v Therefore,
tall pea plants

me &@ Wl ﬂ 62 . B to that of its parent
plant in terms of genetic contents

N Monohybrid inheritance involves
and v In the dominance principle, Mendel

contro”ed by eXP|ained that in a pea Plant with
, its trait
is determined by

MMM WWW factor whereas another

is determined by a
v Mendel figured that pea plants, Pisum
sativum, v The
the effect of
v Pea plants have

which are and v Hence, the recessive trait is
although
v Mendel suggested in his theory that a together with
characteristic in a parent plant is in a pea
to its next generation plant
through and

v" This shows that of the
male and female gametes
of the inherited
characteristic

v' The which
determines a characteristic is known
as

v In the monohybrid inheritance
experiment, Mendel used
as the parental
generation to study the inheritance
of pea plant traits
v" Purebreed pea plants are
which have




SEVEN CHARACTERISTICS STUDIED BY
MENDEL

CHARACTERISTICS TRAITS
DOMINANT | RECESSIVE
Seed shape o
P ) &
Round | Constricted
Seed colour YO
-
Yellow Green
Pod shape >| | | vsns
Inflated | Constricted
Pod colour t/—,- ~
Green Yellow
Flower colour ‘3 Q?‘F
Purple White
Flower position o 9 &
b -
d TR
Axial Terminal
lant height ‘ O
Plan i9 tf : ::_; :
_rz-v'*’ -
e
P Dwarf
Tall

MONOHYBRID CROSS CARRIED OUT BY
MENDEL

U Mendel crossed amn
with
(tt)
U The between the two

purebreed plants was the
which consisted of only
(Tt)
U This shows that the (M is
whereas the (t)

O Mendel then
by (Tt x
Tt)
O The ratijo of to
in was

Key: 7
T: dominant allele for tall _/i

t: recessive allele for short %
<
'Parent | ‘

S
TT (Tall)
Gamete T

First filial W
generation, F, ‘
Genotype | A Tt 1 p )
Phenotype | All tall /‘,I;k_,
Tt Fertilisation VT-['
Gamete T t ot
N &,
DIT 4
Tt Tt
(\'L it a
Second filial . i
generation, F, ot
Genotype | TT:Tt:tt N
D =1: 2:1 2k
Phenotype | Tall : Dwarf &=
L ™ Tt Tt t
(Tall) (Tall) (Tall)  (Dwarf)

Jesms sebated, 1%
inherilance

GENES

1 dwarf (25%)

® A geneis
which
located on a
of a chromosome
a specific
characteristic of an organism

® A gene



ALLELES

% An allele is
for a specific trait that is
located on the of a pair
of homologous chromosomes

ne locus

Each gene Assuming that a
is located gene on this locus
on the same controls a height
locus of characteristic,

a pair of then this gene is
homologous represented by an
chromosome. allele that controls

height. T controls
tall trait whereas t

A pair of homologous controls dwarf trait.

CHARACTERISTICS

+ A characteristic is

(height, eye colour, blood
group and presence of dimples)

+ Each characteristic is of
an organism
TRAITS
— A trait is of a specific

characteristic

— Each inherited characteristic

consists of a
— For example,

chromosomes whereas
CHARACTERISTICS AND TRAITS
CHARACTERISTIC TRAIT GENOTYPE PHENOTYPE
Height Tall TT, Tt Tall
Dwarf tt Dwarf
Colour Red RR, Rr Red
White rr White
Blood group A I'TA 11° A
B I°1°, 1°1° B
AB ' AB
o] I°1° o]
PHENOTYPES DOMINANT ALLELES
» Phenotype is A Dominant allele is which
of an organism when it is
» For example, height , and the effect
GENOTYPES of
A It is represented by a
QO Genotype is A For example, B
of an organism that RECESSIVE ALLELES
O For example, TT and Tt (genotypes
for tall); tt (genotype for dwarf) ¢ Recessive allele is which

when




¢ The effect of recessive allele is

by
¢ It is represented by a
% For example, b
HOMOZYGOTES
- at loci of a pair of
homologous chromosomes are
* For example, BB or bb
HETEROZYGOTES
v at loci of a pair of
homologous chromosomes are
v For example, Bb
PARENTAL GENERATIONS

o Parental generation refers to

which are to predict or

analyse

FILIAL GENERATIONS
¢ Filial generatijon refers to
between individuals of
purebreed parental generation
DOMINANT TRAITS

