Science Ch.3

Reproduction
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Rosa .I‘Id Franklm was a key | I W y
O“ f::e most importont diSCOVCly Of lhe 20"'\ cenl'Ury,
C

She helped unlock the secrets of DNA!

Eranklin had made a name for herself in the 1940s. This Er\glish
«cientist was one of the world’s top experts on X-ray diffraction.

In this technique, a powerful X-ray beam is aimed at a cr?'stol,
oroducing an image on film. Franklin perfected the technique when

i structure of coal.
5";‘:‘2:‘?"”;5]’ Eranklin turned her attention to DNA. In the early
1950s. scientists knew that DNA was the substance that carries
traits from parents to offspring. But how did DNA actually pass on
this genetic information? To answer that, scientists needed to know
what DNA looked like. What was its structure?

The breakthrough came in 1953. Franklin produced her best X-ray
photo of DNA. It showed clues to the DNA structure. A co-worker
showed the photo to James Watson, who was trying to figure out
DNA's structure by building models with his partner, Francis Crick.
The photo gave Watson and Crick the clues they needed to finish
their model correctly. They discovered the structure of DNA and
were able to explain how it works. But Franklin’s
work was the key part to the puzzle.

T —— -

of these scientists
Rosalind Franklin,

o how traits are passed from
parent to offspring.

o how organisms reproduce.

o the differences between
organisms produced by asexual
reproduction and those produced
by sexual reproduction.

M2 Take-Home Activity

The quest to figure out DNA's structure was
an infense competition in the early 1950s.
Make a poster that shows the role each

played in that quest:

Paul Maurice Wilkins, Linus
avling, James Watson, and Francis Crick-
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All organisms inherit traits. H 1s the reason bacteria ha
a certain shape or absorb certail icals. Heredity gives
stripes and a leopard spots—and never the other way around. Dx

have dimples? What color are your eyes? These are just a few of th
traits that humans inherit
Inherited traits do not act alone to give an organism its trait:
Environment also affects characteristics. Heredity and environment
work together to produce a tree’s height. For example, a tree may
inherit the ability to grow 12 meters tall. However, if the tree doesn
get the nutrients it needs, it probably will not grow to 12 meters
Organisms also have traits that they didn’t inherit. Perhaps
you are good at basketball. Heredity may have given you athleti
ability. Even so, you still had to practice playing the game. Playing
basketball well is a learned trait. Learned traits cannot pass irom

parent to offspring through heredity.

| \/ Checkpoint What factors influence an organism ¢

2. &) ) Descriptive Describe yourselt as
writing to a pen pm' you have never mel Tell about
traits, such as your eye color, as well as some leQ!
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two cells. The red areas show the
cells’ DNA.

‘o

Buds have formed on this hydra’s
side. These buds will breck free
of the parent.

-
Conditions around the bread were
right for mold spores to reproduce.
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Kinds of Asexual Reproduction

some organisms, such as the bacterium on this page,
reproduce when a parent cell splits to produce two offspri/.g
cells of the same size. Each offspring cell has the same tro
as the parent cell. This kind of asexual reproduction, calle
fission. often is a fast way to reproduce. Think about jt—t
number of offspring keeps doubling. Some bacteria can
reproduce in as little as 20 minutes if they have the right
conditions. Within 20 minutes, one cell becomes two. In 40
minutes, four cells result, and so on. In only eight hours, the
original cell will have multiplied to nearly 17 million new
bacteria! Of course, conditions usually do not remain right
for reproduction to continue at that rate.,

Yeasts, some plants, and the hydra on the left reproduce
asexually by a process called budding. During this process,
a cell in the parent’s body produces a small version of the
parent. Many buds can form on a single parent, and each
bud has DNA identical to the parent.

Forming spores is another kind of asexual reproduction.

A spore is a reproductive cell that has a nucleus and a little
bit of cytoplasm. A hard coat covers most spores. This coat
protects the spore when conditions in the environment
might be harmful.

