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TOPIC 7: INHERITANCE AND EVOLUTION ,
qompetency: The learner appreciates the transmission of traits
the next, and the mechanisms that drive change in a gene pool, by analyzing the
concepts of inheritance and evolution, so as to make informed decisions regarding
inheritable conditions, for genetic engineering, conservation biology,

from one generation to

and health,

-~

,,/Learning Outcomes: %

{ The learner should be able to: ;

a) Analyze the structural and functional signifi
mitosis, their role in cellular functions,
sequences can contribute to disease (cancer). (u, s, g8, v/a)

~ b) Assess gene technology techniques, their applications in various fields, and the
\ associated ethical Implications.(u, s, gs, v/a) ’
¢) Apply Mendelian principles to predict i

mathematical models to analyze allele frequencies and

within populations.(u, s)
d) Examine different forms of allele interactions (autosomal linkage, multiple alleles,
including their examples and

codominance and incomplete dominance), y
. influence on phenotypic expression. (4, s, gs) o

-

cance of nucleic acids in meiosis and
and how mutations in nucleotide

nheritance patterns and utilize
genotype distributions

L —

Unpacking of learning outcomes
Content breakdown

Learning outcomes

1. Concept of nucleic acids focusing on;
« Structures of nucleic acids based on their 3D
models for; Deoxyribonucleic acid (DNA),
Ribonucleic acid (RNA) and Chromosome. -

a) Analyze the structural and
functional significance of
nucleic acids in meiosis and
mitosis, their role in cellular
functions, and how mutations = Base-pairing rules.
in nucleotide sequences can » Properties of the genetic code.

contribute to disease = DNA replication
(cancer).(u, s, gs, v/a) » Theories/model of DNA replication (semi-
conservative, conservative & Dispersive)

2. Concept of Protein synthesis.

3. Concept of cell division: focusing on the
events of cell division during:

: (a) Mitosis

‘ (b) Meiosis.

l: 4. Concept of cancer focusing on;

» Causes and risk factors.

= Prevention, and management strategies.

= Relationship between cell division and
cancer.

(i) Concept of gene technology focusing on;

« Types of gene technology such as
Gene

b) Assess gene technology

techniques, their applications in
various fields, and the Recombinant DNA technology,

cloning and PCR.
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predict inheritance patterns ant
utilize mathematical mc.Jdels 2
analyze allele freq1_1enc1es an
genotype distributions within
populations. (U, s)
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——ved duriné the | difitry
Steps i ene technology-

R
c) Apply Mendelian prmc1p1es to

aweEsrs

" ALIGEYA aBDY

[ y f . ‘
techll}lqriz;;) ng the dlﬁelrcelznt types of gy,
[ ] App lca : 'Ous ﬁe S.
logy inV
techno ﬁi’l ¢ of gene teChnologyVirOnm |
.+ Lmphes soci gnd - GV =l
: Ethllci:al,tions of gene tech? ology, in line wi
lmp ca
GMOs. - s
Mance, ocusing o
f Mendelian 111 )
1. Concept O : ..o mce as well as predicting
f inheritan
the patterns 0
ratios

ndel’s laws (1% and 2nd)

{i) Relatiog - to demonstrate

i i 0SSES
ii) Using genetic  CIOf :
o Mendel’s first 1aw of inheritance. |
(iii) Using genetic cCrosses to demonstrate

: : y
Mendel’s second law of inheritance.

3. Concept of population genetics:
(i) Terminologies used : g 2
(ii) Demonstration of Hardy Welnberg principle.
(iii) Using calculations to predict allele

frequencies.

(iv)Factors that upset genetic equilibrium.
|

d) Examine different forms of allele
interactions (autosomal linkage,
multiple alleles, codominance
and incomplete dominance),
including their examples and

3. Concept of non-mendelian inheritance,
. focusing on their examples and influence on the
phenotypic expressions |
(i) Autosomal linkage |
(ii) Multiple alleles

influence on h : . ;
expression. (u, s, gs) e (1t1) Incomplete dominance
i (iv)Codominance etec.
e) Analyze ; - R
advancements in EVOLI{:;IOHE_Z ; gltr?dtlll = cLHOHEE concept of evolution;

; . Evolutiong d 2 ?
processes c : : 1y advancement { €
reproduction, ( er:;:S:;L Circulation reproduction GZsclalct;e PI‘OCGES 1e
exchange, Coordinations ;oordmation Imovement and ex usuexc afogss’

y i g cretion ac
$:l\lren;ent,thand excretion), as |3 Sligféggt Species.

S ei PRSI 2 ance
survival acroslsfdi?;curz‘ﬁmty for Survival  of Oflile}ese advancements for the
S 1 . 1 : 1
N €nvironments. "8 organisms in  thef

ssess SR
2 Peciation

resistance, e and | 4 Con -

them, ang facto anisms drivip ¢ept of isolat; =
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gs, v/a)

contemporary examples, (u, s,

(i) 'I‘ypes of speciation.
(i) Factors that contribute to speciation.
(iii) Mechanisms of speciation

6. Concept of mass extinctions:

(i) Causes of /factors that contribute to mas
extinctions

(ii) Major extinctions, their timelines, ke
events involved and their causes.

(ili) Effects of mass extinctions.

(iv) Contribution/role of mass extinction t
evolution.

7. Concept of natural selection in action:

(i) Case studies of antimicrobial and pesticid
resistance.
(ii) How resistance arises (antimicrobial an
pesticide resistance).
(iii) Solutions for antimicrobial and pesticid:
resistance.

INTRODUCTION:

NUCLIEC ACIDS

These are biological macromolecules (very large molecules) that store and transmit
genetlc information in all living things. They are called so because of where they were
first discovered and their chemical properties i.e., They are called “nucleic” because
they were first extracted from the nucleus of a white blood cell and also termed as
“acids” because chemically, they have acid properties since the phosphate group in
their backbone releases hydrogen ions (H*) in solution, which makes the molecule acidic

1n nature.

TYpes of nucleic acids

There are two main types of nucleic acids found in all living organisms;

* Deoxyribonucleic acid (DNA)
* Ribonucleic acids (RNA)

Location and function of nucleic acids:

Nucleic acid | Location Function

DNA « Nucleus (eukaryotic cells) » Stores genetic information of an
e Mitochondria ODr_gantlsm. = s

l ° lasts (in plants) = Directs protein synthesis -

| Chhimli)da ( p (in| "It is passed to the offsprings during

| i Sii{:lgyotes) reproduction.
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oS geneth code 1rom DNAtQ

e .
/ ; ﬁf;;lomes for PrOtem S‘ynthesis'

o Nucleus . Transfers amino acids oy
Nucleolus L s canslton
Cytoplasm . Forms Structural and functional

g art of ribosomes:

. Catalyzes protein synthesis.

lex molecules (polymerg), they are made 0

mposition of ‘
es. Each nucleotide consists of thr,

All the nucleic acids being very larg

of many smaller repeating units call

main components:
te group: : LR
::')) g:::cl::: sigar: ’?his is a five carbon sugar. Thesc; can;ih;gobe .bosexg;‘; arsfr 0(1;
i ' m XyTl
DNA) or Ribose (in RNA). The ribose sugar differs iro |

i iti bon atom 2.
only having an additional oxygen atom at car n - ' |
(c) Nitzogen tgmse: These are organic molecules containing nitrogen. They are fiv

different bases which are divided into two groups; : £y )

(i) Purines: These are double ringed structures comprising of a six-sided and a fiv
_sided ring. Two examples are Adenine (A) and Guanine (G).

(ii) Pyrimidine: These are single ringed structures, each with six sides. Examples
cytosine (C), Thymine (T) and uracil (U). Note that Thymine is found only ir
DNA while Uracil is found only in RNA.

e comp :
ed nucleotld

Component Structural illustration
Pentose sugar iCH,0H Ny
,/ O\ /
1IC '
-~
H ‘C\
Ny
J?“——?C
OH }!1
Deoxyribose
Phosphate group
™1
OH
\ . :
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H\N/H 0
H
N N e
IS N
= 17 H%fi
N )\ N Va /H
/ N H / N rl:
‘ H Adenine H Guanine H
pyrimidine
l L L
1 N
| H_
[ 1
H
Cytosine H
Thymine
(Occurs only in DNA)
Uracil
| (Occurs only in RNA)
Note: 4 ‘ ‘
e nucleotides combine in a condensation reaction (a water

The three components of th .
molecule is lost) which involves formation of;
|« Nucleoside when pentose sugar joins to an org

base).
¢ Nucleotide, when
¢ By similar condensatio
nucleotides, & dinucleo
* Continued condensation reaction leads
The sugal‘-phosphaamt:e-sugar packbone is formed whe
t? the 5’ carbon on the next sugar 1?}’ P e
Polynucleotide (long chain of nucleotldes) with org

A. RIBONUCLEIC ACIDS (RNA)
This is a single stranded nucleic e =
the flow of genetic information, 28 explaine

anic base (pentose sugar + organic

s to a phosphate group-

n reaction pbetween the sugar and phosphate groups of two
tide is formed by phosphodiester bonds.

to formation of polynucleotide.

n the 3’ carbon on one sugar joins

nucleoside join

hosphodiester bonds repeatedly to form &
bases protruding outwardly.

aid found in all living cells. It plays & central role in
the central dogma of molecular biology.

- - ' nAIIr:FVAABDURAHUMAN//07531854ZO

@ CamScanner


https://v3.camscanner.com/user/download

” :s;u;AHUMA N//0/231027E8

has diverse roles in gene eXpressio,
a :

d reg-ulatiorl- ¢ rib onucleotideS- Each RN4

er 0 ees &
e s?mall/ short, Single Strandeflapt(;l};r;up (ii) Ribos€ sugar (iii) Nitroge,
arts: (i) PROSP 5 > racil (U)-

1d by covalent phosphodiester bonds.

Sete: an form double stranded hairpi;n
., RNAisusually single st

loops (tRNA) due to com
Types of RNA
RNA can be divided into
vary. These are;
1. mRNA (coding RNA)
2. tRNA (non-coding RNA)
3. tRNA (non-coding RNA)

randed, though regio.n's c
plementary base pairing.

abundance and roles

three types whose sizes, shapes, amounts/

Type of RNA Features :
1. Ribosomal RNA | Forms 80% of the total RNA in a cell. ;
(rRNA) rRNA in different species vary in size e.g. in humans 18S rRNA

has 1868 nucleotides while n8S rRNA has 5025 nucleotides.
It is permanently combined with protein to form catalytic
component of ribosomes and it is manufactured in nucleolus.
Function:

= rRNA is a site of protein synthesis in cells.
2. Messenger RNA | Forms 3-5% of the total RNA in a cell.

mRN !
( A) Single stranded polynucleotide chains with 5’ to 3’ p01311' ty
|

Average size of eukaryotic ;

; mRNASs is :

It is manufactured in the nucleus 12004802000 nucleotides
Function: .

