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Introduction to Genetics

« GENETICS — branch of biology that deals
with heredity and variation of organisms.

Information (genes)

 Arrangement of nucleotides in DNA
 DNA - RNA - Proteins

-
» Chromosomes carry the hereditary i




« Chromosomes (and genes) occur in pairs
Homologous Chromosomes

« New combinations of genes occur in sexual
reproduction

— Fertilization from two parents

Figure B-11: Homologous Chromosomes

Homologous chromosomes contain DNA Homologous regions code
that codes for the same genes. In this for the same gene.
example, both chromosomes have all the
same genes in the same locations (repre-
sented with colored strips), but different
‘'versions' of those genes (represented by
the different shades of each color).

Sister chromatids are exact replicas...-afi:d’
but homologous chromosomes are not. — _— =




Gregor Johann Mendel

Austrian Monk, born in what is now Czech Republlc In

Son of peasant farmer, studied
Theology and was ordained
priest Order St. Augustine.

Went to the university of Vienna, where he
studied botany and learned the Scientific Method

Worked with pure lines of peas for eight years

Prior to Mendel, heredity was regarded as a "blending"
process and the offspring were essentially a "dilution"of
the different parental characteristics.




Mendel’s peas
« Mendel looked at seven traits or characteristics of
pea plants:

Round Wrinkled

Yellow Green

"x

Purph or while patnis

I l

Inflated or pinched ripe pods Axial or tarminal flowers Long or short stems




 In 1866 he published Experiments in Plant
Hybridization, (Versuche uber Pflanzen-
Hybriden) in which he established his three
Principles of Inheritance |

» He tried to repeat his work
in another plant, but didn’t
work because the plant
reproduced asexually! If...

« Work was largely ignored for
34 years, until 1900, when
3 Independent botanists
rediscovered Mendel’s work.




» Mendel was the first biologist to use
Mathematics — to explain his results
quantitatively.

* Mendel predicted ¢ M_,- &
AR S 4
The concept of genes g 3

s : : o W L
hat genes occur in pairs k‘ ’
That one gene of each pair is ¥ =d P

present in the gametes




Genetics terms you need to know:

Gene — a unit of heredity;
a section of DNA sequence
encoding a single protein

Genome — the entire set
of genes In an organism () o

/thmmosome

Alleles — two genes that occupy the same position
on homologous chromosomes and that cover the
same trait (like ‘flavors’ of a trait).

L_ocus — a fixed location on a strand of DNA
where a gene or one of its alleles Is located.



Homozygous — having identical genes (one from
each parent) for a particular characteristic.

Heterozygous — having two different genes for a
particular characteristic.

Dominant — the allele of a gene that masks or
suppresses the expression of an alternate allele,
the trait appears in the heterozygous condition.

Recessive — an allele that Is masked by a
dominant allele; does not appear in the
heterozygous condition, only in homozygous.



Genotype — the genetic makeup of an organisms
Phenotype — the physical appearance ®
of an organism (Genotype + environment) = % |

Monohybrid cross: a genetic cross involving a
single pair of genes (one trait); parents differ by a
single trait.

P = Parental generation

F, = First filial generation; offspring from a
genetic cross.

F, = Second filial generation of a genetic cross
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7 Characteristics in Peas

=| Stem Pod Seed | Seed | Flower |Flower | Pod
& | length | shape | shape | color |position| color | color
0

3 .

| Tall |Inflated|Smooth| Yellow |Lateral Purple | Green
) .

©

5| = b Q| % v |/
S | Dwarf | |Wrinkled| Green |Terminal| White | Yellow

Consiricted




Monohybrid cross

o Parents differ by a single trait.

