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1. What is the difference between a gene and an 
allele?

2. How does a mutation cause a new trait?

3. How are monozygotic and dizygotic twins 
different?

4.  Genes are very important in 
determining our traits. Write to explain how 
genes are related to traits and how new traits can 
appear in individuals. Include details from the 
book to support your answer.

5.  Sequence What is the sequence of steps 
taken by people who wish to breed a new type 
of organism with certain traits?

What did you learn?Extended Vocabulary

allele
dizygotic
genome
molecule
monozygotic
propagate
protein
replication
somatic cell

Vocabulary

asexual reproduction
egg cell
fertilization
gene
heredity
meiosis
selective breeding
sexual reproduction
sperm cell
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All organisms inherit many of  their traits from their parents 
in a process called heredity. The instructions for making an 
organism are found in its DNA. DNA forms long strands called 
chromosomes in every cell. Each species has a certain number 
of  chromosomes. Chromosomes are divided up into sections 
called genes. Each gene gives the instructions for making a 
molecule that contributes to a trait. 

DNA looks like a twisted ladder, with rungs made up of  
materials called bases. The bases come in pairs, and the order 
of  the pairs determines the instructions the cell gets. During 
mitosis, the ladder divides in half  and gets copied, forming two 
ladders of  DNA. A mutation happens when an error is made in 
copying the DNA, changing the instructions given by a gene. 

Species survive over the generations because parents pass 
their traits on to their offspring. Organisms can reproduce by 
either asexual or sexual reproduction. In asexual reproduction 
there is only one parent, which makes a copy of  itself  through 
the process of  mitosis. 

In sexual reproduction, sex cells from two parents combine 
to form a zygote in a process called fertilization. An egg cell from the 
female parent combines with a sperm cell from the male parent. 
Offspring produced by sexual reproduction have unique DNA traits 
because they have a mixture of  the mother’s and father’s DNA. This 
is an important advantage of  sexual reproduction because there is 
a greater chance of  the species surviving. The advantages of  
asexual reproduction are that it can happen quickly, does not use 
energy for making sex cells, and it requires just one parent.

Selective breeding is used to develop plants or animals 
with desirable traits by choosing a few parents with those traits. 
For example, selective breeding has resulted in dog 
breeds with different traits.

In this book you will learn about what makes 
you unique, what makes identical twins alike, 
how we inherit many physical traits from our 
parents, and the effect of  mutating 
genes. You will also learn about 
the latest scientifi c fi ndings 
about genes, heredity, and the 
continuation of  the species, 
such as our own.

This highly magnifi ed photo 
shows pairs of chromosomes 
made up of DNA. 

What You Already Know

There are many varieties 
of dog breeds due to 
selective breeding.
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Genes are grouped together on chromosomes, which are very 
long strands of  DNA. Chromosomes are found in the nuclei of  
all of  our cells. Except for sex cells, each cell in our body contains 
forty-six chromosomes. The chromosomes come in pairs, with 
one half  of  each pair coming from each parent. This means that 
each of  our cells has two copies of  every gene. 

Scientists have fi gured out the sequence of  the DNA making 
up the human chromosomes. The collection of  all the genes on 
all the chromosomes is known as the genome. So far scientists 
have identifi ed about 30,000 genes in the human genome. This 
information can help us learn more about the causes of  
hereditary diseases and thus help us cure them.

Continuing the Species
Many people look a lot like one or both of  their parents. 

Some may even look very similar to an aunt, uncle, or 
grandparent. Do you have your mother’s hair, your father’s 
nose, or your grandfather’s height? Do people tell you that your 
brother or sister looks a lot like you? If  so, there is a good 
explanation: heredity. 

Heredity means that we inherit traits from our parents. The 
information for these traits is carried in the nucleus of  each of  
our cells by a chemical called DNA. DNA comes in long strands. 
The strands are divided into small sections called genes. The 
patterns of  chemicals contained within these genes instruct our 
cells to make certain molecules. These molecules might help to 
determine our eye color or the shape of  our ears. Our genes also 
help determine how healthy we will be or which diseases we may 
get during our lives.

Many family members 
have traits in common.

Cells contain many parts, 
including the nucleus.

The nucleus contains all the 
pairs of chromosomes.

A chromosome is a very long 
piece of DNA that coils up 
on itself.

DNA strands get wound up 
tightly so the chromosomes 
will fi t into the nucleus.

Genes are pieces of 
chromosomes that carry 
particular instructions.