—

mRNA : ;
carries coded information from DNA to ribosom:es

3.Transfer RNA in the cytoplasm

Forms ab )
(ERNA : out 15% of th
! anlary e total cell RNA.
ucleo

tides. The 3’  sequences of about 73 109
an always terminates with the

= A

The second

hydro Ty structure f

S ien bonded base-paj °rms a cloverleaf shape With 4
(i o ase-paired loopsrfad stems. The cloverleaf cont®”
£ 0 :
(11) Anti aCyl Synthatas : ¥
Codon € bindin

(i) Ribosoma] g loop
e terti mal blndin 1

antj Ay structy § loop.

antlcod()n Compact «1 9 4

i and ace b th

Fun 18 a sin eptor st shape where ¥

\ RN om: Ble strandeq looi)matfc'z;m & déeble heltr 1
e bottom.

\
|
Oplasm to ﬁbosony}
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Adaptationg of tRNA:

" Active siteg

Separated tq
Small size fo

amina acyl

synthetass
binding loop
(8—12 bases)

(ant_iCO_don and amino acid) are maximally
avoid interference

I mobility readily.

T e — —————— — —— —— —

?— amino
acid
AqQS

*
C+
C+

Py

b{— amino acid acceptor arm/stem

SO

— amino acid binding site

] tibosomal
binding loop
o 441 of (7 ba ses)

Pl o

hydrogen bonds.
between paired bases

unpaired bases

e
anticodon

ribosomal binding arm
variable arm/stem

anticodon loop
(7 bases)

B. DEOXYRIBONUCLEIC ACIDS (DNA)

DNA is a double-stranded helical structure consisting of two polyn}xcleotide chains
t\‘)visted right handed helical shape. Each of the polynucleotide chains is e.xtre‘mely long
and may contain many million nucleotide units, with a pentose sugar is always

deoxyribose and organic bases
uracil.

Structure of

are adenine, guanine, cytosine and thymine but never

DNA according Crick and Watson in 1953

l illustration

Description

1
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tide
Olynucleo
of twO lonid I:E’:ach other 10

opposite
»The chains/ strands rur; p
i ing they ar
. ections, meaning -*
(Ci)lxl;zcruns from5™-3' while the other Il

| antiparallel i€
l

‘l 3.5, posed of repeating units
'|

|

ns from

« Each chain is com : Judleotide
called nucleotides, and each s
i ibose sugar, a phosP
contains a deoxyrl sad

i ous base. The sugar

group and a nitrogen v .
s form the outer
the phosphate group e A Y
backbone, sugar phosphatt? backbon s
bases which project at right angles an
hydrogen bond with the bases of the opposite
chain across a double helix. .
=The width between the two backbones 18
constant and equal to the width of a base pair,
approximately about 2nm. The pairings are
always .cytosine pairs with guanine via two
hydrogen bonds and adenine pairs with
thymine via three hydrogen bonds. There is no
restriction in sequence of bases in one chain,
but because of rules of base pairing, the
sequence of bases in one chain determines

that in the other, the two chains are thus said
to be complementary,
*The helix makes

3

Hin

£ | (" 0] ]
i
Daiwera bt pun)

one complete turn

Ty 10 base pairs, Spanning

the length of about 3.4nm per turn

Adaptations of DNA to its function

Has sugar-phos .
bonds to provid
* The two sugar-

phate backbone held to

€ greater stability,
_ phos
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It is double stranded for replication )
’ act as templates. to occur semi-conservatively/ strands can
, There 18 complementary base pair s Botasen 4

replication/identical copies can be mada. -T and G-C for accurate

weak hydrogen bonds enable unzippi . ‘ '
L2 ppmglse arati dily.
, It contains many hydrogen bonds which Iiancr LIRSS T BEGE e

molecule. ease stability of the entire DNA

rheories of DNA replication

DNA e lication is the process by which the parent DNA molecule makes another copy

of itself- Three theories/ models were put forward to help explain how DNA replication
pccurs, namely;
1. Fragmentation hypothesis (Dispersive hypothesis): This theory proposes that the

parent DNA molecule breaks into segments and new nucleotides fill in the gaps
precisely so as to form the new daughter DNA.

5. Conservative hypothesis: This theory proposes that the complete parent DNA
molecule acts as a template for the synthesis of the new daughter molecule, which

is assembled from new nucleotides but the parental DNA molecule remains
unchanged.

3. Semi-conservative hypothesis: This theory

proposes that the parent DNA
molecule separates into its two

separate strands and each of which acts as a
template for the formation of a new complementary daughter DNA strand. The two

1

l

|

1

1

1

1

1

1

|

|

|

|

|

1

1

1

1

1

|

|

1

1

1

|

1

|

I

|

1

1

|

1

daughter molecules formed therefore contain half the parent DNA and half new {

DNA. |

Note: N %

+ The semi conservative hypothesis was shown to be the most Cor;:}ff nl:;g 8;1:'11 ™ 131. 1
in the

which DNA replicates based on the work of Meselsohn .and S . ( L :

experiment on bacterium E.coli using radioactive 15N, Theub?xlfnﬁr;en s §

i w double helix.

DNA replication preserves one old strand in each ne =

1

1

1

1

1

1

I

1

1

|

1

1

1

1

|

|

l

1

1

|

1

|

[

1

|

1

DA zeptioat s =y Semi'cosed molecule makes another copy of
icat i rocess by W : :
PNA rephc:,atlon > ﬂ;evfl 7 (1 new, 1 old strand togetl'_ler).lt occurs dunng the synth:is:z
1t;elf, s(;mlhcon?e;v.at rp}hase S 2 g the cell cycle. Itis described as semi-conserva
phase (S-phase) ot Inte urin :sts of:
because each newly formed DN:’:x1 molecule consis
o One parental (old) stran d.
o One newly synthesized (djlughter) stran
E es and Proteins Involve 4
=lzymes and I rotel== =" . sep
1. Helicase: This enzyme unwinds &0
hydrogen bonds.

hi e relieves supercoiling ahead of the replication fork.
2. Topoisomerase: ThiS enzym

arates the two DNA strands by breaking

ins (SSBPs)' These proteins stabilize unwound
ein .

i binding.
. i re—anneahng/ re ; ) ,
strands, preventing the ﬁ:;n thesizes short RNA primers to provide free 3° OH
4. RNA-Primase: This enzy™ ya

ends for DNA polymerase

\
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tion: - S18
. Imitistom o preticase WINPT o prication

2. Elongation: :
Elongation occurs in tWo different manners due to the antiparallel struc

o the growing stranding: |
3:

. .pg and replaces th
A price My

n fragments, forming

betwee

|
d

se onto th |
pold DNA polymers © empy,|
|

|

|

|

|

|

aking th
i .bre g : e }}ydmgem
: ubble'W1th two 1.‘epl1cat10n fOrkg'
rep]icated a bit at a time g,

nts of DNA replicat” d
: an
The eNAY " o the bases’f(?r;nzlir';g jons. (DN ist ce) |
iled at onc+): L
mpletely URC% © g them from rejoining,

|

I

by unwinding /remoye I

N

own short RNA primer (~10 nucleotides longin:

d to guide the action of DN |

» end of the old DNA stranc = : & ,

e‘;iﬁegsse) gtN/t\h ;olsyrrirelrase cannot initiate synthesis on its own; it needs a free :

p ,

3’-OH group.
ture of DNA

strands; that’s the leading and lagging strand.
the new strand and then I

« DNA polymerase enzym

e removes the RNA primer from

moves along the exposed base sequences of the leadin
direction), attaching free DNA nucleotides of compleme
new DNA strand as it goes synthesizing the new strand continuously in the e

I

3’ direction.

g strand (read in 3" - 5
ntary bases to create a l

o The lagging strand replicated discontinuously leaving short fragments called :

3. Termination;

] VY SV i e e—

Okazaki . . |

k ara frag_n_@;lnt?. Each fragment requires its own primer and the DNA |

inytie se synthesizes these fragiments in the 5’ — 3’ direction }
(o) er _e H [ s y

lagging e efo; a?oermmd PgApﬁgaSi joins adjacent Okazaki fragments o7 te |

continuous strand. sphodiester bonds thus producing comple®? |

RNA primers are removed
: by DNA pol
nucleotides complementary to the fem}pnll;:ase I and the gaps are filled with DNA
€.

terminati
nation sequences while j

bubbles fu n euk ; i
i ::’. i aryotes, replication ends when repﬁcaﬂoﬂ
structure, ughter molecules they coil "
Up again to refy he
orm the doublé

< -
o ————————
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DNA Sy
gyrasc
l RNA primer
I —— i Oknz][k'
3 T1 i fragment (part
L Hacis [T SSBprolei:fmCIaggmgs"‘md)
Helicase i :
the liz“:itli‘:)n 5¢— Leading strand
ork
5
| ¥
Note:

o The replication of the leadi ,

| strand requires that each frrlggsrfzr:rr;tdh;esq?tg eoswor:1 Ilslri?rr:eerRNA ke S5
e Several Tnolecules of DNA polymerase act simultaneously at multiple sites, each
assembling a separate section of the new strand of DNA and these neL:) DNA

segments are then joined together by the enzyme DNA ligase.
« Proofreading and Error Correction: DNA polymerases have 3’ — 5’ exonuclease
activity, allowing them to remove mismatched bases. This proofreading ensures
‘ high fidelity (error rate ~1 in 10° nucleotides).
Evidence for semi-conserva
= E coli bacteria was grown in heavy nitrogen (**

1
|
|
|
|
|
|
|
|
1
Il
@ DNA polymerase ||
|
i
|
1
|
|
|
|
1
|
|
|
|
|

.Stahl experiment 1958
N) which was then incorporated

' into their DNA.
' o The bacteria whose DNA was having the heavy isotope of N was then transferred

to medium with light nitrogen (*#N) isotope. :
1N hybrid) was formed.
sity DNA and half-light

n, DNA of intermediate density (*N-

After one replicatio
plications, half intermediate den

G After two successive 1€

DNA was formed. '
Conclusion: DNA replication is semi—conservative.

