Ch. 12 Warm-Up

1. A white-eyed female fruit-fly is mated with a red-eyed male.

What genotypes and phenotypes do you predict for the
offspring?

2. Neither Tim nor Rhoda has Duchenne muscular dystrophy (X-
linked recessive disorder), but their firstborn son has it. What
is the probability their 2" child will have it?

3. Colorblindness is a sex-linked recessive trait. A colorblind
male and a female with normal vision have a son who is
colorblind. What are the parents’ genotypes?



Ch. 12 Warm-Up

1. Whatis a Barr body?

2. How are linkage maps constructed? (See. Fig. 12.11
in your textbook, BIF 2e).

3. Determine the sequence of genes along a
chromosome based on the following recombination
frequencies: A-B, 8 map units; A-C, 19 map units; A-
D, 20 map units; B-C, 11 map units; B-D, 28 map
units.

4. What does a frequency of recombination of 50%
indicate?



Ch. 12 Warm-Up

1. What is the pattern of inheritance of the trait (shaded
square/circle) shown in the pedigree?
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2. How many chromosomes are in a human cell that is:
a) Diploid? d) Monosomic?
b) Haploid? e) Trisomic?
c) Triploid?
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What vyou must know:

* How the chromosome theory of inheritance connects the
physical movement of chromosomes in meiosis to
Mendel’s laws of inheritance.

* The unigue pattern of inheritance in sex-linked genes.

* How alteration of chromosome number or structurally
altered chromosomes (deletions, duplications, etc.) can
cause genetic disorders.

* How genetic imprinting and inheritance of mitochondrial
DNA are exceptions to standard Mendelian inheritance.
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All F, plants produce
yellow round seeds (YyRr).

LAW OF INDEPENDENT
ASSORTMENT Alleles of
genes on nonhomologous
chromosomes assort
independently.
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An F, x F, cross-fertilization
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Fertilization results in the
9:3:3:1 phenotypic ratio
in the F, generation.



Thomas Humt WMorgan

* Drosophila melanogaster — fruit fly
* Fast breeding, 4 prs. chromosomes (XX/XY)

* Sex-linked gene: located on X or Y chromosome
* Red-eyes = wild-type; white-eyes = mutant
 Specific gene carried on specific chromosome
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(a) The X-Y system Zygotes (offsprmg)
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on the single X

(hemizygous)

®* Females can be affected or carrier
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Travsmission of X-linked recessive traits
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oX-linked Disord
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Prince Albert
1819 - 1861

1786 - 1861

&dward, Duke of Kent

1767 - 1820

Victoria, Princess
? of Saxe-Coburg
Queen Victoria
1819 - 1901

Henry of
Battenberg

Beatrice
1854 - 1944

Leopald, Duke
of Albany
d. 1884, age 31

Helen of Waldeck

—{] Arthur

o) Louise
No children

Helena
2 daughters
No grandchildren

—1{"] Alfred

Alexandra

Edward VI

Victoria

Frederick

—l Maurice

—Jll Leopold Mountbatten

1829-1922

;1 AlfonsoXIll of Spain

Q

— 1 Prince Juan
—. 1910 Stillborn
—Jll Gonzalo 1914 - 1934

——() Maria

—] King Juan Carlos of Spain

_é) Victoria Eugenie
1887 - 1969
L—D Marchese of Carisbrinke

Alexander Albert

Charles Edward
;] Alexander of Teck

O
—Q Beatrice
O

—— ] Jaime

Alfonso Duke of Austria
1907 - 1938

Maurice Mountbatten
1910, d. 6 mos.

