporting substances around the body and across membranes, hormones, 

receptors to detect chemicals, contractile proteins move muscle, antibodies, enzymes, 

signaling proteins, and more. There are a multitude of large and small-scale structures 

and functions occurring in your body, and all of them depend on proteins.  

 Earlier we were talking about eating, remember my spicy burrito, perhaps a sweet 

example of a protein is in order. Sugar is a good thing—your body runs on it. Imagine 

you’re a hungry Stone Age hunter-gatherer and you come across something growing that 

might be food. Should you eat it? If it contains sugar you should eat it. So how do you 
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find out if it contains sugar? Obviously you should put it in your mouth and taste it, 

because sugar tastes sweet. The question is — why does sugar taste at all? The answer is 

a protein. On your tongue you have many thousands of cells that have taste receptor sites 

on their outer surface. Each receptor site is a specialized protein that identifies sugar 

molecules. They’re like tiny locks, and sugar is like a tiny key that can open the locks 

causing the cell to send a message to you brain that says “sweet.” By the way, diet Pepsi 

tastes sweet because it contains aspartame, an amino acid that also fits into sweet receptor 

sites. 

 Your body requires tens of thousands of different proteins, and each of your body's 

cells has the information required to make every one of them. Making a genetic 

instruction into a physical characteristic is called gene expression. But different cells 

require different subsets of genes. For example, nerve cells use different genes than 

muscle cells.  

 We have been discussing what genes do, how they do it, how cells pass along their 

genes and how those processes result in differences among cells and among individuals. 

But remember there is another, more romantic source of variation: sexual reproduction. 

Variation: Vive La Difference 

 Take a moment and think about people you know. Some of them are taller or 

shorter. Some have curly hair, others wavy or straight. There are variations in the shape 

of eyes, ears, and noses, as well as the color of skin, hair and eyes. What accounts for 

these differences? And, why do family members often have striking similarities. What 

accounts for the transmission of various traits from parent to offspring? 

      

             ��������		
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 Before anybody even knew about chromosomes or genes, many scientists thought 

that inheritance was like mixing liquids, and offspring were blends of the parents. 

Another idea was that the “baby” was in the sperm and the female was merely a vessel in 

which the “baby” grew. If the female was a “good vessel” the baby would be well 

nourished, and would become a male. If she wasn’t a good vessel it would be a female. 

(Who do you think came up with this idea, men or women?) Anyway, this idea became 

deeply entrenched. When microscopes were invented early scientists looked at sperm and 

saw that it was in fact millions of individual sperm cells. Looking at an individual sperm 

cell around 1694, a scientist named Hartsoeker saw (guess what?) … a tiny baby. (If you 

remember your general psych; this is an example of top-down processing: seeing what 

you expect to see.) Why is this idea so appealing? 

 Think about how much information you would need to build a car, say a Ford? It 

would probably take hundreds of thousands of pages; how to make steel, plastic, and 

glass; how to build machines and tools to press out fenders and panels and doors, and 

weld parts; how to make the electronics, nuts, bolts, springs, fuel injectors, pistons, and 

on and on. A human is even more complex than a Ford, even more than a Chevy. How 

could you get all that information into a microscopic sperm cell? Sounds impossible. 

However, if the sperm were already a baby, all it would have to do is grow bigger. 

 In the 1850s, Gregor Mendel demonstrated that inheritance occurs not by blending 

traits, but through distinct units that we now call genes. By doing so he inverted modern 

genetics. Briefly, here’s what Mendel did. He bred pea plants in carefully controlled and 

planned experiments. Peas come in several varieties, differing on traits such as flower 

color (purple or white), pea color (yellow or green), and height (tall or dwarf.) These are 

true-breeding characteristics: when plants self-pollinated all their offspring are of the 

same variety, so one with purple flowers will produce only plants with purple flowers. 

 Let’s follow and results for one characteristic in one of Mendel’s experiments. In 

the P-generation (parental), true-breeding plants with yellow peas yield only yellow peas 

and those with green peas only plants with green peas. When these are cross-bred, yellow 

with green, all of the offspring (called the F1 generation) have yellow peas. When he 

crossed individuals of the F1 generation, they produced 8023 plants: 6022 were yellow 

and 2001 were green (the F2 generation.) How could he explain this? Where did the green 

in the F1 generation go? It hadn’t disappeared because it returned in the F2 generation in a 
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ratio of 3 to 1, yellow to green. This pattern was the same with all seven characteristics 

he used.  