rmation (3) have same purine

yimilarities ic
{ enetic info
cleotides (2) carty g osine (4) originate from the

Both: (1) are polymers of nu T
bqases(a::lenirfe and guanine plus pyrlm1d1ne pases Cyt
nucleus (5) occur it the cytoplas™ :
ifferences: / Ribonucleic Acid (RNA)
ucleic Acid (DNA)_{— 's blueprint
‘;:Pe‘:t l())e?:y?;: Ift)lueprint of biological (i) ?ellifls carry. out DNA’s blueprit
nction i) It’s : guidelines. .
guidelin€s in organism® (i) Transfers genetic code needed for
;i) Stores genei i the creation of proteins from the

%iw nucleus to the ribosome:

l/'/ BALIGEYA ABDUﬁAHUMAN/70753135:‘_‘z_.E ST
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W cac. ADVA OLOGH
g SERIEEE -~ Single-stranded: \?
1 > ‘
. airing through
uble-str ded occurl (1v) b uI;s in the coile:Cig P hydr°€en
Structure Elll)) DOHydro e bo Litrogen ponds occtrand by Eltiilrtls |
1 entaly | (v) The S g Place
betweex} co;;zli‘;;nstr 5 T, C (fo)rm 5 secondary helix 3ty
bases O op A curs in ribosomes or \
e ally twisted O producE :Slsogacltion with ribosomes form,
(v) Spirally
(si?(l)lccurs in form of chromatinl : -
chromosomes 4_______-—-——@:"' mine links to'uracﬂ (A-U) ™
Base (vii) Adenine Jinks to thymine (viii) No proport{onallty betvyee;n
Pairing T)”_ . d pyrimidine bases numbers of purine and pyrimidine
(viii) Purine an pyr bases. ai e
are in equal numl?elj ) ~Tuch of RNA is in e ytoplasy,
Location | (ix) Much of DNA Is 10 the ittle in the nucleus.

nucleus of a cell, little in

. : laStS- —
. mltOChond'lt;la ansi Cahrloif%NA s | (x) Ribose sugar is more reactive
i §X) DeoxgrtireOISJanugse of C-H because of C-OH (hyd;oxyl) bonds.
bessdr:a (xi) Not stable in alkaline conditions,

once. (xii) Some RNA are very short lived

(xi) Stable in alkaline conditions.
(xii) Long lived * | while others have somewhat longer

life. |
Propagati | (xiii) DNA is self-replicating. (xiii) RNA is synthesized from DNA |
on ' when needed. |
Unique (xiv) DNA is protected in the (xiv) RNA strands are continually |
Features | nucleus, as it is tightly packed. made, broken down and reused.
Size (xy) _Very large /-1ong (has over a (xv) Much shorter (Depending on th:e
million nucleotides) type, RNA contains 70 — 12,000
(xvi) Quantity is fixed in a cell nucleotides). |
— (xvi) Quantity is variable i
TyRes ml)eglgg"gxggf: Ttra (xviii) Three different types: mRNA,,
uclear DNA tRNA and rRNA. O

cells. It specifies how sequences of
; : nucleoti

acids, which are the building blocks of : tld'-e e
Structure of the genetic code: Protein
A codon is a sequence of

three .
corresponds to a specific aming acig S)(:.nse.cutwe nucle
The total number of codong: % signal (start o

S.

otides in mRNA. Each €%
I' stop) during protein synthes™

= Out of the 64 codon » the possib)
. S; 61 ¢ € codong i
3 codons are stop ¢o i (%dOns Ifzde for aming aaéz S43 = 64 codons.
l’
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T T =3 3

SE T—\Mu 2 B A 5 E
| UUU: Phenyla s Sari 8
F iics Phenyy’lallz:iir;ee 3::3::1 Serine | UAU: Tyrosine UGU:Cysteine iy
l U UUA: Leucine it ie”ine UAC: Tyrosine UGC:Cysteine |
UUG: Leucine UCG: Serine s, Stop Pkl 3
R CUU Leudine CCU-. per fTe UAG: Stop UGG:TryptOphanGI
¢ | cue: Leucing ccc-. rol'lne CAU: Histidine CGU: Arginine m“
S CUA: Leudl : Proln.ne CAC: Histidine CGC: Arginine |c|R
. ne CCA: Proline CAA: Glutamine CGA: Arginine |A
T CUG: Leucine CCG: Proline | CAG: Glutamine | CGG: Arginine |6]D
AUU: Isoleucine ACU: Threonine | AAU: Asparagine | AGU: Serine  [7]
g |A AUC: Isoleucine ACC: Threonine | AAC: Asparagine AGC: Serine Clg
AUA: soleucine ACA: Threonine | AAA: Lysine AGA: Arginine |A
A AUG: Methionine: | ACG: Threonine AAG: Lysine AGG: Arginine -[GJA |
,, GUU: Valine GCU: Alanine GAU: Asparticacid | GGU: Glycine [g] -
S G GUC: Valine GCC: Alanine GAC: Asparticacid | GGC: Glycine |C .
E GUA: Valine GCA:; Alanine GAA: Glutamic acid | GGA: Glycine [A E
GUG: Valine GCG: Alanine | GAG: Glutamic acid | GGG: Glycine |G
|
Properties of genetic code:
Property Explanation

1. Triplet nature

Each codon consists of three nitrogenous bases. Therefore,
the nucleotides of mRNA are arranged as a linear sequence
of codons.

2. Non-overlapping

In translating mRNA molecules, the codons do not overlap
but they are “read” sequentially/read in a continuous
sequence of three bases at a time without overlapping

3.
Commaless/Continuous

|

This means that no codon is reserved for punctuations. The
code is read continuously, without punctuation marks or
gaps between codons. Only stop codons terminate
translation.

4.Non-ambiguous
(unambiguous)

A particular codon will always code for the same amino acid
(Each codon codes for only one specific amino acids). The
same codon shall never code for two different amino acids.

5. The code has polarity

The code is always read in a fixed direction, i.e., in the 5’ =3’
direction. Translation always proceeds in this orientation to

maintain correct protein synthesis.

6.
|Degeneracy /redundancy

More than one codon can specify the same amino acid; For
example, except for tryptophan and methjonine, which have
a single codon each, all other 18 amino acids have more

than one codon.
Biological advantages of degeneracy
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me complement of ep,

: tially the sav . \Zymeg‘
and other prott their DNA base composition. |
varying Wid€ lrrrllechanism of minimizing Mutatigy,

. [t provides aSubStitution of the third base-U i, aUy

lethality- E-8: G does not change the aming 4,
(for Valine) with C/A/l oid
coded for.

t or ar]_iSmS: :
In moS ie.g i polypeptlde G

AUG codon is the start or m
hain starts either Vbith

7. Some codes are start

codons co:tohril(»)nine (eukaryotes) or N-formylmethioniy, | |
m |
(prokaryotes): A are the chain =1
des are stop | Three codons UAG, UAA and UG de for any of th StOp' :
S dSome S termination codons. T hey do not code y € aming
coaons

acids. These codons are also called nonsense codons, since

they do not specify any amino acid. - :
9. The code is universal | Same genetic code is found valid for all organisms Tanglng'
from bacteria to man. |

PROTEIN SYNTHESIS

This is refers to a cellular process of producing proteins from the genetic code in DNA.
It occurs in two main stages; .

1. Transcription: This making of - mRNA from DNA, that’s to say a length of DNA
(gene) is copied into mRNA (DNA — RNA).

2. Translation: This involves translating the base sequence in mRNA into an amino
acid sequence in a protein (RNA — Protein).
Note:

¢ In eukaryotes, there is also RNA

auak processing betwe
post-transcriptional modifications. g en these two stages, known as

Key Enzymes (proteins) and molecule
» Helicase & Topoisomerage: Th Wi
: These un i ili
i polymerase: This syest Ind and relieve DNA supercoiling.

s involved:

: _ Sizes RNA us;j
. ‘S\ﬁ;ioso?:l;l'vl‘:ls Temoves introng dUri::gSl}%% : DNA template
o acyl- s R rocessi
. Ribosoms CRR Yntha?ase. This charges tRNAp o
TRNA + proteins): This ge With the correct amino acid

» Peptidyl transferage (rRNA fy

a site for prote; . |
bonds between adjacent am; Dction): Thig 1 Protein synthesis.

0 acids, acilitates the formation of a PePﬁde

ngage

: ne is converted into tB
18 basj s
With the pep. Y 1O the DN ‘ally a process of synthesizi®

h A
Ltranser; eilpn?f Other engy, - ““MPlate strang. It is cataly?®
and Separatiqy, and factors,

1. Unwinding anq str

A - == — /
= ABDURAHUMAN//o‘isiissazo -7
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o The enzyme helicas
e ;
unwinds the double—strgi—lnc;:1 c;n eukaryotes, with the help of topoisomerase)
weak hydrogen bonds bet\(:z DNA at the site of a gene by breaking/melting the
transcription bubble Whereeilrw.leile bases of the two strands. This creates a
One strand s ’ wo strands are separated.
erves as the template strand (antisense stran

synthesis, while the other i

2 r is th i

same sequence as mRNA (excepte '1? ‘fllljlg strand (sense stranc]
2. Initiation: )-

o

d) for mRNA
which has the

'::z r::tzz’:n:e, BNA polymerase binds to a specific
i p01ymeril;nl O(Z,ﬁ.e, thz EA’I(;A box in eukaryotes). Transcription factors help
‘ : and bind to the promoter region.
/P DNA unwinds further at the start site allowin N
‘ synthesis. ’

3. Elongation

DNA sequernce called the

g RNA polymerase to begin RNA

o RNA polyimerasei Iaoves along the DNA template strand in the 3’ — 5 direction,
adding nbc?nucleotides that are complementary to DNA bases, following the rules
of base pairing between DNA and RNA hence forming mRNA transcript in the &’
— 3’ direction.

o Behind the RNA polymerase, the DNA double helix reforms, Jeaving only the RNA

‘ transcript.
4. Termination

o In prokaryotes, termination occurs when RNA polymerase encounters 2
terminator sequence (could form & hairpin loop structure).

o In eukaryotes, & polyadenylation signal (AAUAAA) marks the termination.

o The pre—mRNA (in eukaryotes) or mRNA (in prokaryotes) is released.
5. mRNA rocessin Eukaryotes onl ost-transcri tional modifications:
o Capping: A 5’ cap (modified guanine) is added to protect RNA and aid ribosome
recognition. _ ’ v .
o Polyadenylation: A poly-A tail (~200 adenines) 18 added at the 3’ end for stability
\ and export. o
o Splicing: Non-coding regions (introns) are cut out by the spliceosome, and
coding regions (exons) are joined together. . .
! o The final product (mature mRNA) which is fully processed exits the nucleus via

lear pores t0 the cytoplasmt: .
B : Illustration of transcription

DNA non-cading atrand
(DNA sonBde atmng)
~ r;—"- w2

RNA palymav'aoa
DNA codino gtrand

(DNA antiseonso strmnd)
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Tl
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cBC-ADV / mechanism by "V"hiCh the
. g is a Pr 0CEeSS o seqUENCE of amino acigg
nRNA = protein) i i converted 110 - mRNA by ribosomes t,
atiorflb(ases in mRNA molect e decodin olypeptide- It occurs gy
ce 0 uide chain. It iie b(;elfslc ino acids igtgnihlé T RNA strand like beadg
: uen e S~ .
assemble & speeia ; e(jlbosornc’:s may be attaec hThe advantage fhos ;ietiazinﬁ‘;‘:z

i d several 1 Y sonie. o

e M&W Lo e '

- e time. '

ona stl'lnlg to fil-r?e: to be synthesized at the samt parate gt bt dunng
several polypPepP

of a small and

translation.

