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GREGOR

® Prior to Mendel’s work (1860s) it
was thought that off-spring
represented an intermediate (i.e.,
equal mix) of the parental
characteristics.

® Austrian monk Gregor Mendel
developed the fundamental laws of
heredity after performing a series
of experiments with pea plants

® Math, physics, botany at University
of Vienna

GRE( ENDEL

® Studied Pisum sativum, garden pea plant (_s35,8 >9J)

Self-fertilizes ( soliudl 05,5595)— produces both male &
female gametes

Can cross-fertilize (csulxdl 03,3,35)— done by plant
breeders

@ Observed that white-flowered parent plants produce
white flowers

@ Observed that when bred w/ different-colored plant,
different traits emerged.
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Garden pea anatomy and the

cross-pollination (_suLisl 05,5,55) procedure Mendel used

@ ! Pe2s e yellow when one paren
produces yellow peas and the other
parent produces green peas.
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Trait

. Characteristics F, Results*

2
Dominant 7 Recessive Dominant

Recessive

Stem length Tall Short 787 217
Pod shape Inflated d Constricted J 882 299
Seed shape Round ] Wrinkled 5474 1,850

Seed color Yellow r Green @ 6,022

Flower color Purple @ White NI 705

Pod color Green d Yellow 428

152

*All of these results give an approximate 3:1 ratio of dominant to recessive. For example, 2% = %

@ Genes—sequence of DNA on a chromosome that gives
information on inheritable traits (i.e. hair color gene)

® Allele—all forms of the same gene. Reside at the
same location (locus) on homologous chromosomes.
(i.e. alleles for red, brown, blonde, and black hair)

® Locus—location of a gene on a chromosome

® Hybrid—offspring of two “parents” who each breed
true for different forms of a trait

= - A pair of homologous
chromosomes, in the
unduplicated state
most often, one derived
rom a male parent, the
other from a female parent)

A gene locus
(the location of a particular
= gene on a chromosome)

A pair of alleles
| }— (each bein? a certain
molecular form of a gene at
a given locus) on a pair of

homologous chromosomes

Three gene pairs

(at three different loci on a pair

of homologous chromosomes);
same thing as three pairs of alleles

\

1938 Wadsworth Publishing Company/ITP

® Homozygous—identical alleles on homologous
chromosomes (AA, aa)

® Heterozygous—non-identical alleles on
homologous chromosomes (Aa)

© Dominant allele—masks effect of recessive allele
when paired
Capital letter for dominant (“A”)
Lower-case letter for recessive (“a”)

® Homozygous- an organism has two identical alleles at a
gene locus

Homozygous dominant— AA
Homozygous recessive— aa

® Heterozygous- an organism has two different alleles at a
gene locus

Heterozygous— Aa
® True-breeding parents— P
® First-generation offspring— F,
® Second-generation offspring— F,

® Genotype— particular alleles in an individual; genetic make-up
® Phenotype— Individual’s observable traits (what they look like)

PEA PLANT (.,

® Sperm in pollen grains, originate in stamen

@ Carpel: female flower part, has eggs, fertilization,
seed development

® Brush pollen onto carpel for artificial fertilization
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TEST CROSSE! AONOHYBRID EXPERIMENTS
MENDEL’S LAW: &
® Assume each P was homozygous ‘>
. AA for one trait, aa for other trait P (e
Testcross: intentional breeding (Saosi S,.8505) in Breed true for a phenotype ,-'g“ X 4\
order to determine underlying genotypes ®© tha?Ply show “A” trait, not “a” m,,,},,,, ‘ .
@ F, show 1 “a” trait for every 3 “A” ”
One-trait Testcross - When a heterozygous traits »
individual is crossed with one that is P { a "‘3 " /
homozygous recessive, the results are always a l”"“"’“”“”‘"’"
1:1 phenotypic ratio Mvﬂ»«wm
X
7 \[] self fertilization a b
L 2= R . ey
. L 284 \ *5
Py 3:1 Ratio ”"’ 1

& homozygous " homozygous "
ominant paren recessive paren AR AENTA LI B B[R 7 S AA @
e N N MONOHYBRID EXPERIMENTS
( A l.. o ) © Mendel tracked 7 observable traits on pea plants
. . (chromosomes \-., A Seed shape (round or wrinkled)
duplicated T Seed color (yellow or green)
before meiosis) /{”’-\ Pod shape (inflated or wrinkled)