 Crossing two pea plants that differ in stem size,
one tall one short

T = allele for Tall
t = allele for dwarf

TT = homozygous tall plant
t t = homozygous dwarf plant

TT x tt



Monohybrid cross for stem length:

12

P = parentals e TT x tt
true breeding, () (tall) (dwarf) Q@Q
homozygous plants: 1

F, generation Tt

IS heterozygous: (all tall plants)

1
Q

©



Punnett square

summarize results (genotypes & phenotypes of offspring)

TT x tt

Genotypes:
¢ v v 100% Tt

t Phenotypes:
Tt Tt 100% Tall plants




Monohybrid cross: F, generation

 |f you let the F1 generation self-fertilize, the next
monohybrid cross would be:

Tt
(tall)

T t
T 1TT | Tt
U] 1t | tt

x Tt
(tall)

(Genotypes:

1 TT=Tall

2 Tt =Tall

1 tt =dwarf
Genotypic ratio=1:2:1

Phenotype:
3 Tall
1 dwarf

Phenotypic ratio= 3:1




Another example: Flower color

For example, flower color: ﬁ\
P = purple (dominant) € ¥

p = white (recessive)

If you cross a homozygous Purple (PP) with a
homozygous white (pp):

b x o0 @D

P b ALL PURPLE (Pp)



Cross the F1 generation:

Pp

Pp

P (p)

Pp

@PP
(®

PP

Genotypes:
1 PP
2 Pp

1 pp

Phenotypes:
3 Purple
1 White



Mendel’s Principles

1. Principle of Dominance:

One allele masked another, one allele was
dominant over the other in the F, generation.

= 2. Principle of Segregation:

Also known as Law of purity. It states that
when gametes are formed, the pairs of
hereditary factors (genes) become separated, so
that each gamete (egg/sperm) receives only one
Kind of gene.




Law of segregation or purity of gametes or
monohybrid cross

phenotypes of parents

genotypes of parents

gametes

punnett square

F, genotypes
Fy phenotypes

ratio

tall

Tt

@

dwarf

Y4 Tt

® = @ @

@ @
@ T Tt
| Tt tt

1TT, 27Tt 1 tt

tall tall dwarf
3 tall : 1 dwarf




Principle of Independent Assortment

» Based on these results, Mendel postulated the

« 3. Principle of Independent Assortment:

According to the Ilaw of independent
assortment, during the Inheritance of two
different traits, the alleles of both the traits assort
and are Inherited Independently of one another
during gamete formation. This gives both the trait
equal chances of being inherited.




Dihybrid crosses

» Matings that involve parents that differ in two
genes (two Independent traits)

For example, flower color: ’.
P = purple (dominant) ¢ ( b

p = white (recessive)

and stem length: 0
Q

T =tall fQ t = short QEQ




Dihybrid cross: flower color and

J stem length

® g» TTPP x ttpp

% (tall, purple)  (short, white)

[ T~

Possible Gametes for parents tp tp tp tp

.@ and 0 TP [TtPp | TtPp |[TtPp | TtPp
TP | TtPp | TtPp |TtPp | TtPp
TP | TtPp |[TtPp | TtPp | TtPp
TP [TtPp | TtPp |TtPp | TtPp

F1 Generation: All tall, purple flowers (Tt Pp)



Dihybrid cross: flower color and
stem length (shortcut)

TTPP x ttpp

(tall, purple) (short, white)

Possible Gametes for parents

Tth

F1 Generation: All tall, purple flowers (Tt Pp)



Dihybrid cross F,

If F, generation is allowed to self pollinate,
Mendel observed 4 phenotypes:

TtPp x TtPp
(tall, purple) (tall, purple)

. TP Tp tP tp
Possible gametes:

TP Tp tP tp TP |TTPP | TTPp | TtPP | TtPp

Tp [TTPp | TTpp | TtPp | Ttpp

tp |[TtPP [TtPp [ttPP |ttPp

tp [TtPp | Ttpp |ttPp |ttpp

Four phenotypes observed
Tall, purple (9); Tall, white (3); Short, purple (3); Short white (1)



Dihybrid cross

Z
Q .
9 Tall @ purple o
QU TP
3Tall jg9 white Tp
: tP
tp

3 Short Q@Q purple % o

1 Short Q@j white

TP Tp tP tp
'TPP | TTPp | TtPP | TtPp
'TPp |TTpp | TtPp | Ttpp
tPP | TtPp [ttPP [ ttPp
tPp | Ttpp [ttPp |[ttpp