> Dominant trait is when
are or

» For example, BB or Bb

RECESSIVE TRAITS

v" Recessive trait is if

v For example, bb
PUREBREEDS

® Purebreed refers to which
for a
trait
® Self-cross always
with the
in every generatjon

HYBRIDS
+ Hybrid is

between

Thesilance of Elusen
coleuy

O If
trait is (capital letter),
then
trait is (small letter)

U Therefore, each purebreed parent
has , either BB

for purple flower or bb for white
flower
U During formation of gametes,

during eiosis and
that allele from purple

flower and allele from white
flower
Q between a gamete which
and a gamete which
with in the

(F)
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U Since B allele is , u and express
expresses only
whereas expresses
U The effect of recessive allele is
by the presence of the U The trait that is in the

dominant allele F, generation (white flower colour)

U If the first filial generation is in
, the U The above explanation for
(F,) will have with 0, inheritance of flower colour can be
and explained in the form of a schematic

diagram of inheritance

Parental generation

A
r —

Dominant purebreed Recessive purebreed

/Both alleles are dominant \
(BB). therefore the dominant
trait for flower colour
characteristic, which is purple
is expressed (phenotype). Both
alleles are the same, therefore
the genotype is called |

Qmmom dominant. i

/Both alleles are recessive \
(bb). therefore the recessive
trait for flower colour
characteristic, which is white
is expressed (phenotype). Both

bb alleles are the same, therefore

White the genotype is called
\homozygous recessive. J

Hybrid produced
from mating of two

purebreed plants. This
generation is called the
first filial generation.

/Consists of both dominant allele and
recessive allele (Bb), therefore the dominant
trait for flower colour, purple is expressed
(phenotype). Recessive trait is not observed
because it is suppressed by the dominant
trait. Both alleles are different, therefore the

\genotype is called heterozygote.

Figure 11.4 Relationship among a few important terms in genetics

5 | CHAPTER 11 — INHERITANCE
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Cross of parental generation

Parental phenotype Purple White

Parental genotype
Meiosis

Gamete
Fertilisation
F,genotype

F, phenatype All purple flowers
Self-crossed F, generation

F, phenotype Purple Purple

F, genotype
Meiosis
Gamete
Fertilisation

F,genotype
F,phenotype Fu rple Purple Furpl:e

White

Ratio of F, phenotype 3 purple : 1 white
Figure 11.5 Monohybrid schematic diagram for flower colour characteristic

U For monohybrid inheritance, the
in F, generation is
; whereas the
in F, generation is

Q can also be used to

of in the
offsprings produced. Boxes in the
Punnett square

or
offsprings that are produced

6 | CHAPTER 11 - INHERITANCE

Parental
generation

First fillial
generation, F,

Second filial
generation, F,

Key:

B: dominant allele for purple trait
b: recessive allele for white trait

Based on monohybrid cross,
Mendel obtained a phenotypic
ratio of 2.9:1 in F, generation
which & close to the ratio

of 371 if the number of pea
plants used was big. Small
sample size causes the ratio to
be less accurate. In a natural
ervironment, the ratio obtained
is dependent on chance and
prabability. Thierefore, the achual
ratio of offsprings produced

is probably different from the
expected ratio.

® &

Bb
9 d B b
B Iss ’ Bb ’ | Punnett
purple purple square
o oo @R
purple white

Figure 11.6 Monohybrid cross using Punnett square



Wlendels st Jans

- or Mendel’s First
Law states that of
an organism is by

, and
is

SUMMARY OF MENDEL MONOHYBRID
EXPERIMENT

» from a
parent to the next generatijon is

by a ,
which is now known as
» A trait is by
known as

»

»

»

»

»

(separates) during
and only
from the pair is in

During fertilisation, a zygote formed
(one allele

from each parent) for a specific

characteristic

Fertilisation is

Genotypic combination which is

whereas,
(combination

of and
) shows



Wm &@ W purebreed parents to study the
characteristics of pea, namely seed

colour and seed shape.

