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Chapter 1

Martin Needs Medical
Treatment (or does he?)

Martin came home from school the other day with a black eye and
broken glasses. Another boy had called him a freak and punched
him.

Martin isalbino, which meansthat hisskin hasno color. Heisvery

pale and his hair iswhite. Hiseyes are pink and he doesn't see very
well.

Martin's mother loves her son very much just theway heis. But
when she seesother children tease him, she wisheshe werenot so
different. If heweren't, then perhaps he wouldn't be picked on so
much. It makes her wonder why everyone can't be the same.

Do you ever wonder about thisyourself? If it were up to you, would
you want everyoneto be alike?

Theworld isfilled with nearly 6 billion people, but each and every one of usis different
from everybody else.

Only you have your combination of looks, personality, and behavior. As the saying
goes, they broke the mold when you were made! There is no onein the world exactly
like you.

EYES At the same time, you have traits, or ways of looking, thinking, and
Genes determine being, that you_share with some other people on earth. For example,
physical traits you may look like your father or share your mother's sense of humor.
like eye color.

Y ou also have traits that you share with every other person on earth.
For example, every person has blood, lungs, and a brain. All things considered, you are
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more like every other person on earth than you are different from them.

One way that scientists know this to be true is by studying our genes. Genes are units of
information inside the cells of your body. They contain the instructions for making cells
and for doing the work that goes on inside them. It is through the genes that traits are
handed down from parents to offspring, in a process called her edity. Genes help decide
your size, build, coloring, and other features. They make you male or female.
Researchers believe that genes also play a part in how you think and behave and in your
body's health.

The human body is very complicated, so it makes sense that it needs alot of
instructions. Scientists don't yet know the exact number of genes that humans have, but
they think that the number is somewhere around 80,000. Inside each one of those genes
are distinct chemical ingredients called bases. The bases are linked together in long

chains, with thousands or millions of bases per gene. Millions more bases link the genes
together. Add up all these small parts, and you have 3 billion separate pieces that make
up the human instruction book. Y et of these 3 billion pieces, only about 3 million are
different from person to person. These are the parts that make you unique.

Now, 3 million is a huge number, but it is not much compared to 3 billion. What this
means isthat all human beings are built from nearly the same set of instructions. We
are all really quite similar.

Genetics

How does a set of instructions work to create humans and other forms of life? Thisis
the subject of afield of science called genetics. Geneticsis the study of how traits are
passed down, or inherited, from one generation to another. It is the study of how each
living thing is similar to others of its kind, but also unique.

MICROSCOPE

For hundreds of years, people have known that traits can be inherited. They observed
how looks were passed down from parents to children. They noticed how illnesses run
in families. They used their understanding of inheritance to breed plants and animals.
But no one really understood how this passing down of traits actually worked.

Then, about 400 years ago, the microscope was invented, and for the first time,
scientists could see objects astiny asacell. They discovered that living things are
created from cells of their parents. They aso learned that living things grow when their
cellsdivide to form new cells. As more powerful microscopes were invented, scientists
could even look inside cells to watch what happened as they divided and reproduced.

Scientists also learned about heredity by studying plants, fruit flies, and other forms of
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life, or species, that produce several generationsin a short period of time. They
discovered patternsin the way that traits are passed down in a species from one
generation to the next. And they learned how species change over time, trait by trait, in
aprocess caled evolution.

Slowly, scientists began to unravel the mystery of genetics. Today, powerful computers
and other modern research tools are helping scientists learn a great deal more, at a much
faster pace. They are figuring out how genes work to do what they do. And they are
uncovering the functions of specific genes.

These discoveries are teaching us a great deal about the genetic instructions that
construct and operate the human body. This new information will give us new
opportunities to control the destiny of our bodies. But at the same time, it will force us
to face new and sometimes difficult choices. Some of these choices will be haveto be
made by individuals or families. Other choices will be made by all of ustogether, asa
society.

Questions Raised by the "New Genetics"

To get an idea of the many choices that come with the new genetic information,
consider Martin, the boy who is albino.

Martin is albino because his genes do not give the right instructions for his body's
production of pigment, the dye that colors the skin, eyes, and hair. The result is that
Martin is very pale. He must avoid the sun because heis at high risk of sunburn and
skin cancer. Strong light hurts his eyes, and his vision is poor, so he needs glasses.

Suppose researchers discover away to treat Martin's genes so that they give the proper
instructions for producing pigment. This kind of genetic treatment may be possible
someday. It would mean that Martin's skin and eyes would regain color. He no longer
would have to stay out of the sun all the time. Plus, he wouldn't stand out from other
children. These changes could make a big difference in Martin'slife.

