Mendelian genetics

Asexual reproduction

v Offspring have genes from one parent
v Mitotic process

v Cloning

v Energy efficient

Sexual reproduction

v Offspring inherit genes from each parent
v Genetic recombination (diversity)

v Meiotic process

v Uses a lot of energy

Why genetics?

v Gene therapy, the future of medicine
®]. Locate the problem gene on a
chromosome
=2 |solate the gene to study its protein
structure and function
«3. Design a biomolecule to correct for the
defect

Definitions
v Transmission genetics

«How is variation passed from one generation
to the next

v Molecular genetics
«How DNA and the cell carry these instructions
v Phenotype
«Physical and behavior characteristics
v Genotype
«Collection of genes (genome)
v Gene
=A region of DNA that codes for a protein

Crossing red and white snapdragons produces
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The foundation of genetics
v A. Background on Gregor Mendel (1866)

Monk
&Mathmatical mind

v B. Mendel studied inherited traits in
garden peas by making hybrids
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Mendel's Monastery Gard

Laws of Inheritance

v All organisms use DNA as the genetic material.

v In eukaryotic organisms, DNA is organized into
chromosomes.

v All chromosomes exist as pairs in sexual
reproduction.

v In all eukaryotes, chromosomes behave in the
same way during meiosis and fertilization.

Diploid cells possess 2 copies of a
gene

v Each gene is located on a homologous
chromosome.

v Alternative versions of a gene are called
alleles.

v Alleles are located on the chromosomes--
one on each homolog.

helorozygous parent gamates

Allele pairs

v If an allele pair are identical, or the cell
contains 2 copies of the same allele, the
organism is HOMOZYGOUS.

v If an allele pair are different, or the cell
contains two different alleles of a gene, the
organism is HETEROZYGOUS.
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The foundation of genetics

v Mendel's laws

«| aw of unit characters (particulate)
C-a. Paired alleles control the inheritance of traits
cb. Homozygous—two of the same allele for a
particular gene
cc. Heterozygous—two different alleles for a
particular gene

Dominance

v If one member of an allele pair is
expressed over the other allele, it is
considered DOMINANT.

v The allele that is either not expressed, or
whose expression is masked by the
expression of the dominant allele is
considered RECESSIVE.

The foundation of genetics

v Law of segregation

cPaired alleles of a gene separate during meiosis,
resulting in gametes that contain only a single allele
for each gene present in an organism

&Monohybrid cross is a cross of two parents
differing by a single genetic trait
#’Genotype is the genetic makeup of an individual (the
alleles present for particular genes)

#’Phenotype is the expressed trait or characteristic (may or
may not be visible) resulting from gene expression

The foundation of genetics

v Mendel's laws (cont.)

«| aw of independent assortment (cont.)

cPairs of alleles (genes) that control different traits
segregate independently of each other during
meiosis (given that the alleles are on separate
chromosomes) or

cb. Each homologous pair of chromosomes aligns
independently of any other homologous pair during
metaphase | of meiosis

&c. Dihybrid cross is a cross of two parents
differing by two genetic traits
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Mendel's Ex erlments
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Genetic linkage and chromosome maps

=Genes on the same chromosome tend to be
inherited together

cDegree of linkage between two genes is a function
of the distance between the genes on the
chromosome

=Crossing over (during meiosis) rearranges alleles
of different genes that were previously linked,
creating recombinants

Recombinants are combinations of genes not
found in either of the parents

cLinkage maps estimate relative distances between
genes on a chromosome by observing the
percentage of recombinant offspring resulting from
experimental crosses
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Investigating human genetic disorders
v Pedigree analysis
«Most human genetic disorders are caused by
recessive alleles
<Sickle-cell anemia, Tay-Sachs, Albinism, cystic
fibrosis, PKU
«A few human genetic disorders are caused by
dominant alleles

&Normally die before reproducing—usually no
phenotypic carriers

cException is Huntington's disease—does not
appear until later in life

Achonddroplasia, Marfan syndrome, polydactyly




Pedigree symboles

E ;: E Identical twins

Ij Male

Female

Affected male m Fraternal twins
Affected female X L
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Figure 5.18 Symbols used in a pedigree.
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Tay-Sachs Disease
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Albinoism

Figure 12-15 Albinism

inism s controlled by a single, recessive allele. Melanin is found throughout the animal kingdom, and albinos of many

species have been observed: (a) human, (b)rattlesnake, and (c)wallaby. The female wallaby, having mated with a nor-
lly pigmented male, carries a normally colored offspring in her pouch.
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Cystic fibrosis
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Sickle cell anemia
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V. Variations on the Mendelian
theme

v A. Incomplete dominance

v B. Multiple alleles

v C. Codominance

v D. Polygenic inheritance

v E. Gene interactions

v F. Multiple effects of a single gene

=1. Pleiotropy—one gene having multiple
effects
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Environmental effects

Investigating human genetic disorders

v Sex-linked human disorders
=Baldness?
«Red-green color blindness
=Hemophilia
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Table 13C Thggx Determmauon in Some Organisms
Female Male
Humans, Drosophila XX XY
Birds W Z7Z
Grasshoppers XX XO
Honeybees Diploid Haploid
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X-lnactivation Invgstigating humgn genetic disprders_
in Calico Cat JDlsprders _res_ultlng from nondisjunction
during meiosis
=Abnormal number of sex chromosomes
ca. Turner's syndrome (XO): sterile, short female;
lacks Barr bodies
cTrisomy X (XXX): fertile female; no detectable
defects; decreased intelligence
—Klinefelter's syndrome (XXY): mixed secondary sex
characteristics; sterile male
XYY males: decreased intelligence; increased
height, increased predisposition for violence
&Trisomy 21 (Down syndrome): changes increase
with increasing age of mother or possibly father
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9'2 Two Different Ways for Cells to Die

NECROSIS

APOPTOSIS

Stimuli

ATP required
Cellular pattern

DNA breakdown
Plasma membrane
Fate of dead cells
Reaction in tissue

Low O,, toxins, ATP
depletion, damage

No

Swelling, organelle
disruption, tissue death

Specific, genetically programmed
physiological signals
Yes
Chromatin condensation, membrane
blebbing, single-cell death
Sl

Random
Burst
Ingested by phagocytes
Inflammation

» i
Blebbed
Ingested by neighboring cells
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