 Here’s how he explained it (using modern terms.) Genes must be located at the 

same location on two chromosomes. If the genes are identical the individual is 

homozygous for that trait. In our example, that’s the true-breeding yellow (YY) and green 

(yy). Alternate forms of a gene are called alleles, Y and y. During a cross an organism 

inherits two alleles, one from each parent. If it has different alleles it is heterozygous for 

that trait, (Yy). Because it shows whenever it is present, the Y (yellow) allele is called 

dominant. In the heterozygous form Yy, the plant has yellow peas, the Y shows up, while 

the y is recessive and only shows (green) in the homozygous form, yy.  A YY  �   yy cross 

produces nothing but (yellow) Yy offspring. A Y y �  Y y cross produces 3 yellow (Yy) and 

one green (yy). The alleles are called the genotype, while the expression of the genotype 

      P generation  YY  ��  yy .      F1 generation  Y y �  Y y 

         

  

 

 

 

is called the phenotype, what you see. You can’t see the genotype so YY and Yy are both 

yellow. So, in the F1 cross of two yellow parents, ¼ of the F2 offspring will be green. 

 Not all characteristics are so simple. Some traits involve several genes at different 

locations, others show incomplete dominance, and some traits have several alleles. I’ll 

mention a few human traits that are simple:    

 Dominant     Recessive 

 hanging earlobes   attached earlobes  
 dwarfism    normal size 
 index finger shorter the second  index longer than second 
 freckles     no freckles 
 polydactylism (extra fingers)   five fingers 
 webbed fingers    normal 
 cleft chin    no cleft 
 Huntington’s disease   normal 
 normal color vision   color blindness 
 normal blood cells   sickle cell 
 normal skin pigmentation  albinism 
 normal lungs    cystic fibrosis 
 can digest milk    lactose intolerance 

 Y Y 

y Y y Y y 

y Y y Y y 

 Y y 

Y Y y Y y 

y Y y y y 
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These kinds of traits are based on what genes you have and the environment, which   

determines what genes are expressed and when. Remember, all these traits are produced 

by proteins   

 

When Good Proteins Go Bad 

 Do you recall my burrito recipe? How do you suppose it would turn out if you 

followed the recipe but “beef” was mistyped as “beet?” It’s only one letter — a t instead 

of an f — but how do you think a half-pound beet burrito would taste? Yum. 

 Tiny errors in genetic code can also produce unpleasant consequences. What would 

happen if one of the bases of a codon were changed? Simply put, the codon would code 

for the wrong amino acid, the protein would be built incorrectly, and it might not work 

the way it should. Take for example a protein called phenylalanine hydroxylase.  

It's an enzyme consisting of more than 500 amino acids. With 3 bases per codon this 

means there are over 1500 bases making up its gene. An error in the second base of the 

259th codon changes a C to a T, so GCC is changed to GTC (Benit, 1999). This means 

that the amino acid alanine is replaced by valine, a change that causes the enzyme to lose 

its ability to break down a molecule called phenylalanine that is found in many foods. If 

phenylalanine builds up in a developing infant's brain, it results in damage, causing 

severe mental retardation. This disorder is called phenylketonuria or PKU. 

 
 The research on PKU is a good example of how knowledge of genetics can help 

people live healthier lives. Since the mid 1960s infants have been tested routinely for 

PKU, and if it is detected early, infants are placed on a restricted diet that avoids 

phenylalanine for several years (until the brain has matured). Until recently this seemed 
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to be sufficient, but now it appears even people who receive this early treatment have a 

mild decrease in mental ability. Studies suggest people with PKU should continue to eat a 

diet low in phenylalanine throughout their lives (Griffiths et al, 2000). Notice that the 

effects of this genetic abnormality depend on people’s behavior (Plomin & Titter, 1998). 

How do coding errors such as this occur?  Certain kinds of radiation, heat, or 

chemicals in our air, food or water (naturally occurring or human made) can interact with 

the bases and cause changes. An error in the genetic code of a sperm or egg cell is called 

a mutation. If the sperm or egg from one of your parents had the wrong base at a certain 

location along a DNA strand, all your cells would have it too. Remember that all body 

cells are produced by mitosis and that DNA reproduces itself exactly.  

