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We humans share  
99 percent of our  
DNA with chimpanzees  
and bonobos. 
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It’s possible for a mother  
to retain some of her  
baby’s DNA. 
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If you were to unravel one  
strand of DNA, it would  
be roughly six feet (2 m) long.
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If you were to take all the 
DNA out of all your cells and 
string it together, it would 
measure about twice the 
diameter of our solar system.
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All of us get three feet (1 m) 
of DNA from our father and  
three feet from our mother.
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Each person alive today can trace 
their ancestry to 10,000 people  
who lived 175,000 years ago,  
which is why we share 99.5 percent 
of our DNA with one another.    
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I N T R O D U C T I O N

Look in the mirror. Who do you see? Do you see someone with blue or brown eyes? Is that person short or 

tall, a man or a woman? Do you see a face with freckles, or someone who’s bald?  

Easy questions. Easy answers. After all, that person in the mirror is you. You know you better than any-

one else. Or do you? We humans like to think of ourselves as unique beings, and in many respects, we are. 

Yet, while we do have differences among us, we’re all pretty much the same. 

How can that be? Take a minute to find the old family photo album. Look at the pictures of your parents 

and their parents—your grandparents. Why do you look a bit, but not exactly, like your mom and dad? Why 

does your sister seem to have the same nose as your grandmother, but yours is much thinner? Why is your 

brother Tony as bald as a cue ball—just like your grandfather—yet you have a full head of hair? Remember 

Uncle Maurice? He could wiggle his ears, but you can’t. Why? All these questions seem funny, a bit odd  

perhaps, yet all have serious answers. Each has to do with genetics, the science of heredity. Genetics helps us

W H O  A R E  YO U…
R E A L LY ?
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understand the biological program-

ming of all living organisms, including 

humans, dogs, trees, grapevines, or 

flu viruses. Heredity is the expres-

sion of traits, such as hair and eye 

color—and, yes, the ability to wiggle 

ears—and how they are passed from 

one generation to another. 

Understanding 
Inheritance
While the actual science of genetics 

has been around for 150 years or so, 

people have observed this inheritance 

of traits for thousands of years. Long 

ago, people realized that parents pass 

on their features to their offspring. Not 

only were human children like their 

parents, but young sheep and cattle 

were like their parents. Moreover, 

wheat and barley plants were like their 

parent plants, too. Our ancestors took 

that knowledge and used it to breed 

specific food crops and livestock. 

Still, no one knew the “why” behind 

inheritance. The ancient Greek math-

ematician Pythagoras (remember him 

from algebra class?), among others, 

tried to answer that question. Pythag-

oras believed that human “likeness” 

centered on a child’s father. Specif-

ically, as the father’s semen coursed 

through his body, it mysteriously 

soaked up bits of information. That 

information decided what color hair 

and skin color, among other attributes, 

the father’s children would eventually 

have. During intercourse, Pythagoras 

said, the father passed all of this infor-

mation on to the female. While the 

father, he argued, provided the essen-

tial data, the mother provided a place 

where the information could incubate 

and coalesce into a baby. Pythagoras’s 

theory even had a name—spermism. 

Years later, another Greek theorist 

and well-known sexist, Aristotle, 

rejected the notion that heredity 

was the sole provenance of the 

7D I D  YO U  K N OW. . .

Scientists have isolated the  
silk-producing gene in spiders,  
which U.S. military leaders  
hope will one day lead to the  
production of superstrong  
body armor for soldiers. 
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father, although he thought Dad had 

a starring role. Aristotle said children 

inherit features not only from domi-

nant dads, but also from their passive 

mothers, not to mention grandmothers 

and grandfathers. He even correctly 

noticed that certain physical features 

can skip a generation. Moreover, Aris-

totle said, Pythagoras’s theory did not 

consider how a father’s sperm could 

“absorb” the instructions to produce 

his daughter’s “generative parts.”

It wasn’t until the early 1860s that an 

Austrian monk named Gregor Mendel 

(more on him later) got the whole idea 

of heredity right. He proved that organ-

isms inherit specific sets of instructions, 

a precise code, if you will, from each 

parent. Mendel’s theories were the 

basis for the science of genetics. 

Yet, it wasn’t until 1953 that Francis 

Crick and James Watson figured out 

what that code was. That’s when they 

discovered the structure of DNA, the 

material from which genes are made. 

DNA is short for deoxyribonucleic 

acid. DNA is a molecule shaped like 

two twisting ribbons, and Crick and 

SPERM AND EGG

In humans, the sperm of the 

male and the egg of the female 

carry 23 chromosomes each. 

Both sets of chromosomes are 

passed on to their offspring. 
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Watson proved that pairs of bases 

hold the ribbons together as they 

spiral. The two men looked at this 

strange molecule and concluded  

it held the answers to understanding 

how genetic information is copied.  

In turn, they said, this might one  

day lead to finding cures for  

human diseases.

It took another 50 years before 

scientists finished mapping the 

human genome—the complete set 

of DNA, including all its genes. It was 

an incredible scientific feat. Once sci-

ence cracked this code, it allowed us 

to read with amazing clarity nature’s 

blueprints for life—the sequence of 

bases of DNA in cells. This is the stuff 

that makes each of us who we are and 

who we’re not. These genes regulate 

how our bodies are put together, how 

our cells work, and whether we are 

susceptible to various diseases and 

other conditions. 

A Brave New World
The discovery was revolutionary 

because it opened new and excit-

ing passageways into who we are 

as a species and as individuals. We 

learned that while humans come in all 

different shapes, sizes, hues, and per-

sonalities, we’re all genetically similar. 

In fact, any two people share more 

than 99 percent of their genomes 

with one another. 

Yet, the tiny fraction of genomes 

that make us different are exceed-

ingly important. These genetic varia-

tions affect how tall we are, why some 

of us sunburn more easily than others, 

CANCER RESEARCH

Advances in sequencing  

the DNA of specific cancers  

are enabling the development  

of highly targeted and  

promising therapies.
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8
D I D  YO U  K N O W. . .

More than  
800 genes are 
involved in  
cell division.

and why some people have blue 

eyes and others have green. It’s the 

reason Uncle Maurice could wiggle 

his ears and you can’t. Additionally, 

these variations influence our risk of 

disease and how each of us responds 

to certain drugs. 

Genetics impacts our lives on a 

daily basis. Just glance at a newspa-

per or an internet news feed. One 

day not that long ago, one news story 

told us how an ancient plague helped 

determine the genetic makeup of 

modern Europeans, while another 

marveled at how genetics could lead 

to new therapies to treat epilepsy. 

Still another headline pointed out 

that our consumption of coffee 

depends on our genes. 

But there’s more. Lots more. 

Because scientists can sequence 

(determine the order of DNA bases) 

and read our genetic blueprints, 

doctors are now able to detect some 

diseases just by taking samples of 

our blood. Genetics is giving us new 

ways to attack specific ailments by 

focusing on the genes that make up 

the disease, too. Genetics has also 

opened new doors for the police as 

they search for criminals and try to 

identify crime victims.

In addition, we can now get a 

genetic profile that compares 

genome sequences among humans, 

dead or alive, giving us a picture 

of where our ancestors came from. 

Genetics also allows farmers to 

improve crop yields or to make some 

plants better able to withstand cer-

tain pests, including insects and fungi. 

Trying to understand genetics and 

its impact on our lives and society 

might seem like a job best left to aca-

demics, but it’s not. Genetics affects 

all of us, sometimes positively, other 

times not so much. Just imagine, for 

example, a day when you won’t have 

to worry about cancer because a 

scientist has engineered your DNA to 

make you immune to such a disease. 

What would you say if a doctor were to 

tell you she could genetically engineer 

your unborn child to make him or her 

taller, smarter, or physically stronger? 

If it feels as if we’re living in a brave 

new world, we are. That’s because it’s 

in our genes.  

GENETIC TEST RESULTS

Genetic testing can tell us 

many things about ourselves, 

including where we came from 

and what diseases we might be 

predisposed to.
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experiment

The Probability 
of Inheritance: 
Punnett Squares
You are about to become a parent. You’d like to figure out, with a bit of  
certainty, what color hair or color eyes your child might have. One of the eas-
iest ways to figure out the mathematical probability of your child inheriting 
a specific trait is to use a Punnett square. It’s a simple way of graphically dis-
covering all the potential genotypes, the genetic makeup of an individual, 
that can occur in a child given the genotypes of their parents. 

Let’s try to figure out what color eyes a child might have. 
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Step 1
Draw a Punnett square.  

Step 2
Let’s assume Mom has a dominant brown gene on two chromosomes (BB). 
Brown eyes are always dominant. Dad has two different genotypes. He has a 
dominant brown (B) and a recessive blue (b). Blue eyes are always recessive. 
Since Mom can contribute two dominant brown genes to her child, put her 
genotype above the squares, one for each allele, a form of a specific gene. 

Step 3
Put Dad’s genotypes to the left of the squares.  

Step 4
We want to know the different combinations of  
genotypes the child might have. Study the Punnett 
square, and fill it in. We’ll start one for you. 

Step 5
Once you have filled in the rest of the squares, you  
can figure out the probability of having a brown-  
or blue-eyed child. 

What is the probability of having a blue-eyed child? 
What is the probability of having a brown-eyed child? 

Now turn the page.

B B

B BB

b

9D I D  YO U  K N OW. . .

A person with a chromosomal  
duplication has three copies  
of a specific chromosome  
instead of two.



1 6  |  Y O U R  G E N E S

?What  
Happened 
Since there are no combinations in the 
Punnett square indicating the recessive 
genotypes for a blue-eyed child, the prob-
ability of having a son or daughter with 
blue eyes is zero percent. Dark eye colors, 
such as brown, are dominant over lighter, 
recessive eye colors, such as blue. 
 
Since the brown genotype from Mom 
is dominant, one look at the square can 
tell you there is a 100 percent chance of 
having a brown-eyed child even though 
the father has a recessive blue-eye allele. 
When it comes to dominant and recessive 
alleles, the dominant always wins out.  

10D I D  YO U  K N OW. . .

The amount of proteins an 
allele produces determines 
whether a gene is recessive 
or dominant.

B B

B BB

Bb

BB

Bbb
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At least 20 percent  
of Neanderthal DNA  
is in humans. 
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C H A P T E R  O N E

At some point in our ancient past, when the human brain had evolved to the point where people could 

think critically, our ancestors must have wondered about the workings of heredity. It’s inconceivable, for 

example, that they did not know that their children were physically different from other children. One 

would also suspect that early humans could distinguish the hostile from the friendly, the strong from the 

weak, or the cunning from the imbecilic, just as we can.

Over time, our prehistoric ancestors applied their rudimentary knowledge of heredity through trial and 

error, growing crops that, for example, produced the largest fruit, and breeding cattle that yielded the 

most milk. Although they didn’t know it at the time, our forebears were pioneers in what scientists would 

later call “genetics.” In its most elemental form, genetics is the study of how parents, regardless of species, 

are able to pass heritable traits on to their offspring. It took scientists centuries to understand the basic 

underpinnings of inheritance. Even now, we don’t fully know the implications. 

A L L  A B O U T 
YO U R  G E N E S
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experiment

Modeling the 
Double Helix 

Inside a person’s DNA is the genetic information that determines, among  
other things, whether they’re short, tall, skinny, or blond. Genes also determine 
whether an individual will come down with certain types of diseases or be  
able to run like the wind on a racetrack. DNA is made up of four nucleic acid 
bases: adenine (A), guanine (G), thymine (T), and cytosine (C). These  
bases, small biomolecules, stick to each other in specific pairings.  
Adenine (A) is always paired with thymine (T), while guanine (G)  
and cytosine (C) always hang together. 

What you need
 Two long pieces of licorice (any color)
 Soft candies, such as jelly beans or gummies, of four different colors
 A box of toothpicks (use as many or as few as you want)

What to do
Step 1
Divide the soft candies into the four colors. Each color represents one of the  
four genetic bases, A, G, T, or C. 

Step 2
Next, pair up the candies so that one color goes with another. A red candy,  
for example, should always go with a yellow candy, and green with blue. 

Step 3
Take the toothpicks, and run them through the candy pairs, two candies for  
every toothpick.

Step 4
Finally, attach the candy and toothpicks to the two ribbons of licorice. Do this until 
you have something that resembles a ladder. Pick up your “ladder,” and give it a twist. 

Now turn the page.
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DNA nucleotides are  
classified as purines or 
pyrimidines, based on  
their molecular structure. 
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THE DOUBLE HELIX

A game-based lesson teaches 

middle school students about 

the structure of DNA. 

?What  
Happened 
You just created a model of the DNA molecule. The paired colored candies  
represent the base pairs that contain the genetic information. Millions of 
combinations can be made even though each pair of nucleotides must stick 
together. The order of the bases (ATCG, for instance) in the DNA sequence  
is the genetic code—genes. The licorice is the sugar-phosphate backbone  
of the DNA.
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Many individuals  
with an intellectual  

disability have a  
chromosomal abnormality. 

Once a cell recognizes 
when a gene is forming,  
it can make a copy  
of the gene’s DNA.

The human body has around  
200 types of cells that do  
many different types of  
jobs. Each cell gets  
its marching orders  
from DNA.

Sometimes a  
chromosome has a  

missing part or  
extra parts.  

Both can cause a  
variety of disorders. 

Humans share  
7 percent  
of their  
genes with the  
E. coli bacterium. 

Humans have  
46 chromosomes, 

while dogs  
have 78. 

There are  
approximately  
20,000 genes  
in the human  
genome.

The genetic divergence  
between chimp and  
human DNA comes  
from 40 million  
mutations in the  
base pairs  
that make  
up the  
genetic code. 
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Sometimes a mistake  
occurs when cells  
divide, causing errors  
in the number of  
chromosomes a person has.

About 1 percent  
of the total DNA  

carries instructions  
to make proteins; the rest 

is so-called junk DNA.
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 Bespectacled, portly, and 

sporting a receding hairline, 

Johann Mendel (he would later 

go by Gregor) was not the average 

Catholic monk. Born in 1822 to a poor 

farming family in Silesia, part of the 

Austro-Hungarian Empire, Mendel 

was more interested in science than 

religion. A local priest persuaded his 

cash-strapped parents to send him 

away to school when he was only 11. 

