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Key Questions
What is a karyotype?

What patterns of inheri-
tance do human traits follow?

(= How can pedigrees be used

to analyze human inheritance?

Vocabulary

genome e karyotype e
sex chromosome e autosome e
sex-linked gene ¢ pedigree

Taking Notes

Outline Before you read, make
an outline of the major headings
in the lesson. As you read, fill

in main ideas and supporting
details for each heading.

Human Chrome. “ines

an ideal organism lor the Study

THINK ABOUT IT If you had to pick

' -ed lots of offsprine?
- senetics, would you choose 0n€ that Pmd““, , Prne
of genetics, we ; y grow in the lab? Would you select

; as casy tc
' about one that was €asy RPN, ]
How a fer to do several crosses per month? H,

. with a short life span in 0rc . g nont
:;‘?:)L\I/:,]i;}; (1);:1]11' al)()vc}? You certainly would n;?}_ ‘Lh())’(::(']'::l()l (;,Jln‘lsm
that produced very few offspring, had a long I t *}ll‘: \ L[hifi(:li L‘ not
be grown in a lab. Yet, when we stuq.y human [g,L]n.L :(1"[]‘ o ‘Lx(}ctly
the sort of organism we deal with. Given all of these difliculties, it may

seem a wonder that we know as much about human genetics as we do,

Karyotypes

What is a karyotype?

What makes us human? We might try to answer that question by look-
ing under the microscope to see what is inside a human cell. Not sur-
prisingly, human cells look much like the cells of other animals. To find
what makes us uniquely human, we have to look deeper, into the genetic
instructions that build each new individual. To begin this undertaking,
we have to explore the human genome. A
genome is the full set of genetic information
that an organism carries in its DNA.

The study of any genome starts with
chromosomes—those bundles of DNA and
protein found in the nuclei of eukaryotic
cells. To see human chromosomes clearly, cell
biologists photograph cells in mitosis, when
the chromosomes are fully condensed and
easy to view. Scientists then cut out the chro-
mosomes from the photographs and arrangt
them in a picture known as a karyotype
(KAR ee uh typ). A karyotype shows
the complete diploid set of chromosomes

grouped together in pairs, arranged in
order of decreasing size.

ZI(;URE|14-I A Human Karyotype
’ pical human cell has 23 pairs of
Orvclmosomes. These chromosomes

€en cut out of a photograph
and arranged to form q korygfyge-
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FIGURE 14-2 Sex Ratios Human egg
cells contain a single X chromosome.
Sperm cells contain either one

X chromosome or one Y chromosome.

."ﬂle karyf)type in Figure 14-1 is from a typical human cell, Interpret Tables What does this Punnett
which contains 46 chromosomes, arranged in 23 pairs. Why square suggest about the sex ratio of
do our chromosomes come in pairs? Remember that we begin the human population?

life when a haploid sperm, carrying just 23 chromosomes, fer-

tilizes a haploid egg, also with 23 chromosomes. The resulting

diploid cell develops into a new individual and carries the full X Chromosome
complement of 46 chromosomes—two sets of 23.

Sex Chromosomes Two of the 46 chromosomes in the

human genome are known as sex chromosomes, because b
they determine an individual’s sex. Females have two Duc enlne

5 muscular ——
copies of the X chromosome. Males have one X chromosome dystrophy

and one Y chromosome. As you can see in Figure 14-2, this
is the reason why males and females are born in a roughly
50 : 50 ratio. All human egg cells carry a single X chro-
mosome (23,X). However, half of all sperm cells carry an Ninaciivation
X chromosome (23,X) and half carry a Y chromosome center —{
(23,Y). This ensures that just about half the zygotes will be
males and half will be females.