Phenotype Ratio = 9:3:3:1




Cross: TtYy x TtYy

g T1Y Ty ty ty
Q ITYY TTYy TtYY TyYy
TY

Tall, yellow | Tall, yellow | Tall, yellow | Tall, yellow

TTYy TtYy
Ty
Tall, yellow Tall, yellow
TtYY tyy |oottvy |y
ty I

Tall, yellow | Tall, yellow [Dwarf, yello
ty Eiliaisenzets

Tall, yellow Dwart, yellow

Genotype: 1 TTYY :2TTYy: 4TyYy:2TtYY : 1 Tlyy : 2 Ttyy : 1ttYY : 2 ttYy : 1 ttyy
L J L J L J L J

Phenotype:

9 tall
plants with
yellow seeds

3 tall
plants with
green seeds

3 dwarf
plants with

1 dwarf
plant with

yellow seeds green seeds



Dihybrid cross: 9 genotypes

Genotype ratios (9): Four Phenotypes:
1 TTPP — i g
M
2 TTPp - Tall, purple (9) @ “eb
2  TtPP :
‘11 :tTPO =t N
) t p%p } Tall, white (3) Q
1  ttPP
5 ttPp } Short, purple (3) Qﬁﬁ o
1 ttpp |~ shortwhite(t) Jo



Test cross

When you have an individual with an unknown
genotype, you do a test cross.

Test cross: Cross with a homozygous recessive
Individual.

For example, a plant with purple flowers can
either be PP or Pp... therefore, you cross the
plant with a pp (white flowers, homozygous
recessive)

C\\ P? x pp



Test cross
o If you get all 100% purple flowers, then the

unknown parent was PP... m
\

Pl ep | ey
. P Pp | Pp
*|f you get 50% white,
50% purple flowers, P D
then the unknown Pl 5 B S

parent was Pp...




Beyond Mendelian Genetics: Incomplete
Dominance/
Limitations of Mendelian Genetics

*

Mendel was lucky!
Traits he chose In the
pea plant showed up

very clearly...

One allele was dominant over another, so
phenotypes were easy to recognize.

But sometimes phenotypes are not very
obvious...






It’s not always Dominant/Recessive!

Non-Mendelian Inheritance Patterns

**Incomplete Dominance
“*Codominance
“*Multiple Alleles
“*Polygenic Traits
*»Sex-Linked Traits



Incomplete Dominance

Incomplete dominance Is a form of Gene interaction In
which both alleles of a gene at a locus are partially
expressed, often resulting In an intermediate or

different phenotype. It Is also known as Incomplete
dominance.

It was described by Correns

Antirrhinum (Snapdragon) /Mirabilis jalapa (4
o,clock plant) flowers come in many colors.



v'Genes show incomplete  dominance
when the heterozygous phenotype
IS Intermediate.

v'If you cross a red snapdragon (RR) with a
white snapdragon (Ir)

v PINK flowers (Rr)



Incomplete dominance

When F1 generation (all pink flowers) Is self
pollinated, the F2 generation is 1:2:1
red, pink, white

Incomplete Dominance

parents

Fi
(all pink)

a{ white
- F2
g+ (1red :
2 pink :

4" 1 white)







Codominance

¢ In the heterozygous condition, both alleles are expressed
equally with NO blending! Represented by using two
DIFFERENT capital letters.

*»» Example - Sickle Cell Anemia: All Normal Cells (NN) +
All sickled cells (SS) = half normal/half sickle carrier (NS)

NN = SS =sickle cells NS = some of

normal cells each

( re
o8 W J¢




Codominance Example:
Rhodedendron

+» R = allele for red flowers
o+ W = allele for white flowers

28 +» Cross a homozygous red flower
with a homozygous white flower.