As a university student Mendel took 

courses in math, physics, and philoso-

phy. When his money ran out, forcing 

him to put his studies on hold, Men-

del saw his scientific dreams begin  

to evaporate.

Then divine intervention seemed 

to step in. One of his professors 

convinced Mendel to join the 

G R EG O R  M E N D E L’ S 
P E A  P L A N TS

GREGOR MENDEL

Gregor Mendel (opposite), a 

Catholic monk, was the first 

to articulate the fundamental 

laws of heredity. 

Augustinian Abbey of St. Thomas in 

the city of Brünn, the capital of Mora-

via, to continue his studies. It was a 

match, as they say, made in heaven. 

SEMINAL WORK

Mendel published his findings 

regarding heredity in 1866 in 

an obscure journal article (left). 

It was not until 1900 that the 

significance of his work was 

recognized. 

23D I D  YO U  K N O W. . .

Genes are fragile. A variety  
of things can damage them,  
including sunlight and how  
cells copy them.
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Genes are fragile. A variety  
of things can damage them,  
including sunlight and how  
cells copy them.
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The abbey had a great reputation for 

teaching the sciences. Moreover,  

its director, Franz Cyril Napp (some-

times given as Cyril Franz Napp), was 

unabashedly curious, with an intense 

interest in how heredity affected live-

stock and crops. Around 1854, Napp 

encouraged Mendel to experiment 

with plant heredity. Mendel decided 

to study peas, which he grew in the 

monastery’s five-acre (2 ha) garden. 

Challenging Darwin
Until this point, scientists and philos-

ophers had only dabbled in trying 

to understand heredity. Charles 

Darwin, the naturalist whose theories 

of evolution rocked the globe, came 

up with a theory called pangenesis 

to describe how heredity worked. 

Darwin postulated—wrongly it would 

turn out—that all cells in an organism 

contributed tiny particles called 

“gemmules.” Like the Greek philos-

opher Pythagoras centuries earlier, 

Darwin said these gemmules circu-

lated in the bodies of both males  

and females and were passed on to 

their offspring.

Mendel didn’t buy Darwin’s theory 

and went to work in the church’s 

garden instead. He chose pea plants 

because they have certain easily 

identifiable features. The plants 

come in many varieties and are easy 

to grow. They can be tall or short, 

never in between. Some have purple 

flowers, others, white. Mendel 

wanted to know how and why these 

and other traits were passed from 

generation to generation. 

Pea plants also contain both female 

and male sex organs, which are found 

in the flower. Armed with all this 

knowledge, Mendel cross-pollinated 

PEA FLOWER

Mendel concluded that each 

pea plant contained tiny units 

of inheritance, which he called 

“factors.”

PUNNETT SQUARE

This Punnett square is a visual 

representation of Mendelian 

inheritance. Scientists use 

such diagrams to determine 

the probability of an offspring 

having a particular genotype. 

The capital G in this example 

signifies the dominant gene 

for green and the lowercase g 

the recessive gene for yellow.
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a white-flowered plant with a purple- 

flowered plant. When the seeds 

(the offspring of the parent plants) 

formed, Mendel planted them. As 

the first generation began to grow, 

he noticed their flowers were pur-

ple. When those plants produced a 

second generation, some had white 

flowers. Mendel pondered why this 

was. Each plant, he deduced, con-

tained tiny units of inheritance from 

the previous generations. He called 

those units “factors.” 

The Father of Genetics
Still, Mendel had no clue what these 

factors were or where in the plants 

they resided. He decided that each 

of the original parent plants carried 

pairs of identical factors that would 

later produce white or purple flowers. 

He said the first-generation purple- 

flowered plant inherited a purple 

factor from one parent and a white 

factor from the other. He suggested 

that the purple factor was “dominant” 

with respect to the white factor. Only 

one of these factors was needed 

to make the flower purple, he said. 

In the second generation, some 

plants had white flowers because 

they inherited only white factors. 

He called these factors “recessive” 

because they had disappeared in  

the first generation. These factors 

were also responsible for the color  

of the seeds. 

Mendel was the first to make the 

concept of heredity known to the 

public. Yet his contemporaries didn’t 

pay much attention, and his discov-

eries languished in obscure scientific 

journals. By the time he died in 1884, 

Mendel was a footnote in scientific 

history. By the early 1900s, however, 

scientists took a second look at his 

work. They called his “factors” genes 

and gave him credit for being the 

“father of genetics.”

DOMINANT-RECES SIVE

For a dominant gene to be 

expressed, it need only be 

present on one of the chromo-

somes in the pair. For a reces-

sive gene to be expressed, 

it has to be present on both 

chromosomes in the pair.

24D I D  YO U  K N O W. . .

Scientists have discovered 
a gene that plays a role in 
some people’s enjoyment  
of thrill-seeking activities. 
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25

 In the late 1800s, scientists began 

to use more powerful microscopes 

to peer into the architecture 

of human and animal cells. Con-

sequently, by the early 1900s, a 

number of researchers scoured the 

historical record to understand what 

others had reasoned about hered-

ity. Some took a look at the work of 

Gregor Mendel, who had bred pea 

plants in the garden of an Austrian 

monastery a half century before. 

His hypothesis that pea plants had 

certain “factors” that acted as repos-

itories of hereditary information 

offered a less clouded view of inheri-

tance than earlier speculation had.

Taking a Second  
Look at Mendel
Walter Sutton, who was working at 

Columbia University, was one of the 

scholars who took a second look 

at Mendel. Born in Utica, a city on 

the banks of the Mohawk River in 

upstate New York, and raised on a 

farm in Russell, Kansas, Sutton was 

immensely interested in the chro-

mosomes of grasshoppers. 

As Sutton experimented, he 

realized that grasshopper chromo-

somes had a lot in common with 

Mendel’s peas. Most of the time, the 

A  C LO S E R  LO O K

MICROSCOPES

In the late 1800s, more power-

ful microscopes allowed scien-

tists to see the inner workings 

of cells, giving them a better 

view of heredity. 

chromosomes were doubled up just 

like Mendel’s paired factors. However, 

the sex cells of male grasshoppers 

were not paired but had only one 

chromosome, an X. This got Sutton 

thinking. Mendel had said that pea 

plant sperm cells carried only a single 

copy of each of the factors. Sutton was 

sure that Mendel’s factors, now called 

“genes,” must be on the chromosomes. 

To make things even more tantalizing, 

matching chromosomes carried the 

same genes at the same positions. 

The Revolutionary  
Chromosome Theory  
of Inheritance
At the same time, half a world away, 

German scientist Theodor Boveri 

was studying roundworms and 

MEIOSIS

This 1920 illustration (opposite) 

shows the phases of meiosis in 

a brushworm, producing four 

gametes (egg and sperm cells). 

D I D  YO U  K N O W. . .

Human DNA  
can replicate  
50 nucleotides  
every second.
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independently came to the same 

conclusion. He and Sutton agreed 

that each parent passed their chro-

mosomes, and ultimately their genes, 

down to their children. It was as if 

Mendel was speaking from the grave. 

The Boveri-Sutton chromosome the-

ory of inheritance was revolutionary. 

The idea of a person’s hereditary infor-

mation being contained in a specific 

biological unit was now real, tangible, 

mind-boggling. Genes were on chro-

mosomes, and by the way, you can see 

chromosomes under a microscope.

Sutton published a major paper 

summing up his ideas. Not only 

did chromosomes contain genetic 

material, but they are found in pairs 

in the nucleus of most cells. He 

also said that when sperm cells in 

men and egg cells in women form, 

chromosomes separate, allowing 

each parent to contribute one set to 

their children. 

The breakthroughs that followed 

sparked renewed interest in genetics, 

transforming biology and society. 

Scientists began to look more closely 

at how traits are passed from gener-

ation to generation—so-called classic 

or Mendelian genetics. Researchers 

also studied cells and chromosomes 

more diligently. 

Mendelian genetics provides the 

foundation for various subdisciplines, 

including the study of chromosome 

disorders like cystic fibrosis, sickle cell 

anemia, and Down syndrome. It is also 

the framework for molecular genetics, 

which looks at the hidden machinery—

both physical and chemical—inside  

a cell. 

INHERITANCE

Although a child receives 

genetic material from both 

parents, certain genes will 

dominate the expression of 

specific traits, such as hair  

and eye color. 
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A genetic disorder called 
neurofibromatosis can 
cause the skin of a person 
to get thick and lumpy.

Genetics might seem unapproachable, but here are definitions of some of the most common terms  
that can help make the science understandable. 

allele: alternative form of a gene at a particular 
location on a chromosome. 

amino acids: molecules that are the components of 
proteins.

autosome: any chromosome that is not a sex 
chromosome.

DNA: deoxyribonucleic acid, the large molecule 
that stores the genetic code.

gene flow: the transfer of genes from one popula-
tion to another.

gene pool: all the genes in all the individuals in a 
breeding population. 

genes: units of inheritance that usually occur in 
specific locations, or loci, on a chromosome. 

genome: all the genes in an organism.

genotype: the genetic makeup of an organism.

heterozygous: having two different alleles for a 
specific trait.

homologous chromosomes: chromosome pairs that 
are similar but not identical.

homozygous: having two identical alleles for a 
specific trait.

Human Genome Project: an international scientific 
undertaking to investigate the nature and map the 
location of all human genes. 

hybrids: offspring that are the result of two geneti-
cally different parents.

mutation: an alteration of a gene such that a new 
variation is produced.

pangenesis: Charles Darwin’s incorrect theory of 
how inherited traits are passed on; relied partly on 
the theory of inheritance of acquired characteristics, 
endorsed by many earlier philosophers and scientists.

phenotype: all the detectable characteristics of an 
individual organism resulting from the interaction 
of its genotype with the environment.

protein: any complex organic molecule composed 
of one or more chains of amino acids.

purebred offspring: offspring that are the result of 
mating between genetically similar parents.

recessive allele: an allele masked by the presence 
of a dominant allele.

regulator gene: a gene involved in controlling the 
function of other genes.

unit of inheritance: Gregor Mendel’s idea that units 
of inheritance or heredity (now called “genes”) are 
passed on from generation to generation.

X chromosome: one of 23 pairs of human chromo-
somes in each cell. Females have two X chromo-
somes; males have one. The X chromosome has 
more than 1,000 genes.

Y chromosome: one of 23 pairs of human chromo-
somes in each cell. Males have one Y chromosome 
that contains fewer than 80 functional genes. Y 
chromosomes determine the sex of a child.

The language of genetics
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 James D. Watson had arrived at 

work that Saturday morning in 

February 1953 well ahead of his 

colleague Francis Crick. Both were 

scientists at Cambridge University’s 

Cavendish Laboratory. They were 

on a biological treasure hunt, and 

tantalizingly close to figuring out the 

structure of what was at the time a 

little-known molecule called deoxyri-

bonucleic acid. 

A Simple, Elegant 
Breakthrough
Some molecules are more important 

than others, but DNA, which had 

been discovered decades before, 

could be the king of them all, Crick 

and Watson theorized. Both believed 

WATSON AND CRICK

James Watson, left, and Francis 

Crick show their model of part 

of a DNA molecule in 1953.

DNA stored the genetic instruc-

tions that one generation passes to 

another. If they could figure out its 

architecture, it would give the world 

a window into the secrets of life.

They already knew that DNA con-

sisted of nucleotides, which form the 

building blocks of DNA. The nucleo-

tides came in four forms: adenine (A), 

guanine (G), thymine (T), and cyto-

sine (C). Watson and Crick wanted 

to know how they fit together. That 

Saturday morning, Watson began 

shuffling cardboard cutouts of these 

nucleotides into a 3D jigsaw puzzle. 

At one point, he had a brainstorm,  

a simple, elegant brainstorm, one that 

continues to amaze: He concluded 

that the DNA molecule consisted of 

two chains linked by pairing base 

MYST E R I E S  O F  
T H E  D O U B L E  H E L I X

27D I D  YO U  K N O W. . .

Down syndrome is  
the most common  
chromosome abnormality,  
affecting 1 in 180 babies.
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A cat named Venus has  
two faces, leading some  
to believe she was born  
with different sets of genes 
on each side of her body.
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NOBEL PRIZE

Above, Francis Crick, third from 

left, and James Watson, second 

from right, receive the Nobel 

Prize in physiology or medicine 

in 1962 for their work in discov-

ering the structure of DNA. 

DOUBLE HELIX

The twisting double helix of 

DNA, shown in a computer 

model, right, is simple, yet 

complex. The molecule con-

sists of a sugar-phosphate 

backbone attached to nucleo-

tide bases. 

units. Once Crick arrived at the  

laboratory, he listened to Watson 

tell his story and agreed the pairing 

idea was correct. They reasoned the 

DNA molecule was an unpretentious, 

twisted ladder, a discovery that 

would earn them and a coworker the 

Nobel Prize in physiology or medicine 

in 1962. (A fourth colleague who’d 

made a major contribution to the 

discovery of the structure of DNA, 

the brilliant chemist Rosalind Frank-

lin, was not named as a recipient of 

the prize, though many believe she 

should have been.)

“Crick and I were quick to grasp 

the intellectual significance of our 

discovery,” Watson wrote in the book 

DNA: The Secret of Life, “but there 

was no way we could have foreseen 

the explosive impact of the double 

helix on science and society.” 

DNA Tells Each Cell  
How to Do Its Job
We humans are complex beings, 

whose every sneeze, muscle move-

ment, thought, and blink of an eye 

is controlled by trillions of cells. Each 

of those cells has a specific function. 

Some allow us to hear. Others fight 

off infection. Some carry oxygen to 

organs, while some secrete hormones.

Yet how does each cell know what 

to do? Until Crick and Watson came 

along, no one could be sure. Like 

a supervisor on a construction site, 

DNA tells each cell how to do its job. 

The sides of the DNA ladder—the 

double helix—are made up of special 

sugars and other atoms. They are 

held together by the alphabet soup 

of the DNA bases—the base adenine 

(A) is always paired with thymine (T), 

while guanine (G) and cytosine (C) are 

always together. The billions of ways 

these bases can be paired provide the 

genetic code that tells a cell to make a 

specific protein, which controls every-

thing that cell does. DNA is elegantly 

simple but impishly complex.