Rupert
1907 - 1928, Car accident

Alice 1883 - 1981

—ll Frederick 1870 - 73

[;] Nikolas Il

;] Henry Abel-Smith

=

Anne

L Lady May Abel Smith

1906 -

—l Alexis
—( Anastatia

—(b Alexandra
"1 Ernest

—O Elizabeth No children
D Henry of Prussia

O Marie

—CQ Tatiana

Olga

—ll Henry 1900 - 1904

—C) Irene 1866 - 1953
(O Victoria

Healthy children
No grandchildren

—1{1 Sigmund of Prussia
Ll Waldemar 1889 - 1945

E : Louis IV of Hesse L_l']
Alice L(S Mary Victoria

Haakon Vil of Norway

Maude
Victoria
Louise
George V

O

—1 John

—{1 George Edward
=g Henry

(b Mary of Teck

Sophia of Greece
8 children

Some grandchildren
All healthy

Wilhelm Il

Mary
Q Queen Mother Elizabeth

—(j George VI

—: i Edward VIiI
Wallis Simpson

Richard

Prince Philip

Queen Elizabeth

Anthony
Armstrong-Jones

Margaret

Figure 4. Partial pedigree of Queen Victoria and her descendants. Hemophiliac males are indicated by black squares.
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X-Linked Gewvetics Practice Problem

A man with red-green colorblindness (a recessive, sex-linked

condition) marries a woman with normal vision whose father
was colour-blind. What is the probability that they will have a
color-blind daughter? That their first son will be colour-blind?

Xb Y

XB XBXb XBY There’s a 25% chance of a colour-blind

daughter

Theres a 25% chance of a colour- blind

Xb | XoXb [ XbY | o




X -

Cnactivation

Barr body = inactive X chromosome; regulate gene
dosage in females during embryonic development

Female (XX) Male (XY)
’ nucleus
/ |
Barr body
Barr body | nuclear envelope
chromatin g i < it I

 Cats: allele for fur color
IS on X

* Only female cats can be
tortoiseshell or calico.

X chromosomes

) Allele for
=—:-=’/ orange fur

\

Early embryo: —
Allele for
. ' black fur
Cell division and
X chromosome
Two cell inactivation
populations - i
in adult cat: \ /e==a=— Active X

Active X ——===ams | joeclie X \o J

Black fur

oﬁé‘ﬁgé fur




Human Development

*Y chromosome required for development of testes

* Embryo gonads indifferent at 2 months

* SRY gene: sex-determining region of Y

* Codes for protein that regulates other genes

Shortarm% — V\Sex.determmmg
region Y
Centromere—: (SRY) gene

Long arm—=

~

This geneis Y
linked because it is
found only on the

' ' Y chromosome.

Y chromosome
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Linked Geves

e Genes located near each other on same chromosome
tend to be inherited together

F, dihybrid female
and homozygous
recessive male

in testcross

Most offspring




Genetic Recombination: production of offspring
with combination of traits different from either
parent

o |f offspring look like parents =
o If different from parents =2

Gametes from yellow-round
dihybrid parent (YyRr)

AN
W @ @ W
Gametes from green-
wrinkled homozygous < @

recessive parent (yyrr)

YyRr yyrr Yyrr YyRr

\ J\ )
Y4 Vo
Parental- Recombinant
type offspring

offspring
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Calenlating Recombination

Fredquency

Recombination # Recombinants

Frequency = - x100%

Total # Offspring



Sample Problem 1: Calculate the recombination
freduewcy

Gametes from yellow-round
dihybrid parent (YyRr)
AN

—

Gametes from green- @

W » @ W

\
A
)

-

wrinkled homozygous <
recessive parent (yyrr)

YyRr yyrr Yyrr yyRr

N~

\ P i | 8 R vb ’
i arental- ecombinant
# of offspring produced: type offspring
e 244 yellow-round olfspring

256 green-wrinkled
251 yellow-wrinkled
249 green-round



Sample Problem 2. Calculate +he recombination
frequewncy

* Original homozygous parents (P): Gray body, normal wings x black body, vestigial wings =
F, dihybrid offspring

* Dyhybrid testcross (F,): Gray, normal (heterzygous) x Black, vestigial (homozygous
recessive)

e F,results shown below: Recombinant
chromosomes

Testcross 965 944 206 185
offspring Wild type Black- Gray- Black-
(gray-normal) | vestigial vestigial normal b ve
b*vgt b vg b* vg b vet \S— y—
| S— - C 1) | GalE D | C "1
—=]=P oD | &——==P | —=1=P
b vg b vg b vg b vg Sperm
\ J\ - J