either have
N Dihybrid inheritance involves or
each characteristic is b; N Fertilisation between the two
located at purebreed parents
in with
N A schematic diagram below of a of and

dihybrid inheritance between two

Key:
B: dominant allele for round seed

b: recessive allele for constricted seed
K: dominant allele for yellow seed

Cross of parantal generation k: recessive allele for green seed
Parental : Round and Constricted and
phenotype (P) yellow seed green seed Purebreed
parents used in
fertilisation
Parental genotype BEBKK bbkk
Meiosis l '1' Seed shape
. characteristic iz
Gamats : controlled by a
pair of Bb alleles
Ferilisati and seed colour
erilization | s trolled by a
pair of Kk alleles.
F . EbKk Driy the dominamnt
1 genciype traits, namely
F, phenotype : All round and yellow seeds J round and yellow
are observed.
Self-crossed F, generation
F, phemotype : Round and Round and
yellow seed yvellow seed
F, genotype : BbKk BbKk

SO0 EOOR

During formation of gametes, any allele for seed shape can pair wnh
any allele for sead colour.
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N When produced from dihybrid cross was ,

N The cross shows in F, generation
N Outcome of the dihybrid cross is presented in a

Male gamete

Famale gamete

(BK)
- BbKK
Round, yellow Round., yellow Round, yellow

D O ® | O
11.5_5] BBk BBkk Bbkk
Round, yellow Round, green Round, yellow

BhkK Bbkk bbkK bbikk
Round, yellow Round, yellow | Constricted, yellow | Constricted, yellow

& O @ | ©

Bbkk Bbkk bbkk bbkk
Round, yellow Round, green | Constricted, yellow | Constricted, green

Figure 11.8 Dihybrid cross of F, generation using Punnett square

[ Phenotypic ratio produced in F, generation: N

O @ © ©

Round, yellow seed : Round, green seed : Constricted, yellow seed : Constricted, green seed

N 9 : 3 : 3 : 1 Y,
’ SUMMARY OF MENDEL DIHYBRID
V]|endels secend (aus EXPERIMENT
o or A
Mendel’s Second Law states that are produced in the F, generation
during gamete formation, and
from a pair of alleles can
from A (seed shape and
another pair of alleles colour) are in F, generation
but later and

in F, generatijon

9 | CHAPTER 11 - INHERITANCE
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CHAPTER 11.3 — GENES AND ALLELES

ebuibispenfeet

= Locus is a specific location of a gene in a chromosome

= Each chromosome carries many genes

= In human, the number of genes that code for proteins in a set of haploid chromosomes is
estimated to be 25 000

= Allele which represents a gene is located at the same |ocus as the gene

= Below diagram shows five genes with their respective alleles on specific loci of a pair
of homologous chromosomes

FY Ty
Alleles that - -
represent
gene il [
g Centromere
On these two loci, the
genes are homozygous Homozygous dominant (FF)
because of similar ]
alleles ] | ~— Homozygous recessive (jj)
On this locus, the ———lilll Heterozygous (Mm)
genes are heterozygous
because of different \_
alleles ——
A pair of homologous chromosomes

10 | CHAPTER 11 - INHERITANCE



Human: chsemesomes

e There are two types of human

chromosomes, namely and
o consists of
and
e Autosomes vary in terms of sijze and
length

e Tgpes of uman
chammesemes

AUTOSOME

+* Consists of from

% The function is to
of somatic cells
% Examples:
1) Types of blood group
2) Height
3) Skin colour

SEX CHROMOSOME

¢ Consists of ,
that is
¢ Consists of genes which

¢ Examples:
1) Male has XY chromosomes
2) Female has XX chromosomes

Human karyeljpe

in a cell nucleus
iS known as
» Chromosomes are ;
based on in
terms of their sizes, centromere
locations and banding pattern of
chromosomes

XX HN
)( H( }( i€ X I

10 1" 12

7( )( 3( K xn o

16 17

l( K TR )e

19 20 21 22 \. X Vi

\l’

8

NN KK
)( XX KK
MK K
K % " wn )(\1_

19 20 21 22 \\xxz

.
\l/

Sex chromosome
Male karyotype (44 + XY)