Do you think Martin should have the genetic treatment? In other words, do you think
being albino isamedical problem that needs fixing? Or would you say the treatment is
more along the lines of a nose job or face-lift -- something nice, but not necessary?

Y our answers to these questions are important, because genetic treatment could be
expensive. Should health insurance pay for it? Maybe you say yes. However, the cost of
this treatment for people who are albino may drive up the cost of health insurance for
everyone. Would that change your answer?
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Think about the choices Martin's mother would have to make. If she loves Martin the
way heis, how does she explain a decision to have him treated? But if he is unhappy
with the way heis, how does she explain a decision not to treat him? Also, many
medical treatments have side effects. What level of risk is acceptable?

Perhaps when Martin grows up, he will decide that he wants to prevent his children
from having the problem he has had. He may decide to have any baby of his tested
before it is born, to make sure it is not albino. If it is, he and his wife could choose to
have an abortion and try again. What do you think of this choice?

Adoption is another choice Martin and his wife could make, instead of risking bearing
children who are albino. With adoption, the children would not be their own,
genetically. But Martin and his wife could raise the children as their own, and they
would not be albino. What do you think of this choice?

It's possible that when Martin grows up, he will be comfortable with how he looks. He
may not care whether his children are born albino. In fact, he may even prefer it
because then they would look more like him. What do you think about this? Do you
think it iswise to let children into the world with problem skin and poor eyesight if we
know how to keep this from happening? Another way to ask thisis, Should Martin be
prevented from having children who are albino? Who are we to say no to him?

Finaly, thereisthe question of where society should put its time and money. Perhaps
along with research into the treatment of genetic conditions, we should put equal effort
into teaching children (and adults) to accept those who are different. What do you
think?

These questions are just the "tip of the iceberg" when it comes to genetic research.
There are many more. One way to explore thetopic isto look at it in terms of the
ethical, legal, and social issues. Ethical issues concern what is moral or right. Legal
Issues concern the protections that laws or regulations should provide. And social issues
concern how society as awhole (and individuals in society) will be affected by events.
To really get into all of these issues, you first need to know some of the basic science of
genetics. That comesin our next chapter.
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Chapter 2

HANDS

Priya Should Find Out She
Inherited a Fatal Disease

(or should she?)

Priya hasjust lost her mother to an illness called Huntington's
disease. It was hard for Priyatowatch her mother die. First her
mother had strange changes of mood. Then her arms and legs began
twitching. Soon she couldn't talk or control her movements. In the
end, shewastotally bedridden and could barely get food down

without choking.

Priya knowsthat Huntington's disease usually strikes peoplein
middle age. It isalwaysfatal, and thereisno treatment. She also
knowsthat since the diseaseisinherited, she has a strong chance of

getting it her salf.

Priyajust learned about atest she can take. Thetest will tell if she
carriesthe genefor Huntington's disease.

Sheistempted to takethetest. Shethinksthat if she could find out
once and for all whether she will get the disease, she could plan for
her future. On the other hand, shewondersif it isbetter not
knowing. At least then Priya would still have some hope.

If you were Priya, what would you do?

In Chapter 1, we said that genes contain
the instructions for making cells and for
the work that goes on inside them. The

complete set of genesfor a human being is

CHROMOSOMES

Chromosomes

called the human genome. It may help to think of the human genome as a book of
Instructions, with each gene asingle instruction. Y ou have a copy of this instruction


file:///F|/ds3_web/NeuroPsych/genetic/contents.html
file:///F|/ds3_web/NeuroPsych/genetic/3_howard.html
file:///F|/ds3_web/NeuroPsych/genetic/2_chromo.html
file:///F|/ds3_web/NeuroPsych/genetic/2_chromo.html
file:///F|/ds3_web/NeuroPsych/genetic/2_chromo.html
file:///F|/ds3_web/NeuroPsych/genetic/glossary.html#genome

book inside nearly every one of the trillions of cellsin your body. The book iswritten
in an unknown language that only your cells can read.

We will have to learn this language if we want to learn all the secrets of the genes. So
thisis exactly what scientists from around the world have decided to do. They have set
out to learn the language of the genes. This international effort is called the Human

Genome Project. The United Statesis spending 3 billion dollars over 15 years on this

project. Other countries also are investing large amounts on research. It isa huge
undertaking that involves researchers in biology, physics, engineering, computer
science, and many other fields.

The task they have taken on is challenging and exciting, but difficult. Genes are made
of athreadlike material called DNA, which itself contains chemical ingredients called
bases. There are only four bases, but they repeat one after the other in an ever-changing
order throughout the genes. Think of the four bases as letters of the alphabet, combining
together in some strange language to spell out each gene's instruction.