More than 1200 genes are found on the X chromo-
some, some of which are shown in Figure 14-3. Note
that the human Y chromosome is much smaller than the
X chromosome and contains only about 140 genes, most

AIE3

e i

of which are associated with male sex determination and Hemeghilia A\L] | Testisdetermining
sperm development. , ‘1 factor

. Colorblindness—{
Autosomal Chromosomes To distinguish them from /%
the sex chromosomes, the remaining 44 human chromo- (=
somes are known as autosomal chromosomes, or autosomes.
The complete human genome consists of 46 chromosogxes, | 1
including 44 autosomes and 2 sex chromosomes. To qglcldy
summarize the total number of chromosomes present in
a human cell—both autosomes and sex chromosomes— Y Chromosome
biologists write 46,XX for females and 46,XY for males.

| 14-
In Your Notebook Describe what makes up a human ;hglfjm5:10n4Y:::h)r(o?nnodsoYm?\il;osrrnn?le?:es
karyotype. and carries fewer genes than the human
T X chromosome.
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FIGURE 14-4 Recessive Alleles
Some of the recessive alleles of the
MC IR gene cause red hair. An
individual with red hair usually has
two of these recessive alleles.

FIGURE 14-5 Human Blood Groups
This table shows the relationship
between genotype and phenotype

for the ABO blood group. It also
shows which blood types can safely
be transfused into people with other
blood types. Apply Concepts How
can there be four different phenotypes
even though there are six different
genotypes?
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Dominant and Recessive Alleles & Many human traits follgy,
R le dominance. For instance. a 5ene known as MCJp
h Paﬂfl‘:“ o Sll:: Eljn and hair color. Some of MCIR'’s recessive alleles
hdl’; -c‘tt’tg‘] ir\ An individual with red hair usually has two of these
PO e, ;Iu‘rilinq a copy from each parent. Dominant alleleg

Transmiss!
(= What pafterns

7 ing ou
It has not been €asy studying

-essive alleles, 1 !
:S:Li;:‘:l(‘ UILII\’Lgenc help produce darker hdll" colnﬂrs.’ ‘

Another trixil that displays simplc dnmnmmg s l.hc ‘}\hC\ug‘ Of
Rh blood group. The allele for Rh taslqr comes in two forms: Ry’
ind Rh-. Rh is dominant, so an individual wnh‘ both “”“]}“‘(Rh'/
Rh-) is said to have Rh positive blood. Rh negative blood is found in

individuals with two recessive alleles (Rh /Rh ).

Codominant and Multiple Alleles & The alleles for many
human genes display codominant inheritance. One example is the
ABO blood group, determined by a gene with three alleles: I', I®, and
i Alleles I* and I* are codominant. They produce molecules known
as antigens on the surface of red blood cells. As Figure 14-5 shows,
individuals with alleles I* and I* produce both A and B antigens,
making them blood type AB. The i allele is recessive. Individuals
with alleles I*I* or I*i produce only the A antigen, making them
blood type A. Those with I®I® or I%i alleles are type B. Those homo-
zvgous for the i allele (ii) produce no antigen and are said to have
blood type O. If a patient has AB-negative blood, it means the indi-

vidual has I* and I® alleles from the ABO gene and two Rh alleles
from the Rh gene.

Phenotype Genotype
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SeX‘u"ked Inheritance (&2 Because the N and Y chromo-
somes determine sex, the genes located on (hem show a pat-
fern. of inheritance called sex-linkage. A sex-linked eene is a
ene located on a sex chromosome. Asyvoy might t‘\}’:‘ft ugn‘e\‘
on the Y chromosome are found only in males dndrare pvli\cd-
directly from father to son. Genes located on the X ch l'()l;”l‘k.i-
some are found in both sexes, but the fact that men h
one X chromosome leads to some interesting consequences
For example, humans have three genes responsible f()rﬁ
color vision, all located on the X chromosome. In males, a
defective allele for any of these genes results in colorblind-
ness, an inability to distinguish certain colors. The most
common form, red-green colorblindness, occurs in about
1 in 12 males. Among females, however, colorblindness
affects only about 1 in 200. Why is there such a difference?
In order for a recessive allele, like colorblindness, to be
expressed in females, it must be present in two copies—one

ave just

on each of the X chromosomes. This means that the recessive

phenotype of a sex-linked genetic disorder tends to be much
more common among males than among females.