Structure of a Cell 
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Genes and DNA Genes allow cells to function and 
determine an organism’s characteristics 
by directing cells to make proteins. 
Proteins are molecules that perform a 
variety of  jobs in cells. They form fi bers 
such as hair and muscle. They help to 
digest food and convert it into energy. 
Proteins repair cells when they get 
damaged, and they direct the processes 
of  mitosis and meiosis.

How do genes determine an 
organism’s characteristics by making 
proteins? They do it in a number of  
complex ways. One simple example 
is fl ower color. If  the cells of  a plant 
contain a copy of  a gene that makes 
a protein that can make a red pigment, 
then the fl owers will be red. Another 
plant might have a gene that makes 
a protein that makes a paler pigment. 
That plant’s fl owers will be pink.

Every cell contains all of  the instructions needed to make 
the organism of  which the cell is a part. These instructions are 
contained in a chemical called DNA, or deoxyribonucleic 
acid. DNA forms very long strands, called chromosomes. 
The chromosomes are found in the nucleus of  each cell. Each 
somatic (body) cell has two copies of  each chromosome. One 
of  those copies originally came from the mother, and the other 
came from the father. In humans there are twenty-three pairs 
of  chromosomes, or forty-six chromosomes altogether.

DNA molecules have the shape of  a double helix, which 
looks like a twisted ladder. The rungs of  the ladder are made 
of  pairs of  chemicals called bases. There are four different 
bases, and each base can pair up with only one other base. 
As you can see in the picture, Adenine (A) pairs only with 
Thymine (T), and Cytosine (C) only with Guanine (G). These 
patterns of  different pairs of  bases are like a code for the 
information contained in the DNA. Short segments 
of  this code are called genes. These different genes 
control an organism’s characteristics. 

Your body is constantly renewing itself  by 
creating new cells. It does this through a process 
called mitosis, in which cells divide and make 
an exact copy of  themselves. Before cells divide 
they need to copy all of  their DNA so that the 
new cell gets a full set of  instructions. During 
DNA replication, the double helix 
gets split right down the middle, 
and each split-off  half  generates 
a new half, leaving two 
new strands of  DNA.

DNA takes the shape of a double 
helix, similar to a twisted ladder.

Cytosine (C) 
pairs with 
Guanine (G).

Guanine (G) 
pairs only with 
Cytosine (C).

Body cells multiply 
through the process 
of mitosis.
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Adenine (A) pairs only 
with Thymine (T). 

Thymine (T) 
pairs with 
Adenine (A).





While many people look a lot like one or both of  their 
parents, children and their parents are never identical. This is 
because offspring get a mixture of  their parents’ DNA. Half  of  
the DNA comes from the mother and half  from the father. Each 
gene that determines a trait has two copies in every cell. It is the 
combination of  those two copies that decides what the trait looks 
like in the offspring. 

Maybe you look very different from your parents and 
siblings. Or maybe in some ways you look more like an aunt or 
uncle than like one of  your parents. This is not at all unusual. 
Although all the siblings in a family get half  of  their parents’ 
DNA, they don’t necessarily get the same half! 

Heredity

The process that determines which parts of  the DNA 
are put into the sperm or egg cell is random. On top of  that, 
it is random which egg and sperm come together to form the 
zygote. When you look at it this way, it’s not at all surprising 
that some people look different from their family members. 
This is true for all sexually reproducing forms of  life. For 
example, purebred dogs may look much like their parents, 
but there are always some differences.

You could say that no two individuals 
are genetically identical. However, 
there is one exception to this 
rule: identical twins.

Some characteristics can 
be handed down through 
many generations.

These kittens look similar to 
their mother, but they are 
not identical to her 
or to each other.

Sperm and egg cells 
combine to form a zygote.
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Twins are born in about one out of  every seventy births. 
Two-thirds of  twins are fraternal or dizygotic. Fraternal 
twins are conceived when two (di) eggs are fertilized, each 
by a different sperm. The two zygotes develop together and 
are born at the same time, but aside from that they are no 
more alike than any other siblings. 

About one-third of  twins are identical, or monozygotic. 
Monozygotic twins come from one (mono) zygote. This means 
that one sperm fertilized one egg to create a zygote. But instead 
of  going on to form a single baby, the zygote split into two 
cells, each of  which developed into a separate baby. Because 
they come from the same original cell (the zygote), monozygotic 
twins are genetically identical.

Twin Life

Because they have exactly the same DNA, monozygotic twins 
look identical to each other and often have similar personalities. 
Slight differences in appearance between identical twins are 
actually common, and are caused by events that happen while 
the babies are developing or after they are born. One thing 
that is always different between identical twins is their fi nger 
prints. They tend to be similar but are never exactly the same. 
So while they may be genetically identical, monozygotic twins 
are still unique!