[
Sex chromosome

Female karyotype (44 + XX)



el

can occur due to
during anaphase I or

during anaphase II
® This disorder is known as

which can occur in

some chromosomes
® When nondisjunction occurs in

humans, either (sperm)

or (ovum) can

of less than 23,
that is 77 or more than 23, which is

® Therefore, fertilisation that

with or

® Examples of genetic diseases caused

by nondisjunction are

, and
DOWN SYNDROME
+ is
which is 45 + XY
+ There is an

chromosome pair

4+ Down syndrome is also known as

4+ Down syndrome can occur in
and

—_ o
e s

.4
w

19

)

KKK
8\ ]Fe 1,5 }11< §2(
e bl

K woM )
20 21 22 X X

/"‘\

1

TURNER SYNDROME

O In Turner syndrome,

is 45, which is 44 + XO

O Thereis a in
the pair of

O The with Turner
syndrome is

\;‘\—:‘ —

"
i<

19

4 16 17 18
X n w )
20 2 22 X

KLINEFELTER SYNDROME

v' Karyotype of Klinefelter syndrome

v

v

has a , that
is 44 + XXY

There is an in
the pair of

The with
Klinefelter syndrome is

v However,

are



PHENOTYPE AND GENOTYPE OF HUMAN
BEING BLOOD GROUP

GENOTYPE

{ PHENOTYPE (blood group)
)) ] ’( ( s( A IAIA or IAIO

( )( J( )‘ ” B I°I° or I°I°

N
/
1! ) 17 18 AB I'e
K X o v N ° re
19

20 21 22 XXY

Human nkesilance

9

./\';’ ij <) K

4

Key:

1* and |*: dominant allele
1?: recessive allele

EXAMPLE OF BLOOD GROUP INHERINTANCE

IN HUMANS
» ABO blood group in humans is an

N A man with A blood group married a

»

»

Blood group is
which consists of
, hamely , 1 and
These alleles determine
on the surface
membrane of red blood cells

woman with B blood group
N There is
in with
N Both mother and father are
for A blood group and

of the couple

B blood group

» However, a person only

to determine his/her Parent + Father Mother
Genotype 14 B
» and are Meiosis / \ / \
whereas | is Gamete o e
» Therefore, of " and Fertilisation » j—_-_-...—ﬁ
(11° expresses Genotypeof child : 1B A1 Be e
whereas Phenotype of child :  AB A B 0
expresses Phenotypicratio : 1 : 1 : 1 1
» I* and I? alleles are to

one another
» When these two alleles are

’

— Besides antigen A and antigen B on

e surface of human red blood ce
» A combination of both alleles gives th face of human red blood cell,

an AB blood group phenotype there is called

which is known as

(Rh)



— An individual whose red blood cell
is said to be

(Rh*) whereas an individual
is said to

be (Rh)

—> Inheritance of Rhesus factor from
parents to children is based on
principles of Mendel’s Law

Situation 1
Parent : Father Mother
Genotype :  Rh*Rh* Rh-Rh
Meiosis
Gamete : @ @
Fertilisation
Genotype of child : Rh*Rh
Phenotype of child: Rhesus positive

Phenotype ratio  : All children are rhesus positif

¥ Thalassemia is an

¥ The disease can be passed down from

generatjon to generatjon
¥ Thalassemia is due to
on an , that is on
or
¥ Thalassemia is due to
and

¥ The red blood cell is and

¥ Thalassemia carrier is said to have

in which

—> Rhesus factor is

which ’

namely and

— Genotype of a Rh-positive individual

is either
(Rh'RR") or (Rh'RhY)

— Rh negative individual is

(Rh'RhY)

Key:

Rh*: rhesus positive

Situation 2

Rhr: rhesus negative

Father Mother

Rh*Rh Rh-Rh

/N
@ @ e

<

Rh*Rh Rh-Rh
Rhesus positive  Rhesus negative

Y Rhesus positive % Rhesus negative

the individual
of thalassemija but the
individual does
of the disease
Detection of thalassemia can only be

A thalassemia patient is said to
when the
individual has

A thalassemia patient
such as , ,
and
from
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Situation| Mother Father Situation
1 Normal Carrier 2