MYSTERY

Nl il o i

The presence of two |/
sickle cell alleles is

needed to produce

sickle cell disease.

Males and females develop
sickle cell disease in equal
frequencies. What do these
statements suggest about
the location of the gene
responsible for the disorder?

How Is Colorblindness Transmitted?

@ Make a data table with the column headings
Trial, Colors, Sex of Individual, and Number of
X-Linked Alleles. Draw ten rows under the head-
ings and fill in the numbers 1 through 10 in the
Trial column. Label one plastic cup Mother and
a second plastic cup Father.

@ The white beans represent X chromosomes.
Use a black marker to make a dot on 1 white bean
to represent the X-linked allele for colorblindness.
Place this bean, plus 1 unmarked white bean, into
the cup labeled Mother.

© Mark a black dot on

1 more white bean. Place " : .
this bean, plus 1 red bean, -
into the cup labeled Father. % .
The red bean represents a S

Y chromosome.

© Close your eyes and pick one bean from each
cup to represent how each parent contributes to
a sex chromosome and a fertilized egg.

© In your data table, record the color of each bean
and the sex of an individual who would carry this
pair of sex chromosomes. Also record how many
X-linked alleles the individual has. Put the beans
back in the cups they came from.

@ Determine whether the individual would have
colorblindness.

€) Repeat steps 4 to 6 for a total of 10 pairs of
beans.

Analyze and Conclude

1. Draw Conclusions How do human sex chromo-
somes keep the numbers of males and females
roughly equal?

2. Calculate Calculate the class totals for each data
column. How many females were colorblind? How
many males? Explain these results. Zulitel

3. Use Models Evaluate your model. How accurately
does it represent the transmission of colorblindness
in a population? Why?
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FIGURE 14-6 X-Chromosome
Inactivation Female calico cats are
tri-colored. The color of spots on their
fur is controlled by a gene on the X
chromosome. Spots are either orange
or black, depending on which X
chromosome is inactivated in different
patches of their skin.

Vocabulary

WORD ORIGINS The word pedigree
combines the Latin words pedem,
meaning “foot,” and gruem,
meaning “crane.” A crane is

a long-legged waterbird. On

old manuscripts, a forked sign
resembling a crane’s footprint
indicated a line of ancestral
descent.
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X-Chromosomeé [nactivation 115t 7€ X chropy

or cells in males, how does the cg])

some is enough

» to the extra X chromosome 10 fumale cellgz Th
&« . St tO £ 3 g ‘t .7.’-" '\ - . /
adju was discovered by the British & .lm\[ _\Aqary
answe; feniale cells, most of the genes in one of the
on. In 1€ 7 - switched off, formine
L randomly switcnee TIMINgG 3 dep

are
romosomes - > Barr body .
o the nucleus known as a Barr body. Barr bodieg

region in - ; scause their sj
5 ot found 1n males bec rsingle x

are generally n .
chromosome 18 still active.

same process happ
fi Til:mp]e f gene that controls the color of coat spoyg
Or e b O

is located on the X chromosome. One j\ ;hmeSOme
may have an allele for orange Spots an. t € oth?r X.Chm
mosome may have an allele for black 5%)<)ts. I‘r? Le].ls o
some parts of the body, one X chromosome is switched
off. In other parts of the body; the’other X chro.mosome
is switched off. As a result, the cats fur.has a mixture of
orange and black spots, like those in Figure 14-6. Male
cats, which have just one X chromoso,m& can have spots
of only one color. Therefore, if the cat’s fur has three
colors—white with orange and black spots, for example—
you can almost be certain that the cat is female.

ens in other mammals, [p, Cats
g

In Your Notebook Write three quiz questions about

the transmission of human traits and answer them.

Human Pedigrees

How can pedigrees be used to analyze
human inheritance?

Given the complexities of genetics, how would you
go about determining whether a trait is caused by a
dominant or recessive allele and whether the gene for
that trait is autosomal or sex-linked? The answers, not
surprisingly, can be found by applying Mendel’s basic
principles of genetics.