When conditions are right, a spore develops into a
new individual with the same DNA as the parent. Most
organisms that reproduce by spores produce
the same time. Molds reproduce by forming spores. Spores
are light, so they are easily spread by wind.
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What are four ways that ¥
organisms reproduce asexually?

2. Why does asexual reproduction
produce offspring with
identical DNA?

3. LEEUGIGESELeD The bacteria

that produce tetanus produce
spores that infect the human body
Find out what the symptoms of
tetanus are, how a person gets

a tetanus infection, and why
getting vaccinated against

it 1s important
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the two new cells share the same traits? The answer 1S 1n the nucleus I | as oI materials, called bases

The bases are known by the letters A, T, C, and G. Each
rung is made up of two bases, called base pairs

The DNA of a chromosome is divided into sections
called genes. A gene is a series of base pairs, or
rungs. The number of rungs varies from gene to gene
One known gene has over 2 million rungs. Each
gene controls what substances the cell makes and
when it makes them. These substances determine an
organism’s traits. For example, the genes in the cells of
a rose determine the plant’s flower color by telling the

of the parent cell
For most organisms, a cell nucleus contains 1ts chromosomes.

The chromosomes contain a set of instructions that control all

the activities of a cell. These instructions tell individual cell parts
what to do. They also tell cells of multicellular organisms how to
work together to form an individual organism. For example, the
chromosomes in each cell of a gorilla contain all the instructions to

make a gorilla.

. _ e Gorilla: 48 chromosomes, two
Chromosomes are made up of proteins and DNA, which is short for

more than each human cell
deoxyribonucleic acid. The DNA strands in chromosomes are tightly flower cells what pigments to make.
coiled. If you were able to stretch out the 46 chromosomes in a single _ ,
o 9 ] \/Chcckponnt What is a gene?
human cell and lay them end to end, the strand would be about two S
meters long. Although the strands are long, they are very thin 2. MG VERSEENED) Use the Internet fo
‘ J- J ‘ ' 9 4 ) find out how Watson and Crick used Franklin's
Even under a microscope, you cannot see the chromosomes in .
. SR X rays to figure out the structure of DNA
most cells except during cell division. Other times, the DNA and
proteins that make up chromosomes are spread throughout the
nucleus. Crayfish: \
- 4 A gene is a series of base pairs, or 200 cheomosomas \
Cell nucleus rungs. The number of rungs varies N
from gene to gene, but at least one N
known gene has over 2 million rungs.
Horsetail:

’Vﬂ 216 chromosomes
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Copying DNA : s

Tools from this project have
helped scientists map the
genomes of other species too
These studies can help us learn
how to raise healthier crops
and livestock
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is caused by a change in 'h.e o make an exact copy of itself when a ce divig more than three billion base pairs
that is responsible for making the e _ that make up more than 30,000
: ts through mitosis. Because each base pairs only g
substances that produce pigments. ¢ : : genes in human DNA
with one other kind of base, =
The computer screen display
| the two new complete strands
| of DNA are identical above shows part of o human
| The extra bOSesjo, . DNA strand that was mapped
{ DNA Bases the bases still gy during the Human Genome
| to the DNA strand, Project. Notice the different colors
Extra bases float around of the bands. Each of the four
{ | - inside the nucleus. colors represents a different base
' Base A ot Using the information learned
R- - Before a cel! divides, through the Human Genome
| the base pairs pull Project, scientists have found
| J— apart. One base stays thousands of genes that cause
| attached to each side diseases. They hope to use this
| -Basemc of the ladder. information to gain a better
| understanding of how diseases
| are passed from parent to
i offspring. They also use the
| Base pairs are information to develop new
| always AT, TA, treatments for diseases
| GC, or CG.

\/ Lesson Checkpoint

1. Describe the structure of DNA.

2. Why is it important that base A can pair only-with
base T and base G can pair only with base C?

3. @ Sequence How does DNA make an exact copy
of itself? Use a graphic organizer to show the process
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Only one of these sperm
cells can fertilize this egg.

