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INTRODUCTION

Settle down and find your seats, class. I’m Professor Jennings. But you probably already know that, because I’m such a world-famous authority on absolutely everything. Today we will be studying the most complicated and extraordinary object in the known universe: the human body. I bet most of you know only a tiny fraction of the cool stuff that goes on inside you. Did you all remember to bring your bodies to class today, like I asked? If anyone forgot their body, please raise your hand.

All right! In that case we’ll begin in our usual fashion by reciting the Junior Genius Pledge to this picture of Albert Einstein. Please place your right index finger to your right temple and repeat after me.

[image: Two children sit at school desks as a raised hand appears above an empty desk, suggesting a student volunteering to answer a question.]
[image: A cartoonish older man, Albert Einstein, with a mustache, wearing a suit and tie, framed by two laurel branches.]
With all my fellow Junior Geniuses, I solemnly pledge to quest after questions, to angle for answers, to seek out, and to soak up. I will hunger and thirst for knowledge my whole life through, and I dedicate my discoveries to all humankind, with trivia not for just us but for all.

If you’re afraid you’re not quite as smart as Albert Einstein, don’t worry. You don’t have to revolutionize physics to be a Junior Genius. You just need to pay attention to all the amazing things there are to know about the world around you. “Semper quaerens” is the Junior Genius motto. That’s Latin for “always curious.” Even Einstein had to start somewhere!

Are you ready for an in-depth look at your body from the inside? (Not literally—don’t worry. That would be dangerous and gross.) Let’s begin!

[image: A smiling boy pointing to an x-ray screen displaying a skeletal hand waving, with a speech bubble above the boy saying HELLO!.]



[image: A baby, a person with glasses, and a bearded man peeking over a blank, unfurling banner.]

FIRST PERIOD BEING HUMAN

Junior Geniuses, your body is a wonderland. Nothing personal! I just mean that if you are human, you are an amazing piece of biological machinery. If you are not human, please let me know immediately. We would like to dissect and study you for the upcoming Junior Genius Guides: Alien Beings.

The chemicals in your body are nothing special—common stuff you could buy with a little allowance money. In fact, you could recreate most of your body just by turning on a faucet. More than half of you is actually water!

[image: Human body diagram labeled with its chemical composition: 65 percent oxygen, 18 percent carbon, 10 percent hydrogen, 3 percent nitrogen, 1 percent calcium, 1 percent phosphorus, and 2 percent other.]
So, if you are an eighty-pound human looking to rebuild your body with a chemistry set, buying the elements shown in the chart on page 7 would set you back about $160. More than half the money would go to buying potassium, a kind-of-rare mineral found in foods such as oranges and bananas. Your body needs potassium to keep your blood pressure healthy and your muscles working.

[image: Child cradles bananas and fruit in both arms, illustrating that the human body is made from elements found in everyday foods.]

EXTRA CREDIT

Your body doesn’t need gold to survive, but you do have some in your tissues, from tiny traces of it in the food you eat and water you drink. But you’re not going to strike it rich by selling your boogers and earwax to a late-night gold infomercial! The total amount of gold in your body is about the size of a grain of sand.


But when you combine the elements in your body, your value skyrockets. Let’s say you sold every part of you on the open market—your organs, your bone marrow, your DNA, your antibodies. I would advise against this, however. Not only is it illegal, but you sort of need some of that stuff. But if you had a clearance sale and everything had to go, your body could bring in about $45 million!

That’s because your body is made of very ordinary elements combined in extraordinary ways.


LADDER PERFECT

Like all other life on earth, human beings are carbon-based. This means that the big, complicated molecules that power us, like proteins and carbohydrates, are all based on the element carbon. Yup, the same stuff that charcoal and diamonds and graphite are made out of. Your body has enough carbon in it to provide the graphite for more than six thousand pencils!