Step-by-ste rocess mech

1. Initiation _
The small riboso

S 1

} in eukaryotes). i .
site in prokaryotaelslsogoi t;ip start codon (AUG) on the mRtNA s;;atlinéiOdon i
e nb_OSOI_m? 'SC aminoacyl-tRNA having compler.nen ary g e
3 Specmc’rllm‘giléof;;‘st amino acid, methionine pairs with the. ;tsome Y

’T‘I;lg 1(:;1;2’1 ri&osornal subunit then joins to form a CO}TPI'?eSI;mZ
3 The initiator, aminoacyl-tRNA sits at the P site of the ribo v

(o]

(o]

2. Elongation ; {

o The next/second codon on the mRNA is exposed at the A §1te. i A

o A complementary aminoacyl-tRNA carrying the correct amino acid binds to the
second codon on mRNA via its anticodon.

The enzyme called Peptidyl transferase fo

O » -
amino acid in the P site and the new amino acid in the A site forming a

[

I

I

|

|

]

|

|

I

|

|

|

I

I

I

|

I

I

|

I

I

I

I

I

|

|

: rms peptide bond between the
I

: dipeptide. : :

I The ribosome then shifts (translocates) to the next codon such that the empty
: tRNA exits from the E site, moves back to the cytoplasm to be reconverted into
I a new aminoacyl-tRNA while the tRNA still holding the growing chain moves to
: the P site. The A site becomes open for the next incoming tRNA. |
l o This cycle repeats, lengthening the polypeptide chain.
| 3. Termination
i ~expinaton .
I o Wh:r;l thet ribosome reaches on of the stop codons, (UAA, UAG UGA), no tRNA

ma: X g ’ ’

: ches it. Instead, a release factor protein binds to the ribosome.

I

|

I

I

|

|

I

|

|

|

|

|

I

|

|

|

|

|

I

o The c:ompleted polypeptide, with its primary structure as determined by th
DNA is released, and the ribosome disassembles T
4. Post-translation Modifications .

o The polypel?tide may fold into its 3D shape

" secretion), tinations (cytoplasm, membranes,
ustration of translation
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Unloades)
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ar phe-IKNA };“'J:;:\g‘;‘\l

o i

5 Activated
i val-tRNA
-g: \Q\
[ 1)
.E

5_4_ - Large ribosomal subunit
P shie
[iees oo BREEEE e
Muvcmwt of ribosomues
Al
s AUG _ACO. UUU _CAA L uua Small ribosomal subuist
g 7 \’— / uac AAC  QOUA 1
:Start codon \ ’)“\__‘ / ™~
Pl miRNA
Companson between transcription and translation

Similarities
= Both occur in 5’ to 3’ direction.

« Both require ATP

l
Qiﬁerences
‘s DNA s transcribed while mRNA is translated

= Transcription produces mRNA while translation produces polypeptides/ protein

» RNA polymerase for transcription while ribosomes for translation/ ribosomes in

translation only

» Transcription occurs in the nucleus (of eukaryotes
cytoplasm at endoplasmic reticulum.

« tRNA is needed for translation but not transcription

) while translation occurs in the

ation and transcription

Similarities : i
Both: (1) involve unwinding the helix (2) invqlve, separating the two strands (3). 1_nvolve
Hreaking hydrogen bonds between bases (4) involve _corflplex_nentary pase pairing (5)
involve C pairing with G (6) work in a % to 3 direction (7) mvo_lve linking/
. olymerase require & start signal.

polymerization of nucleotides (8) DNA or RNA p

Differences

/
Transcription

ZDNA replication tides, W Involves RNA nucleotid'es' where the
Lr:;:tl(;’;es Sl'leN:I :lsug.lee(;)xlynbf’)se, and the pentqse Sugar‘;lihns:as:;i and the ‘base
base adeninge pairs with thymin€ adenine pairs

“ Only o
Both strands are copied .

/.
w No ligase enzyme

fragments

[ g

ne strand copied not both
o Okazaki

Ligase enzyme

are involved /
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ns around which DNA wing,

e are positively charged protel

s: Thes

. Histone protein ;
(11) al units.

to form structur

sister chramatids

ceniromere

|
|

e of events that occur between one cell division and the next. It
thesizes tl{e

This refers to a sequenc .
represents a sequence of events by which a cell duplicates its genome, Syn
other cellular constituents and eventually divides into two daughter cells. It may also

first formed from a dividing parent cell until its

mean the life of a cell from the time it is
own division into two cells. Cell division is one phase of the cycle. The cell cycle is divided

into two basic phases:

1. Interphase.
1211 M Phase (Mitotic or Meiotic phase)/Actual cell division.
ustration cell cycle and all the events that occur

(Mnotlcnghase) during Interphase are very important for

the' successful completion of mitosis or
meiosis. Interphase is divided into three
phases namely;

* G; phase.
* S phase.
* G: phase.

Note:

S

r:;ﬁi:ﬁ lIs often pause in G, before DNA
called lgn arﬁd enter a resting state
may Tem;if if-:tse (quiescent phase).They
L. Interphase: | vears beforg . tis phase for days ©
; resuming cell division. CelS

This is g : i
porti Which i
i ot the cell cycle between | Go regzlg exited the cell cycle and now a’1t
Metabolically active but f°

cell divisiong
o . the
divisions, 1t r/ time betw
: * 't Tepresents TWEEn  cell 101‘1ger roli
cell is preparing for 11, ;hﬁ tme when g dependinz ngerate unless  called o7
Phase, the ) | Organism Thiargl e requirement of th°
: ore, no DNA synthesis

sSe aCCOuntS f
°r90% of the | and Preparation for cey
: cell division occurs:

|
(lntcrphnse)
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most neurons, mature muscle cells
cells, they

— —
— e — —

Most of the cells in an animal’
; al’s
are in Go phase. In non-dividing ce11: (l)iiz

permanently while others such as liver
cells can resume Giphase in response
and | to factors released during injury.

_bfain remain there
I(,!;l,“;)s}:ase (first gap): Tgonts
| Pl ¢ The cell becomes metabolically

It represents the time gap following
cFll division and the preceding DNA
replication (interval between mitosis
and initiation of DNA replication).

Note:

Soon after cell division, the daughter
cells are about half the size of the
original parent cell.

(l}z represents the primary growth
p|hase of the cell.

active /metabolic rate increases.

e Intensive cellular synthesis occurs in which
many new cell organelles are made, it makes
enough mitochondria, cytoskeletal elements,
endoplasmic reticulum, ribosomes, Golgi
apparatus. Centriole replication also starts but
it is completed in Ga.

e The cell grows up to a mature size/ the cell
increases in mass and organelle number.

Note: All chromosomes exist in single-chromatid
form as they are uncoiled.

S phase (synthesis Phase):

This is the phase in which the cell
synthesizes areplica of its genome.
DNA synthesis or replication occurs.

Note:

If the initial quantity of DNA in the cell
it denoted as 2n, then after
rfeplication it becomes 4n. However,
the number of chromosomes does not
vfary, that’s to say, if the number of
chromosomes during Gi1 phase was
én, it will remain 2n at the end of S

phase.

eDNA replication takes place. Each
chromosome now consists of two sister
chromatids, attached to each other at the
centromere. Chromosomes after replication
remain fully extended and uncoiled; hence
appear invisible under light microscope.

« Histone proteins are also synthesized.

Note:
A centromere is a point of constriction on the

chromosome, containing specific DNA sequence
to which is bound a disk of protein called a
kinetochore. This disk functions as an
attachment site for fibers that assist in cell

division.

G phase (second gap):

This represents the time gap
following DNA synthesis and the
p:receding cell division. It is therefore
the time when the cell prepares for

| =3
cell division.

lYote:

G represents the seconq growth
phase in which preparations are
made for genomicC separation.

« Synthesis of proteins like tubulin occurs in
preparation for nuclear divisions.

o Cell growth continues to occur.

o Replication of mitochondria and synthesis of
microtubules occurs.

e In plants, chloroplasts also replicate during
this phase and other organelles replicate.

« Centrioles replicate.

« Chromosomes condensation begins and
microtubules begin to assemble at a spindle.

Note:

. T vl | iiieoA ARRIIRAHUMAN; e
— - - ~aii~evA ARNIIRAHLUMAN//0753185420
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be called a resting stage because Unde, |
nvisible and thus little was seen Bh
Interphase is an active time Whep, &

1

e Originally, Interphase used to .
microscope, the chromosomes were 1

: it' ing that
happening. But now, it's worth noting t T 4 » v .
is either growing and preparing to divide or fulfilling its specialized fanctig, N

multicellular individual. Cells actually spend most of their time in InterphaSe.?h}
cell grows throughout Interphase and thus the Giand Gz segments of Interphase .

i g
periods of active growth, when proteins are syn ;

thesized and cell organelles produced
1. M phase (Mitotic or Meiotic phase)
phase refers to a phase/a stage of the cell cycle where the actual cell divisigp tal

M
place. It comes after interphase (G1, S, and G2 phases) and is much shorter in duratio‘
I

compared to interphase. M-phase includes two tightly linked processes:
(i) Nuclear division (karyokinesis); either mitosis or meiosis

(ii) Cytokinesis (cytoplasm division).
Note: In nuclear division, depending on the cell type for example somatic cells under
a

mitotic cell division while gamete cells undergo Meiotic division.

(i) Prophase.
(ii) Metaphase
(iii) Anaphase
(iv) Telophase
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I:
ot
| 4
| 1

Events

Significance

Prophase

e Chromati .

