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Biotechnology 101

What Is Biotechnology?
Biotechnology (by-o-tek-nawl-a-gee) is a big 
word. It is easy to figure out what it means if you 
look at its parts! Bio is short for biology, which is 
the study of all living things. Technology is 
applying knowledge for practical use. 
Biotechnology then, is applying the knowledge 
of biology to improve or make new products. For 
example, plant biotechnology is a precise way 
to make plants that have special qualities. These 
plants might be more nutritious, more resistant 
to pests or more productive. Plant biotechnology 
is a way to find solutions that improve the health 
of the Earth and its people.

Biotechnology is not a new field of science. 
People have been changing living things to 
solve problems and improve our way of life for 
thousands of years. Plants and animals were 
selected for their best qualities. Years of 
selective breeding have produced the plants 
and animals we use today. For example, from 
the wolf over 150 different breeds of dogs 
have been developed. From a grass plant in 
Mexico, corn was developed. Nearly every 
food we eat today has been selectively bred to 
improve it. 
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Wonders of the Cell

Every living thing is composed of cells. Some organisms are one-celled while others are multi-celled. For example, the 
human body is composed of millions of cells. You have skin cells. You have brain cells. You have heart cells. You have 
many different types of cells. Within each cell is a nucleus. Inside the nucleus are chromosomes. Unwind the 
chromosomes and you find DNA (DeoxyriboNucleic Acid). On the DNA you will find genes. 

The genes carry all of the information that determines whether an organism is a horse, dog or plant. The genes from the 
parent organism are passed on to their offspring. Thus, you get your genes from your parents. This is why you may look 
like your parents. All people, plants and animals inherit traits from their parents through their genes.

One of the first people to study how traits are passed from parents to their young was a monk in Austria named Gregor 
Mendel. About 150 years ago, he used plants to show how certain things such as flower size and color are passed on 
from the parent to the offspring.

Biotechnology studies how individual genes work. Scientists study how plants and animals grow and how they react to 
their environment. As a result, scientists can now work with the genes to change an organism. For example, they can 
make a plant more pest resistant or make it more nutritious.

Cell

Nucleus

Chromosome

DNA

Gene



In the 1850s, an Austrian monk named 
Gregor Mendel started a series of 
experiments with garden peas. Mendel 
was curious about why pea plants had 
different physical characteristics. Some 
peas were long stemmed, others were 
short stemmed. Some peas had white 
flowers, others had purple flowers. 
Some peas had yellow seeds, others 
had green seeds. For more than ten 
years, Mendel carried out thousands 
of experiments on pea plants. Mendel 
studied each trait and learned how 
they were passed down to the offspring 
plant. His work began the study of 
heredity.

At the time of Mendel’s studies, it was 
a generally accepted belief that traits 
were blended. It was believed that the 
offspring of a tall parent and a short 
parent would be medium-sized. 
Mendel’s work showed that traits are 
not blended; they are passed on intact. 
He discovered that traits can skip a 
generation and are either dominant or 
recessive. Mendel also discovered that 
traits can be passed on independently 
of other traits. For example, the size of 
a pea plant does not affect the color of 
the plant’s flower. The importance of 
Mendel’s discoveries went largely 
unrecognized until the early 1900s 
when other scientists, who made many 
of the same observations, rediscovered 
his work.

Gregor Mendel was the first scientist 
to see that math can be used to predict 

the outcomes of genetic 
crosses. In 1905, English 
geneticist Reginald Punnett 
created what is now known as 
the Punnett square to illustrate 
some of Mendel’s discoveries. 
A Punnett square is a chart that 
shows the gene combinations 
in a cross. 

For each trait, the offspring 
has two genes —one from each 
parent. If both genes are either 
dominant or recessive, the trait 
is called a purebred trait. If only 
one gene is dominant, the com-
bination is called a hybrid trait.

The Punnett square shows a 
cross between two hybrid tall 
pea plants. “T”represents the dominant 
gene for tall and “t” represents the 
recessive gene for short. When two 
hybrid tall pea plants are crossed, three-
fourths of the plants are tall, 
and one-fourth are short. You 
can predict that there is a 75% 
probability the offspring will 
be tall and a 25% probability 
the offspring will be short.

