
Chapter 13

 What they used to think about Heredity
 What Mendel figured out: Mendelian Inheritance
 What we know now: Chromosomes, Alleles, Gene
Interactions produce Phenotypes.

 Genetic Disorders

Hey kids, listen
up. This stuff is
important!!! And
super interesting.

1866- Mendel's Paper is published.
1900- Somebody reads it.
1902- Chromosomal theory of inheritance- Sutton
1905- Linked genes- Bateson and Punnett
1910- Morgan and the Flies
1941- Beadle and Tatum- 1 gene -> 1 protein
1944- DNA is the molecule! Not everyone is convinced
1953- Watson, Crick, Franklin- Double Helix -> Scandal
1959- DNA -> RNA -> Proteins
2001- Sequence of Human DNA is released

http://www.bio.davidson.edu/people/kahales/301Genetics/timelin.html



 Czech Republic
 1856‐1863
 Why Peas?
 Mendel was a monk.
 Monks are not allowed to think about sex.
 Studying inheritance with animals was absolutely out
of the question (might have led his mind astray).

 So, he picked the most boring thing to study in the
world (peas) which turned out to be perfect for
creating a set of principles that explain inheritance
(despite their lack of eroticism).

 I wish plant sex
was more fun.
At least applied
mathematics is a

blast!

 Short generation time
 Easy maintenance and care
 Easy to manipulate mating and crosses (reproductive
organs enclosed in flower)

 Distinct heritable features: characters (flower color,
stem length, pod shape/color, pea shape/color, etc.)

 Different Variants: traits (white, purple, long, short,
dark green, light greed, etc.)

Peas are pretty perfect,
but I still wish plant sex

was more fun.



 This is probably the most thrilling science experiment
ever conducted by a monk.

 1st‐Assured Pure Breeding (true) traits
 2nd‐Performed Crosses between varieties
 3rd‐ Permitted hybrids to self fertilize for several
generations

 4th‐Used applied mathematics to figure out the
RULES OF INHERITANCE!!!

 WOW!!! Mendel ROCKS!!!



 White (p) X Purple(P) yields:  All P

 F1 Generation =  All P

 F2 Generation = 3:1 ratio P: p

 F2 p X F2 p =  F3 All p (true breeding)

 F2 P X F2 P =  F3 1:1 ratio P:p
OR

F3 All P (true breeding)

 F2 Generation Actually = 1:2:1 ratio PP:Pp:pp

Note to self: Plant sex is really a lot more fun than most monks
realize.

This is where applied
mathematics comes

in handy.

 Each offspring gets one factor (allele) from each parent
(for a total of two).

 The factors may code for the same or alternative
character traits (not all are identical).

 Presence of an allele does not ensure that it will be
expressed.

 (Mendel thought alleles did not influence each other)

!"#"$%&"'( : individual with the same alleles
!)*)+"$%&"'( : individual with different alleles
,)-"*%.) : alleles in contained in genome
/0)-"*%.) : physical appearance of the individual

PP Homozygous Dominant
Pp Heterozygous

pp Homozygous Recessive



 MendelÕs 1st Law of Heredity: The Law of
Segregation
Alternative alleles of a character segregate
from each other in heterozygotes and
remain distinct

 MendelÕs 2nd Law of Heredity: The Law of
Independent Assortment

Different traits assort independently
from each other

See handout for practice problems and
info on genetic disorders.

“Practice your
Punnett Squares
and Pedigrees!”



Chromosomal Theory of Inheritance‐ 1902
Sutton & Boveri

Mendel’s idea of Independent Assortment
became problematic because of 

LINKED TRAITS!!!
¥ Mendelian traits assort independently
because chromosome assort independently.

Sex‐linked traits also became an interesting
phenomenon.

 Gene Expression ~> Protein Formation
 /123 ‐ Wrinkled seeds are a product of insufficient
enzyme formation in homozygous recessive peas (over‐
accumulation of monosaccharides and excess water).
Hets and Homo Dominants have the allele needed to
produce enough enzyme to convert all sugar to starch‐
yielding smooth seeds.