With just four letters, the alphabet of this mysterious languageis [pnA
very short. However, the words written in this language are not Thi

. is close-up shows
short at al. A single gene has thousands of bases. Some genes the four bases that
have millions of bases. So each geneislike asingle word with make up the genetic

thousands or millions of lettersto it. In addition, it is hard to code. Thebasesare

figure out where each gene begins and ends, because the spacesin thymine (T), adenine

between also are filled with long strings of |etters. (A), guanine (G), and
cytosine (C).

Theimmediate goal of the Human Genome Project is to put together a copy of the
human instruction book, letter by letter. Having this copy to read will make it easier to
decipher the language of the genes. But making the copy is very difficult. First,
scientists have to get inside a cell. Then they have to get inside the nucleus of the cell
to the DNA. The DNA iscurled into tight coils, so they have to uncurl it. Then they
have to look at the DNA to see which of the four bases comes first, which second,
which third, and so on. Then they have to write this down.

It may sound simple, but it isn't. Thisisajob that involves unthinkably small objects
and incredibly large numbers. It would seem to be an impossible task. Y et, because of
advances in computers, microscopes, chemical analysis, and other tools of science, itis
ajob that isonly afew years from being done.

CELL-NUCLEUS
CHROMOSOME

Your Unigue Genome
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Once the Human Genome Project has made its copy of the human instruction book,
there will still be the task of translating what it means.

And even when this translation has been done, it will only be a model. It will not reveal
exactly what iswritten in your genome or in any other particular person's genome. This
Is because every human being is different. Each person’'s genome is unique.

Y our unigque genome was given to you by your parents. Thistook place in the process
of conception. Conception iswhen aman's sperm fertilizes awoman's egg.

Sperm and eggs are made from special cells called germ cells. (Theword "germ” is
from the Latin word for "seed" or "bud".) Germ cells are found in the mal€'s testes and
in the femal€e's ovaries. Like most other cells, each germ cell has a copy of the genome
inside it. The genome is not one long strand of DNA. Rather, it isdivided into separate
strands called chr omosomes, each containing several thousand genes. Human beings

have 46 chromosomes.

FERTILIZATION To make sperm (in aman) or eggs (in awoman), agerm cell

Conception happens when a goes through a complicated process. Fi rs_t, it makes a copy

man's sperm entersa of each chromosome. Then it divides, twice, to form four

woman's egg and fertilizes  SPerm or four eggs. Its double set of chromosomes is sorted

it. equally among the four sperm or eggs, so that each hasa
half set of 23.

When a sperm and an egg join together, they combine their half sets to make a unique,
new set of 46 chromosomes. There are so many different ways that your parents
chromosomes can be combined, that the chance of the same mix happening twiceis
close to zero.

The chance becomes truly zero because of something that happens as sperm and egg are
formed. That something is called crossing over . It happens when agerm cell is making
copies of its chromosomes before dividing. In crossing over, a section of one
chromosome switches places with the same section from its pair. This makes the copied
chromosome allittle different from the original. It will carry adlightly different mix of
genes.

Along with the random mixing of chromosomes, crossing over contributes to
uniqueness. Thisiswhat makes you one of a kind.

Dominant and Recessive Genes
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The chromosomes you inherit from each parent correspond in DOMINANCE
size and in the genes they carry. The one exception to thisrule
involves the two chromosomes that determine sex, nicknamed X~ Dominant Genetic
and Y. A person who inherits two X chromosomes (XX) is Disorders
female, while a person who inherits one X and one Y

chromosome (XY) ismale. The X chromosomeis larger and RECESSIVENESS
contains genes that are not found on its partner Y chromosome.

Recessive Genetic

The fact that you have pairs of chromosomes means that you Disorders
have pairs of genesfor every trait (except for those traits found only on the X
chromosome). So which instruction in each pair gets followed? It depends on whether
the genesin the pair are dominant or recessive. In any pair, if one gene is dominant
over the other, itsinstructions are followed. A recessive gene's instructions come into
play only if neither genein its pair is dominant.

For example, the gene for Type A blood is dominant over the gene for Type O blood.
Therefore, if you inherit the Type A gene from one parent and the Type O gene from
your other parent, you will have Type A blood. The gene for Type B also is dominant
over the genefor Type O. So if you inherit one Type B gene and one Type O gene, you
will have Type B blood. Because the Type O geneis recessive, you will have Type O
blood only if you inherit two Type O genes, one from each parent.

Something very interesting happens, however, if you inherit one Type A gene and one
Type B gene. In this case, you will have Type AB blood. The instructions of both genes
come into play because neither dominates over the other. In fact, many of your traits are
shaped by both genesin a pair. In addition, most traits are affected by more than one
gene. For example, the shade of your hair is affected by many pairs of genes working
together.