This is how dominant and recessive 
genes are expressed in the offspring:

dominant + dominant = dominant
dominant + recessive = dominant
recessive + recessive = recessive

offspring 1 offspring 2

offspring 3 offspring 4pa
re

nt
 2

parent 1
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Father of Genetics
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Offspring 1, 2 and 3 are all tall. Offspring 4 is 
short. Three parts out of four is 3/4 or 75% 
and one part out of four part, is 1/4 or 25%.



What did Mendel discover?
Let’s look at a pea gene. Two genes for seed color come from each 
parent. In the first Punnett square the parents are pure bred, 
meaning both genes in the parent are the same. In the case of peas, 
the yellow gene is dominant. Whenever there is a yellow gene and a 
green gene in the offspring, the seed color will be yellow.  

Let’s look at what happens when we cross offspring 
1 with offspring 2 from the above Punnett square in 
the one below. This is crossbreeding two hybrids. 

offspring 1 offspring 2

offspring 3 offspring 4pa
re

nt
 2

parent 1 What will be the 
color of the off-
spring’s seeds? 
offspring 1
 r yellow
   r green
offspring 2
    r yellow
   r green
offspring 3
   r yellow
   r green
offspring 4
   r yellow
   r green

offspring 1 offspring 2

offspring 3 offspring 4

off
sp

rin
g 

2

offspring 1 What will be the 
color of the off-
spring’s seeds? 
offspring 1
 r yellow
   r green
offspring 2
    r yellow
   r green
offspring 3
   r yellow
   r green
offspring 4
   r yellow
   r green

Let’s look at what happens when we cross hybrid offspring 1 with 
the offspring 2 in the previous Punnett square.

offspring 1 offspring 2

offspring 3 offspring 4

off
sp

rin
g 

2

offspring 1

What will be the color of the 
offspring’s seeds? 

offspring 1
 r yellow
   r green
offspring 2
    r yellow
   r green
offspring 3
   r yellow
   r green
offspring 4
   r yellow
   r green
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What is DNA?    What is a Gene?
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Let’s examine a group of cells in your heart. These cells 
help your heart to beat. How do these cells know that they 
are to help the heart beat instead of doing something else?

Instructions are found in the nucleus of the cell. These 
instructions tell the cell what role it will play in your body. 
What do these instructions look like?

The instructions come in the form of a molecule called 
DNA. DNA contains a detailed set of plans for building 
different parts of the cell. How does the DNA molecule 
hold information?

The DNA molecule comes in the form of a twisted ladder 
shape scientists call a double helix. The ladder’s rungs are 
built with a four-letter DNA alphabet: 
 A (adenine), 
 C (cytosine), 
 T (thymine) and 
 G (guanine). 
These alphabet pieces join together according to special 
rules. A always pairs with T and C always pairs with G. 

The DNA strand is made of letters: 
 A T G C T C G A A T A A A T G T C A A T T T G A. 
The letters make words: 
 ATG CTC GAA TAA ATG TCA ATT TGA. 
The words make sentences: ATG CTC GAA TCC. 
These “sentences” are called genes. Genes tell the cell to 
make other molecules called proteins. Proteins enable a 
cell to perform special functions, such as make the heart 
beat. Genes are instruction manuals for cells. They provide 
the directions for building proteins that make organisms 
function.

Genes are made of DNA. One strand of DNA contains many 
genes. All of these genes are needed to give instruction 
for how to make and operate the parts of an organism.  
For example, blood contains red blood cells that transport 
oxygen. The cells use a protein called “hemoglobin” (Hee-
mo_GLO-bin) to capture and carry the oxygen. Only a few 
genes contain the instructions for making hemoglobin 
proteins. The remaining thousands of genes contain the 
instructions for making other parts of an organism. Genes 
contain instruction for building proteins which are involved 
in breathing, digestion and many other things. Some 
proteins determine the color of eyes, other proteins make 
hair and nails grow.
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There’s nothing quite like the sweet 
taste of a bright red strawberry. You’ve 
probably had hundreds of strawberries 
in your life. You’ve had strawberry ice 
cream. You may have gone to a farm 
where you picked your own fruit. Or, your 
parents may have given you some they 
bought at the supermarket. But each one 
of these strawberries is different.

There are about two dozen types grown 
each year. “But, over the years, scientists 
have developed hundreds of new types 
of strawberries and other berries, and we 
are working to create dozens more,” says 
Agricultural Research Service (ARS) fruit 
breeder and geneticist Chad Finn.