 DNA ~> RNA ~> Protein is the basis for every trait.
Alleles determine which parts of the DNA are available
for expression and how much protein will be produced.

 Ex: (0 produces none, 1 produces enough, 2 produces
plenty)

 ,)-)456-78&)94 more than one gene on a chromosome
 3):456-7);9  traits found only on the sex chromosomes
 <"-*6-'"'(4=8+68*6"- ‐ the more genes effecting one
trait, the more continuous the distribution of the
phenotypes of that trait will be in a population.

 />)6"*+".6?41@)?*( ‐ individual alleles have multiple
effects on a phenotype.

 A-?"#.>)*)4B"#6-8-?)C4<"9;"#6-8-?) ‐ Hets are
Intermediates

 1-D6+"-#)-*(41@)?*( ‐ degree of expression depends
on the environment

 1.6(*8(6( ‐ gene interference/interaction



E – Pigment of no pigment
B‐ how dark

No single allele is
dominant‐ each
has its own
effect.

B‐ galactose
A‐ galactosamine
i‐ no sugar

Thomas Hunt Morgan: X‐linked traits in Drosophila
melanogaster

Frequency of CROSS OVER useful in determining genetic map of the chromosomes.



 Red allele dominant
 F1 offspring have normal
distribution‐ 3:1

 BUT, only MALES had
white eyes

 Allele for white eyes
must by linked to sex of
fruit fly.

 On the X‐chromosome

 Mary Lyon‐  Barr body occurs randomly and
independently in embryonic cells at the time of X
inactivation.

 females are mosaics ‐some active paternal X, others
active maternal X.
 After Barr body formation, all descendent cells have
the same inactive X.

 If a female is heterozygous for a sex‐linked trait,
approximately half her cells will express one allele
and the other half will express the other allele.

Males have 1 shot at a good X allele, females have 2.
 Barr Bodies‐ inactivated extra X chromosome in females.
Only one X stays active, the other shuts down and exhibits
no gene expression.

 The X chromosome “selected” to become a Barr body is
random.

 Ovarian cells that produce ova reactivate the Barr body into
another X chromosome.

 A faulty X chromosome can be easily dealt with in females,
but not in males.

 Males don’t have a spare X so they are stuck with only one
option.



The harmful effects produced by
detrimental alleles.

Mutations‐ accidental changes in genes‐ usually
rare, random and recessive.

 Red‐Green Color
Blindness‐ inability to
absorb different light
wavelength

 Hemophilia‐ blood
clotting protein (Factor
VIII) nonfunctional/not
expressed

 Duchenne muscular
dystrophy‐ irregular
dystrophin in muscle
fibers‐ Ca++

 Lesch‐Nyhan Disease‐
compulsive self injury
(HPRT gene)



Huntington Disease‐ dominant
Tay‐Sachs Disease‐  co‐dominant
Polydactyly‐  dominant
Sickle‐cell Anemia‐  recessive
Cystic Fibrosis‐  recessive
Phenyketonuria‐  recessive

 Trisomy 21 ‐  Down Syndrome
 XXX or XXY ‐  Klinefelter syndrome
 XO ‐  Turner syndrome
 XYY ‐  Jacob syndrome

 /">%.>"6;%‐ aberrations in the number of chromosome
sets.

 2-)'.>"6;% ‐ incorrect chromosome number
 E"-;6(F'-?*6"- ‐ failure of homologous chromosomes
or sister chromatids to separate during meiosis.

 spontaneous‐ common in plants, fishes, amphibians‐
evolutionary implications

 Fetal Screening‐ Amniocentesis, chorionic villi
sampling.

 Looks for aneuploidy, gross alterations, proper
enzyme functioning, associations with known genetic
markers.

 Identifies parents at risk of passing down genetic
defects

 Would you want to know?