[image: Child holds a large diamond above their head while standing in a pile of pencils, comparing diamonds and pencil graphite as forms of carbon.]
[image: DNA double helix diagram labeled Double Helix and Genes, showing the twisted structure that carries genetic information.]
One of the most important of these carbon-based molecules is deoxyribonucleic acid. Most people call it DNA to save time, and because it’s much easier to spell. DNA is a long, skinny molecule shaped like a twisted ladder (or a “double helix,” as a biologist would say).

Why is DNA so complicated? Because it contains all the information necessary to make you… you. It’s how a skin cell knows how to divide itself into new skin cells, and how a liver cell knows how to make new liver cells. There’s a reason why dogs don’t give birth to kittens and cats don’t give birth to puppies, and that reason is DNA. The DNA ladder is divided into long sections called genes, which contain instructions on how to pass along heredity information. Do you have brown eyes? Eye color is a gene. Curly hair? The ability to roll your tongue? Morton’s Toe? (That’s when your second toe is longer than your big toe.) Those traits are all in your genes.

[image: Dog between a bear and a cat with question marks overhead, illustrating curiosity or comparison of different animal species.]

EXTRA CREDIT

There’s even a human gene named for Sonic the Hedgehog! The SHH gene makes sure that your body grows your fingers and brain tissues in the right places.


The rungs of the ladder in each molecule of DNA are chemicals called bases. There are four different bases: adenine, guanine, thymine, and cytosine. You know what? Let’s keep it simple and call them A, G, T, and C. The pattern of A’s, G’s, T’s, and C’s on your DNA molecules is like a secret code that contains all the instructions your cells needed to grow into a person. Your whole genome—the entire code—is three billion base pairs long. That’s enough space to encode an entire shelf of encyclopedias!

[image: Close-up DNA illustration showing complementary base pairs labeled T to A and G to C along the strands of a DNA molecule.]
BASES



MR. GREEN GENES

DNA isn’t just a human thing, Junior Geniuses. Pretty much all life on earth is based on DNA. Don’t get me wrong, I love humans. We are the only organisms on earth with speech, opposable thumbs, video games, and pizza. But not everything in our genome is so special. Did you know that…

99% of your DNA is the same as a chimpanzee’s?

97% of your DNA is the same as an orangutan’s?

80% of your DNA is the same as a mouse’s?

50% of your DNA is the same as a banana’s?

You may not be yellow, potassium-rich, and delicious on cereal, but you and bananas are distant branches on the same family tree—the tree of life on earth.




PIECES OF ME

Your DNA is found in every single cell of your body. In fact, there are almost six feet of DNA crammed into each tiny cell. Since the human body has about forty trillion cells in it, that means that you contain more than 40 billion miles of DNA… enough to stretch between the sun and Pluto eleven times!

[image: A continuous, illustration of a DNA strand stretching horizontally, flanked by a shining sun on the left and the planet Pluto on the right.]
But what is a cell exactly? In 1665 the British scientist Robert Hooke was looking through a microscope at a thin slice of cork. He was surprised to see this:

[image: Monochrome hand-drawn illustration of a circular shape filled with irregular, honeycomb-like geometric cells, resembling a fractured surface.]
The wood was divided into boxy structures, which reminded him of small rooms. He called them cells, like the small rooms where monks or prisoners lived, and the name stuck. Cells are the building blocks of life. All the tissues that make up life on earth, from rose petals to jellyfish tentacles to human brains, are made out of cells.

Human cells aren’t boxy like the ones Hooke saw. Only plant cells, it turns out, have rigid walls. Under a very powerful microscope, one of your cells might look more like this.

[image: Monochrome diagram of an animal cell labeled with the nucleus, chromosomes, ribosomes, lysosomes, mitochondria, and cytoplasm, showing their functions.]
You have many different types of cells. A bone cell is very different from a brain cell, which is very different from a blood cell. This is a good thing, or you would be a very strange-looking person indeed.

[image: Monochrome cartoon of a smiling, human-like figure with long arms, bent legs, large eyes, and uneven teeth in a playful seated pose.]