There are different berries for different 
climates. There are also different ones 
depending on how the berry will be used. 
Berries with strong colors and flavors are 
used for ice cream and bakery products. 
Berries that can be shipped and stored 
fresh are grown for sale at either the 
supermarket or small farms. 

Chad Finn works at the ARS Horticultural 
Crops Research Laboratory in Corvallis, 
Oregon. He’s breeding new blackberries, 
raspberries, blueberries and 
strawberries. Some of the new 

berries taste better and produce more 
fruit than the earlier versions of berries. 
They also are able to fight off diseases 
better so the farmer doesn’t have to use 
chemical pesticides as often.

Breeding a new strawberry takes 10 to 15 
years. Think of how old you are now. Finn 
may have started breeding a berry before 
you were born.

So, how are berries bred?
Before Finn starts working on a new 
berry, he talks to growers and consumers 
to see what qualities they’d like. Then he 
combines the genes of one berry--which 
has some of these traits--with another 
berry that has other important traits.

That might not sound too difficult--but 
it’s easier said than done. Finn uses a 
paintbrush to pollinate the flowers of the 
berry plants. He brushes the male pollen 
from one plant onto the female flower 
parts of another plant--kind of like what 
bees do with their legs. Believe it or not, 
there are male and female versions of 
many plants, just like with animals!

Once the pollinated plant’s fruit and 
seeds are mature, Finn mashes the fruit. 

He puts the seeds in a greenhouse, and 
they start to sprout into seedlings. Finn 
eventually moves the seedlings into 
fields, where they can grow to maturity. 
Every year, he selects the seedlings that 
have the best fruit and continues 
growing them. The rest are thrown away. 
Finn only wants “the best of the best.”

After many years of growing the berry 
plants in test plots, he checks them in 
various other ways. He may want to see 
if they are resistant to pests, grow to 
a particular size, or the berries have 
a certain color. But most importantly, 
they need to taste delicious. Eventually, 
he asks people to taste the berries and 
choose the best ones.

Only one out of about every 10,000 
seedlings will pass all this testing and be 
named as a new berry. And only a few 
of these become widely planted. So, 
next time you eat a delicious berry, just 
remember how much “work” it went 
through to end up in your mouth!

--By David Elstein, formerly Agricultural Research
   Service, Information Staff  

Growing a Better Berry
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What are genetically modified foods?
Most people don’t know, but nearly every 
food they buy in the store is a genetically 
modified food. Humans have been 
systemically genetically modifying grains, 
fruits, vegetables and animals ever since 
they started planting seeds and raising 
livestock. It is called selective breeding, 
sometimes it is called artificial selection. 
We didn’t always have separate breeds of 
dairy and beef cattle. These breeds 
resulted after many years of selective 
breeding by farmers and ranchers. Some 
chose to breed cattle for milk while 
others chose breeds of cattle for meat 
production. Artificial selection has 
produced yellow carrots, seedless 
watermelons and bananas. It has 
produced corn that is used in over 3,000 
products in grocery stores. It has 
produced beef cattle that are larger, dairy 
cows that produce more milk and 
chickens that lay more eggs. 

The opposite of selective breeding is 
called natural selection. It is commonly 
referred to as survival of the fittest. 
Natural selection occurs without human 
intervention. Plants or animals with the 
characteristics best suited for survival 
reproduce and therefore pass on their 
genetic traits to the next generation. For 
example, there once was a white moth 
that lived on white barked trees. When 
pollution darkened the bark of the trees, 
the white moths stood out and were 
quickly eaten by predators. The moths 
that were dark in color survived and were 
able to reproduce.

With artificial selection there is no 
control over exactly what happens when  

cross breeding plants or animals. Using 
this process, thousands of genes are 
crossed at the same time. It takes a lot of 
time for crossbreeding to get the desired 
trait and to make sure no undesirable 
traits have been passed along.

Today we can do artificial selection by 
modifying just a few genes at a time. 
This creates a GMO (genetically modified 
organism.) Using biotechnology, only 
the gene or genes that control a trait are 
changed. It is much more precise. It is also 
a faster way to develop the desired trait in 
a plant or animal.

What are some of the benefits of using 
biotechnology with food?
• We can produce more food using less 

land and water.
• We can produce crops that are        

better able to protect themselves from 
diseases, insects and bad weather. 
This means less chemicals are used to 
protect the plants.

