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Module Skills

Research skills

Students’ ability to work independently and solve
problems will be developed by assignments.

Communication

Students are regii
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manner. Oral diSCuis: resente
form part of thesmodule.
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Introduction

s Genetics - Science of heredity concerned with
behaviour of genes passed from parents to offspring in
the reproductive process.

It is a branch of! Biology: concernedMmitasiEEuiEaer
variation. -

I\

Gene Is the functional NINCINIEIEEIN. Vore recentiy
IS defined as a segmegiReIECIgEIMIeN-linear
deoxyribonucleic acidl ((BINAYRVIICHEEREO0ES a
polypeptide or protein! —

Breeding deals with rr_pphwuon vjfgenetic principles, Up —
the improvement of ecEEMICAlly impertant
characteristics or traitsy f




Importance of Genetics

1. In Agriculture, some food crops (oranges, potatoes, wheat, and rice)
have been genetically altered to withstand insect pests, resulting in a
higher crop yield. Tomatoes and apples have been modified so that they
resist discoloration or bruising.

Genetic makeup of cows has been mq
production, and cattle raised for beef

grow faster. — ol

2. In Law, genetic technologies have @lso helped convict crimine
DNA recovered from semen I air found at a cri
scene can be analyzed in a red with the DNA

suspect. An individual's DNA of fingerprints, a
DNA match can be used in ¢ ce connecting a p
to a crime.

In medicine, scientists can eria so that they
produce specific proteins, s peeple Withéiiab
mellitus or human growth h who suffer fra
growth disorders.

Gene therapy is used in trec IEE EI conditions, in¢juding H\Em m
some forms of cancer and ¢ OrC ally engineered vaccines
are being tested for possiblg o




Simple Mendelian inheritance

Gregor J. Mendel (1865)
‘Father of modern genetics’
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ncarka Encyclopedia, Culver Pickures

Mendel's work showed that:

1. There is existence of some fac s which are respc

for the inheritance of traits or c

2. Genes occur in pairs: Alternat ar%r agete

by different forms of a single tyf es.

3. Each parent contributes one f wn in offspring.

4. The two members of each pai gregatelduring gamete ffie ilo]algll | |
so that each gamete receives o

5. Genes are transmitted unchanfgy generation.




Single gene inheritance (Monohybrid cross)

=  The monohybrid cross revealed how one trait is transmitted from
generation to generation.

The simplest experiments Mendel performed involved only one pair of
contrasting characteristics or traits.

The cross between true breeding pea plants. ms a
stems Is representative of Mendel's mofiohybrid crosses.

Tall and dwarf represent co 1 aracter (stem heic

Mendel allowed his plants to ber of generation
he was certain that they were at the offspring a
resembled the parent for the consideration.

When Mendel crossed tall pla théesulting F1
generation consisted of only

r T




Single gene inheritance (Monohybrid cross)

Parental phenotype: LEU Short
Parental genotype (2n): TT X tt

Gamete (n)

F1 Genotype (2n):
Phenotype: : Wil

= When members of the F1 geiae Qi elfed,
P2 phenotype: - LEU
P2 genotype (2n): T t (Selfing)

P2 gamete (n) : t\

F2 Genotype (2n): = t ’g

F2 Phenotype: /4 dwarf)

| .ﬂm 227/1064) i S |
= To explain these results, Me roposed stence of what he callec

particulate unit factors for & 1l d¥as the basic unit of
heredity and are passed unchisy ] to generation.




Mendel’s first law of inheritance

= It states that two members of a gene pair segregate from
each other into the gametes, so that half of the gametes
carry one member of the pair and the other half of the
gametes carry the other member of the pair.

Modern genetic terms:

Genes are factors responsible for  tre
isti il
characteristics. “‘“ il

Alleles are different form e,egTort.

Phenotype of an individ pression of a tr:
outward appearance.