Pod color (green or yellow)

Flower color (purple or white)

Flower position (on stem or at tip)

Stem length (tall or dwarf)
© Noted that F; had all same trait, some of F, had different trait
© Approximately 3:1 ratio of traits

. g ' ‘V\'v
|
s mei?sis

e meiosis seed shape pod shape flower color
“‘ 1 5474 1850 882 209
O B
= (gametes) 2.96:1 2.95:1

seed color ped color
§ fertilization 6022 2001 a2 152
{ Ja' produces
L / ) ﬁ?'teroizygous @ .
\ /offsprin
© 1998 Wadsworth Publishing Company/ITP . pring 3.01:1 2.62:1

THE UNITS OF INHERITA

MENDEL & CHR CE ARE ALLELES OF GENES
© Law of Segregation (. 8,a5 ,wlg8)
Each parent has two factors for each trait
The factors segregate (separate) during the formation of
the gametes
Each gamete or egg contains only one factor (allele) from

h pair of fact . . =
E:Eh Ezlr;c?logzzsozlromosome carries one allele. During The Dom]nant Allele (u.\Jl.G JJI) masks
meiosis, these chromosomes separate so that only one expression of the_ other allele: ) -
ends up in each gamete. - the Recessive Allele (U_Q.LQ.D J.”)

Fertilization gives each off-spring two factors for each
trait

Traits are controlled by alleles - alternate
forms of a gene

Found on homologous chromosomes at a
particular gene locus
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MENDEL & CHRO#

MEIOSIS | N
’ —\ Hetsrozygous (YyRr) diploid
Prophase | A’V cellfrom a plant with round

MENDEL & CHR

yellow seeds

. / e 390 5w (3) woleo Guigid sor Blo (A) Lo Guseis ©
Metaphase | \/Y/MY\\ OR /
i (@) Parents

: / TR ¢
Anaphase | " \. ‘/
Telophase | 3 " .
MEIOSIS Il @ Hybrid - First generation
/ \

Prophass |

"y 4 / N\ 3
( /,,%\\; / ﬁ\ \/)S O / /TK;\’ . Second generation
& i (% '/ Metaphass || A ' )

N 3 K N ‘

N (W O

= = = A S

DG DG GpGD @D () () @Q @ @@
) ) W@

Possible haploid gametes

’PORT MENDEL’S LAWS AND

PUNNETT S TEST CROSSES ¢

INDICATE THE GENOTYPE
@M°T‘°rlybr:‘d Cr‘t’ss (q_e:‘)i\) ‘5“_5‘91“ 0300l S5 5OW): Test cross - intentional breeding in order to
asingle phenotype (*Mono™ = 1) determine underlying genotypes
Solian Two-trait Test cross - when an individual is
@ heterozygous for two traits is crossed with

G g one that is recessive for the traits, the
offspring have a 1:1:1:1 phenotypic ratio

GG| Gg B @ @ AaBb x aabb
2

BB

25% = AaBb
25% = aaBb
25% = Aabb
25% = aabb

p|st||

g| Gg| 99 || @

Nucleus of a diploid (2n)
rsproductws cell with only

DUNN —
PUNNETT 3 —/f.yag two pairs of homologous
\

chromosomes

® Dihybrid cross—two phenotypes (“Di” = 2)

Possible alignments
© <@ F1 Govy of the homologous | %
chromosomes at A dblln
GY Gy gy ay metaphase | of “'Uub b,
meiosis, as shown Rl
< | < | <ampr | < by two &iagmms
RT Rt rT rt av| o " & - /_\ Z&E\\
GGYY | Gavy | GgYy | agvy The resultin Al | CL O
R T|RRTT [RRTt | RTT | ReTt ” e angnmantsgf {}Jg D’BD
ay chrtomgson'nl?s at ".- \ ;
© @ ® ® metaphase II:
Rt | RRTL| RRtt | RITt | Rt F1 GGYy aGyy | agvy | agy . m fi\\b@
T GgYy P e N ' N
r RTT [ RITt | T | oTt - T bi. "
9 © © ® (0] e combinations
© GgYy | GgY YY | ggV of alleles possible ne - e
T R | Rt | 0Tt | 3 g = — in the forthcoming
g | <>
gametes:
gy ®© © @ () 1993 Wadsworth Publishing Company/ ITP
GgYy | Gayy | ggYy | ggyy
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® Law of Independent Assortment

“Each pair of alleles segregates independently of other
pairs of alleles during gamete formation.”