Since DNA guides the construction and maintenance of the body, any change in 

the DNA will cause changes in the body. Depending on the kind of mutation and where it 

occurs, the effect might range from trivial to disastrous. Some mutations cause problems 

because the protein that is built may be less effective or it might not work at all. These 

mutant conditions are known as genetic disorders or hereditary diseases. A small change 

in the code can drastically alter human behavior.��

Huntington's Disease  Huntington's disease (HD) is caused by a single mutant gene, a 

dominant allele. The symptoms consist of continuous, involuntary, jerky movements that 

randomly shift from one body part to another. Even when people with HD are sitting, 

their bodies are awash with tics and writhing movements. Nearly everyone with HD also 

develops memory loss, poor judgment, apathy, social withdrawal, agitation, depression, 

impulsiveness, hostility, and hallucinations. Symptoms usually begin around age 40 and 

can be subtle. Because of small jerky movements and the inability to maintain a grip,�

people developing HD often begin to drop objects and appear clumsy. There is no cure, 

and the symptoms get worse until the person dies 10 to 15 years after onset. In the final 

stages they can't do anything. They can't walk, they can’t talk, and they can’t eat.  

About 30,000 people in the United States are afflicted with HD, but another 

150,000 are at risk because one of their parents had HD.  Because the symptoms usually 

don't appear until mid-life many victims have already had children before they are 

diagnosed. The child of a Huntington's sufferer has a 50% chance of inheriting the gene. 

Woody Guthrie, the social activist and songwriter, had HD. His son, singer song-

writer, Arlo Guthrie, received 23 chromosomes from his mother and 23 from his father, 

just like the rest of us. Chromosomes are numbered in pairs, from one to 23. The HD 
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gene is on one of the pairs of the 4th chromosome. Arlo's father gave him one of those 

pairs. The question was, which one? Was it the one with the HD gene or the normal one? 

Was he doomed to contract this fatal disease? He reached 40 with no signs of trouble, 

then 45, still no signs…then 50.�It looked as if he was out of the woods, and so he was. 

Arlo had the normal gene. There is still no treatment or cure, but there is a simple test for 

HD. Would you want to know if you had the gene? How would it change your life?  

Lesch-Nyhan Disease  Lesch-Nyhan disease is a very rare disorder caused by a mutation 

that causes a deficiency of a single enzyme. People with this disorder are compelled to 

mutilate themselves. They will often chew off their lips and fingers, and bang their heads 

against walls. Some symptoms can appear when they are 3 to 6 months old, but the self-

mutilation usually begins around age four. Other symptoms include mental retardation, 

spastic muscle movements, and aggression against others (Nyhan, 2000).    

Patients find it almost impossible to resist their compulsions to hurt themselves. 

They can predict this behavior, however, and then ask to be restrained. Physical restraint 

is the most often used management technique. Often their teeth are pulled out so they 

can't bite themselves. They sometimes have their arms covered with splints so their hands 

can't reach their face, and they wear special gloves to keep them from biting their fingers 

(Anderson & Ernst, 1994).     

James Elrod (pictured in the Santa 

Cruz Sentinel in October 1997) has Lesch-

Nyhan Disease. He tries to hurt himself up 

to 150 times a month. He has thrown 

himself off a loading dock, rolled his 

wheelchair down a flight of stairs, and torn 

his nose off with a fork, but he is a 

survivor. After 26 years in institutions, he 

now lives in his own small place, although 

he still requires around the clock care. 

Lesch-Nyhan and Huntington’s Disease 

make it obvious that genetics is important 

in the study of psychology. A change in a 

single gene, or even a single base, can  
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cause astonishing changes in thinking, feeling, and behaving. Even the smallest changes 

in the activity of genes can affect behavior. 

There are also normal behavioral differences; some people are “sensation 

seekers,” others are “danger dodgers;” some have a good sense of humor, others are 

comedy challenged; some learn easily, others only with great effort. Many researchers are 

trying to determine the extent to which differences in behavior are related to differences 

in genes.����������������������������������������������� 

 When explaining physical features, people seem comfortable with genetics, like a 

"gene for blue eyes" or a "gene for brown hair." However, they may be uncomfortable 

with the idea of a relationship between genes and behavior. Newspapers and TV shows 

present many misleading, simplistic reports that researchers have found a “gene” 

responsible for behaviors such as alcohol abuse, depression, murder, rape, religious 

conviction, intelligence, even watching a lot of TV. Should you blame a gene for causing 

someone to watch endless reruns of Friends? Before trying to answer such a question, 

you should know how genes can affect behavior. 