How Genes Instruct Your Body

When a gene becomes active, it leads to the production of aprotein. Proteins are the

basic chemicals that make up the structure of cells and direct their activities. The
human body produces thousands of different proteins. Most every protein has a
different function, although there is some overlapping of jobs.

For example, one protein carries oxygen in the blood. Another protein regul ates the salt
in your sweat. For every function of your body, proteins are involved, and the
production of these proteinsis regulated by genes.

A genein one person may carry adlightly different instruction than the corresponding
gene in another person. Most variations in the same gene don't cause any problems to
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health. For example, a person whose genes lead to blue eyes can seejust aswell asa
person whose genes lead to brown eyes.

Mutations

Variations in the instruction carried by a gene come about through a process called
mutation. A mutation is a change that occursto the order of the bases appearing in the

DNA inside acell. Mutations can happen to any gene inside any cell of your body at
any point in your life. However, most mutations occur as germ cells make copies of
their chromosomes before dividing to form sperm or eggs. In this process, millions of
bases must be copied in exactly the right order. Mostly, they are. However, with every
copy of DNA, there are some errors. A base is put in the wrong place or isleft out.
Sometimes extra copies are made of a string of bases or of whole chromosomes.

These kind of changes can alter the order of basesinthe affected  [gCK [ E CELL
genes. Therefore, the instructions that direct the production of
proteins may change. This can affect the traits that show up.

Inherited mutations
arecarried in the
DNA of reproductive
Many mutations happened to the genes of people who lived long  cells. When

ago, and these mutations have been passed down through the reproductive cells
generations. Others are new, occurring to a person during hisor ~ containing mutations

e - . combineto produce
her lifetime. New mutations may be passed on to the next offspring ”E)e

generation if they appear in sperm or egg cells. mutation will be
present in all body
Most mutations are harmless because they don't result in any cells of the offspring.

important changes to traits. Some mutations are important because the new trait is
helpful to the survival of a species. However, sometimes mutations cause problemsin
how your body functions. These problems are called disorders.

An interesting example of a mutation is the one that causes red blood cells to take on an
unusual "sickle" shape, like the curving blade of aknife called asickle that is used to
cut tall grasses. This gene variation is found mainly in people who live near the equator
(or whose ancestors did). Researchers believe that inheriting one gene with this
particular variation may be helpful against malaria, which is a disease caused by

par asites transmitted by mosquitoes into the bloodstream. The parasites feed off red
blood cells. However, they have a hard time feeding off sickle-shaped cells. This limits
the damage they can do inside the body.

People who inherit two copies of this gene variation, however, are affected by a
disorder called sickle cell anemia. They have so many sickle-shaped red blood cells
that sometimesit is hard for the blood to flow. The symptoms for sickle cell anemia
range from mild to severe. Although treatment has improved in the past few decades,
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many people still become very sick and die from the disease.
Genetic Testing

In the past few years, researchers have learned how to test for hundreds of genetic
disorders. More new tests are coming out all the time. These tests can be very helpful
for diagnosing disorders in children and adults. The tests also can be used to predict the
chances that a person will come down with a particular disease later in life.

Genetic tests are sometimes used by couples who want to learn their risk of passing on
genetic disorders to any children they might have. Other genetic tests are prenatal.

That is, the tests are done before birth to an embryo or fetus, to see whether it has any
genetic problems.

There are many different kinds of tests. The test used depends on what disorder is being
looked for and what is known about the gene, such asits location in the genome or the
protein it controls. In some cases, the test results are definite. In other cases, the test
results only suggest what the person'srisk isfor developing a disorder.

One way of testing isto do a medical exam. Doctors examine the person to see if he or
she shows signs of the disorder. They also may study the person's family history for
clues as to how the disorder has been passed down from generation to generation.

To find some disorders, doctors may take a blood sample in order to look at the person's
chromosomes under a microscope. They may test the blood sample to find proteins that
would reveal a gene at work. Very advanced tests can look inside a section of a
chromosome to "read" the DNA.

Concerns About Genetic Testing

Great progress has been made in genetic testing in recent years. However, progressin
the treatment of genetic disorders has been much slower. That is the problem for Priya,
the woman who fears that she may have inherited Huntington's disease (HD).

HD affects 1 in every 10,000 people. A mutation in one gene means that the protein it
instructs the body to make gets produced abnormally. For reasons that are not yet clear,
thisleads to a breakdown in the parts of the brain that control movement.