The alleles for a given trait (on homologous
chromosomes) separates during meiosis independently
of other traits.

E.g. Hair color alleles will segretate during meiosis
independently of eye color alleles
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Some genetic disorders are medical conditions
inherited from parents

Some may be due to the inheritance of
abnormal alleles on autosomal chromosomes
(all the chromosomes except the sex
chromosomes)

Carriers (& J9U): those individuals that carry
the abnormal allele but do not express it

AUTOSOMAL INHERITANCE

® Autosomal Recessive
Recessive phenotype only shown with homozygous recessive
Heterozygous is “carrier”

Unaffected )

Unaffected
carrier
mother

] 5 LEGEND
I
RECESSIVE  DOMINANT
GENE GENE

Allele Key 1 b b
E = unattached earlobes !! a! H ” E
& = attached earlobes ! |
| | il
Phenotypic Ratio [ (d : (il I

3] unattached earlobes
child Affected child
1 Kctelsatictien cartier child  carrier child

©Mayo Foundstion for \ Il

Punnett square

WAL RECESSIV

® Albinism (.sJly)
Lack of normal amounts of melanin (pigment) in body

® Cystic fibrosis (SwiwuS 399)
Thick mucus in lungs & digestive tract
Breathing & digestion difficult

Most common lethal genetic disorder among
Caucasians in U.S.

Genetic testing for the recessive allele is possible

‘y achs Disease - uncontrollable seizures, and
aralysis prior to dying

5,8,
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isorder affecting nervous system
Nﬁnx ? ?tnproducts have warnings that they contain
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Sickle- ceII Drlsease - genot: e HbeH $ has many
sym £oms from anernia to heart failure

ividuals who are HbA Hb® have sickle-cell trait
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AUTOSOMAL
RECESSIVE
PEDIGREE

1

Relatives
o] @
[aa] = affected

Aa = carrier (unaffected)
AA =ur
s A? = unaffected

« Most affected children have unaffected (one allele unknown)
parents.

* Heterozygotes (Aa) have an unaffected phenotype.
 Two affected parents will always have affected children.

* Affected individuals with homozygous unaffected mates will have
unaffected children.

« Close relatives who reproduce are more likely to have
affected children.

*Both males and females are affected with equal frequency.
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® Autosomal Dominant
Allele expressed in
heterozygotes
AA or Aa show
dominant phenotype

Affected
father

Unaffected
mother

LEGEND

! ! RECESSIVE oowwn
e

nﬁ, Y auﬁ

Aﬂ-ctad Unaﬂacted Unaﬂectau Arl'iecled

® Mayo Foundation for Medical Education and Resaarch. Al rights ressrved.

I Q Aa 4a |
AUTOSOMAL
DOMINANT |
PEDIGREE e
Aa aa
CHOG [HOO

Key

aa = unaffected
= affected
affected
= affected

Autosomal dominant disorders

« Affected children usually have an
affected parent.

(one allele unknown)

« Heterozygotes (Aa) are affected.

= Two affected parents can produce an unaffected child.

= Two unaffected parents will not have affected children.

+ Both males and females are affected with equal frequency.

@ Achondroplasia

Embryonic cartilage in skeleton doesn’t
develop properly (a defect in the growth of
long bones)

“Dwarf”, average 4’ tall
@ Neurofibromatosis -

many children with neurofibromatosis have
learning disabilities and are hyperactive

® Huntington’s Disease

a neurological disorder that leads to
progressive degeneration of brain cells
(Nervous system deteriorates)
Symptoms often not seen until after 30
Die in 40s or 50s

m  RR
® Heterozygous b
phenotype between  puentl ) Generaton [/,
the two |
homozygotes
® One trait doesn’t
completely