 

RECIPES FOR SURVIVAL 

Without genes there could be no behavior, no experiences and no you. Genes do not 

cause behaviors directly. Genes are recipes for the structures and functions of your body. 

They develop, maintain and change the “tools” you use to survive and reproduce. Your 

environment and what you learn from it influence the way you use those tools. The 

relationship between genes and behavior is a two-way street, with each influencing the 

other in complex and subtle ways. 

 Here is an example of how a gene might appear to cause a behavior. Imagine a 

young boy has a gene that makes him very tall. He grows up in an area where people 

“live and breathe” basketball. The fact he is so tall increases the likelihood he will spend 

time playing basketball. The more he plays the better he gets, and the better he gets the 

more he plays. The time he spends on the court is time he does not spend doing other 

activities, such as reading, working on a car, or playing a piano. So, there is a positive 

correlation between the “tall gene” and playing basketball. This correlation might, 

mistakenly, be interpreted as evidence for a basketball gene. In fact, all the gene did was 

promote body height that facilitates many activities (e.g., reaching groceries on high 
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shelves). His environment influenced how his tallness was put to use. We discuss how 

genes build bodies next. 

 

Natural Selection 

Mutations occur randomly. Imagine what would happen if you made random changes to a 

complex machine. Take a car, for example. If you made a random change to the 

instructions for producing a car that altered its color, the difference would be trivial. 

However, what if your random change caused the position of the brake lights to be 

altered? Suppose they were placed under the car. Other drivers would have difficulty 

detecting the car was slowing. Someone might plow into your Pontiac. If the brake lights 

were on the doors of the car, it would still be hard for anyone behind the car to see them. 

Almost any place other than the rear of the car would make brake lights less effective. 

Now suppose your random change moved the brake lights above the rear window. This 

position may actually work better! People may notice them very quickly. In fact, 

researchers showed the benefits of higher brake lights in experiments that led to laws 

requiring them on all vehicles (Kahane, 1998). 

 Occasionally, random changes in machines may make them work a little better. 

This also is the case with random changes in genes. Sometimes a mutation is beneficial. 

It allows an organism to live longer and have more opportunities to reproduce. This 

means helpful mutations tend to be passed along to the next generation, who also live 

longer and produce more offspring and so on. Evolution by natural selection is the 

process of changes in a species that occur because some changes in the genes increase the 

likelihood of survival and reproduction. (Like Atomic Theory and Cell Theory, this is the 

Theory of Evolution.) 

 Darwin’s idea was not that evolution happens, but how evolution happens. Here are 

the quick and dirty basics of his argument. (See Gaulin & McBurney, 2004, for details.) 

1) Populations could grow exponentially. Darwin chose the slowest reproducers he knew 

of, elephants. Assuming a female begins reproducing at 30 years old, and that she would 

have one offspring every 10 years, totally six offspring before she died. Starting with one 

pregnant female, he calculated that after just 500 years that elephant would have 15 

million living descendants. Darwin ran out of calculating power at that point, but a 

computer can show that after a few thousand years she would have so many descendants, 
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each in the process of creating more, that the earth would be a ball of elephants 

expanding outward at the speed of light! That’s exponential growth.  

2) Despite this potential for growth, natural populations remain relatively stable. The 

earth is not an expanding ball of elephants. Some must not produce six offspring in their 

lifetime. Therefore … 

3) Many individuals don’t leave as many offspring as possible. Resources are limited. 

What would a ball of elephants eat? When one elephant reproduces, its offspring use food 

and water that won’t be available for another elephant’s offspring.  

4) Those best suited to the current environment leave the most offspring. Some 

individuals are better than others at finding food, avoiding predators, fighting off 

diseases, or dealing with harsh climate. They tend to live longer and have more offspring. 

5) Because of heredity, offspring are like their parents. Advantageous traits that allow 

certain individuals to reproduce in spite of challenging environments will be passed on to 

the next generation, disadvantageous traits that cause individuals to fail won’t.  