Genotype is the genetic idual e.g TT, Tt
B ol
Homozygotes or pure li aving identical &
(TT or tt).
| u\ ST

Heterzygotes or hybrld ndivi MiERLIN-1dentical alleles
(Tt). :




Animal Cell

Rough Muclear pore
endoplasrmic
reticulurm Muclealus Mucleus
Ribo=some Muclear
rnernbtane
Galgi apparatus
Centriole .
Lysosorne
Srnooth Cytoplasm
endoplasric
Feticulur
Fitochondrion Cell membrane

ncarta Encyclopedia, © Microsoft Corporation, &ll Rights Reserved,




Chromosome
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Encarta Encyclopedia, Photo Researchers, Inc, /Biophoto Associates)Science Source

This karyotype of a human male sh osomes that are tyg
present in human cells. The chroma Iilth ough 22 are callac

autosomes, and have a similar appe ales and females. The 23rd pair,
shown on the bottom right, represeit 2Sil Females have two

identical-looking sex chromosomes hereas males have a
single X chromosome and a smaller chromosome labeled Y..




Table 1. A karyotype of eight common domestic animals

Common  Specific name Haploid Diploid No o) I\\[o] of X Y
name No.(n) No. (2n) Metacent Telocentrics
rics

0 SRARE 8--_II
Table 1. A karyotype of elqht common domestic

Felis catus

Pig Sus scrofa
Capra hircus
Ovis aries
Bos Taurus
Uquus caballus

Equus asinus




Albinism

Albinism, the lack of normal pigmentation, occurs in
all races. A rare condition, albinism occurs when a
person inherits a recessive allele, or group of genes,
for pigmentation from each parent. In this case,
productic

Tyrosinas

the norms= Tty nt. W

the skin lacks protection from the sun and

to prematiie aging and skin cdncer. The e

A red blood vessels o

ncarka Encyclopedia, Phoko not tolerate light. A

esearchers, Inc. [Nancy M. al indoor lighting an

[ [Ence Source
t arnilbon)'ac B

N
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Abinism

One carrier parent Both parents are carriers

_arrier Moncarrier _arrier _arrier

' ' A ' Zarrier  Moncarrier
ru'Elrl':l Encyclo u:'|:||:|. i€ Microsaoft Corporation, H|| F'||:||'||' Resery

_ ] e
Non-carrier: AA

Carter r'!

Albino: aa




Punnett Square

A convenient method of predicting the relative ratios of the progeny in any

cross is by constructing a Punnett Square named after R.C. Punnett, who
first devised the approached.

F1 cross : Tt X Tt
Pheotype: Tall

Gamete formation by F1 parents: Tt
/ “

o

il H\ H\

D
tt
Dl

F A




Test Cross (One character)

= The organism of a dominant phenotype but unknown genotype is
crossed to a homozygous recessive individual (tester). Consider a
test cross illustrated with a single character in the following cases:

1. If the tall parent is homozygous

dwarf

Parental genotype (2n): a— tt

Parental phenotype: Homozygous-tall, Hom

Gametes (n): t
<} \

F1 Genotype (2n): Tt

Resulting phenotype: B ol

2. If the tall parent is hete =l

= *Assignment: Similarly c 9sses and clearly show THe s
resulting phenotype if the enti1s| 02ygous.




Dominance - recessive

Allelic interaction

Result off interaction between,alleles at a singe_locus i
whichione allele: completely siepIESSESNOIRCOVETSH
expression off the alternative fallelCaICISISAIER
recessive.

Non-additive gene actislg

Dominance Is saidl toRERCOIMPIEIERIEN both the
neterozygotes and dofiieiiseieA/Egotes cannot BE
distinguished phenoty@icailz B .l

That is, they have thelSEIMENPHERCTYpiCc value.  ram——




Exceptions to Mendel’s rules

1. Incomplete dominance

Inheritance of a dominant and a recessive allele results in a blending of traits so that
heterozygotes can be distinguished phenotypically from the dominant homozygotes.
There are two types:

I. Co-dominance:

The phenotypic expression of the heterozyc S > twe
homozygotes. E.g. In plants: Red flowers have tWo copies oftha g
for red flower color (RR). White flowers havestwo copies of the recessive alle
white flower color (rr). Pink flowers result infglants with one copy of each allg¢
with each allele contributing to a I aw the crosses).

In poultry, blue Andalusian fo eding black (BB) an
splashed white (BwBw) parente 1 heterozygotes (BE
‘blue’, while 50% of the F2 offsp pe. *(Draw the cro:t

il. Over-dominance: Phenotypic € ygote exceeds that
homozygotes. Example is found d of poultry. The ge

Rose comb R, is dominant to the : H%zygo_ mal
normal fertility while homozygou OW B

RR, Rose comb Rr, R¢ comb -
Male:  *Lower fertility = Norm al fertility | ||
Female: Normal fertility Norm ' Normal fectility =




Exceptions to Mendel's rules Cont...