These offspring were
produced by sexual
reproduction.
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What is sexual
reproduction

exual rq)ruduumn, uhj(l”i\m\ gel g 4””” :
Ny ( LULe 'n'.
. , happens, the orq. , :
ni (’)»‘h nis “ ”t n {htlt [, J \"ur(“ .
with each [\H(HY
Reproduction by Two Parents
vou know that asexual reproduction resuls tWO ¢
1 the same DNA as the parent cell. Hav  ever \'
WIitlll i
. mother cat and her kitten? You probably n ed thes
kitten didn't look exactly like its mother. That h”‘lllx.

produce offspring by sexual reproduction,

I“Pf&»\j,i
by two parents. The kitten gets half its DNA f,

11 One pq,
and half from the other. How does that work

Living things that reproduce sexually have special ce)
called \;'\ cells. The sex cells of the female parent qre cal
egg cells. The sex cells of the male parent are calleq Sper
cells. Sex cells have only half as many chromosomes as
other cells in the organism s body. For example, the bods
cells of a house cat eac h have 38 t‘hmmmomv.\'. But Q (QT
sex cells each have only 19 chromosomes.

Sex cells form by a process called meiosis. In meiosis
cell divides into four new cells. Each new cell has only hgj
the number of chromosomes as the parent cell. Study the
diagram on the next page to see how this happens.

During sexual reproduction, the male cell and the
female cell join in a process called fertilization. During
fertilization, an egg cell and a sperm cell unite to form
a new cell. This cell, called a zygote, is the first cell of a
new organism. Since each sex cell has only half the usua
number of chromosomes, the new organism receives a
complete set. The zygote will divide by mitosis to form th
many cells that make up the adult body of the organism

v Checkpoint How are sex cells different from other ¢t
In an organism?

A Math n Science I dog has 78 chromosomes. How mo'

chromosomes would you expect to find in a dog's sex cé

Before meiosis

begins, the parent cell
makes copies of its

*)

L7 S &

chromosomes
/1:1 4 ¢
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e
y
Meiosis
] "AYA

The cell divides / S
in two. Each q A membrane forms ‘
hOS a fU“ set Of A oround eQ(h group of 6
chromosomes. chromosomes.

/ >

o O Twin chromosomes line up /
They split, and the single
=,
Q.

c

.

- .
D ' in the middle of the cell.
—_a®
chromosomes move to
opposite sides of the cell. [

g O A membrane forms
J around each set of

| 5 } chromosomes.
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sex cells. They have only

e

as the original cell.

k‘) half as many chromosomes
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Compare the pollen
from o goldenrod flower
at the top with that of
the lily on the bottom
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The pollen grains grow polles
tubes down the style toward e
ovary. Sperm cells travel dow
the pollen tubes to the ovules

Each ovule within the
ovary contains an egg cell.

Sperm reach the egg cells
ond fertilization occurs.

O The fertilized egg becomes on
embryo. The ovule forms a see

Fertilization in Anime
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quickly. For most species of animals tha
fertilization takes pla nside ths

Fertilized eqqs also 1 | moisture. In son
the zygote develops in the fem body w
moist. Other anima h as birds and t

€ggs with shells that protect the animals
within the eggs from drving out. The shells

”!H\!fi' protes tion from other damaqe
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Yy Checkpoint What is the d .“v'e'vc
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external terhlizatior
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write the steps that happen between

pollination and tertilization
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[ Fertilization _J

Zygote

Puppies inherit some DNA
from each parent. Nofice

that no two of the puppies
look exactly alike.
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In duvuduals Differ

tividuals produced by asexual repro ion,

Un - Juced by sexual reproduction shar IFacte,
""'\r"ii"\ ’..‘ ats. Each individual has its own set Qits ”l:
;:‘ 11111:(1;\ may look very similar to their paren 1t ('“(h',
ll :m que set of DNA. Melosis 15 the reason. |
| recall that when male and female sex cells fory Mejog
oach cell receives only half the DNA that is foun Other
+f the individual’s body. During fertilization, the m cel
and egq cell unite, and the DNA of the two cells bines
zvgote that forms has a combination of DNA from the Mot
and the father. For example, the puppies in the piciyre hay
the same mother and father. How mar.ly dll.tercm €S can yoy .
among the four puppies’ Each puppy 1s unique becayse God»
formed from the combination of a different sperm unq eqg.