A F1 Generation |
dominate the other

® Hybrid is a blend of
the two phenotypes

Rr Rr m
l/4Wlub 1/2 Pink 1/4Red 1/2Pink  1/2 Whitel

i

GENETIC DEVELOP

® Phenotype treatments

Phenylketonuria (PKU)—lack of enzyme, can’t convert
certain amino acid, brain function problems

Restrict intake, can lead normal life
® Genetic screening
Detect alleles that can cause disorders
® Prenatal diagnosis
Amniocentesis—collect fluid from around fetus
Cells in fluid from fetus, can analyze for certain

disorders
T AT NI
INCOMPLETE
DOMINANCE
£ RiR; ! RiR;
Key ;83_ r
1 R;R; B red ~ g p
2 RR, [ pink R, | Zs | —N
1 RgRg [ white - = Y
YRR, RyR;

Offspring
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AINANCE
Possible alleles in
® Nonidentical alleles expressed at same time . garr}ezgs frc?Bm mo.ther. -
@ Multiple allele system—3 or more alleles for a single o l | @ P 1 Resulting
gene locus = % : ; t:looc!
© Blood types %’ - ype:
=E£E B =A
IA IB Phenotype Posible Genotypes ; g 7] =AB
0 i % 2 [ ]=B
il 1% | 15 A NN 32 " L [ =0
BB B. oag ! l I ii
. A. B. B [N o —
i|I%1 |1 AB
AB Il 2 1935 Wadsworth Publishing CompanyTP
. . Rh Protein
Rh Factor — is a protein on surface of the (Antigen)
red blood cell
. . . + -
Can be an antigen (i.e., cause the immune Rh Rh Chromosome 10
system to react. /
No
Rh Protein
(a) (b)

Parents Potential Puppies

HEMOLYTIC DISEASE OF THE NEWBORN EPIS

® Phenotype results from

CI:.UPPYB
interaction among products of 2

Colour: Black
Genorype: EEBb

© 7 . — - — NP or more gene pairs POPPY4
\\\ ° ‘ ) \ \é “f’ ) \ g .p c»;.:ava:r_nm
loo ° (@) A8 Y ® Labrador retriever colors

ro i ) © ’

B (black) & b (brown)

EE or Ee—melanin (pigment)
production. Black or brown

ee—no melanin produced. Always
Io Rh+* father. 9 Rh~ mother carrying e In response to the o If the woman becomes} P Y =

her first Rh* fetus. Rh fetal Rh antigens, pregnant with another yellow!
antigens from the the mother will Rht fetus, her anti-Rh
developing fetus can produce anti-Rh antibodies will cross
enter the mother's antibodies. the placenta and
blood during delivery. damage fetal red
blood cells.
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PLEIOTROPY

@ One gene may affect multiple systems or traits
Sickle-cell anemia

Individual homozygous
for sickle-cell allele

\
Sickle-cell (abnormal) hemoglobin

¥
Abnormal hemoglobin crystallizes,
causing red blood cells to become sickle-shaped

Sickle cells \\&
N

Clumping of cells.
Breakdown of T Accumulation of
ok o -
red blood cells LR LA sickled cells in spleen
VN \ N T~ \

physical | [ anemia| | Heart | [Painand] [ Brain | [Damageto| [ Spicen
weakness: failure fever | |damage| |otherorgans| |damage
impaired Preumonial
mental and other [Rheumati Kldney
t failure
fu infections

MARFAN SYNDROME ILLUSTRATES THE MULTIPLE
EFFECTS A SINGLE HUMAN GENE CAN HAVE

Linked to mutation in FBN, Gene
on chromosome 15

FBN, is gene for a protein called
Fibrillin.

Protein that is essential for elastic
fibers in connective tissue.

MARFAN SYNDROME ILLUSTRATES THE MULTIPLE
EFFECTS A SINGLE HUMAN GENE CAN HAVE

Connective
tissue defects

| Skeleton [ ‘ Heart and blood vessels ‘ ‘ Eyes ‘ ‘ Lungs ‘ ‘ Skin ‘
Chest wall deformities Mitral valve | | Enlargement Lens dislocation Collapsed lungs | | Stretch marks in skin
L s, arms, prolapse of aorta Severe nearsightedness Recurrent herni