YOUNG AT HEART

Keeping all the cells of your body up-to-date is a never-ending job. Every minute, cell division replaces two hundred million dead cells all over your body. Blink your eyes once. Go ahead. Guess what? During that blink you got a million new cells! Congratulations!

Are you around ten years old? Maybe a little less, maybe a little more? Here’s a secret: so am I, and so are your grandparents, and so is every other adult you know. Because human cells die and get replaced every decade or so, that means that the average age of my cells is about ten years. Most of me isn’t old enough to drive!




SMALL WONDER

Your body didn’t always have forty trillion cells. At first you had only one!

The path toward human life begins when the largest cell in the human body, a female egg cell, is fertilized by the smallest cell in the human body, a male sperm cell. These two are a real odd couple. A sperm cell weighs 175,000 times less than the egg, which is the only human cell so large it can be seen with the naked eye. For the first half hour of existence, you were just a single fertilized cell, called a zygote.

[image: Smiling sperm cell swims toward a large egg cell with a heart between them, symbolizing fertilization and the start of new life.]
How does that one cell eventually know how to turn into bones and nerves and muscles and all the other kinds of cells the body will need? Because human embryos are made of an amazing kind of cell called a stem cell. Stem cells aren’t specialized. They haven’t decided what they want to be when they grow up. They have the power to turn into a stomach cell or a lung cell or a blood cell or whatever you need. Today scientists are studying ways to use stem cells to save lives by curing diseases or even regrowing whole organs from scratch!

[image: Cartoon stem cell labeled Stem Cell, shown as a simple round cell with a large dark nucleus and a humming sound effect above.]

EXTRA CREDIT

For the first five to six weeks of development, you all had something in common. You were female! Well, sort of. It might be more accurate to say that you were all genderless. The Y chromosome, present only in males, doesn’t kick in until more than a month after conception. For that first month, growing human embryos of both sexes look exactly the same.





WOMB FOR ONE MORE

About once in every eighty pregnancies, something a little different happens. Either two egg cells get fertilized at once or a fertilized cell splits into two separate embryos.

What happens then? You get twins.

[image: Illustrated faces of people with different ages, hairstyles, skin tones, and facial features, showing human diversity.]
Twins from the same zygote are called identical twins. Identical twins have the same genes, which means their DNA is not exactly the same but very, very similar. Even their fingerprints are very, very similar.



POP QUIZ

Twins aren’t the only kind of multiple birth, of course. One in every six thousand natural pregnancies results in triplets, and one in every seven hundred thousand produces quadruplets! Now that doctors have developed fertility treatments to


[image: A sequence of geometric shapes representing a code for the answer: [ANSWER].]



[image: Group portrait of eight family members, including adults and children, standing together and smiling in a simple cartoon style.]

LET’S PUT OUR HEADS TOGETHER






I WILL SURVIVE


[image: Comparison of adult and baby body proportions, showing an adult at eight heads tall and a baby at four heads tall.]

EXTRA CREDIT





[image: Decorative page border with warning signs and a snake, leaving a large blank space in the center for text or illustrations.]


[image: Decorative warning-themed page border with skulls, bomb icons, comic-style danger labels, and a large blank center area.]

[image: Dr. Blagden and his dog sit at a table with steak and a fried egg, both sweating as they look at each other during a meal.]

[image: Illustration comparing record holders: Robert Wadlow as the tallest, Chandra Bahadur Dangi as the shortest, Usain Bolt as the fastest, and Jeanne Calment as the oldest.]



TO THE EXTREME





[image: Cartoon of Usain Bolt sprinting beside his name, with motion lines and clouds emphasizing his world-record running speed.]

[image: Cartoon of Jeanne Calment singing into a microphone beside a boombox, illustrating her remarkable longevity and later-life achievements.]


FOR MEDICINAL PORPOISES ONLY


[image: A playful, cartoon shows, Bao Xishun in overalls being affectionately nuzzled by a dolphin-like creature, with a small heart floating above the creature’s head.]
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