Sk thiii:rc‘zzgizsg ;E(t;t)u a tightly coiled, folded, shorter
with 2 sister chromafide res called chromosomes (each

SN eleslas Aistte S Jomefi at the centromere).

grates and di

e Two pairs of centri o ek
24il%) migrate to 31 oles/ c'entrosomes (only in animal
R absee (t)PpOSIte poles of the cell. However,
S nt in plant cells but are capable of

ibres.

e Centrioles extend a radial array of microtubules
called asters (star shaped structures) toward the
plasma membrane when they reach the poles of the
cell. Asters firmly support the centrioles against the
membrane and stiffens the point of micro-tubular
attachment during the retraction of the spindle. Plant
cells, which have rigid cell walls, do not form asters.

¢ Mitotic spindle begins to form from centrosomes.

¢ The nuclear envelope breaks down and the endoplasmic
reticulum reabsorbs its components. The breakdown
leaves the chromosomes un-enveloped in the cell's
cytoplasm.

« Spindle fibers attach to the chromosomes at specialized
structures called kinetochores (small disc-shaped
structures at the surface of the centromere of each sister
chromatid which serve as the sites of attachment of
spindle fibres to the chromosomes).

Y1 1ps 2t 0y ok 3 :DiuE RIS 265 PRy

PECOUTS RS WG 306
quq FuCyeL fpsh = T SO0y 2
. qroupucop b peccnud e
qzwmzmmhbemr,s

bagaype Y
A [P joun S
CHbGRUs RIR OLUNGER
GRS WaUV3 o,

(TR

oS
6501 LLCWING COUPLR CLS Dif
o PO GELRCE| GROWTARE -

IR 515 255U [0 RS

g oy o051 QLOWOUR)
Lngean2 qeebbiEs (PR

A0S 8 WD)
NRK]R MDY 315 U0 R
fy pespznd jyoaus]
gt suEobs gubten,

e Ensures
chromosomes are
compact and easier
to move.

¢ Establishes spindle
apparatus for
accurate
chromosome
alignment
separation.

and
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e Guarantee
. : ; 8
s Chromosomes align singly During the alignment’ eac sister chrop, t}FL
: are lined i)

site poles.
posite PO ach | equal distribyg Iy
01]‘

sister chrom .
« The spindle fibers attach firmly to kin S Eravents
sister chromatid.
chrom
« A “metaphase checkpoint” ensures all chrornosomestfsIr % o Zfiome s
roperly attached 1o spindle fibers pefore separation gation,
PEOR reducing the y;
begms- s t' » SkG
genetic imbgl,
Metaphase each centrosome reaches a'pole: in daughter 3 \
centrosomes help to organise ell,
production of the spindle
‘microtubules
spindle (made from
g protein microtubules)
w
= chromosomes line up across
a" the equator of the spindle;
= they are attached by their
9 centromeres tothe spindle
=
« Centromeres split, separating the sister chromatids. ¢ Ensures each pa
+ Spindle fibers shorten, pulling chromatids (now called receives an
daughter chromosomes) towards the opposite poles. identical set d
o Cell. elongates as non-kinetochore microtubules push chromosomes. ‘
against eacb other. : « Equal separa -
critical for
maintaining
genetic stability
L daughter cells.
7]
o
-
)
chromatids move to opposit
2 centromeres first, pulled bi: tehs‘:tz?s;'otubules
‘_i/‘
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e Nuclear

envelope
chromosomes, formi

e Nucleolus reappear

reforms around each

Sng two daughter nuclei.

 Spindle apparatyg disassembleg

Telophase
nuciealus

re-forming ",

nuclear envelope re-forming

f:‘\;c;m‘mds have reached the poles of
s lpmclle; they will now uncoll again
ach chromatid contains ona DNA

° Restores normal
nuclear structures

set of| in daughter cells.

ePrepares the cell

for completion of
division
(cytokinesis).

remains of molacule, which will re
; plicate itself
spindle which ‘ duting Interphase baf N
Isbreaking divisiery’ Sre o,

) down ——

" cytokinesis « this is division

« e T of tha cytoplasm and call

'g‘ will replicate 'r?éﬁfl'f" oY conmrictian

A 5 s O
2 g:;il‘lg :":lorphaso, e edges of the cell
orae the noxt nuclear T eall surt: !

[2 Alvielon oll surface membrane

Cytokinesis

This is a phase in the cell cycle when a cell actually divides. It refers to a process by
vsl/hich the cytoplasm of the parental cell is divides to form two daughter cells. The
c;ytoplasm is separated into two nearly equal parts with each part enclosing one of the
niewly formed daughter nuclei. This may happen during or soon after Telophase.
Clytokinesis occurs differently in both animal and plant cells as discussed below.

Cytokinesis in animal that lack cell walls; Cytokinesis begins with the formation of a
cleavage furrow (shallow groove in the cell surface near the old metaphase plate) midway
between the two poles of the dividing cell which pinches the cell into two parts. The

cleavage furrow occurs by the action of microfilaments. . ‘
e, in the middle. Myosin motor proteins

ATP to contract hence causing actin
f actin filaments on the inside of the
tens. Since the ring is attached to
mbrane with it causing the

filaments forms just inside the plasma membran
associate with these actin filaments and use
filaments to slide. As myosin moves the ring of
plasma membrane, the ring shrinks in s12€ and tigh

e plasma membrane,
plasma membrane to pin

i ing the rin
past each other, tightening
two and cell division 18 complete. The cleavage

pinched in two, producing two corr;p:)etely sepa
and share of cytosol, organelles, a1

the shrinking ring pulls the me

. ward. The actin and myosin | '
e g further, until the original membrane pinches in

furrow deepens until the parent cell is
rated cells, each with its own nucleus

A ring of contractile actin

filaments continue to slide

ther sub cellular structures.

Cytokinesis In plant cells: e rigid cell wall that can't be squeezed into two by

There is no cleavage
actin filaments. Instea
move by microtubules to
cell plate continues 10 grow ou

i : z ior su
membrane fuses with the inter1o

d. vesicles from Golgi apP

: the ce€
the middle of s

ards as new vesic .
rface of the exi1s

aratus containing ce

11, where they join to form a cell [
, fuse with it, until its surrounding

ting plasma membran

11 wall materials
plate. The

e along the
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' hter cells.
o new daughnte = Ceuulos.e
wo new cell walls,

11 into W

. e c€ 5 t
¢, it divides t L creating =
embra . egﬂated wl

perimeter of the cell. As 2@ resul
is then laid down on the
space between the daughte
a middle lamella.

Similarities: ,

In both;
= Spindle fibres form ndense

» During Prophase, chromosomes co lope breaks down.
« Before metaphase, the nuclear envelop e

« Spindle attaches to chromosomes aEt cerllc i
= At metaphase, the chromosomes align a

i oles
= At anaphase, chromosomes move towards oppqsﬂe k}:romosomes o e an‘d
= At Telophase, the nuclear envelope appears agaiil, c )

the spindle breaks down.

—

Differences —
Mitosis in animal cells Mitosis in plant cells : e
Occurs almost all over the body Occurs at apical, lateral and intercalary

meristems only.
Centrioles present Centrioles absent
Cytokinesis occurs by cleavage Cytokinesis occurs by formation of cell
plate.
Cell becomes round before division Cell shape does not change before division
A 1flurrow is formed between two daughter | A solid middle lamella forms between twb
;;:it :ﬁ — daughter cells
C apparatus contains asters Mitotic a
: a
SPEl e oo S pparatus lacks asters ‘
e (Phragmoplast) persists at
SevelE , cytokinesis.
'ormones induce cell division, not It is ind |
one specifically mcuced by a specific hormone called |
cytokinin 1

H

mnnerS, tuberS, bule) pI'OduCes Structu

4. o res
genezza?;;:gten'ance of g netic g for Vegetative propagation (egr |
Parerit cgpp S : cells formeqd by mitosis &7
R reCiSe du 1 ; Ll‘
CBC- ic de
- ADVANCED Bi i GigicaT ey —— Peadomanaicd
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distribution of chromosome
aqumber constant across ce]j 8. Therefore
ge

5. Facilitates regeneration of Nerationg

Organisms (e.g., starfish plansom
’ ari

divisions. a), 1

» Titosig mai )
(2n — 2n). aintains the chromosome

o8t parts Camn Some animals: In some
be regenerated by mitotic

MeiosiS (reduction division)

This is a type of nuclear divisi

which @ single diploid (2n) Ceil?ln ;hat occurs in sexually re :

and meiosis 1I) but only one roi ngC}es two successive nu;::;;);irug@g e
nd o ivisions (meiosis 1

. DNA Yot
Jaughter cells, each genetically different replication, producing four haploid (n)

| : fr
ensures reduction of chromosome numbein;thi parent cell and from one another. It
y half and introduce i —
s genetic variation

tbfough crossing over and independent assortment
ent.

significance s/ Importance of Meiosis

1. Ensures maintenance of dipl
oid e
ploid to haploid in gametes which prevents doublin
of chromosome number after fertilizati : prevents doubing
5 S ation, thereby maintaining species stability.

5. Introduces genetic variation: Events which i P

over (exchange of " : ich occur during meiosis such as crossing

- : 8 genetic material between homologous chromosomes) during
prophase introduces new .gene combinations. Independent assortment of
horFlol.ogous chromosomes during metaphase I results in diverse gametes. This
variation serves as the raw material for evolution and natural selection.

3. Formation of haploid gametes and spores: Meiosis serves & key process in the
formation of reproductive cells which serves as a basis for sexual reproduction.

4. Ensures genetic stability across generations: By halving the chromosome
number in gametes, meiosis ensures that after fertilization, the zygote has the
correct diploid chromosome number hence mMe o

5. May lead to elimination of harmful mutations: Through recomblni;uog an:cd
random assortment, deleterious alleles may be lost or masked, contri uting to

genetic health of population®: adaptability of -populations  to

‘ inais | ases
6. Evoluti significance: Meiosis increases %= i
\ challl‘;;‘;n:;yvironilents by generating gqneuc diversity which serves as the raw

material for evolution and natural selection-

riation diversit :
male gametes which randomly fuse during

i nes.

. nations of parental ge

. bmf meiosis car separate and rearrange genes
- ically non-identical gametes.