Fifty years after Crick and Watson 

figured out DNA’s design, scien-

tists finished mapping the human 

genome. It was “Big Science” with a 

capital B. The amount of information 

scientists have since mined from 

each cell’s 23 pairs of chromosomes is 

beyond anything Mendel, Sutton, or 

others could have imagined. It’s been 

a while since Watson was shuffling 

puzzle pieces in his Cambridge lab-

oratory, yet the implications of what 

the double helix can do still amaze. 
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A fertilized human egg  
continually divides,  
producing trillions of  
cells, all with identical  
sets of genes.



3 73 7

C H A P T E R  T W O

Since the mapping of the human genome, we have used a type of genetic shorthand to understand who we 

are. We often talk about specific “fat” genes, or “infidelity” genes, or “happiness” genes, as if all were inde-

pendent contractors working on a building site. In reality, genetics doesn’t work that way. That’s because 

biology is way too complicated to say a certain gene leads to a particular trait.

Instead, genes do an intricate, complex dance with each other. For example, there is no such thing as 

a “red” gene that gives apples their color. However, there are genes that control the formation of antho-

cyanins, natural compounds that make apples red. Peas are not green because they have a “green” gene. 

Instead, genes affect the metabolism of chlorophyll, which gives peas their hue. 

While you don’t have to understand every nuance genetics throws at you, it’s a good idea to know the 

basics of how genes determine who you are, where you’re from, and where you’re going. With genetic test-

ing accessible on a mass scale, we need to know what to do with the information available to us.

W H O  A R E  YO U ?

D I D  YO U  K N OW. . .

A fertilized human egg  
continually divides,  
producing trillions of  
cells, all with identical  
sets of genes.
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experiment

Family Matters 
Traits are observable characteristics. Since we share most of our genetic material with our 
family members, you can see what traits everyone in your particular litter has in common, 
and which differ from person to person. 

What to do
Step 1
Make copies of this survey or create one yourself.

1. I can roll my tongue.  Yes   No
2. I have dimples.   Yes   No
3. I have freckles.   Yes   No
4. I have straight hair.  Yes   No
5. I have curly hair.   Yes   No
6. My hair is receding.  Yes   No
7. I am not color blind.  Yes   No
8. I am overweight.   Yes   No
9. I am normal weight.  Yes   No
10. I am underweight.   Yes   No
11. I am right-handed.  Yes   No
12. I am left-handed.  Yes   No
13. My eye color is:  Blue   Brown  Other
14. My hair color is:   Blond  Brown  Black 

Step 2
Once you have prepared the survey, hand out copies to your family members,  
including parents, grandparents, siblings, uncles, aunts, cousins. Ask them to  
fill it out. The more people the better.

Step 3
When all the surveys are returned, count the  
number of people who marked yes for each trait  
and those who marked no. 

Step 4
Put the data on a graph similar to this for  
each trait surveyed.

Now turn the page.

Roll Tongue

Yes

No
0

1

2

3

4

5

6

Dimples Freckles Straight Hair

Family Traits
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There are  
20 types of  
amino acids.
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FAMILY INHERITANCE

Each generation inherits traits 

from previous generations,  

but specific traits, such as  

dimples or freckles, can skip  

a generation. 

?What  
Happened 
By taking an inventory of your family traits, you can see which are dominant  
and which are not. Individuals in a family will share many traits, yet a person’s 
overall combination of traits makes them unique. Study the results of your  
survey. What can you conclude? If you want to get more specific, compare  
yourself to the others. Which family members do you share the most traits  
with? How are they related to you? What does that tell you?
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Scientists can never  
clone a dinosaur  

because DNA has a  
half-life of 521 years.   

Humans share  
21 percent of 
their genes with 
roundworms.

In humans, chromosomes are numbered  
according to size. Chromosome 1 is the  
largest, containing 8 percent of the  
total DNA in human cells. It was  
the final chromosome sequenced  
by the Human Genome Project. 

Each of us  
has 22 nonsex  

chromosomes. 

Different proteins 
are made  
up of  
different  
amino acids.

A mouse uses more 
DNA from its  

father than  
its mother. 

The bacterium  
E. coli can  
replicate 1,000  
nucleotides  
per second. 

Gene expressions can change  
for mountain climbers and scuba  
divers because of the extreme  
environments they often find  
themselves in.  
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Australian researchers  
discovered that gender  
dysphoria in women has a 
genetic component in the way 
sex hormones are processed.

Many scientists  
believe antisocial  

behavior is a  
function of genetics, as  

multiple genes work together.
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 It is no mystery we get our genes 

from our parents. In turn, our 

parents got their genes from their 

parents, who got them from their 

parents, who got them from their par-

ents—each generation slowly evolv-

ing into another. As our distant and 

not-so-distant relatives have evolved, 

so have our family’s genetic traits. 

Genes evolve when cells duplicate 

their DNA. As that happens, the cells 

accidentally copy some genes twice. 

Those genes, identical at first, are 

eventually transformed into different 

genetic sequences. Some change so 

drastically that they take on entirely 

new functions. Others duplicate and 

pool themselves into so-called gene 

families. Each family, such as those 

essential for our sense of smell, con-

tains hundreds of similar genes.

G E T T I N G  TO  
K N OW  YO U

SPECIAL CELL DIVISION

This computer simulation 

(above) shows the process of 

meiosis, in which gametes, or 

sex cells, form. During meiosis, 

daughter cells form with half 

as many chromosomes as the 

starting cell. 

Scientists once speculated that 

when life first emerged billions of 

years ago, the tiny genes of the 

first microbes duplicated repeat-

edly, eventually sprouting all the 

genes on Earth today. While many 

genes are leftovers from when life 

was in its infancy, others are much 

LOREM IP SUM

Lorem ipsum dolor sit amet, 

consectetur adipiscing elit. 

Nam nec efficitur eros. Lorem 

ipsum dolor sit amet, consec-

tetur adipiscing elit. Nam nec 

efficitur eros. 

41D I D  YO U  K N O W. . .

People who undergo bone 
marrow transplants end up 
with two totally different 
DNA profiles. 
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younger—only a few million years old. 

They evolved quickly. 

Scientists unexpectedly found this 

out when they started sequencing 

entire genomes. They found genes 

sometimes existed only in single spe-

cies, blowing a hole in the duplication 

theory. Scientists call these orphan 

genes. Ash trees, for example, have 

more than 9,600 genes unique to the 

species. Scientists are still at a loss to 

explain how orphan genes can be in 

one species but not in others. 

Personalized  
Genetic Testing
Because this process of genetic 

evolution is so complex, you would 

think it would be difficult for geneti-

cists to decipher your family’s genetic 

makeup. It’s not. Instead, researchers 

have developed sophisticated ways 

to let you know who you are, bio-

logically speaking, that is. They can 

tell what diseases may or may not 

lurk deep in your genetic sequence, 

what color hair your children might 

have, and where your family origi-

nated. Think about that for a second: 

Despite millions of years of genetic 

and human evolution, despite the 

countless generations of family mem-

bers, scientists can point to a specific 

place on the map where your gene 

pool began. 

All it takes is a swab of your cheek, 

or a bit of saliva in a tube, and a 

private firm offering genetic test-

ing. They will run your genetic code 

through proprietary algorithms and 

give you an indication of where on 

Earth your family roots began to ger-

minate. Of course, you won’t know 

whether you are descended from a 

great Mandingo warrior, or an artist 

CELL DIVISION

This light micrograph (above) 

shows the cells of a hyacinth  

plant undergoing mitosis, the  

formation of two daughter cells 

with identical nuclei from the 

nucleus of one parent. 

GENETIC TESTING

A cotton swab (left) is often used 

to sample cells from inside a  

person’s cheek for genetic testing.
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Two defective copies of  
a gene known as AGXT  
can cause kidney failure,  
particularly in toddlers.
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in ancient Mesopotamia, but you will 

have a good indication of where your 

family originated. 

Sequencing your genome is the first 

thing genetic testing companies do. 

They then analyze your genes, com-

paring each piece against others in a 

company database. If your test says 

you are 30 percent Irish, it’s because 

30 percent of the pieces of your DNA 

 It was the early 1800s, and a journalist and  
scandalmonger named James Thomson  
Callender had it in for Thomas Jefferson.  

He wrote:

It is well known that the man, whom it 
delighteth the people to honor, keeps, and 
for many years past has kept, as his concubine, 
one of his own slaves. Her name is SALLY. The 
name of her eldest son is TOM. His features are 
said to bear a striking although sable resem-
blance to those of the president himself.

At the time, it was an open secret Jefferson  
had fathered several children with his slave Sally 
Hemings. In fact, Jefferson’s slaves had been 
telling tales of this affair for years. Yet for decades, 
historians as well as the white descendants of the 
third president of the United States ignored the 
stories. That all changed in 1998, when DNA tests 
showed that Jefferson had indeed fathered chil-
dren with Hemings. 

At that time, a retired medical school professor, 
Dr. Eugene Foster, started to look into a possible 
genetic connection between the living descen-
dants of both Jefferson and Hemings. Blood was 
drawn and DNA extracted from family members 
and then sent to three different laboratories for 
testing. Specifically, researchers looked closely 
at the Y chromosome, the suitcase of genetic 

material passed from father to son. The chromo-
some was a perfect match between both sides of 
Jefferson’s family. 

The outcome was incredibly important, putting 
to rest the historical amnesia of Jefferson’s true 
relationship with Hemings. People in the age of 
Jefferson were more apt to believe the stories 
told by white slaveholders than those told by 
slaves. Genetics proved the relationship existed, 
underscoring that sexual encounters between 
master and slave were common. 

Thomas Jefferson’s Y chromosome 

most likely would have come from 

that particular ethnic group.

Still, a genetic testing company is 

only as good as its database. Some 

of the information they use comes 

from independent researchers. Other 

bits come from individuals who 

let the company know their family 

background. Problems can arise 

when there are not enough people 
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in a company’s genetic library. Some 

groups, especially those of South 

Asian and African descent, are often 

underrepresented. It is also impor-

tant to note that these tests are gen-

eral and will only give you answers 

based on statistical probabilities.

You need to keep in mind, too,  

that as our early ancestors evolved, 

they were constantly on the move. 

Political and geographic borders 

are relatively new concepts, and 

throughout history people have 

migrated from place to place. How  

a company defines ethnicity or 

national origin might be different 

from the information passed down  

in your family stories.

SON AND MOTHER MEET

Mary Drotar meets her son, 

Patrick Meeker, in 2016 after 

Meeker used a commercial 

DNA testing service to track 

down his birth parents. Mary 

and her husband, Barry, had 

put Meeker up for adoption 

when they were teenagers. 

43D I D  YO U  K N O W. . .

Humans share about  
60 percent of their  
DNA with bananas. 
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44D I D  YO U  K N O W. . .

DNA from your  
mother is known as  
mitochondrial DNA.

 When we were young, we 

learned to divide people 

into two distinct groups: 

males and females. It’s a simple yet 

vitally important concept. That’s 

because human reproduction can 

take place only between a male and a 

female—in other words, one of each sex.  

While this might seem like basic 

biology, it’s much more complicated. 

Whether you turn out to be male or 

female depends on one particular 

chromosome that you inherit from 

your dad. If you don’t get this chro-

mosome, you’re a girl. If you do get 

it, you’re a boy. Before we go on, let’s 

review: Chromosomes are threadlike 

structures of nucleic acids and proteins 

found in the nucleus of most living 

cells. Chromosomes carry our genetic 

information in the form of genes. 

FATHER DETERMINES SEX

The sex of a child is determined 

by one specific chromosome that 

is inherited from their father. 

Of the 23 pairs of chromosomes in 

our bodies (46 overall), only two are 

sex chromosomes: the X and the Y. 

Females have two X chromosomes, 

and males have an X and a Y. Around 

200 to 300 million years ago, the X 

and Y chromosomes were basically 

the same size. Somewhere along the 

evolutionary trail, the Y chromosome 

lost its ability to exchange genetic 

information, a process called recombi-

nation. As a result, the X chromosome 

evolved independently from the Y. In 

turn, the Y chromosome deteriorated 

to the point where it now contains 

only 3 percent of the genes it used to 

share with the X chromosome.

Here is where it gets even knot-

tier: The eggs of females carry only 

the X chromosome, while the sperm 

of males carries an X and a Y. When 

A L L  A B O U T  S E X



D I D  YO U  K N OW. . .

DNA from your  
mother is known as  
mitochondrial DNA.
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HUMAN GENOME

Although these twins share 

much of their genetic material, 

the child at the top has a gene 

called SRY, which is carried 

on the Y chromosome. The 

SRY gene is what made him 

develop into a male. When 

the gene is not present in an 

embryo, the result is a female. 

sperm and egg combine during fer-

tilization, a zygote forms, which later 

develops into a fetus and eventually 

into a child, a girl or boy.  

The X and Y Sex 
Chromosomes
How is the sex of the child deter-

mined? Around five weeks after fertil-

ization, a gene called SRY, which the Y 

chromosome carries, may turn on and 

send out something akin to biological 

text messages triggering the growth 

of male sex organs. As a result, the 

embryo morphs into a boy. The SRY 

gene is not present in an embryo with 

two X chromosomes. In that case, the 

embryo becomes a girl. 

The X and Y sex chromosomes 

don’t just determine a person’s sex; 

they are also responsible for other 

inherited traits. Color blindness, for 

example, is more common in males 

than in females. That’s because the 

recessive allele (different versions 

of the same gene) that causes color 

blindness is carried only on the X 

chromosome. If there is no dominant 

allele in the same position on the 

Y chromosome to counteract the 

recessive allele, the male will be color 

blind. For a female to be color blind, 

she would have to carry the recessive 
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One of the most romantic stories sparked 
by the Russian Revolution was the tale of 
Anastasia, youngest daughter of Tsar Nich-

olas II and his wife, Alexandra, who was the grand-
daughter of Queen Victoria of England. On July 17, 
1918, Bolshevik revolutionaries executed the family. 
They tried unsuccessfully to dump the bodies into 
a mineshaft and ended up burying the remains in 
separate locations under and near a road.  

Rumors swirled that Anastasia and her brother, 
Alexei, had somehow survived, while their sisters, 
Olga, Tatiana, and Maria, perished along with 
their parents. From time to time, people would 
surface claiming to be Anastasia. One of the most 
famous was a woman named Anna Anderson, who 
appeared in Berlin in the early 1920s. She was later 
proved to be a fraud. Nevertheless, her campaign 
for recognition sparked a cottage industry of film  
and literary mythology. 

