Key Ciuestions

(55 How do small changes in
DHA molecules affect human
troats?

(== What are the cffects of
errors in meiosis?

Vocabulary

nondisjunchon

Taking Hotes

Two-Column Chart Before you
recaed, mabe a twocolumn chart,
Iy the birst colurnn, write three
ueshions you have about genetic
disorders. An you read, fillin
any oy 1o your questions in the
socond column. When you have
firnshed, renearch the answers to
your temaining guestions.
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Human Genefic
Disorders

THINK ABOUT IT Have you ever heard the expression "It runs i

l 1 ’ nYy i - 1 i l ,] t I Aave Sa 1 ll p t . ljk t v( ll S

i 4 cenetic disorder?
discases and disorder ag

From Molecule to Phenofype

How do small changes in DNA molecules affect human traits?
are made of DNA and that they interact with the
individual organism’s characteristics, or

ne fails to work or works improperly,

f your ears, bu |
«» What, exactly, 18

We know that genes
environment to produce an
phenotype. However, when a ge
scrious problems can result.

Molecular rescarch techniques have shown us a direct link between
genotype and phenotype. For example, the wax that sometimes builds
up in our car 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
instcad of wet earwax.

Ihe connection between molecule and trait, and between genotype
f‘”d Phcn,OtYPC’ is often that simple, and just as direct. Changes
e padence con cange proten by o e
other words, there is a ;nolecularaby ““eCtlY affe'Ct o plenuge=-

’ $ asis for genetic disorders.

Disorders Caused b
orders
affe

S b Y |nle}duo| Genes Thousands of genetic dis-
Ct ;) ‘ ‘gfausen y changes in individual genes. These changes often
specific proteins associated with important cellular functions.

P Sickle j is di i

lwm-d(fbgf’ffe’ﬁf? Th;s dlso.rderils caused by a defective allele for
l)l'OlCEH in rc,-‘d blood \?]1}?0 ypeptides in hemoglobin, the oxygen-carrﬁ“g
iy Cai)la_ CZ ls. The def.ective polypeptide makes hemoglobin?
blood’s ()x)’ﬁcxl) lev >SIIS° ’femoglvobm molecules to stick together when the
e im?, ' dma. e.aea‘ses. The molecules clump into long fibers, forc

) Sicklc-sh.; ved netive sickle shape, which gives the disorder its nam®
aped cells are more rigid than normal red blood cells, a0

vessels in the body. If the blood stops

damage to cells, tissues, and even org moving through the capillari¢®

ans can result,
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CFIR N Val
gene X S 3 -
0 The most c,(’wrnm(“)n'uﬂn.le ﬁmf 9 Normal CFIR is a chloride © The colls in the person’s
- couses cystic fibrosis is missing ion channel in cell membranes. airways are unable to transport
3 DNA bf‘\‘?‘-’*s' As a "95}’“, _”W Abnormal CFTR cannot fransport chloride ions. As a result the
amino acid f?hﬂfly!g?l(1!l|r1a s ions aross the cell membrane. airways become clogged with
missing from the CFIR protein. a thick mucus.
» Cystic Fibrosis Known as CF for short, cystic fibrosts is FIGURE 14-8 Mutations Cause Cystic
most common among people of European ancestry. CF is Fibrosis CF is usually cavsed by the
- caused by a genetic change alimost as small as the earwax del,"“o” of three bases in the DNA of
dllale, bttt cases pess] & he deleti fiust three bases a single gene. As a result. the body
.fi e Most V_Ld.“h result from the dele {1x»|1 (.r Just three bases does not produce normal CFTR, @
in the gene tor a protein called cystic hbrosis transmembrane protein needed to transport chloride
“eonductance regulator (CFTR). CFTR normally allows chlo- ions. Infer Why isn‘t the couse of CF
ride ions (C1) to pass across cell membranes. The loss of considered a frameshift mutotion

- these bases removes a single amino acid—phenylalanine—
- from CFIR, causing the protein to fold improperly. The
~ mistolded protein is then destroved. With cell membranes
- unable to transport chloride ions, tissues throughout the

- body maltunction.

People with one normal copy of the CF allele are unat- MYSTERY
ft\‘l(’fd l‘)y (:F‘ l}ecaus(& they can P]‘Oduce en()llgh .Cl‘ l R t-() ) ¢ 1@ ‘:,;_ ot
allow their cells to work properly. Two copies of the defective c ’ E
allele are needed to produce the disorder, wh;clT means thg Individuals with J
CF allele ix recessive. Children with CF have serious digestive sickle cell disease
~ Problems and produce thick, heavy mucus that clogs their have a different

amino acid in one of N

: their hemoglobin proteins

e Huuﬁug‘trm’s Disease Huntington’s (iis§;|Sc= is ca'lusf‘.d”b‘)l"a Lﬁon peo&i V\;ithogl:‘ th:;d

. ominang alicle for a protein found in brain ce‘lls. 'Ill"lt‘lﬂt ; e ﬁ::"c‘;“;n 93?0 could produce

~ for thiy discase contains a long string (Tl bases in \im.\} ,:m .