To analyze the pattern of inheritance followed by
a particular trait, you can use a chart that shows the
relat.ionships within a family. Such a chart is called 2
pedlgree. A pedigree shows the presence or absence of
a trait according to the relationships between parents,

Sibhngs, and Off . -
just humans. SPring. It can be used for any species,

.The pedigree in Figure 147
trait—a white lock of hai

not

shows how one huma?

I just above the forehead—
passes through three generations of a family. The allele

g)lle' tcl;lea:vt}.nte forelock trait js dominant. At the top of
trait T is ? g‘randfather. who had the white forelock
0 of his three children inherited the trait. Three
en have the trait, but two do not.




-IICI2 represe

a emale

A horizontal line

connecting @ male
and a female represents
a marriage.

QT.J

a maole ¥

A square represents =

A vertical line and a
bracket connect the ' S
parents to their children. € N/

A shaded circle or
square indicates
that @ person )
expresses the trait.

By analyzing a pedigree, we can often infer the genotypes of family
members. For example, because the white forelock trait is dominant,
all the family members in Figure 14-7 lacking this trait must have
homozygous recessive alleles. One of the grandfather’s children lacks
the white forelock trait, so the grandfather must be heterozygous for

this trait.

A circle or square that
is not shaded indicates
that a person does not
express the trait.

@ @ = presence of white
forelock trait

[:] O = no forelock trait

FIGURE 14-7 Pedigree Example

This diagram shows what the symbols
in a pedigree represent.

Interpret Visuals What are the
genotypes of both parents on the left in
the second row? How do you know?

With pedigree analysis, it is possible to apply the principles of
Mendelian genetics to humans. The information gained from
pedigree analysis makes it possible to determine the nature of genes
and alleles associated with inherited human traits. Based on a pedi-
gree, you can often determine if an allele for a trait is dominant or

recessive, autosomal or sex-linked.

w! Toet
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Review Key Concepts

1. a. Review What are autosomes?
b. Explain What determines whether a
person is male or female?
¢. Propose a Solution How can you use
karyotypes to identify a species?

2. a. Review Explain how sex-linked traits
are inherited.
b. Predict If a woman with type O blood
and a man with type AB blood have
children, what are the children’s possible
genotypes?

3. a. Review What does a pedigree show?

b. Infer Why would the Y chromo-
some be unlikely to contain any of the
genes that are absolutely necessary for
survival?

4. Choose a family and a trait, such as
facial dimples, that you can trace
through three generations. Find out
who in the family has had the trait and
who has not. Then, draw a pedigree to
represent the family history of the trait.

Human Heredity 397
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Key Questions

How do small changes in
DNA molecules affect human
traits?

(=2 What are the effects of

errors in meiosis?

Vocabulary

nondisjunction

Taking Notes

Two-Column Chart Before you
read, make a two<olumn chart.
In the first column, write three
questions you have about genetic
disorders. As you read, fill in
answers to your questions in the
second column. When you have
finished, research the answers to
your remaining questions.

Lesson Notes « Ary In Motion «

Disorders '

ard the expression "It rupg i,
e said that about Your sl

THINK ABOUT IT Have youl ever }llct rd
i 240 d
 family”? Relatives or friends mig et e o s
tluﬂldln]llipé ];Fyour ears, but what could it mean when they talk o
or the sh ars,

ctly, i tic disorder? ‘
diseases and disorders? What, exactly, is a genetic

From Molecule to Phenofype
How do small changes in DNA molecules affect human traits

We know that genes are made of DNA and that {he,v intujrac.t ¥.Vith the
environment to produce an individuz'll organisms charautgrnstxcs, or
phenotype. However, when a gene fails to work or works improperly,
serious problems can result. _ .