Then in 1991 a break in the mystery came when 
workers exhumed nine skeletons from a grave in 
the city of Yekaterinburg. Researchers studied 
three different kinds of DNA to establish the iden-
tity of the remains. They looked at mitochondrial 
DNA; the Y chromosome; and autosomal DNA, the 
nonsex chromosomes. They matched the DNA of 
Nicholas, Alexandra, three of their daughters, three 
servants, and the family’s doctor. Missing, however, 
were the bones of a son and another daughter.

Fast-forward to 2007. Archaeologists found a 
second grave near the first. It contained dozens of 

bones and burned bone fragments, consistent with 
reports that the executioners tried to burn the chil-
dren’s bodies. DNA testing proved that those chil-
dren were the tsar and tsarina’s son, Alexei, and a 
sister. Scientists used mitochondrial DNA to prove 
who the bones belonged to. All of the imperial 
Romanov family had been accounted for, meaning 
that Anastasia (below) did not escape execution.

Where is Anastasia?

color-blindness allele on both X chro-

mosomes. The Y chromosome also 

contains important genes that males 

need to survive and be healthy.

As far as the Y chromosome is 

concerned, it is still undergoing 

evolutionary changes. Once upon 

a time, it carried as many genes as 

the X chromosome. Now it is just a 

fraction of the size of that chromo-

some and getting smaller. Today, it 

contains fewer than 80 functional 

genes—those that transmit genetic 

information. By comparison, the X 

chromosome has more than 1,000 

genes. Some scientists suspect that 

within a few million years, the Y chro-

mosome could completely decay.
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 Each year, twin brothers and 

sisters from across the planet 

travel to Twinsburg, Ohio, to 

participate in the Twins Day Festival. 

It is the largest gathering of twins in 

the world, and it will get even larger 

if current trends prevail. From about 

1915 to 1980, one out of every 50 

babies born in the United States was a 

twin. That number has since skyrock-

eted to one out of 30, and there’s no 

indication it is abating. 

Although still rare, the dramatic 

increase in twin births can have 

negative health consequences for 

both the mother and her children, 

including premature births and low 

birth weight. But for geneticists, twin 

births are something to celebrate. 

Twins provide a trove of biological 

information that scientists cannot  

get anywhere else. They’re valuable in 

helping scientists understand diseases 

and other conditions, including eating 

disorders, obesity, sexual orientation, 

and various psychological traits. Twin 

studies can also give researchers new 

insights into how different lifestyles 

and habits affect two people with the 

same genetic blueprint. 

Studying twins is extremely useful 

in examining the effects of genetic 

and environmental factors that can 

influence inherited traits across 

generations. That’s why twins often 

find themselves on the front lines 

of the nature-nurture debate. For 

decades people have argued about 

whether genes (nature) or the envi-

ronment (nurture) have more of an 

impact on who we are. 

Twin studies give us a clue. Identi-

cal, or monozygotic, twins share 99.99 

percent of their DNA. They look alike, 

or nearly alike. They have the same 

color eyes, the same color hair, the 

same everything—nearly. Fraternal, or 

dizygotic, twins share 50 percent of 

their genes. If identical twins share a 

trait to a greater degree than fra-

ternal twins do, it’s safe to conclude 

that the relevant gene significantly 

influenced that trait. On the other 

hand, if both fraternal and identical 

T H E  I M P O RTA N C E 
O F  T W I N  ST U D I E S

TELOMERES

Telomeres can be thought of as 

protective caps at the ends of 

chromosomes. 
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TWIN FESTIVAL

Twins, such as the thousands 

who travel to Twinsburg, 

Ohio, each year to participate 

in the Twins Day Festival, are 

a treasure trove of genetic 

information. 

45D I D  YO U  K N O W. . .

“Quaternary marriages”  
are when identical twins  
marry identical twins.  

twins share a trait equally, chances are 

their environment, not their genes, 

influenced that particular trait. 

Identical twins can also help scien-

tists determine how the environment 

impacts the way a gene functions, 

which in turn can help them figure 

out if certain traits or diseases rely 

more heavily on genetics or the envi-

ronment. In 2015, the journal Nature 

Genetics conducted a comprehensive 

review of twin studies from across 
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One orphan gene called 
NCYM, which is involved 
in cancer, is found only in 
humans and chimpanzees. 

 Genes affect a lot of things, but do they 
determine sexual attraction? Sexual attrac-
tion is a complex trait, and as it turns out, 

it is sculpted by many different factors, including 
genetics, environment, and sociocultural influences. 

Most geneticists consider sexual orientation a 
phenotype, an observable characteristic different 
in each person. Studies of twins, both identical 
and fraternal, suggest that heredity is one of the 
major factors in determining a person’s sexual 
orientation. In fact, many studies say genetics 
swamps other influences such as parenting, edu-
cation, and environment. 

Studies of male twins suggest that up to 60 
percent of their sexual orientation is genetic. 
Other studies have shown that identical twins 

are more likely to be attracted to those of the 
same sex than fraternal twins or nontwin brothers 
and sisters are. In one nontwin study, researchers 
looked at the genetic makeup of 456 men from 
146 families with two or more gay brothers. Sixty 
percent of the gay men had the same genetic 
pattern on three specific chromosomes. 

In 2017, researchers announced that they had 
found two gene variants that are more com-
mon in gay men than in straight men, leading 
the researchers to conclude that homosexual 
attraction is, at the very least, partially a factor 
of biology. Researchers at NorthShore University 
HealthSystem Research Institute in Evanston,  
Illinois, compared the DNA from 1,077 gay and  
1,231 heterosexual men. They then looked for  
single-letter differences in their genetic code—
their DNA sequences. They found two genes 
whose variants seem linked to sexual orientation. 
One was found in a part of the brain called the 
diencephalon, which contains the hypothalamus.

The idea that genetics plays a part in same-
sex orientation shouldn’t come as a surprise to 
anyone. Scientists are constantly finding that 
nearly every human trait is somehow influenced 
by a person’s DNA. Just because a person has the 
variants, of course, doesn’t mean they are gay. 
But these and other discoveries underscore the 
concept that being gay may be no more a choice 
than being heterosexual.

Genes and sexual orientation 
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the globe. Researchers concluded 

that on average, environmental and 

genetic factors have an even chance 

of influencing a person’s traits and 

the diseases they might suffer from. 

Twins No More?
Scott and Mark Kelly were once iden-

tical twin brothers. Then Scott Kelly 

spent a year in Earth’s orbit aboard 

the International Space Station and 

all that changed. When he landed, 

he was two inches (5 cm) taller, had a 

lot less body mass, and according to 

NASA researchers, aspects of his DNA 

had changed. He and his brother 

were no longer identical. 

No, Scott didn’t turn into an extrater-

restrial. Instead, the stress of living in 

space for so long had changed the way 

his genes worked—at least for a while. 

Since Scott and Mark share essen-

tially the same DNA, scientists com-

pared the men’s genes before and 

after Scott’s journey. Among other 

things, researchers wanted to know 

whether radiation would damage 

sections of DNA found at the end of 

every chromosome—so-called telo-

meres. Telomeres are like the plastic 

tips at the ends of shoelaces that 

keep the fabric from coming apart. 

Without the protective coverings, 

the ends of the rod-shaped DNA can 

become damaged. 

Preliminary tests found Scott’s 

telomeres significantly increased in 

average length while in orbit, but 

shortened within 48 hours after land-

ing. In contrast, his brother’s telomeres 

remained relatively stable. Scott’s 

year in orbit also changed his immune 

system, the way his bones formed, and 

his eyesight, along with other biolog-

ical functions. Most of those genetic 

changes returned to normal. 

However, researchers found 7 per-

cent of his gene expressions had also 

changed. Gene expressions deter-

mine whether genes turn off and on, 

which can change how cells function. 

Scientists were not alarmed because 

environmental factors, in this case 

the stress of space travel, can affect 

this process. Consequently, Scott’s 

body quieted some genes while 

amplifying others. Though his gene 

expressions changed, his DNA did not. 

Moreover, that Scott and Mark are 

no longer “identical” didn’t come as a 

surprise. At the most basic sequence 

level, chemical changes can occur 

over time, affecting where and how 

genes are expressed, even in identi-

cal earthbound twins. In reality, Mark 

and Scott Kelly haven’t been “identi-

cal” for years. 

TWIN ASTRONAUTS

The stress of living in space 

for a year changed aspects of 

astronaut Scott Kelly’s (right) 

DNA for a time, which no lon-

ger made him an identical twin 

to his astronaut brother Mark, 

who stayed on Earth. 
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Around 8 percent of 
human DNA comes from 
ancient viruses that 
infected our ancestors.
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C H A P T E R  T H R E E

Regardless of how tall or short, heavy or thin, smart or not we are, all of us begin life as one tiny cell 

infinitely smaller than the tip of a pin. That cell divides into a second cell, which then splits into four,  

then eight, then sixteen—and so on. Eventually, our bodies grow to encompass some 37.2 trillion cells, give  

or take. 

There are about 200 categories of cells in our bodies. Each has a specific job. Some regulate the flow 

of oxygen to our organs; others battle infections. Inside the nucleus of each cell are 46 chromosomes 

containing the genetic marching orders that tell each cell what to do. Sometimes, though, a biologi-

cal monkey wrench—a mutation—causes a gene or series of genes to go haywire. Most of the time, the 

mutation doesn’t do any harm, but in some cases these variants can cause a variety of illnesses—some 

common and some rare. Other times, the mutations are beneficial. With the advent of affordable com-

mercial genetic testing, it is now possible to have your personal genome sequenced and analyzed for 

mutations. What to do with that information is one of the pressing questions of our age.

YO U R  G E N E S, 
YO U R  H E A LT H
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experiment

Extract Your 
Own DNA 
While extracting your own DNA might seem complicated, it’s really not. Biologist  
Mac Cowell, co-founder of DIYbio.org, an institution for amateur biotechnologists, 
devised a simple experiment that can help you isolate your DNA using nothing  
more than stuff found around the house. 

What you need
 One clean shot glass
 Your own saliva 
 Dish soap

 A bit of table salt
 Chilled 120-proof alcohol, or higher (rum is good to use)
 A toothpick

What to do
Step 1
Spit into the shot glass, filling it a quarter of the way with saliva. Getting so much saliva, how-
ever, might be a problem. Work at it by imagining you are sucking on a hard candy or work 
your tongue around the inside of your cheeks. 

Step 2
Squirt a few drops of dish soap into the glass. 

Step 3
Add a bit of table salt. Mix everything inside the glass by gently swirling it around.

Step 4
Pour in your alcohol, but do it very slowly. Put in enough that it just sits on top of the 
mixture. You don’t want too much of the alcohol to mix with the saliva.

Step 5
You should see something akin to nasal mucus. 

Step 6
Take the toothpick and put it into the precipitate, gently swirling it around.

Step 7
You should see tiny filaments—your DNA.

Now turn the page.
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Human insulin  
was the first 
recombinant 
DNA drug to  
hit the market.
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LYSING

Lysing is the process by which 

a compound disintegrates. 

?What  
Happened 
Lots of things happened as you concocted this somewhat gross mixture.  
When you spit into the shot glass, you were filling it with cells from your saliva. 
When you put the dish soap into the shot glass, the detergent weakened 
the membranes of the cells in the saliva. That forced the contents of the cells 
(proteins, sugars, and yes, nucleic acids) to ooze out. The process is called 
lysing. The positively charged ions in the salt intermingled with the negatively 
charged parts of the DNA molecules, forcing the DNA in each cell to clump 
together. In case you were wondering, DNA is not very soluble in alcohol.  
When you added alcohol to the mixture, your DNA precipitated out. 
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D I D  YO U  K N OW. . . 

At least six genes are 
responsible for  
how our bodies  

process caffeine.

The rat genome  
had been  
mapped by  
2004.

The first cloned cat did  
not resemble her mom  
because the pattern  
of the kitten’s coat  
was determined in the  
womb of the surrogate mother. 

Somatic cell nuclear  
transfer (SCNT) is  

the scientific process  
by which the nucleus of an 

egg becomes the host for the 
nucleus of a transplanted cell. 

Mice and  
humans  
share  
85 percent  
of their DNA.

The entire genome 
of an organism  

is found in  
a donor, or  

somatic, cell. 

You can donate  
your DNA information  
to the National  
Institutes  
of Health.

Studying the genetic  
underpinnings  
of why deer  
can regrow  
their antlers may  
one day lead to  
treatments for  
humans with  
osteoporosis.
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The average American  
Caucasian is 0.7 percent  
African by genetic  
descent, although some are 
between 2 and 20 percent. 

Bananas have  
been genetically  

engineered to  
produce a vaccine  

against cholera.
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 Sometimes deep in the nucleus 

of cells, a malformed monster 

lurks, a biological mutant that 

can sit dormant for years before 

rising from its slumber. When and 

if it does awaken, the monster can 

wreak havoc. Consider Duchenne 

muscular dystrophy, DMD for short: 

a muscle-wasting disease. Over time, 

a person’s muscles become useless, 

eventually making it difficult for the 

lungs and heart to function. Hunting-

ton’s disease (HD) is another treach-

erous ailment, striking at the brain’s 

nerve cells, slowly destroying them. 

HD is ultimately fatal, as it causes a 

person’s mental and physical abilities 

to deteriorate.

MU TA N T  G E N E S

HUNTINGTON’S DISEASE

The MRI scan on the left shows 

the brain of a 21-year-old patient 

with Huntington’s disease. The 

disorder, which can be inherited 

but is more often caused by a 

genetic mutation, results in the 

death of brain cells. 

Although the two diseases are 

vastly different, each is caused by 

genetic mutations, biological beasts 

passed from one generation to 

another. A child of one parent who has 

ALBINISM

A mutation in the gene 

involved in producing melanin 

causes a disorder called albi-

nism, as seen in the Chinese 

girl opposite.

Why do elephants not get cancer? It’s a question 
scientists have been asking for years. In 2015, they 
got an answer when two scientific studies found 
that elephants have 20 copies of a cancer-killing 
gene called TP53. We humans have only one copy. 
It seems the job of TP53 is to destroy a nascent 
tumor when DNA is damaged. The proteins in the 
gene will either repair the cell or kill it outright. 

