Chapter 7
DNA Detective:

Extensions of Mendelism, Sex Linkage,
Pedigree Analysis, and DNA Fingerprinting
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Extension of Mendelian Genetics

Patterns of inheritance that are not straightforward
are called extensions of Mendelian genetics

When the offspring of two different parents has a
phenotype that is unlike either parent
— the trait is said to display incomplete dominance

Extension Example

Incomplete dominance Flower color in snapdragons
- 3
)

Heterozygote is intermediate to
White =rr

either homozygote.
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Extension of Mendelian Genetics
* Polygenic

— traits that are controlled by many genes
— Most human traits

* Predicting inheritance is more difficult for polygenic
traits

— especially when the environmental also influences
Extension Example

Polygenic¢ inheritance Skin color, eye color, = 4. 1.73 m
60 —— Mean

. ("]
More than one gene determines height, IQ e
the phenotype. = gg‘ Bell-shaped curve
= 30.
= 20-
E 10-
= 0

1.60 1.65 1.70 1.75 1.80 1.85 1.90
Height (m)
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Extension of Mendelian Genetics

Two other extensions are:

— Codominance
» both alleles are expressed

— Multiple allelism
 there are more than two allele options for the gene

 These extensions are used in the ABO blood
system of blood typing
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Extension of Mendelian Genetics

e Codominance:

— If you are blood type AB, you have one allele for
A and one allele for B

— Both are seen in the codominant phenotype
» A does not mask B and B does not mask A

Extension Example

Codominance ABO blood system
Both alleles are expressed in a

heterozygote. QQ @ % O w wwe
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Extension of Mendelian Genetics

Multiple allelism:

— There are 3 options for alleles in ABO blood types
« A IB and i
— There are 3 options but each person only has 2 alleles

« Each person only has a pair or 2 chromosomes that carry the
gene for blood type

A4 - blood type A
IAi - blood type A
[BIE - blood type B
[Bi - blood type B
IAIE - blood type AB
] - blood type O
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Extension of Mendelian Genetics

Inheritance of the Rh factor of the red blood cells is
determined by two alleles that show complete
dominance

If your blood type is A negative
— Youcanbe AA--or Aj--

If your blood type is A positive

—Youcanbe AA+-orAA++o0or Pi+-orAi++

Blood typing can only show that two people may be
related or that they are not related

— Can sometimes be used to exclude men in a paternity suit
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Extension of Mendelian Genetics
another exampole of multiple allelism

Extension Example
Multiple allelism Coat color in rabbits is controlled by four different alleles.
One gene has many alleles. Genotype Phenotype
cc Albino
erch Himalayan
cehesh Chinchilla
S @2 Darkly pigmented ¥
rabbit
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Extension of Mendelian Genetics

* The Singed gene in drosophila an example of
pleiotropy

— the ability of one gene to affect at least 2 different

functions
Extension Example
Pleiotropy The singed gene in fruit flies controls both bristle formation
One gene has many effects. Genoiype Phenoiype and fertility.
BBand Bb Normal bristles _
and fertile
bb Singed bristles,
infertile
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Sex Determination and Sex Linkage

« Some genes are on the X chromosome and are
iInherited in a specific manner

 |In humans, sex determination involves the X and
Y chromosomes

* There are two types of sex chromosomes in
humans: X and Y

— If you have XX you are female

— If you have XY you are male
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Sex Determination

* All egg cells contain
— an X chromosome

« Sperm cells can either
contain

—an XoraY chromosome X Y X X

Possible sperm  Possible eggs

L Fertilization J
!

 Fathers determine the sex
of the offspring

This zygote will v @ XY XX § This zygote will
develop into a male. *" develop into a female.
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Meiosis and Sex Chromosomes

¢ Sometimes the sex chromosomes do not separate
during meiosis

* This is called nondisjunction and can occur in
either meiosis | or meiosis Il
— Just like it can happen for autosomes
— In females, both X chromosomes go to one cell
— In males, X and Y chromosomes go to one cell
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Sex Chromosomes and Nondisjunction

Conditions Caused by Approximate Frequency Among
ol By . . Comments
Nondisjunction of Sex Chromosomes Live Births