Molecular research techniques have shown us a direct link between
genotype and phenotype. For example, the wax that sometimes builds
up in our ear canals can be one of two forms: wet or dry. People of
African and European ancestry are more likely to have wet earwax—the
dominant form. Those of Asian or Native American ancestry most often
have the dry form, which is recessive. A single DNA base in the gene for
a membrane-transport protein is the culprit. A simple base change from
guanine (G) to adenine (A) causes this protein to produce dry earwax
instead of wet earwax.

The connection between molecule and trait, and between genotype |
and phenotype, is often that simple, and just as direct. Changes ‘
in a gcne’§ DNA sequence can change proteins by altering their 3
amino acid sequences, which may directly affect one’s phenotype. It “
other words, there is a molecular basis for genetic disorders.

(l))rl;ord’ers Caused by Individual Genes Thousands of genetic dis
aﬁ::s are _cfdused b?’ changes in individual genes. These changes often
ct specilic proteins associated with important cellular functions.

» Sic y . .
Sickle Cell Disease This disorder is caused by a defective allele for

beta-globin, one of
e o
)mle}i’n pin onc OF two polypeptides in hemoglobin, the oxygen-carnits
} n red blood cells. The defective pol i h i
bit less soluble, causing | inmolecuie 0 stck ogather when
Uil Oxygen, caus ig lemoglf)bm molecules to stick together when e
ing cells into a distin(c(e' ”ea\l.s e - The molecules clump into long fiber> "
Skl ing tve sickle shape, which gives the disorder its B
therefore, they tendtls are more rigid than normal red blood cells o
— e ;)lfgtlls](llck i the capillaries—the narrowest bl
, -1 the blood stope i L ifasie
damage (o cells, tissues, and eve organs e 21 1 P
» TEEVen organs can result.
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P Cystic Fibrosis Krovn a< 01 for dhnrt cvati b i
Most commoen ameng people of Furopcan ancesisy CF s
catsed by a EOCNCIn (R2580 almost as amall as the carwas

allele, Mod cases result from the deletion of st three hascs

m the gene tor a prtan called avadie fibroas transmembrane

condudtance regulator (CEFTRY CFIR normally allows chio
riderons (C1 4 1o pass across ool membranes: The Inss of
these bases removes a2 wrigle amino .1\:d~; renvialamine—
from CETR, cauung the protein to fold improperlv. The
mistolded protein s then destroved. With cell membranes
unable to tranyport chlonde wons. tissues throughout the

rtoh
bodv maltunction

People with one normal copa of the CF allele are unat-
fected by CE because they can produce enough CFIR 1o
allow their cells to work properiy. Two capies of the detective
allele are needed to produce the disorder, which means the
CF allele 1s recessive. Children with CF have serious digestive
problems and produce thick, heavy mucus that dogs ther

lungs and breathing passageways.

» Huntington’s Discase Huntingtons disease 1s caused by a
dominant allele tor a protein tound in brain cells. The alicle
for this disease contains a lon 1g string ot bases in which the
codon CAG—coding tor the anuno acid glutamine—repeats
over and over again, more than 40 times. Despite intensive
Study, the reason why these long strings of glutamine cause
disease 1s still not clear. The symptoms of Huntingtons dis-
“a5¢, namely mental deterioration and uncontrollable move-
Memyy, usually do not appear until middle age. The greater
the number of codon repeats, the earlier the disease appears,

4d the more severe are its symptoms.
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MYSTERY

CLUE

Indrnduals with
sickle cell disease
have a different

omino acid in one of

r hemoglobin proteins
than people without the

disease. What could produce
this change?
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The Geography of Malaria

Malaria is a potentially fatal disease transmitted by
mosquitoes. Its cause is a parasite that lives inside
red blood cells. The upper map shows the parts of
the world where malaria is common. The lower map

shows regions where people have the sickle cell allele.

1. Analyze Data What is the relationship between
the places where malaria and the sickle cell allele
are found?

2. Infer In 1805, a Scottish explorer named Mungo
Park led an expedition of European geographers

to find the source of the Niger River in Africa. The
journey began with a party of 45 Europeans. During
the expedition, most of these men perished from
malaria. Why do you think their native African
guides survived?