The discovery has great implications for humans. 
Genetic mutations cause cancer, and according 
to some scientists, it takes about 10 important 

mutations to turn a normal cell in a human into a 
cancer cell. Of course, some of these mutations are 
caused by environmental factors, such as sitting 
in the sun too long, eating a bad diet, or smoking. 
Others are biological in nature and occur when 
molecules go bad. 

While treatment options have come a long way 
in recent decades, recent studies have revealed a 
new class of genes that can kill cancerous tumors in 
humans without harming normal cells. This is one of 
many promising approaches to cancer being studied.

Can genes kill cancer?
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Scientists believe people 
who feel totally energized  
on just four hours’ sleep have 
a specific genetic mutation. 
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the HD mutation has a 50-50 chance of 

carrying the mutant gene, a number 

that doubles if both parents have the 

variant. The DMD mutation occurs in a 

gene carried on the X chromosome. 

Genetic Disorders
Genetic mutations involve a perma-

nent reshuffling of a person’s genetic 

code. When that code is altered, it 

changes the way proteins do their job. 

The most common mutation is when 

one “letter” in the code changes. 

Sometimes that letter, a base, is left 

out. Other times the mutation inserts 

a letter. In many instances, these 

changes don’t cause any problems, 

while other times the genetic muta-

tions can be life threatening or, at the 

very least, severely disabling. 

As of today, scientists have discov-

ered more than 7,000 genetic disor-

ders—so-called Mendelian diseases. 

Scientists believe that seemingly 

nongenetic conditions, such as kidney 

failure and infertility, are also the 

result of genetic variants.

In some cases, all it takes is one 

mutant gene to create a significant 

health problem, but in other cases 

the alteration has to occur on a series 

of genes. With a dominant disease 

like Huntington’s, only one defective 

gene is needed. Sickle cell anemia 

is also a single-gene disorder. Other 

diseases, such as diabetes, occur 

when there is a mutation in several 

genes. Genes also play a role in the 

occurrence of infectious diseases, 

especially AIDS and tuberculosis. 

Chromosomal diseases, such as Down 

syndrome, occur when large portions 

of a chromosome are missing, dupli-

cated, or distorted in some fashion.

Why do genes mutate? The 

answers are legion. Some muta-

tions, namely germline or hereditary 

mutations, occur in egg or sperm 

cells. When sperm and egg combine 

during conception, the mutation 

is passed to the child. Acquired or 

somatic mutations can happen at 

any time during a person’s life and 

are generally caused by environ-

mental factors, including ultraviolet 

60
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Some researchers believe  
a mutation in the BRCA1 
gene may contribute to  
Alzheimer’s disease and 
other brain disorders. 
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MUSCULAR DYSTROPHY

Duchenne muscular dystrophy, or 

DMD, can be inherited or caused 

by a genetic mutation and results 

in the destruction of a person’s 

skeletal muscles. 

radiation from the sun or toxins in the 

air, ground, and water. Fortunately, 

somatic mutations cannot be passed 

to the next generation.

Changes in mitochondria can also 

cause ill health. Cells that contain mito-

chondria convert food into energy 

that our body’s cells need to function 

as they should. These mutations can 

interrupt the mitochondria’s ability 

to produce sufficient energy, causing 

problems in a person’s development 

and growth, including Leigh’s disease, 

a severe neurological disorder. 

Most mutations do not have an 

impact on a person’s health. Other 

times, certain enzymes repair gene 

mutations before a protein is pro-

duced. And as we said before, some 

mutations can have a positive effect, 

such as by producing a protein that 

protects the person involved as well 

as future generations from a new 

strain of bacteria. 
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One study suggests that  
those with the high-obesity- 
risk FTO variant have  
increased levels of the  
“hunger hormone” ghrelin. 

 Why do some people 

become obese? Is it just 

because they overeat, 

turning extra calories into fat? Or 

is there something else going on, 

something more primal? In 2007, British 

researchers made headlines when they 

discovered genetic variants—muta-

tions—that they said could predispose 

people to being obese. The media 

quickly latched on to the finding, her-

alding the discovery of the “fat” gene. 

The scientists said that, on average, 

those with one set of variants—found 

on a gene called FTO—weighed 3.5 

pounds (1.6 kg) more than those with-

out the mutations. Those who had 

two sets of variants weighed nearly  

7 pounds (3.2 kg) more. 

Each of us inherits two copies of 

FAT GENE

The computer illustration  

opposite shows a mass of fat 

and the obesity-associated 

gene, FTO (blue and orange), 

bound to a strand of DNA  

(yellow). Recent studies have 

associated variants in the FTO 

gene with the risk of obesity. 

the FTO gene—one from Mom and 

one from Dad. If a person inherits 

two of the high-risk copies, their 

risk of becoming obese increases 

by a staggering 70 percent. At first, 

scientists were at a loss to describe 

how obesity was related to FTO. Since 

then, researchers have determined 

that the gene causes the body to 

store energy from food as fat rather 

than burn it. That discovery flies in 

the face of a long-held assumption 

that people become obese by choice 

because they eat too much, or they 

don’t exercise enough. 

According to the World Health Orga-

nization, more than 1.9 billion adults  

18 or older around the world are over-

weight. Out of that number, more than 

650 million are obese. Obesity is when 

C A N  G E N E S  
M A K E  YO U  FAT ?
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One study suggests that  
those with the high-obesity- 
risk FTO variant have  
increased levels of the  
“hunger hormone” ghrelin. 
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a person’s body mass index (weight 

in kilograms divided by the square of 

their height in meters) is equal to or 

greater than 30. In the United States, 

two-thirds of adults and one-third of 

children are either overweight or obese. 

Scientists knew long before the 

discovery of FTO that obesity runs in 

families. They also knew that a person’s 

environment wasn’t wholly to blame. 

Instead, it was clear that some genetic 

factor was present, although prior to 

FTO’s discovery, no one knew what 

that was. Once scientists discovered 

the mutation, they quickly figured 

out that those born before the early 

1940s weren’t at risk of getting fat even 

though they had the mutation. It wasn’t 

until later that the change occurred. 

Why did this happen? It was a per-

plexing question, one that can only 

be answered by studying the compli-

cated tango between genetics and 

the environment. Scientists suspect 

because people were more active 

before World War II (1939-1945), it mit-

igated the effect of the FTO high-risk 

variant. Over the decades, however, 

For centuries, people have been looking for a  
magical fountain of youth, an elixir that would keep 
them forever young. In the fourth century b.c.,  
Alexander the Great supposedly came across a 
healing “river of paradise.” In the 1500s, legend 
holds that the Spanish conquistador Juan Ponce 
de León spent a good portion of his time looking 
for the elusive fountain of youth in Florida and the 
Caribbean. In reality, researchers may have found a 
fountain of youth in an isolated area of Wisconsin. 

In 2017, researchers from Northwestern Univer-
sity announced that they had discovered a genetic 
mutation in Amish families living in Wisconsin that 
caused them to live 10 percent longer than family 
members who didn’t have the mutation. The 
discovery rocked the world of genetics because 
for the first time, scientists were able to pinpoint a 
gene with antiaging properties. And to make things 
even more delectable, those with the mutation had 
better working blood vessels and significantly less 
diabetes. Moreover, their telomeres, the protective 
caps at the ends of chromosomes, were 10 percent 
longer. Scientists have linked the caps, which tend 
to come apart over time, to how the body ages.

Researchers first began studying the Old Order 
Amish community because the group had an 

abnormally high rate of a rare bleeding disorder. 
The malady, scientists said, was caused by a muta-
tion on both copies of the gene SERPINE1, which 
dissolves blood clots. But the more they looked, the 
more they realized that those with a single copy of 
the mutation had longer-than-average life spans.

A year later, in 2018, another group of research-
ers isolated a gene that stops cells from dividing, 
which contributes to the physical symptoms of 
aging. Both discoveries have opened new possi-
bilities of developing drugs or treatments that can 
keep aging at bay. 

A genetic fountain of youth?
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CHANGING LIFESTYLES

Scientists surmise that prior 

to World War II those who had 

the FTO mutation did not get 

fat because they were more 

active. As people became 

more sedentary, the mutation 

became more dominant and 

people got fatter. 

people’s lifestyles changed. We grew 

much more sedentary, allowing the 

mutation to take a firm hold. More-

over, our eating habits changed, and 

not for the better. We started to chow 

down on high-calorie foods, turning 

excess energy into stored fat. 

FTO indirectly influences obesity 

by acting as an on-off switch that 

affects two other genes. These genes 

regulate the burning of energy, a 

process known as thermogenesis.  

Because the body constantly makes 

fat cells, the genes determine 

whether some are “good” cells that 

burn calories, or “bad” cells that 

pack on the pounds. Other studies 

suggest FTO increases appetite, 

especially for those who chow down 

on calorie-rich foods.

The mutation doesn’t explain why 

everyone is obese, however. In fact, 

the glitch was found in 44 percent of 

white Europeans and only 5 percent of 

black Europeans, indicating that other 

genes could be involved in weight 

gain, as are environmental factors. 

What does it all mean? Scientists 

have already tinkered with cells in 

humans and mice and managed to 

reverse the effects of FTO, creating 

hope that further research will lead 

to treatments that stimulate the 

growth of good fat cells. 

62D I D  YO U  K N O W. . .

The most  
useful stem  
cells come  
from human  
embryos. 



7 0  |  Y O U R  G E N E S

63

 Your mom was in her 40s when 

doctors found multiple lumps 

in her breasts. She had a 

double mastectomy. Your aunt died 

of breast cancer six years ago, and 

your sister is currently going through 

chemotherapy for the disease. You 

worry—“Am I next?” 

The only way to know for sure if you 

are genetically predisposed toward 

breast cancer or any other disease 

is to have your DNA tested. Doctors 

used to be the only ones who could 

order such a test, but these days a 

number of companies can deliver a 

testing kit right to your door. Beyond 

these commercial kits, doctors can 

order an ever increasing assortment 

of tests that detail your risks for 

inheriting disease.

T H E  P RO S  A N D  
C O N S  O F  AT- H OM E  
G E N E T I C  T E STS 

In a 2018 poll sponsored by 

National Public Radio, one out of 

three people said they or a family 

member have considered getting a 

genetic test. Some companies offer 

so-called whole exome sequencing, 

where they test and analyze every 

gene known to carry the instructions 

for producing proteins that might 

reveal mutations. Other companies 

sequence whole genomes to look for 

any variations associated with disease.

Across the globe, genetic testing is 

big business; by 2024 it is expected 

to top $22 billion, according to a 2018 

estimate by Global Market Insights. 

The surge in testing is fueled by 

many things, including an increasing 

interest in testing for various genetic 

disorders and a growing demand for 

personalized medications. Part of the 

market encompasses home test kits. 

D I D  YO U  K N O W. . .

Only 5 to 10 percent of 
all cancers are genetic 
in origin. 
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BREAST CANCER

Women who are genetically 

predisposed toward breast 

cancer will sometimes have 

their breasts removed as a 

preventative even though they 

are cancer free. 

Testing Goes Mainstream
When Congress passed the Genetic 

Information Nondiscrimination Act 

(GINA) in 2008, genetic tests were 

pricey and only people like Steve Jobs, 

the onetime CEO of Apple, could 

afford one. Jobs paid $100,000 to 

find out the genetic blueprint of the 

cancer that eventually killed him. Now, 

a person can get their entire genome 

sequence for $1,000. The makers of 

the tests range from biotech giants 

to start-up companies. You can buy a 

home testing kit for under $100. 

Do your research before you get 

tested. For example, be wary of 

companies that advertise that they 

can tell whether your children will be 

good baseball players or what wine 

you might prefer. They can’t. 

But before you place your order, 

you should think long and hard as to 

whether genetic testing is right for 

you. There are a number of benefits 

and pitfalls you should consider. On 

the plus side, getting your DNA tested 

means you can find out early if you are 

at increased risk for cancer, Alzhei-

mer’s, and other diseases. Armed with 

this information, you can take steps 

to mitigate the impact. Testing can 

also help you figure out the safest and 

most effective medications to use. 

On the downside, most genetic 

tests provide only bare-bones 

information. Moreover, many of the 
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tests you generally see advertised on 

television and the internet only ana-

lyze short pieces of your DNA, which 

might not give you a full biological 

picture. Remember, what you get is 

what you pay for. Less expensive tests 

may yield limited information. More 

expensive tests may give you the 

knowledge you seek, but it pays to 

shop around and compare products. 

While information is power, genetic 

results can be life altering. For one 

thing, what you learn is permanent. 

As they say, you can’t un-ring a bell. 

The same holds true with genetic 

testing. Prepare to live with the find-

ings. Just because your test comes 

back positive for a particular ailment 

doesn’t mean you will necessarily get 

that disease. Are you willing to live 

as if you have the sword of Damocles 

constantly hanging over your head? 

Consider how you will handle the 

anxiety the information might cause, 

or the depression you might feel.

Prepare for the economic roller 

coaster that might follow, too. Before 

D I D  YO U  K N O W. . .

There are 10,000 different 
genetic conditions that  
can cause serious health  
problems for those who 
inherit them.

UP CLOSE

A human chromosome is 

shown here in a colored  

scanning electron micrograph. 

you put your genetic material in the 

mail, you need to know that what you 

are sending can be used against you—

by some insurance companies. 

Insurance companies can deny 

you coverage because of your DNA 

profile, despite the GINA legislation. 

While the law bars health insurance 

companies from denying coverage to 

those who have a genetic mutation, 

it does not apply to life insurance, 

long-term care insurance, or disability 

insurance companies. All can ask a 

wide range of questions about your 
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It doesn’t get any more personal than the infor-
mation contained in your DNA. People get their 
DNA tested for a variety of reasons. Some want to 
know what health problems they might face later 
in life; others want to trace their family roots. Your 
genetic code is all about you, which is why you 
should think carefully about sharing your genetic 
information with a genetic testing company. Below 
are the five biggest risks you can encounter: 

1. Is the information accurate? Many skeptics  
say that the information you can glean from a 
DNA test might not be that accurate, causing 
people to make questionable decisions regard-
ing their health. 