6) Over many generations, natural selection produces individuals that are well adapted 

to their environment. Because individuals best suited to current environmental conditions 

leave more offspring, the traits that make them more suited become more common in the 

population over time (Gaulin & McBurney, 2004.)  

 I’ve spent some time explaining the sources of variation. Now you can see what 

nature does with all that variation. Evolution has produced an amazing variety of life 

forms: flying squirrels and flightless birds, hundred ton whales and half-ounce mice, 

angry red ants and ubiquitous humans. The most elaborate result of natural selection 

seems to be the human brain. In the next section, I’ll take you on a quick tour of the 

evolutionary history leading to the one organ related to everything you think, feel and do. 

 

Evolution Of The Brain  The evolution of the human brain is similar to the growth of a 

city (Sagan, 1980). Often a city starts as a small town and grows haphazardly, little by 

little, in response to changing needs. New roads are built to serve new shopping centers, 

old streets are widened, and a new freeway cuts through neighborhoods. Lanes and 

signals are added to help the flow of traffic. Office buildings and factories go up, creating 

more traffic. Some streets are made one way, and more signals and signs are added. 

During all the building and renovation, life must go on. The city cannot shut down while 

changes are made, so changes are built around existing structures. People driving through 
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the city today see a maze of intersections, onramps, offramps and dead end streets. The 

reasons for its present organization are lost in the past. 

 Brains evolved much like this but through the long process of natural selection 

rather than decisions by generations of city planners. The improvements that helped your 

ancestors survive are passed along, but much of the old equipment remains. Nature 

cannot tear out older structures and replace them with completely new ones. Just as a city 

must continue to function while it is rebuilt, individual animals must keep using most of 

their old their brain systems even when improvements occur. So, when you look at 

human brains you see a patchwork – relics of ancient amphibian ancestors interacting 

with remodeled remnants of reptilian raptors, and surrounding these, the newly minted 

mammalian mechanisms. This maze of interconnected structures is the product of 

millions of years of evolution. 

 The most basic of all problems is simply saying alive. Individual cells solve this 

problem by taking in nutrients through the plasma membrane to make energy to run their 

internal processes and build replacement parts. In addition to being little molecular 

factories, cells sense and respond to events in their environment, and they make copies of 

themselves. 

 I want to focus on a group of cells that work together within an animal to detect 

changes in the external environment, communicate about those changes, and move 

muscles. These cells are basic components of the nervous system, including the brain. 

Animals are able to perform more complex behaviors if many of these cells get connected 

in elaborate circuits. 

  Gradually, over hundreds or thousands of generations, brains evolved. However, 

some brains are more complex than others. As we move from simple species to 

sophisticated ones, you should note the influence of different environments on various 

parts of the brain. Simple brains solve the problems of simple environments; more 

complex brains solve more complex problems in addition to the simple ones. 

 Vertebrates are animals with backbones, including fish, reptiles and mammals. 

They all have brains composed of three parts: hindbrain, midbrain, and forebrain. 

However, they also have many differences. 

 The hindbrain is the most primitive part and is concerned chiefly with life support 

and coordinating movement. The brain of a fish is largely hindbrain and that is what they 

need to swim, eat and make little fish. Amphibians, such as frogs, spend most of their 
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lives on land, so they cannot rely on the buoyancy of water to help them move. The part 

of the hindbrain that coordinates muscle activity requires more information-processing 

power and it is larger and more complex. 

 The midbrain  is uses sensory information to direct relatively simple behaviors, 

such as finding food and avoiding danger. Amphibians also have a larger midbrain than 

fish. The midbrains of animals that depend mostly on vision to survive have larger visual 

areas, while animals that depend more on hearing have larger hearing areas. 

 The forebrain  areas regulate hunger, sleep and sex, and are involved in learning 

and memory. Predators survive by remembering where they are likely to find prey, and a 

larger forebrain enables better memory. Reptiles such as snakes and lizards have larger 

forebrains than fish. Here’s a look at the relative sizes of structures in different species. 
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 In primitive mammals, many portions of the brain are larger than simpler species. 

Portions of the hindbrain are larger, probably because of mammals’ greater need for 

physical agility and sensory-motor coordination (Northcutt, 1981). Parts of the forebrain 

related to controlling body temperature and emotional responses are larger. 