* Meiosis produces haploid ™

fertilization thus creating neW ©
. : Prophase

Crossing over during ; enetic :
ome to for™ & taphase plate during
located on the S&7° Chrortn fho ologous chro osom: Srzzlr:)mglogue is on either
¥ rtmen : ate
ndependent 3.5:50 ect t0 which pa al moSOmeS in galnetes, The number
ogtaphass | with reE tions of arental chro homologues is 2n, where = the
Slfde forms different co™ 1(1)'1fa aternal d paternal
of possible combinations
s
haploid number of Chfomosorrl

ST Il\liﬂNfldI7753185420 = —— !
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omologY e traits go to o y
i . cessive Ppo
ing Segregati / ratll s for domi? c ingle gamete. Site
DI ids at anaphasé ~% ef alleles gO€5 into & 1
chromatias @ o)

Alleks of
the same gene

L Y Result of cross-over betwya
Bivalent (Paic of Homologeuis i tion-slster chromatids
chromosomss - matemal and paternal) :
Illustration to show independent assortment and segregation
netaphase-I1 G""',,‘:;?_f’" .

PRODADBILITY-I
Nictaphiasc-1

T
Combinatizn 1

|
Combinaticn 2

PIROIABLITY -1
Metuphanse-1

Combination 3

Metoxingly T Metlosin. X
Events
Signific@

Cminaﬁun 4
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This is the lon

es
S5 sub—stages: gest and most complex stage, divided into

0 L .

& P totene.- Chromosomes condense and become
visible. Spindle start to form

(ii) Zygotene: Hom ‘

(synapsis) formi
has disappears.

olog(?us chromosomes pair up
ng bivalents (tetrads). Nucleolus

(iii) P-achytene: Crossing over occurs between non-
. sister chromatids at chiasmata.
(iv) Diplotene:

» Crossing over
produces new
genetic combinations
that create genetic
variations among
organisms of the
same parents. It is
very important in
evolution of species

Homologous chromosomes start to| = Pairing ensures
= s;}:arate but remain attached at chiasmata. proper segregation of
9 (v) Diakinesis: Chromosomes become fully| homologous
E copdensed; nuclear envelope breaks down; chromosomes.

LB spindle forms.
2 : .
A Illustration of crossing over
Recombination
€an occur
behween these
e o slrands of
Chizsma. chromasomes
| —_—
i Chiasma
AR & A
e Bivalents (homologous chromosome pairs) align at the | « Ensures random
equatorial plate. ) assortment of
« Spindle fibers attach to kinetochores of homologous maternal and
chromosomes. paternal
chromosomes —
Metaphase | (showing crossing genetic variation.
: over of long chromatids)
w ; ‘.
.g _ bivalents line up
i across equator of
% spindle, attached
omeres
= by .

——

spindle formed,
as in mitosis

'RALIGEYA ABDURAHUMAN//0753185420
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Anaphase 1

T
P ABDURAHUM

Anaphase

Centromeres do ngt ;
divide, unlike In mitosis.

Whole chromosomes move
towards opposite ends 0
spindle, centromeres first,
pulled by microtubules.
meiosis and mitosis 18
the sister

mitosis, they

etween
g anaphase I
er whereas in

Note: A key difference b
that in meiosis durin
chromatids are still togeth
separate

AN//0/53162420 N

o Reduces
chromosoD

number from g, .

(2n) to haploiq (n)md

e Produces two

Telophase I

« Chromosomes arrive at poles. \
« Chromosomes become long, thin hence not easily

seen.

« Nucleolus reappears and nuclear
membrane/envelope reforms around each set of
chromosomes.

« Cytokinesis usually follows, producing two haploid
cells. :

Telophase |

_nuclear envelope
re-forming

nucleolus

re-forming as mitosis
is

cytokinesis

remains of spincile J

S }
o '"OlTloso'nes have

. . reached poles o
nimal cells usually divide before entering mel'r s:’l?dle
osis l.

haploid cells with
half the original
chromosome
number.

B

|

Significance

ol : (o Ve ——
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Prophase 11

e Chromosomes short i
again (if they had deci?ad:r?sid)t.hl clen (condense
o Chromatids are still attached at the centromeres.
» Centrioles migrate to opposite poles.
*» New spindle fibers form in each haploid cell.
» Nuclear envelope breaks down and disappears.
e Nucleolus degenerates and disappears.

nuclear
envelope
and nucleolus
disperse

centrosomes
and centrioles
replicate
and move
to opposite
poles of the cell

e Prepares
chromosomes for
separation of sister
chromatids.

II

Metaphase

« Chromosomes align singly along the equatorial

plate.
» Spindle fibers attach to kinetochores of each

chromatid.

e Ensures proper
orientation for
chromatid
separation.
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° Guar antees .
daughter ce )
gh 1 recy

e and TOVE t one COpy of
chromosome, h

poles.

Pt

=l

v

7

%4 centromeres divide and
1 spindle microtubules
2 pull the chromatids t@

opposite poles

s Chromatids (now called chromosomes) reach poles. °1?rqduces 4 gel:leticany
« Nuclear envelopes reform around each set. distinct haploid cels
« Cytokinesis follows, producing four haploid (gametes/spores).

daughter cells.

Telophase II

This is like telophase of mitosis, but in meiosis
telophase Il four haploid daughter cells are formed

COMPARISON OF MEIOS i
Similarities IS AND MITOSIS
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pifferences ll
Mitosis = }
e i : eiosis
It results into formation of two daughter | It : = |
cells results into formation of four daughter ]I
AT cells
pDaughter cells formed are ident - 1
mother cell/genetically identicaica1 to the | Daughter cells a're diff(?rent 55t the Il
1t occurs in somatic cells durin mother cell,genetically differehit |
and development and j g growth | It occurs during the formation of gamete l
reproduction In  asexual | cells in germ cells :
No crossing over occurs Crossi l
. 111
It occur in haploid, diploid and e, I
polyploidy cells It occurs in diploid cells only I
: I
Chiasmata are not formed e o o] l
IHomo‘logous chromosomes do not Homologous chromosomes associate I
associate I
. = = - I
Th‘er e is no formation of blvalffnts Bivalents are formed in prophase L. I
Ft involves only one nuclear division It involves two successful nuclear :
| divisions 1
|
{
Cancer is a group of diseases characterized by uncontrolled, abnormal cell division that 1
may invade nearby tissues and spread (metastasize) to other parts of the body. Unlike 1
normal cells, cancer cells escape growth regulation mechanisms and continue dividing I
indeﬁnitely. : }
|
Causes of Cancer : =
The causes of cancer can be categorized as follows; l
Causes Description }
Genetic mutations | =Changes in DNA sequences (?f proto—oncogf:nes,_ tumor ll
E suppressor genes, or DNA repair genes can trigger cancer. |
For example: Mutation in the p53 tumor suppressor gene :
Jeads to loss of cell cycle control. I
3 |
Carcinogens = Substances that can cause cancer by damaging DNA. For 1
(Enviro fment“l Examples: Tobacco smoke, asbestos, benzene, aflatoxins, =
agents/factors) radiation (UV & X-rays). :
| . . . =
A T i heir genetic material into host I
s Certain viruses integrate t . .
K::u hix ; and DNA, leading to uncontrolled cell proliferation. For examples: :
crogrganiams Human papillomavirus (HPV — cervical cancer), Hepatitis B I
and C viruses (liver cancer), and Epstein-Barr virus (Burkitt :
’s lymphoma). }
I
I
|
1
1
— T vl SaiiAruA ADNIRAHIIMAN//0753185420 :
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i s. i
: Immunocompro:lni:u& ;
Suppression destroy abnorm
u
// .
sk factors, which are
ancer develoPmeH{.

Cancer risk factors
The chances of developinl
conditions, pbehaviors Of

to two categories; 1

They can be categorized in e
atego Expland - ' as toba
:V:Iodigfigle risk factors | (a) Lifestyle factors: .hfestylealhali‘)gls sucl:onsumpti(c::lzlo
llable): smpking;  /cXeEsSE, g ; :
(goptep unhealthy/poor diet (high-fat, low-fiber), obesity and
These factors can be physical inactivity all put a person at a higher risk of
changed/ be avoided o getting certain types of cancer.

controlled such as el
smoking, diet, alcohol | (b) Environmental exposure: Exposure to radlatlons,l'

use, physical inactivity, industrial chemicals like asbestos, benzene, heavy

infections, and metals, of certain industrial pollutants like pesticides
exposure to . harmful all do increase the risk of cancer. |
substances.

(c) B.iological factors: Biological factors such as viral
diseases and hormonal factors can increase a person’s
\rzlli:l ?if ge;tlng s:ertain types of cancer, For example,
Hepatit;CBogscl:lke HPV can <‘:ause cervical cancer, and
e can cause liver cancer while HIV can

pos1 sarcoma. Long term use of hormoneé

repl
izgrizzzngnt therapy (HRT) or birth control pills can
reast and endometrial cancer risk

Non-modifiable
a : i ‘ —
(uncontrollable) risk (a) Age: The .nsk of cancer incr :
ST B ;ccumulatlon of genetic mut t‘eases with age due t0
amily histo ations over time
These factors can’t be increase Certa;g/geneticsz Inherited mutations can

cancer ﬁSkS e
st/ovarian cancer(ri'sgl‘{’) BRCA1 & BRCA2

S€X-specific (eg, prostate can cer

0 i
h;n en) while others are moré
Imonal differences. l

l
|
‘|
changed ‘such inc

re
‘| genetics ang 5 age, (c) Se .ase brea
! history. family = ’:I;

€n, cervi

1 commo Crvical cancer in w
‘ (d) Eth N in one sex gy
' nicity /Race; €to
I particu] e: Certain
I ar. ethnj
|
!

|
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These aim at reducing
risk factors

ol Tes applied ¢
, an
Category of prevention Explanati e categorized into three;
v .
measures: | " Avoid tobacco ang limit alcohol intak
intake.

"Eat healthy dgiet (

frui ;
reduced processed ruits, vegetables, fiber-rich foods;

d meat
" Do regular physi s iy )
weight. bhysical activity and maintain a healthy body
* Get Vacci
" Limit E;S{Cmat?d (e.g., HPV vaccine, Hepatitis B vaccine).
i, p:;ure to radiation and carcinogenic chemicals.
€ sale sex to reduce cancer-linked viral infections.

Secondary Preventive
measures:These include

" R :
sr;gular med1cal. screening tests. For example pap
ears (for cervical cancer), mammograms (for breast

Early detection and
e ] cancelj), colgnoscopy (for colorectal cancer) etc.
Genetic testing for hereditary cancer risk.

Terti i
i er:::;i s Preventive | = Post-treatment surveillance: Regular/Timely treatment
e S: . and fol.low up to prevent recurrence or progression.

se- all‘f‘l at I:educmg » Rehabilitation: Offering of physical, psychological, -and
complications/aim at social support. :
managing the dise?.se » Lifestyle adjustments: observing healthy practices to
and preventing | reduce relapse of the risk.
recurrence.