2. How private is your information? Privacy should 
be a big concern. Genetic testing companies 
have good reasons to protect your informa-
tion. If they didn’t they’d go out of business. 
Beware! It is possible for somebody to hack into 
a database and steal your information. In 2018, 
more than 92 million accounts from the DNA 
testing service MyHeritage were found on a pri-
vate server. At the time, the company said the 
intrusion was limited to user email addresses. All 

other data, the company said, including credit 
card and genetic information, was not compro-
mised because it was housed on another server. 

3. Will the company share your DNA info? All of 
the testing companies say they will not share 
your information with a third party unless you 
give them your okay. Interestingly, many people 
agree to let the companies share their informa-
tion with research institutions and other organi-
zations. Some of it might go to drug companies 
or to researchers studying specific diseases.

4. Does the law protect you? As of today, there is 
only one law, the Genetic Information Nondis-
crimination Act, or GINA, that prohibits employ-
ers or insurance companies from accessing your 
genetic information. But critics say the law is  
too narrow. Some Americans who receive dif-
ferent forms of government insurance, such as 
service members and veterans, are not covered 
by GINA. 

5. Can the police access your information? Yes, but 
only with a court order. The Golden State Killer 
case was cracked after police accessed DNA 
from a private company. Although the killer  
was not in the database, a distant cousin was. 

Five biggest risks of sharing your DNA information

D I D  YO U  K N OW. . .

There are 10,000 different 
genetic conditions that  
can cause serious health  
problems for those who 
inherit them.

health history, including what your 

genetic information reveals. The 

company can deny you coverage if it 

determines your genetic health risks 

are too much of a liability. 

Yet a savvy consumer can one-up 

the insurance companies. A study at 

Harvard University found that peo-

ple who were informed they had a 

specific gene related to an increased 

risk of Alzheimer’s disease were five 

times more likely to buy long-term 

care insurance. More than five million 

people in the United States have  

Alzheimer’s, and these patients make 

up half of all nursing home residents.  

Yet only a fraction have been tested  

for the genetic mutation. 

Also, think about the impact of genetic 

testing on others. Genetics is all about 

inheritance, and what you find can affect 

your children and their children. They 

may not want the information. 

The choice is yours, but ask yourself: 

Why do I want this information? What 

would I do with it? You can be saddled 

with something you have no control 

over. Genetic testing is a Pandora’s  

box. Think long and hard whether you 

want to open it. 



65 D I D  YO U  K N O W. . .

A small percentage  
of Europeans are  
HIV resistant because  
of genetic mutations 
caused by the plagues 
of the Middle Ages. 



7 57 5

C H A P T E R  F O U R

In the fall of 2018, a Chinese scientist, He Jiankui, announced he had created the world’s first genetically 

edited babies—twin girls—after implanting the altered embryos in the womb of their mother. His goal was 

to genetically engineer children to resist HIV, the infection that causes AIDS. At the time, researchers were 

skeptical of He’s declaration, while others said it was “scary” if true.

The news, whether fact or fiction, underscored the slippery slope genetic engineering can sometimes 

create. While people have bred microorganisms for centuries to produce such things as wine, beer, and 

cheese, genetic engineering takes that process a thousand steps further by directly manipulating genes 

in an organism. Many countries have outlawed the altering of genes in human embryos, fearing that sci-

entists may one day engineer babies for specific traits, like increased intelligence or athleticism. Others 

fear scientists might unintentionally alter genes in unpredictable ways. 

The Chinese government eventually denounced He for performing gene editing for the purpose of 

reproduction. Despite the controversy, scientists are already working on new genetic applications.

G E N E T I C S  AT 
WO R K 
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experiment

 Why Don’t You   
Look Exactly Like     
 Your Parents?
Have you ever wondered why you don’t look exactly like  
your parents? This experiment will show you why that is.  
First, though, you need a partner of the other sex.  
Then we’ll see what traits a child of yours might have. 

What you need
 Paper lunch bags
 Two toothpicks
 Handful of red jelly beans (representing dominant tongue-rolling alleles)
 Handful of pink jelly beans (representing recessive tongue-rolling alleles)
 Handful of purple jelly beans (representing dominant long-eyelash alleles)
 Handful of white jelly beans (representing recessive short-eyelash alleles)
 Handful of orange jelly beans (representing dominant detached-earlobe alleles)
 Handful of yellow jelly beans (representing recessive attached-earlobe alleles)
 Handful of black jelly beans (representing dominant eye-color alleles)
 Handful of blue jelly beans (representing recessive eye-color alleles)

What to do
Step 1
You and your partner should randomly pick jelly beans that represent a pair of alleles for each of 
the four traits described above. You can have two dominant alleles for each trait, two recessive 
alleles, or one of each.
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Step 2
Place each pair of jelly beans in separate paper bags and label 
them: one bag for the red and pink tongue-rolling traits; one  
bag for the purple and white eyelash length; one bag for the 
orange and yellow earlobes; one bag for the black and blue  
eye color.

Step 3
Without looking, you and your partner need to pick one jelly  
bean from each bag. When you are finished, there should be  
eight jelly beans in front of you—four for you, four for your  
partner. These jelly beans represent your genotype. Remember,  
a genotype is the genetic makeup of an individual. Record the 
genotypes on a piece of paper.

Step 4
Sort the jelly beans you and your partner picked into four  
pairs of alleles that belong together.

Step 5
Put each pair of alleles in separate bags. Put the tongue-rolling 
alleles together, the eyelash alleles together, and so on.

Step 6
Shake each bag and without looking, you and your partner  
should reach in and grab one jelly bean apiece. This is the  
allele each of you will give to your baby. 

Step 7
Slide each jelly bean onto a toothpick as you choose it.  
Your partner should do the same. 

Now turn the page.

66D I D  YO U  K N O W. . .

When scientists announced  
the mapping of the human 
genome in 2003, their results 
were 99.99 percent accurate.
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RECES SIVE AND DOMINANT

Each parent has two alleles, and the child 

inherits one from each of them. Some 

alleles are recessive, others dominant. 

Which trait is expressed depends on the 

dominant-recessive combination. 

?What  
Happened 
You and your partner assembled two chromosomes representing the alleles 
for each of the four traits. A father and mother pass on a version of each gene 
to their child. One gene may have instructions for brown hair; the other might 
have instructions for blond hair. One gene might be dominant, the other  
recessive. Look at each jelly-bean chromosome and determine which traits  
your child might inherit. 

dominant brown  
hair allele

recessive blond  
hair allele

brown hair blond hair

Father Mother

blond hair brown hair
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Each strand of  
DNA replicates  

independently of  
every other strand.

In 2002, researchers 
decoded the  
first mammalian  
genome—for a mouse.

Rosalind Franklin’s x-ray photo- 
graphs of crystallized  
DNA fibers are hailed  
as the “most beautiful  
x-ray photographs of  
any substance ever taken.” 

A genetic mutation that 
allows a by-product  

of alcohol to build  
up in the body is the reason 

some people have rosy 
cheeks after drinking wine.

Humans  
have fewer  
genes than  
nematode  
worms. 

Red blood cells do 
not contain DNA 

because they  
lose their  

nuclei as they age. 

Octopi and squid  
can edit their  
own genes.

In Germany, a woman  
was refused a  
permanent teaching  
position because  
her father had  
Huntington’s disease. The woman  
did not want a genetic test.  
(She sued and won the right to a  
lifelong job.)
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Scientists surmise humans 
may not be genetically  
programmed to  
live longer than  
120 years. 

Scientists genetically  
engineered a fast- 

growing salmon,  
which hit grocery  

stores in 2017.
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 Colin Pitchfork thought he 

could get away with murder. 

In 1983, when he was 22 years 

old, he left his baby son sleeping in 

the back of his car while he raped and 

murdered a 15-year-old girl in Narbor-

ough, England. Three years later, Pitch-

fork struck again, raping and killing 

another teen. The crimes were more 

than horrific and sadistic. The police 

investigated and arrested a man who 

falsely confessed to one of the killings. 

Pitchfork believed he was in the 

clear, but in 1987 he would come face 

to face with the most potent witness 

against him: his DNA profile. Police 

would eventually use this evidence 

to convict Pitchfork of murder—the 

first time DNA was used to solve a 

criminal case. Since that time, DNA 

D N A  
F I N G E R P R I N T I N G

fingerprinting, as it’s often called, 

has been a sure-fire way to solve cold 

cases, free the wrongly convicted, 

identify victims, and put criminals 

behind bars. Unlike humans, DNA 

DNA FINGERPRINTS

The image on the left shows 

an x-ray of bands of DNA. 

The combination of bands 

is unique to each individual; 

however, individual bands may 

be shared by people who are 

related. The bands in this DNA 

fingerprint are marked M for 

mother, C for child, and F  

for father. 

FORENSIC SAMPLES

Forensic scientists often use 

DNA extracted from hair, body 

fluids, and skin cells to solve 

crimes and identify victims. A 

hair sample is shown opposite.

77D I D  YO U  K N O W. . .

DNA fingerprinting  
played an important  
role in identifying close  
relatives of the endan-
gered California condor. 
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doesn’t lie, it never confuses, and it 

doesn’t have an agenda.

DNA fingerprinting was an acci-

dent waiting to be discovered. In the 

early 1980s, British researcher Alec 

Jeffreys found something strange as 

he studied the genetic differences 

among species—a short piece of DNA 

that repeated over and over. While 

the stretches of DNA varied a bit 

from one repetition to another, one 

thing was constant—a short, identical 

sequence of some 15 nucleotides, the 

basic structural units of DNA. 

Myriad Applications
Jeffreys did some more work and 

finally concluded that the “profile 

provides an individual-specific DNA 

‘fingerprint,’” so-called microsatellites 

that researchers use to distinguish 

between people. The use of the word 

“fingerprint” was deliberate because it 

had the power to identify a person just 

like a traditional fingerprint.

Today, DNA fingerprinting, also 

known as DNA profiling, is used in a 

variety of ways. Not only can it point a 

finger at a criminal, but it can be used 

to identify a dead body that is not 

recognizable, or a medieval corpse  

buried under a parking lot, as happened 

in the case of England’s Richard III. It  

can also show you who your parents, 

siblings, and other relatives might be. 

Not only that, but it can rule out a per-

son as a suspect in a crime or spring the 

wrongly convicted from prison.

DNA fingerprinting can be used for 

medical purposes, too. Medical appli-

cations include matching the tissues 

of organ donors with those who need 

transplants and identifying diseases 

passed from one generation to the next. 

All that’s needed to create a DNA 

profile are cells. Technicians can then 

extract the DNA and slice it into 

smaller sections to get sections of 

base pairs that repeat themselves. By 

matching one profile to another, scien-

tists can answer questions with a high 

degree of specificity and confidence. 

ALEC JEFFREYS

Professor Alec Jeffreys, the 

godfather of DNA fingerprint-

ing, at work in his laboratory. 

78D I D  YO U  K N O W. . .

Researchers can  
program adult cells  
to act in the same  
manner as stem cells. 



8 4  |  Y O U R  G E N E S

79D I D  YO U  K N O W. . .

In less than 10 years,  
scientists will be able to 
sequence an entire genome  
in just a few hours.

 Imagine a grisly sight. A blood-

ied corpse on the floor, a knife 

near the body, the victim’s throat 

slashed. There is blood everywhere: 

on the furniture, on the drapes, on 

the kitchen floor. Chairs are tipped. 

Glasses shattered. Tables overturned. 

The victim put up a heck of a fight 

before he died. 

A police forensic team arrives to 

start their investigation. They find 

traces of blood not belonging to the 

victim. They collect this important 

evidence and whisk it away to the lab, 

where technicians sequence its DNA, 

hoping for a break in the case. The 

police get more than that. They soon 

have a high-resolution 3D picture—a 

genetic mug shot—of what the mur-

derer might look like. 

This isn’t an episode of CSI or 

some Hollywood thriller, but a 

NEW TECHNOLOGY

New DNA technology is  

allowing forensic investigators 

to produce a high-resolution 

image of what a criminal  

or victim might look like. 

breakthrough in biometric technol-

ogy that has the potential to change 

how the police and others do their 

job. Biometrics is a way to scientifi-

cally authenticate someone’s identity. 

Most of us know that biometrics can 

identify people through their finger-

prints, voice, facial features, iris, and 

vein and hand geometry. We use 

biometrics every day to unlock our 

iPhones and office doors, as well as to 

verify our identity at airports. 

Solving Crimes
Increasingly, though, the police and 

others are using DNA biometrics: the 

ability to identify people through 

their genetic material. The creation 

of an image from a tiny drop of blood 

is just one aspect of DNA biometrics, 

something the great Sherlock Holmes 

C S I : B I OM E T R I C S 



D I D  YO U  K N O W. . .

In less than 10 years,  
scientists will be able to 
sequence an entire genome  
in just a few hours.



8 6  |  Y O U R  G E N E S

could never have imagined. The 

concept is simple: By using genetic 

markers found in blood, saliva, and 

semen, for example, investigators 

can create a computerized image of 

the culprit or victim. The process can 

determine a person’s eye and skin 

color, hair color, facial features, and 

other identifying traits. 

The algorithm scientists use to 

create the image is highly accurate 

as it models a person’s age, height, 

weight, and even body mass index. 

The process can be applied not only 

to find a murder suspect but also to 

identify burn victims and others who 

have been maimed beyond recogni-

tion. It can also help the police solve 

cold cases if DNA is still available. 

Police in Columbia, South Caro-

lina, turned to the science hoping 

for a lead in a four-year-old double 

homicide of a mother and her child. 

No one saw or heard the crimes 

being committed, but the attacker 

left DNA at the scene. Researchers 

at a private lab took that DNA and 

used it to generate a 3D image of the 

murderer, who has yet to be caught. 

Police in Calgary, Alberta, Canada, 

used the technology to create a like-

ness of a mother whose baby girl was 

found dead near a Dumpster. In 2018, 

police in Washington State unveiled 

a picture of a suspect in a 30-year-old 

murder case.

DNA biometrics is far superior to 

other types of biometrics because it’s 

a more reliable way to identify some-

one. The data gleaned from a person’s 

genes can be precisely defined at 

the most minute level. Moreover, the 

information does not change during a 

person’s life, or after death.