Scientists study twins to help learn which traits are mainly 
determined by genes and which are due to an individual’s 
nutrition, upbringing, and other environmental factors. For 
instance, studies of  twins have shown that diabetes, a very 
harmful disease, is largely, but not entirely, caused by genes.

identical twins

Identical and Nonidentical Twins

Identical, or monozygotic, twins occur when a single 
fertilized egg splits into two separate zygotes. These 
zygotes have the same DNA.

Fraternal, or dizygotic, twins are conceived when two 
sperm fertilize two eggs at the same time. This forms two 
nonidentical zygotes.
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Let’s think more about why some people look different from 
their parents. You may know someone who has blond hair, even 
though both of  that person’s parents have dark hair. You may 
think this is a bit strange. Also, you may know that in most parts 
of  the world, dark hair is more common than blond or red hair. 
Why is this so? 

The answer goes back to genes. Hair color is a visible trait, 
something that we can easily see by looking at a person. Yet the 
genes a person carries in all of  his or her cells are the cause. We 
learned earlier that people have two copies of  each gene, one 
inherited from the father and the other from the mother. 
Sometimes these copies are slightly different from each other. 
Different versions of  the same gene are called alleles. Some alleles 
are dominant to other alleles, meaning that their instructions will 
always be used to make the visible trait. The nondominant 
version is called a recessive allele. 

Dominant vs. Recessive Let’s think about what this means for hair color. Suppose 
that the gene for hair color has two versions. One allele gives 
the cell instructions to make dark hair, and the other allele tells 
the cell to make blond hair. Each person gets two genes for this 
trait, one from the mother and one from the father. If  either 
one contains the dark hair allele, the hair will be dark, because 
the dark allele is dominant. If  both are dark, the hair will also 
be dark. This is how a dominant trait is expressed. The hair will 
only be blond if  both genes are for blond hair, because the 
blond allele is recessive.

Dark hair is a dominant trait, 
while blond hair is recessive.

gene for blue eyesb gene for brown eyesB

B Bb b

Mother Father

b B Bb b B b B

Children

Brown eye color is dominant to blue eye color. If one parent 
has two copies of the brown eye allele, all of the children 
will have brown eyes, even if the other parent has blue eyes. 

Mother Father
b BB b

b b Bb Bb BB

Children

If both parents have brown eyes but carry the recessive allele for 
blue eyes, they can have children with either blue or brown eyes. 
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So far we’ve focused on humans, who have offspring by sexual 
reproduction. Many life forms use asexual reproduction to carry 
on their species, resulting in offspring genetically identical to the 
parent. For example, all bacteria reproduce asexually. Because each 
bacterium is just a cell, it can reproduce by simply going 
through mitosis once, making two cells 
from the original one. Bacterial 
reproduction can happen in just 
twenty minutes! Such quick 
reproduction is a big advantage 
in keeping a species going. 

Some other organisms that 
reproduce asexually do so in 
different ways. Hydra are simple 
animals that live in the water. 
They make their homes on the 
bottom of  lakes and eat things 
that fl oat by. Hydra can 
reproduce asexually by 
growing a baby hydra on 
their side, as shown in this 
picture. When the new 
hydra grows big enough, it 
falls off  and starts a life of  
its own. As with bacteria, 
the new hydra has exactly 
the same DNA as its parent, 
and will grow up to have the 
same characteristics.

Asexual Reproduction Potato plants have a very good strategy for keeping their 
species going. They can reproduce either sexually or asexually. 
Most potato plants can make seeds if  their fl owers get pollinated. 
However, most farmers prefer to reproduce their potato plants by 
using the potatoes like “seeds.” If  the fl owers don’t get fertilized, 
each “eye” on a potato can grow into a whole potato plant. This 
way the new plant is a genetic copy, or clone, of  the plant that 
made the potato.

The whiptail lizard may have the most surprising way of  
reproducing. Lizards are complex animals that usually 

use sexual reproduction. But some species of  whiptails 
can have babies without the need for sperm cells. These 
species are all female. They lay eggs that contain all the 
necessary chromosomes and develop 
into normal, female lizards. The only 
difference is that no sperm are needed 

to fertilize the egg, and all the offspring 
are clones: they have the same 
DNA as their mother.

Some species of whiptail 
lizards reproduce asexually.

new hydra 

Hydra reproduce asexually by 
budding. The new hydra shown 
here will fall off and grow up 
to look like its parent.