Cancer treatment and management strategies

'IThe treatment and management of cancer
health. The approaches maybe curative,

include;

1. Surgery: This strategy involves rem
nearby affected tissues.
Radiotherapy: This invo
cancer cells or shrink tumors.
Chemotherapy: This involves U
The chemicals used may impose &

2.

immune suppression.-
Targeted therapy: T
targets or block cance
Immunotherapy:
the cancer cells (€

5 (e.g., tamoxifen in br

his involve

- Horm therapy: This inv
ot e east cancer, androgen
Palliative and suppo_rti
improve quality of life 10 &
8. Stem cell and bone marr

depends on cancer type, stage and patient
palliative or supportive. These strategies

oval of tumor mass (cancerous tissue) and

It is most effective when cancer is localized.
lves use of ionizing radiations/high energy rays to destroy

se of cytotoxic drugs to kill rapidly dividing cells.
ggressive side effects like hair loss, nausea, and

designed to attack specific molecular
.g., HER2 inhibitors in breast cancer).
ting the immune system so as to fight or attack

s use of drugs

.« involves boOS
’;hlzlizckpoint inhibitors, CAR-T cell therapy)-

hormones that promote cancer growth

deprivation in prostate cancer).
atment to relieve symptoms and

olves blocking

Supportive tre
ancer stages.
jantation: For

yve care:
dvanced ¢
ow transp

blood cancers like leukemia.
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N is tightly regulated by ce]
mor Suppressor genes StOp
- divisi t S} o growth when needed.

1) Normal cell €1 G2, an es promot = to0-ONCOEENES (gro

| s CheCkpcci)m'tS:or(lG‘i’ ile PrOto_onczi . putations ¥ E:)?’rnal cell growtgl'f gg
1v1S1011, ‘1S . e

unoontroles. ontrolled cell SIV°. ¢ that r€8Y 12 rmally activated fo
2) Cancer and unc o for prote utated OF abno? - tm
promoting genes t ell proliferatlon)a thus Pl‘Omotmg
division) causes ontrolled © Lessor EDES can I?ad to .1oss of
% proto-oncogenes Mutations in tumor Supsir mechanisrns fail leading ¢,

3 jvision. re !

continuous dlvési:;ision' Therefore, A :fnt trans,formaltlon. .
contiol B f mutations that cause malignl med cell death (apoptosis) if
BcoumiiE oidrnu e: Normal cells undergo P?Br o dgividing. :

i ance: ; co
B ::1:11;;:11;;?1: Cancer cells evade apoptos!S e : :
on:

4) Hallmarks of cancer Jinked to ¢.:e11 .d_i"'is‘
. Sustained proliferative signaling.

» Evading growth suppressors. . b
¥ Enablir%g replicative ;mmortality (via telomerase

i ion.
s, peamme ot ar(lidén utatt;?nDellf: 1;;11 Elrif(l)c;ltrolled mitosis, cancer cells
5) Metastasis and Uncontrolle rowth:

form tumors. Some cells brea / lymph, and establish Secondar_y

tumors (metastases).
|

visio

tivation).

k away, enter blood

Gene Technology and Its key techniques _ .
Gene technology refers to a collection of methods used to manipulate, modify, and study

genetic material for various purposes in medicine, agriculture, industry, and research.
The central aim of gene technology is to understand gene function, control gene
expression, and apply this knowledge to solve biological and practical problems.

Key techniques of gene technology:
The key techniques include;

(a) Recombinant DNA Technology.
(b) Gene Cloning.
(c) Polymerase Chain Reaction (PCR)

Recombinant DNA Technology

It forms the basis of mode i

I'n genetic i ;
Major Key steps involved: engineering and biotechnolOgy
1. '
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_ selection & insertion
’ such as; plasmids, baz:egizslj;:\d DNA into a suitable vector: Here, suitable vectors
DNA into a host. 8¢S, or cosmids are used to carry/transfer foreign

, Cutting and ligati .
3 g gation of DNA: Here, both the vector DNA and donor DNA are cut

using the same restricti
on endonucleases; creating complementary sticky ends or

blunt ends. The DNA Ji
gase en oo 5
vector DNA to form feCOmbinantz}],)rrI:& then joins the donor DNA fragment with the

ntroduction .
:ntroduced intg far;:co:nbinant DNA into host organism: The recombinant DNA is
cells like animal Olsi cell such; as bacteria (commonly E. coli), yeast, or other host
: ?e } The methods used include; Transformation, Transduction,
electroporation, microinjection or biolistics. .
Cloning and selection of recombinants: Here, the host cells multiply, and colonies

conitamlng the recombinant DNA are identified using marker genes (€.g-, antibiotic
resistance) and then selected.

6. Expression and harvesting: The foreign gene is expressed, producing proteins (e.g.,

insulin, growth hormones) or desired traits. The desired protein is finally extracted
and purified for commercial use.

Sector Use(s)

Medicine e Production of human insulin, growth hormone, clotting factors,
Interferons etc.

e Development of vaccines like Hepatitis B recombinant vaccine.

e Gene therapy for correcting genetic disorders like cystic fibrosis.

o Diagnosis of diseases using recombinant DNA probes.

Agriculture e Development of genetically modified (GM) crops resistant to pests,

or herbicides (e.g, Bt cotton, Golden rice)

Industry . Production of enzymes like amylases, proteases, cellulases used

in food, detergents and textiles.

{ o Synthesis of biofuels and biodegradable plastics.

Research e Studying gene functions by introducing or knocking out genes.

| . Creating transgenic animals for biom.edic.:al research.

| e DNA fingerprinting and forensic applications.

G i . : .
- isss of making multiple identical copies of a particular/specific gene or

SRl :table host organism through recombinant DNA
DNA ‘nserting it into & suita _
teChnf;?gme’?;:i;;e it isg essentially an outcome of recombinant DNi.\ technc?logy, -but
i fgg.s pate du,cing multiple identical copies of a gene for analysis, manipulation,

or practical use.

Types of cloning:

1. Molecular (gene :
a vector to produce multipl

) cloning: This involves insertion of a specific DNA fragment into
c :

e copies.

~a1ireva ARPIIRAHUMAN//0753185420
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ically ident

ion of
roduct®’ Oing: This is Where
lon omatic cell nuc

an entire organismg

2. Cell cloning: lear transfer).

3. Organisrn c
are cloned (€-8-

P Cloning: . \

i Molecular Gene .
= I:olaﬁon of target gene from dor?or orlgzrr;lids).
nto a cloning vector (like p!&

i tion).
IIs (via transformatl® |
1ltlfe,:eleailing to amplificationt of the target gene

g for cells carrying the desirt?d gene.

Insertion’i
Introduction into hos
Replication of host ce
Selection and screenin
Gene expression analysis or large-SC

ale production.

O U RN~

\
proteins such as; human insulin,

Interferons etc.
tis B recombinant vaccine.

Use(s)

Production of therapeutic
growth hormone, clotting factors,

Develbpment of vaccines like Hepati
Gene therapy (insertion of normal genes to treat/correct genetic

disorders like cystic fibrosis.
Creation of transgenic plants with resistance to pests, herbicides

or harsh climates.
o Development of nutritionally enhanced crops e.g., golden rich in

Sector

Medicine ®

Agriculture o

vitamin A.
Industry + Large scale producti |
ct
fontiles. p ion of enzymes for detergents, food and
* Microbial fermentation to . '
Bstien, produce biofuels and biodegradable

Research . i
Iftudymg gene structure, function and regulati
: : - on.
: Dr;;;h;c:lon of. transgenic animals for biomedical studj
e i i .
gerprinting, forensic analysis ang evolutionar; St di
studies.

hnique used t,

ons of : € man . i
de & living oD es from a very smgy) Y copies of) a specific
€ mponent & Organism) Initial g R

S required for PCR. : ample within a
This containg thf; t

ar,
‘ are short synthetic get sequence

to be amplifieq

» that’s ¢ oligonuclept;
: © say they are short D cotides that are com
iine the region to
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jii) DNA polymerase: Usygap
Thermus aquaticus is requir
jv) dNTPs (nucleotides): These serve

1. Denaturation (94-98°C):

into single strands as the
Annealing (50—65°C]: Th
target sequences on the single stranded DNA tem
Extension/Elongation (72°C): Here, the DNA P
synthesizing new DNA strands using dNTPs (
DNA strands by adding nucleotides)

Repetition: The cycle is repeated 25-40 times, exponentially increasing DNA

2.

3.

4.
copies.

CBC- ADVANCED )y,

—
—— e
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y Taq Polymerase, a heat-

ed. stable DNA polymerase from

Here, the double-stranded DNA melts and separates
hydrogen bonds break.

€ synthetic primers bind (anﬂeal) to the complementary
plate.

olymerase extends the primers,
Taq polymerase synthesizés new

Applications of PCR

Sector Use(s)
Medical and clinical | e Disease diagnosis, that is to say detection of pathogens
applications like HIV, TB, SARS-CoV-2 etc. '

e Genetic testing, that’s to say identification of mutations
causing diseases.

e Cancer research, that’s to
oncogenes and tumor markers.

say identification of

Forensic science

e DNA fingerprinting for criminal investigations.
o Identification of individuals from biological samples
(blood, hair, saliva) etc

Cloning of genes for recombinant DNA technology.

ﬁ::::;l:r biology : Sequencing DNA and studying gene expression.

. Mutagenesis studies. : —
?griculture and | e Detect.ion of GMO:h(iezz:icaﬂy modified organisms)
environment 5 ;?V?zgfniiﬁ fri)nitiring., of microbial populations.
A i - - from fossils.
f:t?ll::zionlary al = ?:iﬁ:ﬁiﬁziiz?’/ evolSHanEry el alionstupe.and
studiesp PR migration patterns.

S

!
|

Implications of gene Technology
These refer to the consequence

fects and impacts (positive or negative) that result
s, €

from using gene technology-
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L paiilin

1. Medicine: pp— ins alin,
. Production of e
interferons, and vac ; defective
o Gene therapy to correc
genes. e
o Development of perso
medicine. . ‘ i
e Early disease diagnosis throug
PCR and genetic markers.
2, Agriculture:

i genetically

t
e Developmen - istant 10

modified (GM) crops €
pests, diseases, and drought.

o Enhanced nutritional value of
foods (e.g., Golden Rice with
vitamin A).

o Increased crop yields, contributing
to food security.

3. Industry:
e Production of biofuels and
biodegradable plastics.

o Large-scale production of enzymes
for  detergents, food, and
beverages.