Thl" means th(][ (’(](h puppy mhel‘lted Qa d”t(’r@nt o »]nhlnonl :
of DNA. Those different combinations give the puppies iffers,

characteristics.

Comparing Sexual and Asexual

Reproduction

You might wonder which type of reproduction is better—
sexual or asexual. The answer is that each type has both
advantages and disadvantages.

Asexual reproduction is the simpler form of reproduction. |t
often can occur very quickly, producing many offspring in a
short time. And one lone organism can reproduce even if the
closest individual of its species is hundreds of kilometers awa

Asexual reproduction takes less energy than sexual
reproduction. The reason is that in asexual
reproduction, organisms
do not have to use
energy to make sex
cells. This can be
an advantage when
energy-supplying
food is scarce.

Because all o ganisn
reproduction have th
parent cell, their su
may be threaten:
Think about a grou
a pnnd. Suppo
offspring ol the sai
amebas will have |
the same traits. T} el
in their environment
water the amebas lived i !
Since the amebas ar
temperature range. If th 1ter
prooably wil D,

inother [ouj Jarn ! ery quickly i igh

range, all the amebas
Now think about

4 ' asexval reproduchon
same environment. The difterence is that t} eproc
resulted from sexual reproduction. Each in 1al ha 11
that are slightly different from those of luals. Son

. |
may be able to survive in water tha Q 1t ner or a Lt
cooler. When a temperature change happer individu
have a better chance to survive and reprodu | hey will |

able to pass on this trait to their offspring, who also will be abl

to live in the warmer water. In other words, individuals who
h(l\’(’ traits that make them most suite d to the environment

survive to pass the traits on to otispring

Sexual Reproduction

Asexual Reproduction

I‘» a fylvw process

e Can happen quickly -

| o € « A ) )[
e Requires less energy * Requires more energy

* Needs just one parent cell * Must have two parent cells

® Produces OHspan with DNA ¢ Produces ()”spung with unique DNA

identical to pmvnt

\/ Lesson Checkpoint
Why is each individual produced by sexual reproduction unique

;
2. What are some advantages of asexual wprudmhmw

. [IETIESEED Expository Sone specie

3 ( ) ” {
can reproduce both sexually and asexually. Write a par agraph tha

such as sponges

i : o the
explains how being able to reproduce both ways might help thes:

wnment!

species’ survival. Use the terms DNA, fraifs and envirt
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The mother guinea pig
to the right is purebred
for rough fur. The
fother is purebred for

smooth coat.

How do genes
determine traits?

: ' 1% ‘ Sts Can
J l t )

' ork ce organisms
use what they know about how genes work to produ g

that are more useful.

Dominant and Recessive Traits

An individual formed by sexual reproduction gets trait§ o
both parents. What determines which trait “_"l“ show up in - Thecial
offspring? For example, the parent guinea pigs shown on the left the mm':
have two different types of fur. One parent has smooth fur. The foher re ki
other has rough fur. What kind of fur will their offspring have?

Rr A

-y

- v
-~
.