RR
R R

W| RW | RW
A

wWI| RW | RW




Codominance Example: Roan
cattle

ss*cattle can be

B
o
|
e
|
g
.

red

(RR —all red hairs)
white

(WW — all white hairs)
roan

(RW — red and white hairs together)



Multiple Alleles

s Sometimes there are more than two alleles present In
the gene pool for a gene. Ex — blood type consists of
two dominant and one recessive allele in humans

Allele A (1) and S
B (Is) are
dominant over

Allele O (1).
(NOTE: You still only

get TWO alleles!!!
One from mom and one
from dad)




Multiple Alleles: Blood Types (A,

B, AB, O)
**Rules for Blood Types: (geno = pheno)
A and B are co-dominant (Both show)
IAIA = type A
IBI® = type B
IAIB = type AB
A and B are both dominant over O (Regular dom/rec)
1A = type A
IBi = type B
1l = type O




Multiple Alleles: Blood Types (A,

B, AB, O)

The ABO Blood System
Blood Type Type A Type B Type AB Type 0
(genotype] AMAO) | (e8,B0) | (MB) (00)
Red Blood - EE B) [ \BL,
Cell Surface A A
Proteins . e Mg =
(phenotype)

A agghutinogens only | B agghdnogens only | A and B agglutinogens | No agalutinogens



Allele Can Can

(antigen) | Donate | Recelve

Possible | on RBC | Blood | Blood

Phenotype | Genotype(s)| surface To From
|4

A [AIA A A, AB A, O
1B

B |BIB B B, AB B, O

A, B,

AB |AIB AB AB AB, O

A, B,
O 1 O AB, O O




Polygenic inheritance

oWhen one phenotypic character is
controlled by more than one gene,
it is called polygenic inheritance

oKolerenter is known as father of
polygenic inheritance



olt is also called Quantitative
inheritance

oThe quantity of inheritance depends
on dominant alleles

oDominant alleles have cumulative
effect each expressing part of trait



oGene involved in quantitative
inheritance is known as polygenes

oPolygenic inheritance don’t follow
the mendelian ratio

oEg; skin color of man, wheat
kernel colour



"‘—."r ——— T—— .'.‘:I' E—

Ratio:

owhen 2 polygene are considered-
1:4:6:4:1

owhen 3 polygene are considered-
1:6:15:20:15:6:1



Skin colour of man

olt was first studied by Devenport
(1913) in case of Negro-Europeian
intermarriage.

oSkin colour is due to pigment
melanin. More pigment, darker
is the colour.



o There are three genes (polygene)
controlling the production of melanin.

o But, for convenience we consider only
two pair of genes.

o For Negro :AABB (maximum melanin)

o For Albino :aabb (minimum melanin)



o Parents- Negro ~ Albino
(high melanin) (no melanin)
AABB aabb

o Gametes-

o Fi-- Mu!leto




Gametes-
N AB Ab aB ab
AA BB AA Bb Aa BB Aa Bb
AB (Negro) (Dark) (Dark) | (Mulleto)
AA Bb Aa bb Aa Bb Aabb
Ab (Dark) (Mulleto) | (Mulleto) |  (Fair)
Aa BB Aa Bb aa BB aa Bb
aB (Dark) (Mulleto) | (Mulleto) |  (Fair)
Aa Bb Aabb aa Bb aa bb
ab (Mulleto) (Fair) (Fair) (Albino)




o

. F2 Ratlo- 1 4°64°1
Number of Phenotype Ratio
Dominant allele
No of dominant alleles Albino 1/16
One dominant alleles Fair 4/16
Two dominant alleles Mulleto 616
Three dominant alleles Dark 4116
Four dominant alleles Negro 1/16




Negro Dark Mulleto Fair Albino

Craphical fon oPul o fat e
human



Wheat kernel colo
with three genes

aabbce X AA BB CC
(pure white ine) (pure red ine)

Fl _ Aa Bb Ce

Fa- Asbicc AabbCe eaBBCC AMBLCC AABECE
satbcc asdbCc aeBbCc AaBbCc AsBBCT AABBCC AABBCC

0 1 2 3 a s &
Number of red pigment alieles (A, B or C) In genotype



Thank
you