3. Form a Hypothesis As the map shows, the sickle
cell allele is not found in African populations that are
native to southern Africa. Propose an explanation for

Sickle cell
allele

this discrepancy.

[T Vocabulary

WORD ORIGINS The term malaria
was coined in the mid-eighteenth
century from the Italian phrase,
mala aria, meaning "bad air.” It
originally referred to the unpleasant
odors caused by the release of
marsh gases, to which the disease
was initially attributed.

400 Chapter 14  Lesson 2

Genetic Advantages Disorders such as sickle cell disease and
CF are still common in human populations. In the United States,
the sickle cell allele is carried by approximately 1 person in 12 of
African ancestry, and the CF allele is carried by roughly 1 person
in 25 of European ancestry. Why are these alleles still around if
they can be fatal for those who carry them? The answers may
surprise you.

Mo'st.African Americans today are descended from populations
that originally lived in west central Africa,

mon. Malaria is a mosquito-borne infe
that lives inside red blood cells. Indivi
the sickle cell allele are generally healt
to the parasite. This resistance gives t
malaria, which even today claims mo

More than 1000 years ago, the ¢
rav.aged by epidemics of typhoid fe

where malaria is com-
ction caused by a parasite_
duals with just one copy of
hy and are also highly resistant
hem a great advantage against

ities of medieval Europe Wer®
ver. Typhoid is caused by 2 bac-

als heterozy
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water, and—becayse they also carr
viduals would not

us for CF would have had an
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re than a million lives every Y&
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chromosomal Cic- -
what are the effects of errors in meiosjs2

Most of the time, the process of meiosis works perfectly
and each human gamete gets exactly 23 chromosomes.
Fyery NOW and then, .howe\.fer,. something goes wron g. The
most COMMON €ITor in meiosis occurs when homologous
chromosomes fail to separate. This mistake is known as
nOndisjunction, which means “not coming apart”
Figure 14-9 illustrates the process.
@ If nondisjunction occurs during meiosis,

ametes with an abnormal number of chromosomes
may result, leading to a disorder of chromosome num-
bers. For example, if two copies of an autosoma] chro-
mosome fail to separate during meiosis, an individual
may be born with three copies of that chromosome. This
condition is known as a trisomy, meaning “three bodies”
The most common form of trisomy, involving three
copies of chromosome 21, is Down syndrome, which is
associated with a range of cognitive disabilities and a high
frequency of certain birth defects.

Nondisjunction of the X chromosomes can lead to
adisorder known as Turner’s syndrome. A female with
Turner’s syndrome usually inherits only one X chromo-
some. Women with Turner’s syndrome are sterile, which
means that they are unable to reproduce. Their sex organs
do not develop properly at puberty.

In males, nondisjunction may cause Klinefelter’s
syndrome, resulting from the inheritance of an extra
X chromosome, which interferes with meiosis and usually
prevents these individuals from reproducing. There have
been no reported instances of babies being born without
an X chromosome, indicating that this chromosome con-
tains genes that are vital for the survival and development
of the embryo.
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Review Key Concepts

1. a. Review How can a small change in a person’s DNA
Cause a genetic disorder?
b. Infer How do genetic disorders such as CF support
the theory of evolution?

2. a. Review Describe two sex chromosome disorders.
b. Apply Concepts How does nondisjunction cause
chromosomal disorders?

TN
,::n 3
ge ¥3

Homologous
chromosomes
fail to separate.

Nondisjunction during Meiosis |
L7
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N Ji

Meiosis Il
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3 3
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FIGURE 14-9 Nondisjunction This failure

of meiosis causes gametes to have an abnormal
number of chromosomes. Apply Concepts Which
phase of meiosis is shown in the first ceﬁ ?

ey
Gaper
ey

WRITE:ABOUT:SCIENCE

Description

3. Write a paragraph explaining
the process of nondisjunction.
(Hint: To organize your writ-
ing, create a flowchart that
shows the steps in the process.)
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