How an offspring looks depends not just on what
genes it has, but also on how those genes work
together. For many traits, an indivi
of genes, one gene

dual has a pair
f from each parent. Byt genes have
different versions, For example, one version of the gene that ’
dvtcrmmgs the type of coat in guinea pigs is for smooth coat. The
other version is for rough coat. When the two different versio.m of a
g(:e'ou*ur together, one version may show up. The other may\ not.
Lu“:s:nz(r:r;)ifnaugc;r:e that mask§ the effect of another version is
R an rait. The trqlt that is hidden js called a recessive

JHINea pigs, rough fyr js q dominant trait. Smooth fur is a

recessive trait. That m
: €ans an offsprj ' i
for rough fur ang version for Pring with a version of the gene

only way a guineq Pig can thmOoth tur will have rough fur. The
’e » 4
the gene are for smooth fur *mooth fur s jf both versions of

Both versions of the

in the picture are domi
Each R represents a gene f

both for smooth fur whi h is

versions of a dominant trait or ns of
called purebred for that trait

Because guinea p1gs reproducs
get one dominant version of the g from the mother ai
recessive version, r, from the father
and they will have rough fur. An organism with ne dominant ¢
one recessive version of a trait is called a hybrid
However, if two Rr guinea P1gs mate, each baby can receive an
R or an r from each parent. The ofispring can have one of thre
possible gene combinations: RR, Rr, and rr. ( Inly the rr

combination will show up as a smooth coat

When two hybrids
produce offspring,
there is only a 1-in-4
chance that offspring
will have smooth fur.

Rr

1. o Checkpoint What is a dominant trait?

2. Gregor Mendel experimented with
thousands of pea plants to study heredity. Find out about

Mendel's famous pea plant experiments. Summarize your
findings in a visual display.

i I5pring s genes will be K
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' the Erminette chic ken

black and white feathers like t

Black chicken

b b ™

bw bw
o & " Erminette Erminette
e 9
r L
3= bw bw
w Erminette Erminette

What would happen if two Erminette chickens
mated and produced offspring? Study the second
Punnett square to find out

Erminette v
. 4

b W .,
& bb bw
§ Black chicken Erminette
I
wow bw ww
Ermmelte Wh:fe chmken

has genes 101 both blac!

Erminette

naired parent a : '
parents with w }

’}l"" 4|’,llll",6

Red flowers

. r r
» ' —_—
o W | rw
3 Wi |
0 | 'k |
s I 4
o y rw
i - wW rw
; pPine pink
- .
Pink flowers > J
r w o
e
¢ r m rw
3 red pink
0
-
b
£ w w ww
. pink white

v Checkpoint The Offsplmg of two snapdragon plants with
pink flowers had red flowers or white flowers. What can you

infer from these results about how flower color is inherited in

pigs, each with one gene for rough fur and one for smooth fur
If together they had 100 offspring, about how many of the
Offspflng VJOUId YOU expccf to hOve \”](')Q”\ ‘U’ )

pink snapdragons? Draw a Punnett square to show your results

SUPPO%G you had a group of ")l"hi quineo
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people have lived together for thousands of years. Dog: more deatl

of many sizes and shapes appear in the archaeological
records of almost all human cultures from thousands
of years ago. Selected for hunting, herding, protection
companionship, or looks, dogs were welcomed into
many homes.

Over the years, people have used selective breeding to
produce the characteristics they choose. Most of today’s
almost 400 different dog breeds were produced after 1850

\/ Lesson Checkpoint

1. Explain how offspring can have traits that show both

What traits of this
cow do you think
were produ(od by 2 WI\y dn pv(\plv vse selective l H'Miif“}"

: ng'
selective breedint K! @ Sequence Explain the process ot selective breeding

versions U{ Q gene




#t squares can be
he possible combinations of gen

f two organisms. They can hel.
bout heredity in terms of

e
You have learned how Punn

used to show !
in the offspring ©

wer UeS'ions a e, e
- ab':bilityqor ratios. Remember, probabilities o .4
pro

tios can be expressed as fractions or as percents,
rati
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The following Punnett square represents the possi.blel B & ’
Tt four o'clock plants, discussed earlier in [

e below shows the possibls
hite plant. Remember, nei

offspring of two
this chapter. The Punnett squar
offspring of a red plant and a w

red nor white flowers are dominant | ' |

T}‘e P’J'”n'" ".v‘1\.|y7;:‘ (‘t' Ve y‘(‘

‘W() p)r‘l‘ﬁ ’:‘,' )r!t

Make a Punnett square fc
‘ both with one gene tor roug
‘ - o nre ‘ e o
—————————— - - | 2 discussed earlier in this cha