- adon CAG-coding for the amino acid glutamine _;:_::iv; )

Vet and over again _more than 40 t imes. D-Tpft:‘:i?\;c;lll*ﬁ

~ Study, the reason why these long strngs of glits iton’s :ii;

- Uiscase is still pot clear. The symptoms of Humfnl‘;’- ;»lc nu;ve-

S namely mental deterioration am.J uncf)n{‘ (;h:, areater

. Ments, usua'ily,dn nol appear until l"lllfidlc‘ JSST . ’3"::\‘appears
; th'i*;numbcr of codon repeats, the earlier the disease ap !

B the more severe are its symptoms.

s lungs and breathing passageways.

Human Heredity 399



J WAk . .‘7_;;
o e ,e1s
The Geography of Malaria

transmitted by

al disease
es inside

Malaria is a potentially fat _
mosquitoes. Its cause is a parasite that liv _
red blood cells. The upper map shows the parts of

here malaria is common. The lower map

the world w
the sickle cell allele.

shows regions where people have
at is the relatio

1. Analyze Data Wh nship between

the places where malari

R TR e

a and the sickle cell allele

are found?

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

10 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 Sickle cell
cell allele is not found in African populations that are & allele
native to southern Africa. Propose an explanation for

this discrepancy.

Genetic Advantages Disorders such as sickle cell disease and
CF are still common in human populations. In the United States
the .sick]e cell allele is carried by approximately 1 person in 12 of,
{\fncan ancestry, and the CF allele is carried By roughly 1 person
;}r:eZSCc;i Ebt;r(gpte?rfl ancestry. Why are these alleles still around if
Surgrise you.a al for those who carry them? The answers may

[V} Vocabular .
WORD ORIGINS The tZrm alaria N Moist.Afrlcap Americans today are descended from populations
was coined in the mid-eighteenth that originally lived in west central Africa where mal p 'p ‘
century from the Italian phrase, mon. Malaria is a mosquito-borne infe t" ! alaria 1s com-
mala oria, meaning “bad air.” It that lives inside red blood cells. Indivi ction L,.allsed by a parasite
g;‘g;’s‘a”y fefdergedhto the unpleasant the sickle cell allele are generall- }I: ;lVEanls with just one copy of

caused by the release of I . y healthy and ' :
marsh gases, to which the disease to the parasite. This resistance gives th . are also highly resistant
was initially attributed. malaria, which even today claim €M a great advantage against
s more than a million lives every year.

More th:
ravaged by :;icligg?‘ years go, the cities of medieval Europe were
terium that enters tl}is Ef typhoid fever. Typhoid is caused by a bac-
_ € body through cells in the digestive sy};tem
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chromosomal Disorders il
(2 What are the effects of errors in meiosis? f{ {{

sfost of the ime, the process of meioegs . porfecthy
apd each buman gamete gets exay Uy 23 chromosomes
: r;:iflwr'}" now and then, however, g et ¥

it goes wrong fhe
st COMMON CTFOT I MCIOSTs O urs whey, homologons Mematongrgs /
Aromosomes fail to separate. Thiy mistake 15 knawn as ct e, /

pendisiunction, which means “not COMIng apart” fil 1o, separate ¢ v

Figare 14-9 itlustrates the process, Nondisipnction during Meicosss |

{2 It nondisjunction occurs during meiosis, 4 | ]

gametes with an abnormal number of chromosomes K
~may result, leading to a disorder of chromosome num-
bers. For example, it two copies of an
mosome fail to separate during meiosis, an individual
- may be born with three copies of that chromosome. This
- condition 1s known as a trisomy, meaning “three bodies” !‘&
The most common form of trisom ¥, involving three \ | 4
copies of chromosome 21, is Down syndrome, which is ¥ ¥ *
associated with a range of cognitive disabilitic
frequency of certain birth defects. / | ] l / ;
Nondisjunction of the X chromaosomes can lead to A 2
adisorder known as Turner’s syndrome. A female with
~7 "S’umﬂf’s syndrome uwally inherits only one X chromo- FIGURE 14-9 Nondisjunction This foilur

some. Women with Turner’s syndrome are sterile, which of meiosis causes gametes 1o have an abnormal
means that they are unable to reproduce. 'Their sex organs number of chrumosomes. Apply Comefts Which
Ao not develop properly at puberty. phase of meiasis is shown in the first cell?

Anmales, nondisjunction may cause Klinefelter’s
‘yndrome, resulting from the inheritance of an extra
X chromosome, which interferes with mejosis and usually
Mevents these individuals from reproducing, There have
Been 1o reported instances of babies being born without
a1 X chromosome, indicating that this chromosome con-
iy genes that are vital for the survival and development
i the embrya,

autosomal chro- A A

s and a high
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 Review Key Concepts €9
1 view How can a sivall change ina person’s NDNA - :
"Zf;ww How dﬁdn :}*,’;mu chang ! 3. Write a paragraph explaining
Ase & genctic disorder ' the process of nondisiuncts
o Loy irfor 1 - senetic disorders such as CHsuppart © b s %s,"t n'undmuns tvmnv,
ti;é }W How do genetic disorders sud] (Hint: To organize your writ-
o e theory of evolution?

‘ , fovy ing_. create a tlowchart that -
.2" G Review Desribe two sex chromosome disorders, shows the steps in the process.)

i3 s Apply Concapts How does pondisjunction canse
- hremosamal disarderst
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