CSI  AT WORK

Crime-scene investigators 

must be careful when collect-

ing DNA evidence to avoid 

contamination. 
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In 2017, researchers at Columbia University 
announced they had found a way to quickly and 
accurately identify people from their DNA using 
off-the-shelf computer technology and a new soft-
ware program. While this news might seem banal 
as opposed to reports of other, seemingly more 
dramatic genetic developments, the process has 
the potential to quickly identify victims of a mass 
disaster and to revolutionize crime-scene inves-
tigations. More important, the technology can 
be used to find contaminated cell lines in cancer 
experiments, which in the end could save the lives 
of millions of people and billions of dollars.

Researchers built the new software to run on 
a $1,000 credit-card-like machine that pulls out 
strands of DNA from body cells. The device, named 
MinION, then sequences random strings of DNA 
nucleotides in as little as three seconds. Scientists 
then use a special algorithm to randomly compare 
those variants with other genetic profiles found in 
online databases. Within minutes, the identity of a 
person can be determined. 

To test how well the process, known as MinION 
sketching, works, scientists ran DNA samples  
using the cheek cells of one of the researchers.  
The device compared the man’s genetic profile 
with a public online database of 31,000 genomes. 
The match was spot on.

While the process can make victim identifica-
tion much easier, those who developed MinION 

DNA verification in minutes
sketching say its most promising use is to authen-
ticate cells in experimental research. To prove their 
point, scientists quickly matched a sequenced strain 
of leukemia cells against a reference file in an online 
cancer cell database. When they contaminated the 
cells with other cultures, MinION rejected the match. 

Scientists can also use MinION sketching to make 
research more cost-effective. Research institutes 
and universities spend around $28 billion a year 
on studies that cannot be replicated because of 
misidentified or contaminated cell lines. Because 
the equipment needed to validate cell lines is so 
expensive, most researchers skip the process.  
MinION sketching makes it easier and less expensive. 

80D I D  YO U  K N O W. . .

Laron syndrome is a 
genetic disease involving 
the body’s inability to  
utilize growth hormone.
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 Each year thousands of women 

in the early stages of preg-

nancy have their developing 

fetuses genetically tested. One of 

the newer testing options, called 

“cell-free fetal DNA” (cff-DNA) or 

more generally, non-invasive pre-

natal screening (NIPS), is simple and 

requires nothing more than a blood 

draw from the expectant mother, as 

early as 10 weeks into the pregnancy.

This test, which came on the market 

in 2011, was hailed as a major break-

through in fetal health. It is less inva-

sive and less risky than other prenatal 

tests, including amniocentesis, in 

which amniotic fluid is extracted and 

screened, and chorionic villus sam-

pling (CVS), in which tissue from the 

placenta is extracted and screened. 

Both amniocentesis and CVS require 

C E L L- F R E E  F E TA L 
D N A  S C R E E N I N G

a long needle to be inserted through 

the woman’s abdomen to extract 

the samples. The detection rate of 

99 percent for cff-DNA is close to 

that of amniocentesis in determining 

whether a fetus has Down syndrome. 

No screening test, however, is 100 

percent accurate. Because of this, 

many doctors will recommend one of 

these other tests to confirm a posi-

tive result.

Here’s how cff-DNA testing works: 

Floating in the bloodstream of all 

pregnant women are snippets of 

placental DNA, which the placenta 

releases during the first few weeks 

of pregnancy. The placenta provides 

oxygen and nutrients to the growing 

fetus. The technology behind the 

test allows scientists to analyze the 

fetal DNA fragments in the mother’s 

D I D  YO U  K N O W. . .

A person’s blood 
type is completely 
controlled by genes.
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PRENATAL TESTING

Recent technological 

advances, such as cell-free 

fetal DNA, have made it easier 

and safer to screen for certain 

genetic disorders in a fetus. 

bloodstream after differentiating 

them from the mother’s DNA. As 

a result, scientists can determine 

whether there is an extra or missing 

copy of a fetal chromosome that 

could indicate a child having a high 

risk for Down syndrome. 

Counting fetal DNA fragments can 

be tricky because there has to be 

enough in the mother’s bloodstream 

to perform a reliable analysis. Gen-

erally speaking, the amount of fetal 

DNA in the mother’s bloodstream 

must be above 4 percent to yield 

accurate results. Reasons why the 

percentage could be lower include if 

the mother is obese, if she’s less than 

10 weeks pregnant, or if she’s taking 

blood-thinning medications.

Although non-invasive prenatal 

screening is very good at screening 

for Down syndrome, it cannot detect 

other genetic conditions, such as 

cystic fibrosis and sickle cell anemia. 

Doctors will generally prescribe the 

test for women whose pregnancies 

are considered high-risk because  

of the mother’s advanced age, a 

history of genetic abnormalities, or 

other factors.
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 Actress Angelina Jolie shocked 

the world in 2013 when she 

announced that she had 

elected to have both her breasts 

removed in a prophylactic mastec-

tomy. Jolie, who has starred in such 

movies as Lara Croft: Tomb Raider 

and Mr. and Mrs. Smith, had tested 

positive for a mutation on the BRCA1 

gene that significantly increased 

her risk of developing breast cancer. 

T H E  B RC A  G E N E 
A N D  C A N C E R 

Because her mother died from ovar-

ian cancer at age 56, Jolie chose to 

have the surgery as a precaution.

“My doctors estimated that I had an 

87 percent risk of breast cancer and 

a 50 percent risk of ovarian cancer, 

although the risk is different in the case 

of each woman,” she wrote in an op-ed 

for the New York Times in 2013. “Only 

a fraction of breast cancers result from 

an inherited gene mutation. Those 

BRCA1

This computer image of a 

breast cancer patient shows 

the tumor (pink) in the right 

breast. A genetic mutation on 

the BRCA1 gene increases the 

risk of breast cancer.
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82D I D  YO U  K N O W. . .

Scientists can artificially  
grow skin so it can be grafted 
onto a person’s body. 

with a defect in BRCA1 have a 65 per-

cent risk of getting it, on average.”

BRCA1 Mutation
When the BRCA1 gene is functioning 

normally, it suppresses tumors by 

interacting with other proteins to 

repair broken DNA strands. Environ-

mental factors, such as exposure to 

toxins or radiation, can cause the 

strands to fall apart. When BRCA1 is 

mutated, however, it cannot properly 

repair the damaged DNA, allowing 

more cancerous cells to develop. The 

result: A woman with the mutation 

has an increased risk of developing 

breast and ovarian cancers.

Not only did Jolie have a high risk 

of developing breast cancer, but her 

chance of being stricken with ovarian 

cancer was 50 percent. She under-

went a series of tests to determine 

whether she had ovarian cancer. 

Although the results came back nega-

tive, Jolie decided to take preventive 

action. Surgeons removed her ovaries 

and fallopian tubes, two years after 

they had removed her breasts. 

“I did not do this solely because I 

carry the BRCA1 gene …” she wrote in 

another New York Times op-ed in 2015. 

“I have spoken to many doctors …  

There are other options … There 

is more than one way to deal with 

any health issue … In my case, the …

doctors I met agreed that surgery to 

remove my tubes and ovaries was the 

best option, because on top of the 

BRCA gene, three women in my family 

have died from cancer.” 

Both women and men have the 

BRCA1 gene and its cousin, BRCA2. 

Although the mutation can be passed 

on by either parent, it is relatively 

rare in the general population. In the 

United States, 1 in 400 people have a 

BRCA1 or a BRCA2 mutation, although 

some ethnic groups have a higher 

prevalence. According to the Mayo 

Clinic, you should get tested if

• anyone in your family has ever 

been diagnosed with breast cancer 

at a young age;

• there is a family history of cancer 

affecting both breasts;

• there is a family history of breast or 

ovarian cancer;

• a male relative has been diagnosed 

with breast cancer;

• you have a relative with a mutation 

to the BRCA1 or BRCA2 genes;

• you’re of Eastern European Jewish 

ancestry. 
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 Genetics has given scientists 

and doctors new ways to 

combat disease or to stop 

them before they can make us sick. 

It has allowed people to know what 

genetic abnormalities might be lurk-

ing in the shadows and which ones 

you don’t have to worry about. 

Navigating the Issues
Consequently, as you go through 

your family’s health history, you might 

be wondering if you, or your children, 

should get tested for any number of 

genetic abnormalities. Or perhaps 

you have questions about what 

genetic treatments are available, or 

whether your unborn child will have 

a predisposition to certain genetic 

conditions. Luckily, you’re not alone. 

As genetics has taken a firmer root in 

society, it has increased the number 

of genetic counselors.

Genetic counselors are trained to 

help you understand and navigate the 

various issues surrounding your genes 

and how they may or may not impact 

you and your family’s health. Some 

genetic counselors work in clinics and 

hospitals and can talk one-on-one 

about your concerns. Others work for 

S H O U L D  YO U  B E 
S E E I N G  A  G E N E T I C 
C O U N S E LO R?

genetic testing companies, answering 

questions for patients, doctors, and 

other genetic counselors.

Counselors can provide vital infor-

mation, especially if you’re worried 

your unborn child might be afflicted 

with a birth defect, or for that matter, 

if it is prudent to get pregnant at all 

when there is a history of genetically 

caused diseases running in your 

family. They can discuss the latest 

genetic cancer treatments, or go over 

the pros and cons of genetic testing. 

They can also discuss inherited dis-

eases and how they impact patients 

and their families. 

GENETIC COUNSELOR

A prenatal genetic counselor, 

below, discusses the implica-

tions of genetic testing with  

a patient. 

MITOCHONDRIAL EVE

According to the Mito-

chondrial Eve theory, women 

pass to their children the 

original human ancestor’s 

mitochondrial DNA.



83D I D  YO U  K N O W. . .

All humans carry genetic 
material from one woman 
who lived 200,000 years 
ago—“Mitochondrial Eve.” 
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Counselors can also help you decide 

whether genetic testing is a good idea 

and help prepare you for the emotional 

and economic issues that might crop 

up. The results of genetic testing, for 

example, can affect your eligibility for 

certain forms of insurance, including 

disability and life insurance. Genetic 

counselors can also help with any 

anxiety or depression you might feel con-

nected with getting tested or the results.

According to the National Society 

of Genetic Counselors, there are more 

than 4,000 genetic counselors working 

in the United States today. Most are cer-

tified by the American Board of Genetic 

Counseling, although certification is not 

required everywhere. 

PROCEED WITH CAUTION

Expectant mothers and others 

must prepare themselves for a 

variety of emotions when they 

undergo genetic testing.

84D I D  YO U  K N O W. . .

British researchers have 
genetically altered hens  
so they produce cancer- 
fighting drugs in their eggs. 
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Today, we take genetic testing for granted. We know police use genetic tests to solve crimes,  
and doctors use them to keep us well. Genetic testing has come a long way since Mendel’s foray into  
heredity. Here is a brief time line of major milestones in genetic testing.

1959 Researchers discover Down syndrome is 
caused by a third copy of chromosome 21.

1965 Marshall Nirenberg (right) is the first to 
sequence the nucleic acid bases in the genetic code. 

1969 Sarah Lawrence College in Bronxville, New 
York, institutes the nation’s first master’s degree 
program in genetic counseling.

1977 Walter Gilbert and Frederick Sanger develop 
genetic sequencing, allowing scientists to deter-
mine the specific order of DNA bases. 

1978 Scientists map the genes responsible for 
sickle cell anemia. 

1978 Scientists genetically modify bacteria to pro-
duce insulin, the hormone that regulates glucose 
levels in humans. 

1983 Scientists map Huntington’s disease, a genetic, 
neurodegenerative disease that causes adults to 
lose their motor function and cognitive abilities. 

1989 Researchers discover the genetic mutation 
that causes cystic fibrosis. 

1990 Scientists identify the first gene associated 
with an increased risk in breast and ovarian  
cancer—the BRCA1 gene. 

1995 Congress extends the Americans with  
Disabilities Act to cover discrimination based on  
a person’s genetic information.

2003 Genetic testing of HIV, the virus that causes 
AIDS, suggests it arrived in the United States in 1968.

2011 Researchers identify a genetic mutation that 
causes amyotrophic lateral sclerosis, also known as 
Lou Gehrig’s disease.

2011 Scientists working at the Northwestern 
University Feinberg School of Medicine discover a 
gene responsible for sperm production not only in 
mammals but also in insects. 

2016 Researchers discover genetic changes in  
the MSH3 gene that contribute to a new form of 
hereditary colon cancer.

2018 Scientists report uncovering a rare genetic 
mutation that causes retinitis pigmentosa, a com-
mon disease of the retina. 

Milestones in genetic testing

Many people are integrating 

genetic counselors into their  

health-care team. After receiving 

an undergraduate degree in biol-

ogy, social science, psychology, or 

a related course of study, genetic 

counselors go on to earn a master’s 

degree from an accredited genetic 

counseling program. Such programs 

offer not just classroom work but 

training in clinical settings. Some 

of the counseling degrees include 

human genetics, genetic counseling, 

and medical genetics.
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Although James Watson 
and Francis Crick used 
x-ray data to visualize 
DNA, the real proof came 
in 1982 when the B-form  
of the molecule—the right-
handed side of the helix—
was crystallized. 
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C H A P T E R  F I V E

The world knew little about DNA a mere 70 years ago. Once scientists discovered its structure, however, 

they opened doors to rooms that we didn’t even know existed. We started to explore some of the most 

basic details about ourselves and the world around us. We found new ways to diagnose and battle dis-

eases. We learned how to clone animals and how to edit genes. As the decades came and went, discovery 

after amazing discovery continued to rock our lives.

As we step into the future, one thing is for certain, advances in genetics will continue to amaze. That’s 

because we’re getting better at manipulating our genetic blueprints. Not so long ago, scientific consen-

sus held that the genes we inherited from our parents could not be changed. Now with the mapping 

of the human genome complete, that assumption is being turned on its head. As we make each break-

through, all of us will be challenged to come to terms with a sea of ethical, legal, religious, and social 

questions—subjects we could not have imagined in 1953 when Watson and Crick deduced the shape of 

the double helix.

W H AT  W I L L  T H E 
F U T U R E  H O L D?