 In more sophisticated mammals, the forebrain is much larger. The cortex is the 

outer covering of the forebrain. It performs complex organizational and control tasks. In 

humans, the cortex is so large it makes up about ¾ of the total weight of the brain and has 

enormous capacity for learning, memory, judgment and planning. 

 

Nature, nurture, and behavior  

For decades, psychologist argued over whether behavior was caused by nature or nurture. 

This is a case in which theorists began with two simple, extreme positions and found their 

way to a complicated, fascinating middle ground.  

 At one extreme were those who believed human behavior could be explained 

entirely in terms of biological mechanisms (nature). This was the pure version of the 

hypothesis “biology is destiny.” They said, for instance, genes explained the relatively 

high frequency of male-against-male aggression: prehistoric males were more likely to 

reproduce if they intimidated or eliminated other males. In its pure form, this hypothesis 

suggests some primitive behaviors may be inevitable. 

 At the other extreme were those who believed human behavior could be explained 

entirely in terms of learning and culture (nurture). This was the pure version of the “blank 

slate” hypothesis: individuals are born with potential to become whatever kind of person 

they are taught to be. At first glance, this hypothesis is hopeful and encouraging, but it 

also has some ugly implications. If people are who they are taught to be, how do you 

explain the behavior of those with mental disorders? Some psychologists blamed parents 

when children developed disorders such as schizophrenia (Dolnick, 1998). 

 Fortunately, psychologists moved away from these extreme positions and are 

developing more complete and useful views of human behavior. Many researchers argue 

genes and environments are two sides of the same coin. They believe individual behavior 

is caused by nature and nurture. Pinel offers this analogy: when you listen to guitar 

music, does the music come from the person or the instrument? The question is 

nonsensical because both the person and instrument are necessary for music. In a similar 

fashion, both genetic and environmental variables are necessary for individual behavior. 
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Environments present demands and opportunities to behave, and you must have the 

biological equipment so you can behave. In Chapter 11 on learning, Pinel emphasizes the 

environment; here I’m emphasizing the equipment. 

 Earlier, we compared genetic codes to recipes. Genes function as lists of ingredients 

and instructions for combining them. There is something else genes have in common with 

recipes. When you follow a recipe, you cook the ingredients for a certain amount of time. 

Similarly, genetic codes have parts of your body grow or operate for certain amounts of 

time. A gene turns on to start something “cooking,” and turns off to stop “cooking.” The 

same gene may turn on and off on many occasions, influencing the way your body 

functions. 

 For example, genes are turned on each time you form a long-term memory. In 

general terms, changes among connections of nerve cells form new memories. These 

changes occur because stimulating events make genes inside a cell turn on and initiate 

production of proteins that change the cell’s connections with other cells (see Chapter 

11). These genes don’t turn on if they are not stimulated. This is one way your 

experiences influence your genes. 

 Genes and environmental variables always work together but sometimes one or the 

other seems to play a larger role. For instance, genes seem to follow a script that shapes 

many behaviors of people with Huntington's disease. Researchers try to measure the 

extent to which differences in people’s behavior are related to differences in genes. Let 

me describe an important research method that takes advantage of natural events. 

 Usually, human reproduction involves one egg and one sperm. Occasionally, two 

eggs get fertilized and the result is two individuals. Fraternal twins are people conceived 

by sperm cells uniting with two eggs. These twins share approximately half of the 

parents’ genetic material, as do any two siblings. Identical twins are two people 

produced by one fertilized egg, so they share all their genetic material. Twins occur in 

one of 89 births, and only 30% of twins are identical (Martini, 2001). 

 Twin studies are research projects in which the behavioral similarities of identical 

twins are compared with the similarities of fraternal twins. Researchers observe pairs of 

twins and measure specific behaviors. Then they calculate a concordance rate: the 

percentage of pairs of twins that display similar behavior. For example, researchers have 

done many studies of twins taking intelligence tests. The average concordance rate of 

identical twins is 86%; the average of fraternal twins is 60% (Plomin et al., 2001). The 
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fact that twins who share more DNA also are more likely to get similar scores is strong 

evidence that genes make substantial contributions to this behavior. 

 

In the next chapter we’ll look at the parts of the nervous system. We’ll begin with cells 

and ending with the most complex structure on the planet: a functioning human brain. 

  

(For references see the end of Chapter 3.) 