The HD gene is dominant. This means that only one gene in a corresponding pair needs
to carry the HD mutation in order for the disease to take hold. Priya's mother had the
gene and, therefore, the disease. If Priyainherited the HD gene from her mother, she
too will someday develop the disease. Thiswill be true even if the corresponding gene
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she inherited from her father does not have the HD mutation.

Genetic tests are available to tell Priyaif she carriesthe gene [GENETIC TEST
for the disorder. However, no treatment is available. If Priya
finds out through testing that she has the gene, thereislittle
she can do. No one knows how to ward off the disease or
keep it from getting worse. No one can even tell when the disease will hit or how
quickly it will take over her body.

A doctor looks at theresults
of a genetic test.

In other words, the only real use of the test isto tell Priya how she stands, one way or
the other. Such news could change her life, but not necessarily in the way she expects.

For example, you might think that Priyawould be happy to find out from testing that
she has been spared the disease. However, it is possible that she will feel "survivor's
guilt" if other members of her family have not been spared. It aso is possible that once
Priya stops worrying about HD, she may discover other problemsin her life that she has
been avoiding. Finding out that she doesn't have HD may be happy news, but it will not
necessarily make Priya a happy person.

Y ou might aso think that Priyawould be sad to find out from testing that she will get
the disease. But Priyamay discover that it isabig relief to know for sure what she has
always feared. It may give her anew appreciation for each day that she has. She may
feel that she can now make better decisions for the life she has | eft.

Thefact is, Priya cannot know ahead of time how she will react to the test results. And
she cannot predict other problems that may come as aresult of testing. For example, in
order to find out how HD is passed down in her family, doctors may want to test her
close relatives, such as her brothers, sisters, aunts, and uncles. Thisis called a genetic
linkage study. Priyawill have to ask them to take part in the study. Asking such athing

can be very difficult. It may put extra pressure on her when she already has alot on her
mind. The relatives may feel pressured themselves. Or they may fedl guilty if they
refuse to take part.

Here's another problem Priya must consider: Suppose the test result says that she has
the HD gene. Who else should know? Does her boyfriend have aright to know before
they make plans to marry and have children? When does she tell her employer, now or
when she becomes ill? What about her health insurance company, which at some point
may have to provide expensive medical care for Priya?

Priya must decide how to handle the information in away that isfair to herself and to
others. However, it may not be entirely in her control. She may want to keep it secret,
but have a hard time doing so. Or arelative who took part in the testing may reveal
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information to others. If information on the results of the test is put into her medical
records, both her employer and her health insurance company may find out without her
telling them. This could cause her to lose her job, which would be illegal, but still could
happen. Or it could cause her to lose her health insurance, which has indeed happened
to othersin this situation.

Another thing that Priya must think about is that testing could take alot of time and be
expensive. She could have along, distressing wait for results. The answer may not be
clear cut. It is even possible that the answer will be wrong because of alab error or
because the test itself is not perfect.

Priya's decision whether to get tested may be affected by recent news. In 1993,
researchers located the gene in which the HD mutation occurs. This discovery means
that scientists can develop a simpler and more reliable way to test for HD. The
information also is useful for scientists working on a cure. Treatment may come in time
to help someone like Priya. Then again, it may not.

COUNSELING The Need for Genetic Counseling

Genetic counselorsare

trained to help people make HD is unusual because if you carry the gene for the disorder,
decisions about their you get the disease for sure and it kills for sure. Most

health. genetic disorders are not so direct. But the issues
surrounding testing remain.

That's why many people fedl that genetic counseling is extremely important for anyone

wanting to get information about their genes. With counseling from professional
advisors who are experts on genetics, people like Priya can understand the facts of their
situation. Counselors can help them clearly understand the limitations of tests and think
through ahead of time how different test results might affect them. Finally, counselors
can explain to people what their choices are once they know the results.

However, genetic counseling is anew field, and there aren't very many trained genetic
counselors. Genetic testing is fast becoming a billion-dollar industry. New tests are
coming out faster than new counselors are being trained. There simply aren't enough
genetic counselors for everyone who should have counseling.

This problem is probably going to get worse before it gets better. Companies that sell
tests want to make a profit, so they will be marketing them not just to genetics
specialists, but to all doctors and directly to the public. As people hear about new tests,
demand for them will surely increase. Thisis especially likely to happen as the tests
become cheaper, more accurate, and easier to perform. People getting tested may not
realize that they need to have the results explained to them. They may not know how to
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ask for this. Also, doctors who perform the genetic tests, but who do not have special
training in ,may not be able to answer their patients questions.

Some people who have genetic tests may not get counseling even if they want it,
because their insurance company will pay for testing, but not for the counseling to go
with it. All of this meansthat alot of people may be getting very serious information
from tests without getting the support they need to understand the results and to make
good decisions.