• We can produce better tasting, more 
nutritious foods that last longer after 
they have been harvested.

• We can produce foods that will grow 
in poor soils or in drought conditions.

• We can produce more, safe food for a 
growing world population.

Vocabulary Review
• species: a group of organisms 

sharing common traits that can 
produce offspring together

• recessive gene: a gene whose 
expression can be hidden

• purebred: the offspring          
produced by parents of the 
same breed

• organism: any living thing made 
of cells

• offspring: the child or young of 
two parents

• inherited: a trait passed on from 
the parent organism to offspring

• heredity: the passing of traits 
from a parent to its offspring

• gene: section of a chromosome 
that controls a trait

• dominant gene: a gene that can 
hide the effect of a recessive 
gene

• chromosomes: threadlike    
structures in the nucleus of 
the cell that control the cell’s          
activities

• traits: inherited characteristics 
that set a species apart from 
other species

• hybrid: the offspring produced 
by two different types of animals 
or plants

• GM: genetically modify
• GMO: genetically modified       

organism
• selective breeding: humans 

choosing which plants and       
animals to breed

The 150 different breeds of dogs were 
developed through which breeding 
technique? Check the correct answer.

m selective breeding
m natural selection



Biotechnology Timeline
• 8500–5500 B.C. People begin to settle in one 

place and raise plants and animals; the best 
of their crop is saved to use as seed the next 
year.

• 1800 B.C. The Babylonians improve the qual-
ity of date palms by pollinating female trees 
with pollen from male trees with desirable 
characteristics.

• 1863 From observing pea plants in a garden, 
renowned scientist Mendel concludes that 
certain “unseen particles” (later described as 
genes) pass traits from parents to offspring 
in a predictable way—the laws of heredity 
begin to be understood.

• 1875 The first  high-
er-yield, hardier wheat-rye 
hybrid grain  is created.

• 1953 The structure of 
DNA is described by Watson 
and Crick.

• 1961 USDA registers the first biopesticide

• 1973 Scientists Cohen and Boyer successfully 
transfer genetic material from one organism 
to another.

• 1986 EPA approves commercial growing of 
the first genetically engineered crop—tobac-
co plants resistant to tobacco mosaic virus.

• 1992 FDA issues a policy stating that foods 
from biotech plants would be regulated in 
the same manner as other foods.

• 1993  The U.S. approves use of a naturally 
occurring protein reproduced by using bio-
technology for use in dairy cows to increase 
milk production.

• 1994 The first whole food produced using 
biotechnology—the FlavrSavr® tomato—en-
ters  the marketplace after FDA issues its 
advisory opinion on safety. Virus resistant 
squash is also planted.

• 1996 Biotech 
varieties of soy-
bean, cotton, corn, 
canola, tomato, 
and potato seed 
are planted on 4.5 million acres in Argentina, 
Australia, Canada, China,  Mexico and the 
U.S.

• 1996 Dolly the sheep is 
the first animal clone to be 
born.

• 1998 Virus resistant 
papaya, developed 
through biotechnology 
to save the crop from 
devastation, is planted 
in Hawaii. Insect-pro-
tected sweet corn is also planted.

• 1999 The En-
viropig™ is genetically 
engineered in Canada to 
produce an enzyme in its 
saliva that would allow it 
to get more phosphorus 
from its feed. This would 

reduce phosphorus runoff into waterways.

• 2008 FDA releases its risk assessment on ani-
mal clones, concluding that food from clones 
is as safe as other food.

• 
• 2008 Sugar beets pro-

duced with biotechnol-
ogy are available for 
purchase by farmers.

• 2011 Soybeans higher in heart-healthy 
monounsaturated fats are available for plant-
ing in the U.S.

• 2011 Additional apples and potatoes en-
hanced by biotechnology are submitted for 
government review.

• 2012 Researchers report 
that the first dairy cow, 
Daisy, has been  genet-
ically engineered to 
remove a protein that 
can trigger milk allergy in 
humans.

• 2012 Biotech crops are planted on 420.8 
million acres by 17.3 million farmers in 28 
countries. More than 90% of farmers plant-
ing biotech seed are small, resource-poor 
farmers in developing countries.

   Source: USDA

Biotech crops grown in the United States include: 

Alfalfa
Canola
Cotton

Field corn
Rainbow Papaya

Soybeans
Sugar Beets

Summer Squash
Sweet corn
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