A O
H B

Mother Father
Carrier Carrier

A O

. Children

Normal Carrier Normal Carrier Carrier Thalassemia
A Secondary oocytes produced in the
ovary are also and each
secondary oocyte has only
A has and
, hamely
has
A erms produced i e testis are
Sp Produced in the testis a A Sex or gender of a child is
, and each sperm has either
or
Parent Father Mother
aughter Genotype 44 + XY 44 + XX
Meiosis / \
L}
I I I = ) Gamete @ @ 22+ X
XX XY, Fertilisation
Mother Father Genotype of child © 44 + XX 44 + XY
Sun
Phenotype of child: Female Male
Phenotypic ratio 1 : 1
° and

e Genes located on sex chromosomes
which control specific
characteristics but are
in sex determinatjon are known as

15 | CHAPTER 11 - INHERITANCE

are located in the

These genes are called

Characteristics of colour blindness
and haemophilia are caused by



to

o iS than

and does as

as
e Therefore, any traits in males caused

by either or
on iS
COLOUR BLINDNESS

. iS in

which a person
some such as red and
green
= Colour blindness is caused by
found in the
and most people with
colour blindness are

= In sex-linked inheritance research,

and must be
when writing the genotypes
. is by
whereas
is by
on the
Parent Father Mather
Phenotype Normal eyesight MNormal eyesight
(Normal) (Carrier)
Genotype : xey XEXE
Meiosis / \ / \
Gamete @ ° @ @
Fertilisation » ;{i—:*
Child genotype :  X®X® KEXE xXey xeY
Child phenotype : Girl Girl Boy Boy with
normal normal normal colour
(carrier) blindness
Phenotypic ratio : 1 : 1 1 1

Genotype and phenotype of colour blindness

inheritance
PHENOTYPE GENOTYPE
MALE FEMALE
Normal X2Y XBx®
Carrier = xex®
Colour blind xbY xbxb

Key:
X®- dominant allele

X" recessive allele

HAEMOPHILIA
0 is in which
in normal
circumstances due to the
0 This can result in
or which may be
¢ Haemophilia is due to
in the
, Which causes
to be
0 will only be
if are
on
Parent Father Mother
Phenotype Normal male MNormal female
(Normal) (Carrier)
Genotype : Xy X
Meiosis / \ / \
Gamete : @ ° @ @
Fertilisation b_ _&_-E_,:
Genotype of child :  XMXH KA bl Xy
Phenctype of child:  Girl Girl Boy Boy
normal normal normal  haemophilic
(carrier)
Phenotypic ratio  : 1 : 1 1 : 1



Genotypes and phenotypes of haemophilic
inheritance

PHENOTYPE GENOTYPE

MALE FEMALE
Normal xHy XHxH
Carrier = XX
Haemophilic XY x"xh

Key:

X" dominant allele
X" recessive allele

“* The ability to roll tongue and the
types of earlobes are two

characteristics that can be inherited

from parents to children according
to Mendel’s Law

0‘0 ' s

Parents in each

Each generation
is symbolised by
a Roman numeral |-
and is placed on I
the left 1 2

whereas iS

oty pedigree

QO Family pedigree or lineage can be
to
of human characteristics
O Family pedigree is
through a few generations to
and
from
ancestors to individuals in the
present generation

N enables
to
of interest and also
to
or
QA Normally in

every generatijon whereas
is probably in certain
generatjons

Symbols used in
pedigree

Normal male

Normal female

K 2 3

Children

Marriage
Haemophilic male
F 5 Haemophilic female
Female carrier
5 6
Children
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MemornyiElashback:

o

Mendel
Inheritance

® | ®
Monohybrid Dihybrid
inheritance inheritance

® o

Mendel'’s Mendel’s
First Law Second Law

* | ¢

Inheritance
factor

o

¢

Human Human
karyotype Inheritance
I |
» Autosome * ABO blood group
* Sex * Rhesus factor
chromosome » Thalassemia
» Sex determination
[ ]

Sex-linked inheritance
- Colour blindness
- Haemophilia

» Ability to roll tongue
* Type of earlobe
» Family pedigree
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