2. Multiple alleles

Inheritance of blood groups: Blood group is controlled by and autosomal gene locus
I, standing for Isohaemaglutinogen and there are 3 alleles representing the symbols

A, B, O. A and B are equally dominant and O is recessive to both.

Human blood group genotypes:

Genotypes
IAIA
IAIO . ol

IBIB
IBIO
IAIB
1010

3. Lethal genes

4. Gene linkage

5. Sex-linked traits % %

6. Quantitative Inheritance

Traits such as skin color differ : died because th
determined by more than one p3 glali | gl

|




Dihybrid inheritance

= Inheritance of 2 pairs of contrasting characteristics. e.g. Seed shape and colour in
plants; Coat colour (black or red) and presence or absence of horns in cattle.

Consider seed shape (round or wrinkle) and seed colour (Yellow or green):
Round (R) is dominant to wrinkle (r), and Yellow (Y) is dominant to green (y)

Parental phenotypes: Round-yello

Parental genotypes (2n): RRYY S X dlll||

Gamete (n): RY ry

F1 Genotype (2n): ‘RrYy (Round-yellow)
N

F1 heterozygote plants were self generation from fo
of gametes.

F1 cross: RrYy
Gametes (n) )

Note: Segregation of alleles (R, de%sorgnt
(recombination) result to RY, Ry r possible arrangem
alleles in each of the male and fe

Mendel’s second law (Law of assortment) Fo I
The law states that gene pairs ag ‘ el gamete formation.




Formation of gametes

F1 cross:

Gametes:

Male/Female
Eqggs

RRYY
Round-yellow

RRYy
Round-yellow

RrYY
Round-yellow

RrYy
Round-yellow

Female

d-yellow

ryy
Round-gr

104
s

rryy
Wrinkled-green

RrYy
Round-ye




Dihybrid inheritance Continue...
Male/Female Sperms
Eggs RY Ry ry Ry
RRYY RRYy RryY RrYy

Round- W—W—M—

Round- |

RrYy&tHow rrygllow

Round- rlnkled-

E|IUW
Rr\Y§/“

yUIIUVV
F2 ratios: ye“
Genotypic Phenotypic ratios Ratios
1/16 RRYY
2/16 RRYy 16 Round-yellow B o
2/16 RrYY (R-Y-)
4/16 RrYy
1/16 RRyy  3/16 Round-green
2/16 Rryy (R-vyy)
1/16 rrYY 3/16 Wrinkled-yellow
2/16 rrYy (rrY-)
1/16 rryy 1/16 wrinkled-green




Law of product probability

It states that “If two events are independent, the probability that both
events will occur simultaneously is the product of their separate
probabilities”.

The dihybrid ratio is also obtained by
monohybrid ratios for two gene pairs JORSTC atel)

Ratios

[:l--
1/16 rryy




Summary
No. of genes Gametes F2 genotypic ratio

(n) (2n) (3n)

1 1:2:1

2 1:2:2:4:1:2:47271

3 ;

Example 2: In cattle, poll

(B) is dominant to red (b).

mated to homozygous hor

was polled-black with genot
generation was produced b
(interse mating). 16 indivic
and 4 different phenotypes

black: 1 horned-red.

F2 phenotypic ratio

(3:1)n

t to horned (p)
polled-black bul
, the first filial
)mplete domina
eration among

11N diffarent
ck: olé-red

AN | |

*Draw these crosses wit 0"0f a Punnet square.

What is the probability thag
ppB- ? 7

bé: () PpBb (ii)) P-bb (i)




Test cross: Two characters

= It applies to individuals that express two dominant traits, but whose
genotypes are unknown. E.g. The expression of a round-yellow
phenotype may result from RRYY, RRYy, RrYY or RrYy
genotypes.

If an F2 round-yellow plant is cros:
green (rryy) plant which is the te
indicate the exact genotype of the r@und-yellow

on L
olant.

1. Test cross results of RR Sh
Parental phenotypes: i nkled-green
Genotypes (2n): rryy

Gametes (n): ry

Offspring genotype: B ol

Phenotypic ratio: % > Round-green
]

*Assignment «
2. Similarly draw the test €¥€ . RrYY and RrYy.