Potato plants can reproduce 
sexually using their fl owers, 
or asexually through the 
buds or “eyes” on the potato.
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Why do many organisms use asexual reproduction 
to ensure the continuation of  their species, while others 
use sexual reproduction? The answer seems to be that each 
type of  reproduction offers advantages and disadvantages. 

Asexual reproduction has many good points. In many 
cases it can be completed very quickly. It also does not 
use up very much of  the parent’s energy. This means that 
one parent can have a large number of  offspring in a short 
time by reproducing asexually. Another advantage to 
asexual reproduction is that it only requires one parent. 
Even if  there is not another member of  the species 
anywhere nearby, a lone individual can reproduce. 
Finally, asexual reproduction produces offspring 
that are exact copies of  the parent. If  the parent 
is successful in a particular environment, there is 
a good chance that its offspring will survive too, 
as long as conditions don’t change.

Sexual or asexual? Changing environments are the biggest problem for organisms 
that use asexual reproduction. Although the identical offspring 
will do well as long as the environment stays the same, they 
probably will not do very well if  it changes. Environments change 
often, due to droughts, storms, fi res, and other events. Since 
asexual offspring are almost always exactly like their parents, 
there is almost no chance that they’ll be born with a new trait that 
will help them deal with the new conditions. They could even die 
off  if  conditions change too much.

Sexual reproduction takes more energy and time than asexual 
reproduction does. It also requires two parents of  opposite sexes, 
which can be a problem if  there aren’t many members of  the 
species in an area. But sexual reproduction has one big advantage: 
each and every new offspring has a different set of  traits. So some 
individuals are better suited to their environment than others. If  
conditions change, some members of  the species are bound to be 
able to do well in the new situation.

Aphids reproduce sexually 
and asexually. They make 
young quickly by asexual 
reproduction, but also mate 
and lay eggs before winter.

Advantages and Disadvantages

Sexual Asexual
offspring have new 
combinations of genes 
that can help them survive 
in different conditions

can take a lot of energy 
and time

requires two parents

offspring have little genetic 
variation and may not survive 
changing environmental 
conditions

requires little energy or time

requires only one parent

The buff wax cap 
fungus can reproduce 
sexually or asexually.

✔

✔

✘

newly cloned aphids

✘

✘

✔
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Humans have known about the advantage of  changing traits 
for thousands of  years and have put it to good use. For example, 
the earliest farmers chose to grow wheat plants with 
characteristics that made them easier to farm. Wild wheat 
plants pop open and drop their seeds all over the ground, 
which makes it almost impossible for people to gather 
them up in large amounts. Thousands of  years ago, 
farmers found a wheat plant that didn’t pop open 
and drop its seeds. They bred this useful plant, 
and farming became easier. Scientists today are 
still trying to breed wheat plants with better 
resistance to diseases, insects, and drought, 
and with better nutritional value.

Some crop plants have been 
developed much more recently. 
Pink grapefruit is one example. 
About seventy years ago, farmers in 
Florida and Texas discovered pink 
grapefruits growing in the orchards 
with the normal white grapefruits. 
The farmers selected the plants 
that grew pink grapefruits and 
propagated them, and today pink 
grapefruit is a very common and 
popular variety.

Mixing the Genes Dog breeds are another good example of  how people have 
used selective breeding to develop new types of  organisms with 
desirable traits. The differences in size, color, body shape, and 
personality among dog breeds make it diffi cult to believe that they 
are all the same species. For example, a toy poodle and a collie 
look quite different. These breeds were created when people 
selected dogs with traits that they liked and bred them together. 
From the offspring were then selected the healthiest dogs with 
those traits, and the breeding continued this way through the 
generations. If  a farmer wanted a large dog to protect his sheep, 
he would get the two largest dogs he could fi nd and breed them 
together. If  this was done again and again for generations, the 
dogs would become very large.

Breeding dogs with certain traits 
has created different dog breeds.

Breeding developed new 
types of fruits, such as 
pink grapefruit and 
orange tomatoes.
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As you read earlier, DNA is 
constantly dividing and making exact 
copies of  itself. But sometimes the copies 
don’t come out quite right. Most of  these 
mistakes make no difference in the function 
of  the cell, because they don’t happen in a 
part of  the DNA that contains a gene. If  a 
mistake happens in a part of  the DNA that 
contains a particular gene, the instructions 
given by that gene to the cell can be changed. 
In some cases, the protein usually made by 
that gene might not be made anymore. If  the 
mistake happens in a sex cell, the offspring 
created by that cell will inherit the mistake in 
the DNA. When a change happens in the 
DNA inherited by an offspring, and this 
change affects a trait, it is called a mutation. 