X0— Turner syndrome 1in 5000 females People with only one X chromosome

5 U are females with retarded sexual

f development.They are usually sterile
since their ovaries often fail to develop.
They can have webbing of the neck,

%

shorter stature, and some hearing
impairment. Since they are missing an
X chromosome, affected females have
45 chromosomes.
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Conditions Caused by Approximate Frequency Among
sy o Comments
Nondisjunction of Sex Chromosomes Live Births
Trisomy X— Meta Female 1in 1000 females Meta females have three X chromo-
L (I somes. Two of the X chromosomes are
. S 7.’." condensed to Barr bodies and most
i XXX females develop normally. Since
8\ these women have an extra X chromo-
X some, the cells of their bodies have 47
chromosomes.
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Sex Chromosomes and Nondisjunction

Conditions Caused by Approximate Frequency Among
Nondisiuncti . . Comments

ondisjunction of Sex Chromosomes Live Births

‘ XXY— Kleinfelter syndrome 1in 1000 males Males with the XXY genotype are less

i A fo fertile than XY males, have small testes,
{I‘*c /l(‘ b _ sparse body hair, some breast

‘ i 0 '» enlargement, and may have mental

o ¥ retardation. Testosterone injections can

reverse some of the anatomical
abnormalities but not the mental
retardation and lowered fertility.
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Conditions Caused by Approximate Frequency Among Comments
Nondisjunction of Sex Chromosomes Live Births
XYY syndrome 1in 1000 males Males with two Y chromosomes tend
e g 18 to be taller than average but have a
‘Q,)\‘ ; =~ e normal male phenotype.
j b
ox ¥
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Sex Linkage

* The genes on the X or Y chromosomes are called
sex-linked genes

« Genes on X are called “X-linked,” while those on Y
are called “Y-linked”

 The X chromosome is much larger and carries far
more genetic information
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X-Linked Genes

 Males inherit their X chromosomes from their
mothers

* Males get the Y chromosome from their fathers

* Males only have one X chromosome

— they are more likely to suffer from recessive X-linked
diseases or traits

— Only have one x; if it has the disease allele, he has the
disease
« Like hemophilia
 Like pattern baldness
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X-Linked Genes

 Females get one X chromosome from each parent

— have two copies

— are less likely to suffer from X-linked recessive diseases
 Both X’s have to have disease allele for female to have disease

* Females can be carriers of disease

— They are not affected because they have one allele of a
recessive trait

— Need two alleles of a recessive trait to have disease

« and pass the disease on to offspring, especially
sons
— Because they only have one X chromosome
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Unaffected male x Carrier female (unaffected)

XHY X XHXh

|

Possible types of eggs

2

o

-3

- HyH Hyh

- XX XX

a xH Unaffected Carrier female
o female (unaffected)
2

= Xy xhy

§ Y Unaffected Hemophiliac
B male male
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females

%Carrier females
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Hemophiliac male x Unaffected female
XbYy Xx XHXH

{

Possible types of eggs

“

=

e

@

-y 2 Carrier females
‘S (unaffected)
i xh  Unaffected % Unaffected
= female males

2
- xHy

§ Y Unaffected

a. male
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X-Linked Genes

There are several other X-linked traits in humans

X-Linked Genes

Red-green color blindness
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X-Linked Genes
Muscular dystrophy
ASF N8
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Example

Red-green color blindness affects approximately 4% of all
human males.Red blindness is an inability to see red as a
distinct color. Green blindness is an inability to see green
as a distinct color. When normal (in this case, the dominant
alleles are normal), these genes code for the production of
proteins called opsins that help absorb different wave-
lengths of light. A lack of opsins causes insensitivity to
light of red and green wavelengths.

Example

Muscular dystrophy is a progressive, fatal disease of
muscle wasting that affects approximately 1 in 3,500
males.The onset of muscle wasting occurs between
1 and 6 years of age, and by 12 years of age, affected
boys are often confined to a wheelchair. The gene is
one that normally codes for the dystrophin protein
and is located on the X chromosome.When at least
one allele is normal, dystrophin stabilizes cell mem-
branes during muscle contraction. It is thought that
the absence of normal dystrophin proteins causes
muscle cells to break down and muscle tissue to die.
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