9 8  |  Y O U R  G E N E S



experiment

The Egg and You
DNA is a three-dimensional molecule bound together by strands of proteins.  
If the proteins change, or denature, the structure of the DNA also changes.  
To see how denaturing works, try this simple experiment by cooking an egg  
with alcohol.

What you need
 Rubbing alcohol 
 A glass or some other small container
 A raw egg

What to do
Step 1
Pour some alcohol into the glass or other container.

Step 2
Crack the egg and put both the yolk and the white into  
the container with the alcohol.

Step 3
Wait two hours to see what happens.

Now turn the page.
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Dystrophin, a protein  
found in human muscle,  
is the largest human  
gene, containing 2.4  
million bases.



1 0 0  |  Y O U R  G E N E S

INHERITED DISEASES

A mother with her three-week-

old daughter, who has a genetic 

disease that requires a blood 

transfusion every three weeks. 

?What  
Happened 
The egg cooked, although not as quickly as if you had fried or boiled it. Egg whites 
contain a protein called albumin. A chemical reaction occurred once you added the 
egg to the glass of alcohol. The alcohol increased the temperature of the egg, chang-
ing the structure, or conformation, of the protein molecules. The white turned solid 
and the yolk, which mostly contains fat, firmed. 

Although you did not technically change the egg’s DNA, the experiment is a good 
example of what happens when DNA denatures. As proteins change, DNA’s double 
strands unwind as the hydrogen bonds that hold the double helix together weaken 
and break. When DNA denatures, it can cause a variety of inherited diseases.
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When temperatures rise 
above 195°F (90°C),  
the strands of DNA  

start to break down. 

Recessive alleles get  
a low dose of a  
certain protein  
or none at all.

Positional cloning,  
a method of finding  
a gene without the  
knowledge of the protein  
it encodes, helps researchers  
understand inherited diseases. 

Scientists are currently  
at work trying to  

genetically produce  
a cow that emits  

less methane, a greenhouse 
gas, when it passes gas. 

Humans and  
cabbage have 
about 40 to 50 
percent of their 
DNA in common.

The human genome 
is made up of more 

than three  
billion DNA  

base pairs. 

Genetically modified  
mosquitoes were  
released in  
Africa to halt  
the spread of malaria.

The mutation  
for Duchenne  
muscular  
dystrophy is located  
on one of the mother’s  
two X chromosomes.  
Only about 1 in 50 million females  
get the disease, as opposed to  
1 out of 3,500 males. 
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Scientists have  
genetically engineered a  

monster raisin—the graisin—
that is larger than  

a normal raisin.

If you were to print  
all the 3.2 billion  
letters of the human  
genome, it would fill 100,000 
pages of telephone directories.
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 The human body is an amazing 

machine that does a multi-

tude of things. It allows us to 

conceive, then build, spaceships that 

can travel to the distant reaches of 

the solar system. It allows us to smell 

a rose or to run a marathon. We can 

do these things, and so much more, 

because our bodies are made up of 

trillions of specialized cells that get 

their marching orders from DNA— 

our genes.

Geneticists used to think humans 

were stuck with the genes that our 

parents gave us. We now know we can 

change them without changing our 

DNA sequence. This insight has given 

rise to a new science—epigenetics. 

C A N  W E  C H A N G E 
O U R  G E N E S?

GENE EDITING

Crispr, a molecular gene- 

editing process, illustrated 

opposite, uses enzymes to cut 

and paste specific segments 

of DNA. 

  

The word comes from the Greek 

prefix epi-, which means “above” or 

“over,” plus genetics. So, epigenetics 

means above or on top of genetics 

and refers to changes to DNA that 

CHANGING YOUR GENES

People who exercise regularly, 

like this marathon runner, left, 

may be able to change the way  

certain genes are expressed,  

or turned on or off.

97D I D  YO U  K N O W. . .

Scientists are currently  
looking at ways to  
genetically modify  
bacteria that would eat  
up nuclear waste.
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Scientists are currently  
looking at ways to  
genetically modify  
bacteria that would eat  
up nuclear waste.



1 0 4  |  Y O U R  G E N E S

turn genes on or off. To put it more 

clearly, it’s about how genes are used 

or expressed. 

By the time scientists had finished 

mapping the human genome in 2003, 

they had found 25,000 genes. Yet 

these genes don’t work by themselves. 

They have to be told what to do, where 

to do it, and when to do it. Epigenetic 

modifications, so-called tags, give 

each gene their instructions. These 

chemical tags sit on top of and outside 

the genome, telling genes to turn on 

or off, like a light switch. Other tags act 

more like a dimmer, telling genes to 

increase or decrease in intensity.

Our genome contains at least four 

million of these “switches” that can 

be turned on or off, dimmed, or 

made brighter, often by what we do 

in our daily lives and by our envi-

ronment. Smoking, sleep, exercise, 

diet, and exposure to toxins, among 

many other things, can affect the 

behavior of these epigenetic markers. 

For example, researchers at Keele 

University in England suggest the 

epigenetic tags in our muscles adjust 

themselves as a result of resistance 

exercise. These tags allow our mus-

cles to remember how they grow 

after they return to their original size. 

What does it all mean? By eating 

the right foods or exercising, for 

instance, you can protect against 

diseases by deactivating various 

MUSCLE MEMORY

Researchers have found that 

epigenetic tags in our muscles 

adjust themselves to resistance 

exercise. As a result, our mus-

cles remember how they grow. 
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 In 2015, Chinese researchers from Guangzhou 
Institutes of Biomedicine and Health shocked 
the world by creating a pair of heavily muscled 

dogs—beagles named Hercules and Tiangou.
Using Crispr, a molecular gene-editing pro-

cess, scientists turned off a gene in the dogs that 
produces a protein that blocks muscle growth. 
As a result, the beagles’ bodies began to pack on 
the muscle. How did scientists achieve this amaz-
ing feat? Crispr uses enzymes that cut and paste 
specific segments of DNA. Researchers injected the 
gene editor into more than 60 beagle embryos. 
Twenty-seven puppies were born, but only two—
Hercules and Tiangou—had the edited genes, sug-
gesting the difficulty of the process. As the animals 
grew, their muscles became stronger and stronger. 

The scientists were not looking to engineer 
“designer pets,” but to find a way to turn animals into 
tools to help fight human diseases. However, the 
altering of genes in the dogs has opened the door 
for others to create pets with certain traits, such as 
making them live longer or making them smarter.

While creating designer pets is one thing, cre-
ating designer human babies is something else. In 
one respect, that ship already sailed in 2000 after 
researchers created what many consider the first 
designer baby. That child, Adam Nash (pictured 

with his father), was conceived through in vitro 
fertilization for one specific reason—so his six-year-
old sister, Molly, could live. 

Molly (pictured below with her mother) had a rare 
genetic blood disorder, Fanconi anemia, character-
ized by severe bleeding and a depressed immune 
system. Most children who have the disorder die by 
the time they reach nine. The best option to save 
Molly’s life was a stem cell transplant. To that end, 
her parents decided to create a donor—Adam. Prior 
to Adam’s birth, scientists tested his DNA to see if it 
contained the genes responsible for the blood disor-
der. It did not. A month after Adam was born, Molly 
received transplanted blood from his umbilical cord 
containing his stem cells. Adam saved Molly’s life.

Designing a better pet or baby?

switches in specific genes. Conversely, 

by eating the wrong foods or by 

smoking … well, you get the idea. 

Genetic editing is another way we 

can alter our DNA. Scientists have 

invented various molecular tools, 

such as Crispr (see sidebar below), to 

correct, replace, and delete faulty 

genes. Gene editing allows scientists 

to target specific genes and correct 

harmful mutations. Geneticists have 

already used gene editing to change 

the way immune cells fight off cancer. 

They can also edit genes in human 

embryos to prevent unborn babies 

from inheriting some diseases. 

Gene editing is not just for human 

health. Many farmers plant crops 

whose genes are edited, allowing 

them to produce a better product 

without adding genes from another 

organism. Seedless tomatoes and 

mushrooms that don’t turn brown 

as they age are just two ways gene 

editing can produce more market-

able food. 
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Aboard the International  
Space Station is a digitized  
copy of Stephen Hawking’s 
genome, along with that of  
Stephen Colbert and others.

 At its best, science is the gate-

way to great truths. Some-

times, however, in their zeal 

to find answers to real or perceived 

problems, scientists become blind to 

the essential question of their pro-

fession: To what end? Has genetics 

reached that point? Are geneticists 

moving so fast that their discoveries 

will overwhelm society like an unstop-

pable tsunami? Are they thinking 

about the philosophical, ethical, and 

religious implications of their work?

These are not abstract questions. 

We now have the ability to clone a 

human being. It might not be easy, but 

the technology is certainly there. We 

also have the ability—however diffi-

cult—to manipulate genes to do our 

CHALLENGES AHEAD

Genetics can be a gateway  

to wondrous things; yet, it  

is fraught with ethical, legal, 

religious, and moral dilemmas.

bidding. Today such work centers on 

making the lives of people better by 

eradicating certain diseases. All that 

can change tomorrow. Somewhere, 

at some point, a scientist may want 

to create a race of superhumans who 

are smart, attractive, and strong—a 

genetic caste system where those with 

the “best” genes lord it over those 

who are genetically “inferior.” Stephen 

Hawking, the late physicist and author, 

warned of such things.

No Good Answers Yet
Genetics is a special science. Our 

genes are who we are. They are 

the essence of all of us. That is why 

genetics is a minefield of ethical, 

ARE WE PLAYING GOD? 
S H O U L D  W E ?
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Aboard the International  
Space Station is a digitized  
copy of Stephen Hawking’s 
genome, along with that of  
Stephen Colbert and others.
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moral, and legal issues, including 

issues pertaining but not limited 

to privacy, genetic testing, and the 

alteration of the genetic code. The 

questions are many; the answers, 

however, often prove elusive. In the 

United States, for example, many 

state legislatures have passed laws 

to protect a person’s genetic infor-

mation in an attempt to stop its 

exploitation and access without the 

individual’s consent. Fair enough. 

But what are the implications of 

such laws? Shouldn’t this informa-

tion be passed from researcher to 

researcher? Isn’t it logical to assume 

that the more information they have, 

the more apt they are to find cures 

for various diseases? Are such barriers 

putting people’s lives in danger? 

Ownership and Access
Should insurance companies or 

employers have access to genetic 

tests? Can they use such information 

to deny a person coverage or a job? 

A 2013 study in the United States, 

Canada, and Australia looked at 433 

people who were at risk for Hunting-

ton’s disease. Researchers said that 

out of all the respondents, 46.2 per-

cent reported some type of genetic 

discrimination or “stigma” based on 

their family history or genetic testing. 

Nearly 26 percent said they’d been 

discriminated against by insurance 

companies, while 6.5 percent were 

discriminated against in employment. 

Should genetic tests be used to 

confirm the paternity of a parent 

without all individuals giving their 

consent? Should governments or 

others have access to your genetic 

information contained in private 

databases? Who actually “owns” this 

information, and who decides who 

can access it? 

GENETIC PRIVACY

Is your genetic information 

secure? Don’t be so sure. 
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People who carry sickle  
cell anemia are better  
protected against  
malaria than those who  
are not carriers.
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Many people love their pets so much 
that they’ll do anything to keep them 
around as long as possible—even resort-

ing to cloning. In 2005, South Korean scientists 
announced that they had cloned, for the first time, 
two dogs, Afghan hound puppies. One of the pups 
died soon after birth, but the second, Snuppy, 
lived for 10 years. 

“Snuppy is the product of a lab in which the 
painstaking process of cloning has become rou-
tine,” Time magazine intoned at the time. “Years of 
exasperating experimentation, countless mishaps 
and dispiriting failures have produced a technique 
so finely tuned that it can tackle even the most 
stubborn cloning challenges, such as dogs. And 
it suggests that pretty much any mammal can be 
cloned—given enough expertise.”

Since Snuppy’s birth, many wealthy pet own-
ers have decided to pay big bucks, in some cases 
$50,000 for dogs and $25,000 for cats, to have their 
beloved friends cloned. Several companies, includ-
ing some in the United States, will gladly clone your 
pet for the right price. Actress and singer Barbra 
Streisand cloned two of her dogs from the cells of 
her beloved Coton de Tulear, Samantha. “I was so 
devastated by the loss of my dear Samantha, after 
14 years together, that I just wanted to keep her 
with me in some way. It was easier to let Sammie go 
if I knew I could keep some part of her alive,” Strei-
sand explained in an op-ed in the New York Times. 

Should you clone your pet?
If you’re planning on cloning your pet, you should 

consider several factors—not only money. Although 
the new animal might be genetically identical to 
the deceased, it will have its own personality. You 
loved your pet because of the times you spent with 
it. A clone may perfectly duplicate the animal’s 
genome, but each animal is unique in the truest 
sense of the word mainly because of the environ-
ment that you provide it. “You can clone the look 
of a dog,” Streisand wrote, “but you can’t clone its 
soul. Still, every time I look at their faces, I think of 
my Samantha ... and smile.” 
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Cystic fibrosis is caused by a 
single faulty gene and affects 
around 1 in 2,500 to 3,500 
Caucasian children in the U.S.
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Knowledge and Caution
Moreover, is genome editing playing 

God? Where is the line between pre-

venting suffering and improving on 

what nature has provided us? While 

the majority of us can agree that it is 

in society’s best interest to find gene 

therapies that can combat disease, 

couldn’t this technology be used 

to make people smarter, stronger, 

faster? Should we tailor-make our 

unborn children to be attractive?

Sure, we can legislate against such 

things, but does that really solve 

these problems? Hawking didn’t 

think so. As long as there is a world 

to explore, as long as there are 

questions to be answered, science 

will always be there. It cannot be 

stopped, and perhaps it shouldn’t be.

And that’s where you come in. It’s 

important not to let scientists make 

decisions that will impact your life or 

the lives of your friends and family. It 

is up to all of us to understand the 

implications of what genetics has 

brought into the world, and it is our 

duty to understand its consequences. 

Earlier we used the phrase “brave 

new world” to describe genetics. It 

truly is. Genetics has the power to 

miraculously transform our lives for 

the better, but we must all captain 

the ship to make sure that journey 

doesn’t run aground. Educating your-

self is the best protection. 

POWER TO TRANSFORM

Genetics is transforming our 

world for the better, but we, as 

a society, must be cognizant of 

the consequences. 
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