Some mutations have good effects. 
They might make the offspring bigger 
or healthier or better adapted to the 
environment. Mutations can 
also be neutral. A mutation 
could make someone have 
red hair when the rest of  
the family has dark hair. 

 

Mutation

Unfortunately, there are also many mutations that have 
negative effects. Many defects and diseases are caused by 
mutation of  a single gene. One defect that can be caused by a 
single gene mutation is color blindness. The gene for color vision 

is on the X chromosome. 
Females have two X 
chromosomes, while males 
have one X and one Y 
chromosome. If  a color vision 
gene is mutated on a male’s 
single X chromosome, he will 
be color blind. In order for a 
female to be color blind, both 
copies of  her color vision 
genes must be mutated. It is 
much less likely for a person 
to inherit two mutant copies 
than to inherit just one. That is 
why more men than women 
are color blind. 

Albino rabbits have 
mutations affecting fur 
and eye pigmentation.

Test for
Color Blindness
Color blindness can be 
caused by mutations 
in genes on the X 
chromosome. Look 
at the illustration. Can 
you see the number 68? 
If you can, then you do 
not have color blindness.

Some of these mice 
have been affected 
by mutation.





Many people think that if  we can decode the 
instructions given by our genes to our cells, we can 
learn how the body works, and maybe even fi gure 
out how to prevent diseases. The Human 
Genome Project was started in 1990 to fi gure out 
the exact pattern of  our DNA. The human 
genome is the full set of  DNA carried by each 
person in every one of  his or her cells. 
Although all individuals have some 
differences in their DNA which give 
them unique traits, we are all pretty 
much identical at the DNA level. 
This includes people from all 
races and cultures.

In 2003, fi fty years after the 
discovery of  the structure of  DNA, 
scientists fi nished fi guring out the 
human genome sequence. Now 
they are beginning the hard part: 
discovering what the sequence 
tells us about ourselves. 

The Human Genome 
Although all people are very closely related in their DNA 

sequence, each person is also unique. This is a result of  sexual 
reproduction, which creates new combinations of  genes in every 
new individual. This is very different from asexual reproduction, 
in which each offspring is an exact copy of  its parent. 

Sometimes people inherit many traits from their parents. 
Other times new traits may show up. These might be recessive 
traits that were hidden in our parents’ genomes, or they might 
be the result of  new mutations in the cells that formed us. 
Monozygotic, or identical, twins are a special case because they 
have the exact same DNA. This means that they have many 
identical traits, but events in their lives can make them develop 
unique traits as well. 

Scientists are now working to understand the secrets 
contained within the human genome sequence. They hope to 
learn what instructions our many genes give to our cells, and how 
changes in those instructions can lead to differences in traits. In 
the future, it is hoped that cures for diseases will be found using 
the knowledge gained from studying our genes.

Every human body cell has 
23 pairs of chromosomes, 
for a total of 46. The sex 
cells have only one of each.

Scientists are still 
working to unlock 
the secrets of our 
chromosomes.

Conclusion
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Glossary

24

allele one of  two or more versions of  
 the same gene

dizygotic developing from two separately 
 fertilized eggs (zygotes); this term is used 

to refer to fraternal twins

genome all of  the genetic information that an   
offspring inherits from its parent(s)

molecule a tiny particle consisting of  two or 
 more atoms

monozygotic developing from one fertilized egg 
 (zygote); this term is used to refer to
 identical twins

propagate to cause a plant or animal to reproduce

protein a class of  molecules composed of  
 amino acids; supports growth or function 
 of organisms

replication the production of  precise copies of
 materials such as molecules

somatic cell any cell of  the body, excluding the sex cells
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1. What is the difference between a gene and an 
allele?

2. How does a mutation cause a new trait?

3. How are monozygotic and dizygotic twins 
different?

4.  Genes are very important in 
determining our traits. Write to explain how 
genes are related to traits and how new traits can 
appear in individuals. Include details from the 
book to support your answer.

5.  Sequence What is the sequence of steps 
taken by people who wish to breed a new type 
of organism with certain traits?

What did you learn?Extended Vocabulary

allele
dizygotic
genome
molecule
monozygotic
propagate
protein
replication
somatic cell

Vocabulary

asexual reproduction
egg cell
fertilization
gene
heredity
meiosis
selective breeding
sexual reproduction
sperm cell
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