There's one more reason why genetic counseling is so important. With many genetic
disorders, genes are only one of the factors involved. Other factors, such aslifestyle,
play apart. Counselors can help people understand what they can do to avoid triggering
agenetic disorder. These kinds of choices are covered in our next chapter.
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Chapter 3

Howard's Health Is Up to Him
(oris it?)

Howard will turn 50 soon, and it worries him. His grandfather died
of a heart attack in hisfifties, and so did hisfather and uncle.

Several yearsago, a doctor told Howard that hewas at high risk for
heart disease because of hisfamily history. But the doctor said that
Howard could improve his chancesif he lost some weight, stopped
smoking, and exercised. The doctor also told Howard to come back
every year for a checkup.

Howard hasn't gone on a diet, and he hasn't given up his cigar ettes
or taken up exercise. He also hasn't been back to the doctor. He's
afraid of what the doctor might find.

Howard can't make up hismind. Sometimes he thinks he should try
to take better careof hishealth. Other times, hethinksthat he
should just accept the fact that he won't live much longer and should
get asmuch fun out of life while he can.

If you were Howard, what would you do?

Researchers now believe that some of the roots of cancer, high blood pressure, and
perhaps even alcoholism are found in the genes. They aso believe that genes may play
arolein the development of certain cases of obesity, some types of depression, and
diabetes. The more they search, the more they are finding alink between genes and
disease.

However, the truth is always complicated. It isn't so ssimple as "if you have the gene for
adisease, you will get the disease." Here are some of the reasons why:
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. While genes play a role in many disorders, so do the conditions and
circumstances of your life and the decisions you make. In other words, heredity
may influence your health, but so does your environment. For example, some

people have genes that put them at risk for cancer. However, their chance of
actually getting cancer may be much lessif they do not smoke. Some people
have genes that put them at risk for diabetes. But, they may never become
diabetic if they watch their weight.

Some peopl e have genes that put them at risk for asthma. Still, they may only
begin to wheeze and cough when cats are nearby. Diet, exercise, levels of stress,
and access to health care are just afew of the many environmental factors that
can influence the course of a gene-related disorder. Some factorsin your
environment are under your control, and some are not. Either way, they can
affect the progress of gene-related disorders.

. Only a few human diseases are triggered by a single gene working by itself. In
most cases, a disease results from the actions of many genes. An example of a
single-gene disorder is Huntington's disease, which was discussed in the last
chapter. One error in one gene leads to the fatal health problems of HD. Multiple-
gene disorders, where several mutated genes come into play to trigger the
problem, are much more common. Examples of multiple-gene disorders include
breast cancer, asthma, and diabetes.

. The"strength" of the genesinvolved in a disorder can affect its progress.

Scientists call this genetic expression. Take two people who have the same
disease-causing gene and have pretty much the same lifestyle. In one of those
persons, the gene "expressesitself" mildly. The failuresin itsinstruction for
producing a protein are rather minor. Enough of the protein is produced so that
the body can stay healthy for along time. The disease moves slowly if and when
it appears. In the other person, the gene "expressesitself” strongly. The failures
in itsinstruction for making a protein are major. A necessary protein does not
get produced or is produced in the wrong amounts. The body cannot stay
healthy. That person becomesill at an early age or comes down with a severe
case of theillness.

In many cases, different mutations in different genes can lead to the same basic
problem. An example of thisisthe albino condition that affected Martin,
discussed in Chapter 1. The lack of skin, eye, and hair color can be caused by
mutations in several different genesthat are involved in the making of pigment.
In some cases, the mutations result in patches of colorless skin or hair. With
other mutations, the entire body has no pigment. Often, a person who has genes
that cause albino coloring also has mutations in other genes that lead to mental
retardation and growth problems. In each case, the disorder is called "albinism."
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However, the genesinvolved are different, and the result is slightly different,
too.

. Whilethere are many diseases that involve mutated genes, the reverseis not
true. Many mutated genes do not lead to disease. Sometimes people have what
look like "problem” genes because they are different from those of many other
people. However, these unusual gene variations don't necessarily lead to disease.

. Some people carry a gene mutation that causes a disorder, but are not at risk for
the disorder themselves. This happens when the gene mutation is recessive. You
need to inherit two such mutated genes (one from each parent) for the disease to
be triggered. If you inherit only one, you won't get sick. Y ou will, however, be a
carrier to the next generation. This means that you may pass on the mutated

gene to your children without ever showing any symptoms yourself. Y our
children will be at risk for getting the disease only if they inherit the disease-
causing gene mutation from both you and their other parent. An example of a
recessive disorder is sickle cell anemia, which was discussed in the last chapter.