5 , arms, legs
Scoliosis (curvature of the spine)
Flat feet

Long, narrow face
Loose joints

ATION

Bl EX VA
LEX VA

® Continuous variation—range of small differences
in a trait

Due to polygenic inheritance—inheritance of multiple
genes that affect the same trait

In Humans: Eye, Skin, Hair color

Skin color—due to different kinds & amounts of
melanin

= . - on ] Tl s Sy
aabbcc AABBCC
(very light) (very dark)

b Y
F generation '

P generation

generation X

AaBbCc AaBbCc

Proportion of Population
- Rl 2
L I

T ¢ B G
& ¢ ¢ @
EEE S o

“ugy S5, Genotype Examples

TRAITS TRANSMITTED VIA THE X CHRC
HAVE A UNIQUE PATTERN OF INHERI

X-linked alleles have a different pattern of
inheritance than autosomal alleles

The Y chromosome cannot offset the inheritance of an X-
linked recessive allele

Affected males always receive their X-linked
recessive mutant allele from the female parent
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P generation

X-LINKED
INHERITANCE

P gametes

F; generation

eggs
F; gametes g Q XR X
3 | 5
x| &)
£ E7 xrxR
F» generation g
& & >
B | @
v & &
VXY XY
Offspring

HUMANS HAVE X-LINKED DISOR 5
Color Blindness - the alleles for the red- and green-
sensitive proteins are on the X chromosome

Muscular Dystrophy - occurs in males but the
recessive allele remains in the population through
passage from mother to daughter

Hemophilia - 1 in 10,000 males is affected by both
external and internal bleeding

X-LINKED
RECESSIVE
PEDIGREE

Key
XBxP = Unaffected female
XEx! = Carrier female
= Color-blind female
XPY = Unaffected male

X-linked Recessive [X®Y ]= color-blind male
Disorders

* More males than females are affected.
+ An affected son can have parents who have the normal

phenotype.

* For a female to have the characteristic, her father must also have
it. Her mother must have it or be a carrier.

*The istic often skips a ion from the to
the grandson.

« If a woman has the characteristic, all of her sons will have it.

ON ONE CHR
Jp

Gene linkage (wsv) Siawga)- the existence of
several genes on the same chromosome
Genes on a single chromosome form a linkage group
because they tend to be inherited together

@ Sometimes linkage groups split, and entire linkage
group is not transferred in the cross-over.
This is known as Incomplete Linkage

® Responsible for genetic variation
® Can result in nonparental combinations

® The closer the genes on a chromosome, the more
likely to stay together

Linked genes \ |~

L

Crossing-over and recombination during meiosis

SEX DETERR

@ Humans elo Fanae
XX = Female

XY = Male l
~pr OO0
XX XX
Female Female
Children: j@
XY XY
‘ ; Male Male

1 Female: 1 Male
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{ DETERMINATION (xagasnis X-LINKED INHERITANCE

Sl piwnw cilizo Sla agS © - 2 = . , ;
’ )l L;uhii i1 @\ e @ © Recessive, found on X Faber - Chlden
© XY } chromosome Mother 'll *
XX = Female, XY = Male @%‘*‘“ ) © Only present if XAY or QTP 1}
bl XAXA, Not XAX {g o
Zygotes. ) .
©X0 P "'"" ""’ © Baldness et
Y = Female, X = Male o Red-Green Color ]
Ol 5l S)lown «Sowgw (Fdo - ® Al
IW = Female, ZZ = Male orme o s B0 ® Hemophilia A _@ 1’}&
[BV3V] .=U|_9)J V-1V 3 i i Mother -
® Haplo-Diploid ﬁﬁﬁ If_::l((::tko(r)sf certain cloting ey - L Iﬁp 1}\
Zn = Female, n = Male et Blood cannot clot, bleed femephiia
29495 «AZ,90 ) e 22 uncontrollably aon-
L.(/‘—\‘ (Haploid) \(Diploid)) carrier
A P74
(d) The haplo-diploid system without -
v Ao e g . hemophilia

X-LINKED INHERITANCE
XB = Bald, recessive trait X, Y = Non-bald, dominant trait
XB Y XB Y
X | XXB | XY XB | XBXB | XBY
B
X XXB | XY X XXB | XY
X Y XBXB = balq woman
XB | XXB | XBY X~ normal woman
XBY = bald man
XY = normal man
X XX | XY

10