-
Parental-type offspring Recombinant offspring



If results do not
follow Mendel’s Law
of Independent
Assortment, then the
genes are probably

linked

Experiment

P Generation
(homozygous)
Wild type
(gray body,
normal wings)

b* b vg*vg*

F, dihybrid testcross

Wild-type F, dihybrid
(gray body, normal wings)

b*b vg'vg

Testcross
offspring

Wild type Black Gray Black
(gray normal)| vestigial | vestigial normal
>V @ N
)4 g
= - Z ~AL R
Sperm g
B )
h 1§
A\ N/
b*b vgtvg|bb vgvg|btb vgvg|bb vg'vg
PREDICTED RATIOS
Genes on different
1 1 1 1
chromosomes:
Genes on same 1 1 0 0
chromosome:
Results 965 944 206 185
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Double mutant
(black body,
vestigial wings)

bb vgvg

Homozygous
recessive (black
body, vestigial
wings)

g bb vgvg




Crossing Over: explains why some linked genes
get separated during meiosis

The further apart 2 genes on same chromosome, the
higher the probability of crossing over and the higher
the recombination frequency

Ova
s Memms[ i Meiosis II . @
i ; w5 s | | G 3l e | —e

Recombinant
chromosomes

(a) Production of recombinant gametes by a dihybrid female

Copyright © Pearson Education, Ine., publishing as Benjamin Cumimings.



Linkage Map: genetic map that is based on
% of crossover events

Results
Recombination
frequencies

< 9% —p € 9.5% >

Chromosome
\ 17 % —

b cn vg

* 1 map unit = 1% recombination frequency
* Express relative distances along chromosome

* 50% recombination = far apart on same chromosome
or on 2 different chromosomes



Partial genetic (linkage) map of a Drosophila chromosome

Mutant phenotypes

Short Maroon Black Cinnabar Vestigial Down- Brown
aristae eyes body eyes wings curved eyes
wings
8 @ 8 igf e 8
| / ‘ \ 7/ |
0 16.5 48.5 57.5 67.0 75.5 104.5

‘/ -~

Y.
ey
) i
X \1

Long Red Gray Red Normal Normal Red
aristae eyes body eyes wings wings eyes
(appendages

on head)

Wild-type phenotypes
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Genes A, B and C are located on the same
chromosome. Testcrosses show that the
recombination frequency between A and B is 28%

and between A and Cis 12%. Can you determine the
linear order of these genes? Explain.






Gievomic Timprivting
* Genomic imprinting: phenotypic effect of gene

depends on whether from M or F parent

* Methylation: silence genes by adding methyl groups to
DNA

Mutant Igf2 allele Mutant Igf2 allele
inherited from mother inherited from father

Normal-sized mouse (wild type) Dwarf mouse (mutant)
Normal Igf2 allele Mutant Igf2 allele
is ex;|>ressed. is expressed.
————— P ———
!Vlutant Igf2 allele Normal Igf2 allele
is not expressed. is not expressed.

(b) Heterozygotes



Novn-Nuclear PNA

* Some genes located in organelles

* Mitochondria, chloroplasts,
plastids

e Contain small circular DNA

noc\eaw
DNA

Maternal Inheritance:

*n animals: mitochondria
transmitted by the egg and
not sperm

*In plants: mitochondria and
chloroplasts transmitted in

ovule and not pollen

Variegated (striped or spotted) leaves result from mutations in
pigment genes in plastids, which generally are inherited from
the maternal parent.
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Nuclear DNA
Inherited from all ancestors
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Mitochondrial DNA (mtDNA)
Inherited from a maternal lineage
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Gievetic Testing

Reasons for Genetic Tests:

* Diagnostic testing (genetic disorders)

* Presymptomatic & predictive testing

e Carrier testing (before having children)

* Pharmacogenetics (medication & dosage)
* Prenatal testing

* Newborn screening

* Preimplantation testing (embryos)