. Some disorders occur when healthy genes become damaged. Gene damage can
be caused by exposure to radiation or by aviral infection. It also can happen if
you come into contact with cancer-causing substances, called car cinogens.

Aging aso introduces errors into the DNA. Depending on which genes have
been damaged, and how many, different disorders may be triggered. Some
people's genes appear to be more easily damaged than others. Such people are at
higher risk for disorders caused by damage to healthy genes.

Thetruth isthat everyone has at least a handful of "problem™ genes. Y our genes may
never cause you trouble...

. ..Iffactorsin your environment do not "trigger" the genes for adisorder...

. ...If you only have some, but not all, of the genes that come into play to cause a
particular disease...

. ...If your genesfor disorders don't express themselves strongly...
. ...iIf you have genesthat only lead to a mild form of a disease or disorder...
. ...iIf your unusual genes have no effect on health...

. ...if your genesfor disorders are recessive and you inherit only one copy, and...
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. ...if your genes are not damaged by substances in the environment or by aging.
Genetic Determinism

Research tells us that there is no ssimple link between genes and disorders. Genes have
something, but not everything, to do with disorders. Genes do not equal fate.

However, it iseasy to fall into that simple way of thinking. The misunderstanding that
genes by themselves can determine what happensto you is called genetic

deter minism. Genetic determinism can lead people to make harmful and unfair
judgments about themselves and others.

This kind of ssmple thinking is leading Howard to fear that, no matter what he does, he
will die of a heart attack just like his father, uncle and grandfather. The fact that three of
Howard's close relatives died of heart attacks strongly suggests that Howard himself is
at risk. He may have inherited genes that make his body less able to resist heart disease.

Researchers don't yet know how many genes are involved in heart disease or how they
work to bring about the illness. Thereis no test yet that can tell Howard whether he has
any or all of the genes that can lead to a heart attack.

However, researchers do know something about the kinds of behavior that can trigger
heart disease. They know that it occurs more often in people who smoke, have high
blood pressure, eat high-fat diets, and do not exercise.

So maybe the reason that Howard's relatives died of heart attacks is that they smoked,
worried alot, ate fatty foods all the time, and sat around too much. Maybe Howard can
improve his chances by taking better care of himself.

On the other hand, it is possible that Howard's family carries heart disease genes that
express themselves very strongly. It is possible that no matter what Howard does to
keep fit, he can't stop those genes from bringing on a heart attack.

The fact remains that Howard ssmply does not know what his risks are. The way that
genes and other factors work together to produce heart disease is so complicated that
doctors may never be able to make any safe predictions.

Of course, Howard also needs to remember that his cause of death could have nothing
to do with genes. A car accident or a bolt of lightning could get him tomorrow. No
matter how much Howard learns about his genes, he will never be able to read his
future,
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Dealing with Genetic Knowledge

Like Howard, we all must make decisions about the way we live our lives. More and
more, however, our decisions will be influenced by information we have about our
genes.

Not too far in the future could be a single test that will examine thousands of your
genes. Thetest will reveal whether any of these genes are unusual or defective.

Knowing your genetic profile could be very helpful to you. It could suggest what
health-related behaviors you should follow. It could tip you off to have frequent
checkups for genetic conditions for which you are at risk. It could help you plan your
life so that you avoid behaviors and substances that trigger diseases.

At the same time, knowing your genetic profile could create problems for you. Aswe
said earlier, everyone has a number of "problem™ genes. For the most part, you don't
know what your problem genes are, and you never will find out unless a health problem
surfaces. A piece of paper that lists these "problem™ genes could give you alot of things
to worry about that may never come to pass.

It is possible that people who learn their genetic profile will limit the choices they make
based on such fears. People may choose not to marry or build a career because they
believe that they are doomed by their "problem” genes. The expectation of disease may
ruin their enjoyment of life.

A big question is whether children should be told information about the genes they
carry or, if so, at what age they should be told. It can be difficult for children to
understand some of the important facts about genetics, such as the difference between a
risk and a sure thing. There is the possibility that they will misunderstand what they are
told.

There also isthe risk that they will not be mature enough to cope with the information.
For example, if agirl hasthe gene that puts her at high risk for breast cancer when she
Isin her forties, should she be told? It may seem that the best thing isto avoid getting
thisinformation. However, many parents want to know if their children are at risk for
genetic disorders. That way, the parents can be prepared and get treatment for the
children in time. They also could make lifestyle choices to avoid triggering the disorder
in their child. Parents will have to decide whether and how to share genetic information
with their children. Society also may have some say in how genetic information is
shared with children, through standards, laws, and regulations that are devel oped.