Ni¢

r ~
-~ e ’ fur and Rr = rouah fur. becaus:
i ed R | ugh fur, becous
w Howers | ! Use the Punnett square you made fo a

For Questions 2 and 3, give each answer
as a percent

2. What is the probability of an offspring having smooth fur?
3. What is the probability of an offspring having rough fur

WhOt IS fhe rahio O{ 'ht’ possrbuflry Of o”gpvmq with ;QL,uh
fur to the possiblity of offspring with smooth fur?

-

e

: 4
The ratio of possible pink offspring to all offspring i ~ , 20 oy S” B e
g ke " o " \ Lab
4:4, or 5. We can also say that the probability of an 5% e WP B .4 \ one Tah.um A - L
offspring being pink is 3, or 1. In other words, 100% ".. R\ | AN EARY . - R
of the offspring will be pink. The only possible gene 9 e

combination for offspring of these two plants is rw L EETRR . <% I AR  vorious human traits, such as being leff

Use a library or the Internet to research
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Use Vocabulary

asexual meiosis
reproduction . tive
& AN ] \ "
‘ breeding (p. /4)
{ AN\
ogg ool |p. & sexual
L) A . \ . n
fertilization (p. 62) reproductio
62

|p. 04
[, ~.‘;‘\
genes [p. 3
' sperm cell p.62]
heredity (p. 55

————
- e ——— ——— ———

Write the vocabulary word from the list above

that best completes each sentence

1. During a sperm cell joins with an
egg cell

2. The process of selecting a few organisms
with desired fraits to serve as parents of
oftspring is called

3. An organism uses to produce
offspring by itself

4. Sex cells are created by a process called

3. A male's sex cell is called a(n)

6. Oftfspring receive DNA from two parents
through

7. The passing of traits from parent to
oftspring is called

8. Aln s a female’s sex cell

9.

78 s ind Point Szr:

e ————————

Explain Concep:

10. ¢ ,xphnn why sex cells ha '>|y
many chromosomes as tf

an organism’s body

Why don’t ottspring of
exactly like either parent’

11.

12. The Punnett square below

.Q VS tl’]e
1 possible offspring for two poaps iy
N
pigs. Parent A is hybrid for 14,4 . %
‘ Parent B has smooth fur. W+ ;')ercem
of the possible offspring are || dia .h
smooth fur?
Parent A
R r
— .
@ T Rr -
€
e T ——
O
. d Rr rr

.,

13. Predi

( A
Jypecies A
|

B, which reproduc
in the cornfield WI
more likely to survive hat

drougln nhit the areao

your answer

]4. I']:(? \A/'H)I L-}fnu ',!‘ repre

or asexval—is happenir

ductior

"1‘ r ‘h(‘; v

J

in the picture? How do you know?

3 G
‘.-.fg..,) T Wi s
{;:) A"
’..‘
: 18. advantag
-
A f ('(114'05"
ranon among .‘[u;;'.'. ]
identical DNA

better base pairs

@ Sequence D

15. MOke a ngphIC Ofgon|zer hke ?he one ]9. E-.ii,‘\‘u" \‘-'i'/v the answer y
below. Fill in the steps to show what Question 16 is besf F‘.
happens when DNA copies itself answers you did not choose

First, base pairs pull apart. One base
stays attached to each side of ladder

(9]
[ (5{] ' T 32T

(] "l
reason .-,‘.\/ it 1s not the best ch

20. Expository

Write a summary of what happen:

the genes that determine the color

flowers share dominance. Explain he

y W

¢

you could prove that the flowers’ trail
are determined by two different gene:

heat

A
vy
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