Prevatal Testing

* May be used on a fetus to detect genetic disorders

e Amniocentesis: remove amniotic fluid around fetus to
culture for karyotype

* Chorionic villus sampling: insert narrow tube in cervix
to extract sample of placenta with fetal cells for
karyotype




(a) Amniocentesis

€@ —Ultrasound monitor
£ Amniotic

fluid
withdrawn

\ L
! )
(= '

Fetus A )
_

< ==
Placent/ j'/ﬁ
Uterus Cervix

(b) Chorionic villus sampling (CVS)

Ultrasound

monitor

Fetus | @b
Placenta——— & “suction

tube
inserted

Uterus taraugh
cervix
Centrifugation
Fluid— Several hours Several
o > Biochemical hours
Fetal — and genetic - -

LSeveraI weeks K

Ka
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Karyotyping cav detect vondisiunctions,

Down Syndrome = Trisomy 21



Nowndisyunction: chromosomes fail to separate
properly in Welosis T or Melosis TT

xR

Meiosis 1

BEL s 3
/ \ - :\ne|03|s 1 / \
AR AR AR
1 }% B2
| / \ Gametes / \ / \
W) Gl 0L

n+1 n+1 n-1 n-1 n+1 n-1

H

Number of chromosomes

(a) Nondisjunction of (b) Nondisjunction of
homologous chromosomes sister chromatids
in meiosis I in meiosis 11



Nowndisjumction

* Aneuploidy: abnormal # chromosomes
* Monosomic (1 copy =2 2n-1)
* Trisomic (3 copies =2 2n+1)
* Polyploidy: 2+ complete sets of chromosomes
e triploid (3n) or tetraploid (4n)
e rare in animals, frequent in plants (wheat, strawberries)

Copyright © 2008 Pearson Education, Inc.., publishing as Pearson Benjamin Cummings.

A tetraploid mammal. Scientists think this species may have arisen when an
ancestor doubled its chromosome # by errors in mitosis or meiosis.



Nowndisjumction

TR T I I o n
e 13 TRNT iz(u

Klinefelter Syndrome: 47XYY, 47XXY



Nowndisjunction

Turner syndrome karyotype

o \‘ 4 -\

DT | B DY R
A L | AN |

1 2 3 4 5

"%‘ ! 4 g -';'! : Pl - .!
LN | G | A N |

6 7 8 9 10 11
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13 14 1 16 17 18

Turner Syndrome = 45X0O
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Chromosomal Mutations

(a) Deletion (c) Inversion
(A[B]c[J]EXF[G][H) (ALEET e XFlGg[H)
b4 t A
A deletion removes a An inversion reverses a segment
chromosomal segment. within a chromosome.
(A|B|C|EXF|G|H) (A =0 E XF|G|H)
(b) Duplication (d) Translocation
G P [EXFe[® QI PEXFE® CEEFa-®
A duplication repeats A translocation moves a segment
a segment. from one chromosome to a

nonhomologous chromosome.

(A= D EXF|[G|H)

AT c[o[EXF[e[H) @EAP[aXR)
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Translocation associated with chronic
myeloaenouns lenkewmia (CWML) = cancer

Normal chromosonjgj

Normal chromosome 22

l Reciprocal translocation

LD

Translocated chromosome 9

=D

Translocated chromosome 22
(Philadelphia chromosome)




Review Questions

1. What is the pattern of inheritance of the trait
(shaded square/circle) shown in the pedigree?

o o#
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2. How many chromosomes are in a human cell that
IS:
a) Diploid? b) Triploid?
c) Monosomic? d) Trisomic?




Chi-Sduared Avalysis Practice

Two true-breeding Drosophila are crossed: a normal-winged,
red-eyed female and a miniature-winged, vermillion-eyed
male. The F, offspring all have normal wings and red eyes.
When the F, offspring are crossed with miniature-winged,
vermillion-eyed flies, the following offspring resulted:

e 233 normal wing, red eye

* 247 miniature wing, vermillion eye
e 7 normal wing, vermillion eye

* 13 miniature wing, red eye

What types of conclusions can you draw from this
experiment? Explain your answer.