Discrimination Based on Genes EXPENSE



file:///F|/ds3_web/NeuroPsych/genetic/glossary.html#geneticprofile

) ) ) New genetherapies will
For some people, information about their "problem™ genes can pe expensive. Who will be

bring extratrouble. For example, it can cost them their health ableto afford them?
Insurance. People with "problem” genes have been refused

health insurance or dropped from their health plans. In other cases, they have been told
that medical expenses for their genetic condition will not be covered. In still others,
they have been told that their children will not be covered because they are at risk for
inheriting genetic diseases. The number of such cases may increase as genetic testing
becomes more common.

Y ou might think that it makes sense to keep genetic information about you to yourself.
But this may not be possible. Part of your genetic profile may be obviousto others from
your family's medical history. Also, the results of genetic tests usually go into your
medical records. |nsurance companies may demand to see these records before they
will cover you.

Some peopl e are concerned that employers may try to use genetic information to weed
out workers who are sick, or who may someday become sick, because of a genetic
disorder. Under the 1990 Americans with Disabilities Act (ADA), it is against the law
to discriminate against workers who are disabled. The federal Equal Employment
Opportunity Commission has ruled that the ADA also protects people from
discrimination based on their genetic profile.

However, the fear of being discriminated against may |ead people to refuse genetic
testing even when it could help diagnose, prevent or treat a health problem. They may
be too afraid that the information will be used against them. If that happens, then al the
benefits of genetic research could come to nothing.

Genes and Behavior

In Howard's casg, it didn't take any special genetic test to reveal that heisat risk for a
heart attack. Hisrisk is clear from hisfamily's medical history and from his own
smoking, eating, and exercise habits. Given these facts, Howard has a choice: whether
or not to reduce hisrisk by adopting a healthier lifestyle.

But this raises an interesting question: How much control does Howard have over the
choices he makes? If Howard decides to change hisways, is that because his genes
have made him a careful person? If Howard rejects his doctor's advice, is that because
his genes have made him reckless?

The study of whether and how traits for behavior are inherited is called behavior al
genetics. Scientists have long tried to figure out whether behavior is shaped by our
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genes or by how we areraised. It is called the question of "nature versus nurture." For a
long time, scientists took one position or the other. They believed that either nature or
nurture was responsible, but not both. Today, most scientists agree that both genes
(nature) and environment (nurture) help make us who we are. What no one knowsis
just how nature and nurture work together.

Some researchers believe that genes shape our inborn frame of mind, or temper ament.

According to this theory, we may inherit our tendency to be shy or bold, risk-taking or
cautious. However, any temperament we inherit is shaped and altered by our
experiences from the moment we are born..For example, a shy boy who is encouraged
to try out new situations may learn to be more outgoing. Another shy child who is
pushed too quickly into strange situations may always remain timid. So might a shy
child who is allowed to hide behind his parents.

There is some evidence that to some degree, abilities also may be inherited. But any
such genetic trait is heavily shaped by experience. A girl who is never allowed to play
sports may never develop her inborn athletic talent. The reverse also istrue. A girl
whose genes do not give her any athletic advantage may still become a star if sheis
encouraged to play, practices hard, and keeps at it.

Many people are interested in how genes shape other personal characteristics, such as
sexual orientation, intelligence, and social behavior. Research into these areasis very
controversial and raises many questions. For example, some researchers are trying to
find out if there are any genes that contribute to homosexuality. But what if there are,
and what if there aren't? If homosexual identity is caused in part by the genes, does this
mean that society should be more accepting of it? On the other hand, should society be
more accepting of homosexual behavior eveniif it is purely alifestyle choice?

Other researchers are trying to determine how genes shape intelligence. The questionis,
what do we do with thisinformation? If intelligence is controlled in part by the genes,
should society spend more money educating those who lack genetic smartsto give them
aboost? Or should it spend more money on the genetically gifted, who could make
more use of the education? And take the question of a genetic link to criminal behavior.
If such alink isfound, should the police keep close tabs on people with "criminal”
genes? Should such people be excused for crimes they commit, since their genes are at
fault?

Some people are critical of theories linking genes and certain kinds of behavior. They
say that these theories are often based on fanciful thinking or prejudice, not science.
They say that this kind of research is easily twisted to support discrimination against
minorities. In any event, research suggests that environment is at least as powerful a
shaper of behavior as genes. And there is still the role of personal responsibility. Shy or
bold, risk-taking or cautious, it is still within Howard's power to choose whether to quit
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smoking, to give up sweets, and to start jogging. Most researchers do not believe that
our genes fully explain our behavior.

Asyou can see, genetic research doesn't give us all the answers. But it surely does open
up some interesting questions. Thisis particularly true for the part of health care that
has to do with making babies. That's the subject of our next chapter.
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