4. Research and Conservation:

¢ Study of evolutionary relationships
through genetic analysis.

o Conservation of
species  through
genetic banks,

e Detection

endangered
cloning and

of biodiversity
monitoring €cosystems, =

Gf.:netica.lly modified or
miCroorganism) whog
. e i
gL : genetic
= egl oierm_g techniques, [t involyeg
gfamsms New trajtg = e 8
recm:nbmation. Gene t that do 9 :
modified Organisms (GeChn010

ganisms (G

I\EEPTS sIMPLET

GIcAL €O
0 T imp1ications/ concerng
a .
Neg cal ISSues‘

Materjg] (DN{\) ving organisms (plant, ani” Hleﬂc

: ur

MOy) hgy’ partlcularl
» 11asg transform }c’l

€

1. Ethi i

Cloning (.)f organisms raigeg m°fa1

and religlous COICETNS.

GenetiC modification of hug,

(designer babies) is Controversials
. ~ncerns in genetic tag:.

, Privacy conc BENCHC testiy,

o, Health and Environmental Rigks,
: GM crops may lead to developnlent
of resistant pests ("SuPer'pests")'
. Possible allergenic  effects
genetically modified foods.
. Escape of genetically modifieg
organisms into the wild mgy
disrupt ecosystems.

of

3. Socioeconomic Concerns:
« Dependence of farmers on biotech
companies for seeds.
e Unequal access to gene therapy
and advanced medicine, widening
the healthcare gap.

has been altered using &% .
natay Cdiying specific g0 i |
the Yy through mating of na' ally
= , Creation and use of geneﬁcmr,
8ficulture, medicine, and indv®
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owever, it raises a number .
O sl O SONGETTs whith can beicateastized an: sthi ial and
enviro Plications; egorized as; ethical, social an

:é_;'t?gofy Explanations
1. ?thﬁ:latio 3) Human health and safety
im ns

P * Concerns that GMO foods may have unintended health

| itzz(ftt;such as allergies or long-term impacts on human

[

I

I

I

I

|

I

I

I -

: Ethical debate arises over the adequacy of safety testing
| : bef?re GMO products reach consumers.

} ) Genetic manipulation of humans:

I * Gene therapy and genetic engineering raise questions
| about the possibility of “designer babies”, where genetic
‘ traits like intelligence, physical appearance, or athletic
I ability could be selected.

| * Some religious and cultural groups consider altering
= genetic material as interfering with natural or divine
| order.

= c) Animal welfare:

| e GM animals are often used for research or food
| production (e.g., fast-growing salmon, cows producing
l therapeutic proteins). Therefore, the ethical issues
I include animal suffering, unnatural traits, and whether
I humans have the moral right to alter other species.

} d) Equity and Justice :
I e Access to advanced gene technologies and therapies 1s
: : often limited to wealthy countries. or individuals, raising
I ethical concerns of global inequality. S :
I | « Farmers may face patent restrictions that limit their
I

! |

I

|

[

I

I

|

|

|

I

|

|

I

I

I

|

|

|

|

|

|

|

|

|

I

|

|

rights to save and reuse seeds.

2. Social a) GM crops can improve yields and resistance to pests,

| . - ] [ ]
| mplcabont helping to address hunger. :
‘ . However, there is public skepticism and mistrust towand

GMO foods, leading to consumer resistance in some
?

e ious beliefs
1 and religious be ]
o) Cul;?r.r?e communities reject GMO, foods because they are

nsidered unnatural or against religious dietary laws
co if genes from animals are inserted into plants).

(€8
control
c) %ogy companies often control GMO seeds

o Large o intellectual property rights. This creates

and mray dependency on multinational corporations,
farrrletially reducing local autonomy in agriculture.
15e8e poten
BALIGEYA ABDURAHUMAN//0753185420

P ————— 1Y 1] [ ——
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o

S

ods can erog,

eling reflect the rigy,
d choices.

rs to
Consume aality:
.. [ne .
. onomicl es benefit more fr
e) Socweci’h stions and comparnics O gen

mmunities.

lo i t i
techn© glye,farmers may be dlsa.ldvan. aged if unale
Small-sC fertilizers, OF licensing fees.

: t.
public tr8 _ndatory Jab of

e B T T

: i rsity 10SS: !
3. Environmental a) %n lead to monocultures, reducing genetio
[ ]

diversity in agriculture.
Cross-pollination betwee
contaminate wild SpecIes,

biodiversity.
istance:

b) Pest and weed resistance:
Overuse of pest-resistant GM crops (e.g., Bt cotton) can

~ cause insects to evolve into “super-pests.”
« Similarly, herbicide-tolerant crops may encourage the
emergence of “super-weeds.”
c) Impact on non-target species:
« GM crops engineered to produce toxins (e.g., Bt toin)
may inadvertently harm beneficial insects, i
d organisms, or other non-target species.
) Soil and ecosystem health: ‘
* Changes in farming practices due to GM crops (such &

::r;creasec? berbicide use) can affect soil fertility, microbial
mmunities, and water quality.

G
. eI\I/IIZ:i?*cZ e and ecological imbalance:
ie - :
uncontrouiznes m?‘y €scape into the wild, causing
oeical changes. For example: Herbicid

resistant

e : :

ifivasios ot SBreadin : : eating
a g to 1 cr
sive specieg wild relatives,

implications
n GM and non-GM plants mgy

potentially threatening naturs]

e)

Genetics refers to the br.
@d. variation amongst oanc
similarities anq differe
how traits are trang =
Process by which cp,

h of SCi
y €nce Whl "

Tganismg ch deals w; :
Ces amop °fthe same g, With the scientific study of P ool
mitted to 2 gsor.ganisms ofpte;les. It aCCOUntS for the Occurre L
Aracters/ traitspar;n 88 from ¢ e? Same species; ag well as €XP ¢
€ Passeq fromlr Parents, The transmissio?, owhat

€ Parents to the offspring®
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own as heredity,

. own 8s variation, he dlﬂErences
A <

ONg orgnn:
jmportant to understang th ® Organismes of the same species is
It's
d by both the : acterist:
influence genetic Ceristics of gp jq: s
L nvironmental factors where the factors inheriteq n an individual organisms are

Organismg Tives, Om their parents and the

at the char

¥ chromosome: This

is thread_ .
structure located in the nuCleusm;i

eukaryotic cells and bears genes that
determine characteristics,

2 chromatid: This is one half of the
duplicated chromosome
longitudinally.

3) Ploidy: This refers to the number of
complete sets of chromosomes present
in the nucleus of a cell of an organism.
Diploid organisms like humans have
two sets, represented by 2n while
haploid cells have one set being
represented by n.

4) Gene: This is a basic unit of the
hereditable material found on the
chromosome and responsible for
controlling a particular
trait/character Or It is a
section/segment of DNA that codes for
a particular protein which determines
a given characteristic.

5) Allele: This is the alternative form of
the same gene which control
contrasting character. Each gene has
two or more alleles. For study purpose
each allele is represented by & letter
like T, H etc.

6) Locus: This is the point on 2
chromosome where a gene or allele 15
located. .

7) Genotype: This refers to the gegert;C
Composition/make up of an organis ‘;
It states which alleles of the genes ar
Present.

%) Phenotype: This  refers i
Observable /physical appearance
the outward expression
organism, It's determined

split

to

;;\
CRA Lo

Interaction b
the environmzt;?en L lecotyperand
Dominant gene/allele: This refers to
a gene /allele whose effect is seen in
the phenotype/expresses itself in both
he.terozygous and homozygous forms.
It is represented by capital (upper case
letters) like T, N etc
10)Recessive gene/ allele: This refers to
a gene/allele whose effect is not
phenotypically expressed in the
heterozygous state or it is an allele
that can only express itself
phenotypically in the homozygous
form as it is suppressed by the
dominant allele in the heterozygous
form. It is represented by small (lower
case letters) like t, n etc
11)Homozygous: This is a genotype
consisting of two identical alleles of
the same gene like TT, GG, tt. It can be
homozygous dominant if both alleles
are dominant (TT, GG) or homozygous
recessive if both alleles are recessive
(tt, g8) o
12)Heterozygous: This is a genotype
consisting of two dissimilar alleles of
the same gene like Tt, Hh, B‘r').
13) Fertilization: This is the fusion of the
male and female gametes to form a
Ote'reeding line: This is a breed of
at consistently show the
type from generation to
en bred within its self.
is is an offspring produced
nts of different pure lines.

same pheno
generation wh

15) Hybrid: Th
by two par €
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R A oA BT "
el

- DURAHUMAN//07 =~
o L|GEYAABDUR 5318543,

i = /ED ™
f”/ :EPTS SlMpLIFI \\
- f’ GICA ) )
G ., involves Crossing an ..t
ration © whiC : i
glon: ThiS ° agezg directly having & dominant chavacee, Wipnf'X
16)F1 geRe™" " has descel . o lines: recessive parent in order to ge; i}
offspring t agtwo pure bre€ cation of the genotypPe of that offspring My,
n ; e Ixe -
from cfz::ltiom gz; 5 WO Fl 19) Back Cross: This is the mating .
O"oP ation individ jitance

Austrian monk and big]
ho carried out a nypyy,

Ogsy

. T heritance Wa° ' heritance) W . er
This mechanism ?]oha’m endel (father Of; au;lts (Pisum sativum); which he grey in thw
known as Gre0% “© g the garden peat pserved many sexually reprogyg
genetic experiments U gmonastery- He later O e s deanito Cin

S iations am ein

vegetable garden ! ‘hat they had vard 8 s 84
organisms and fou’;lge‘):):pte};iments Conducted were a basls for his laying down ¢ "
the same SpECIES.
principles.

del used garden peas ; i
W,:y I’g;:y occurred in many varieties with distinct characters

+ The plants were €asy to cultivate
o All their offsprings were fertile
« They have a short life cycle that

o The plants also had many contrastin
Their reproductive structure were enclosed in petals which allowed for production

of pure breeding plants due to self-pollination over many generations

|
I
I
I
|
[
I
|
I
I
|
I
|
|
I
I
I
|
I
I
|
I
I
|
I
I
|
I
I
|
} Monohybrid inheritance & Mendel’s genetic experiments
I
|
I
I
|
I
|
|
I
I
I
|
|
I
I
I
I
I
I
|
|
|
|
|
|
|
|
|
|
1

they reproduced so quickly
g characters with no intermediates

N;lonohybn'd inheritance refers to the inheritance of a single pair of contrasting
characteristics. Examples include, inheritance of hei ini .

) . ) eight, blood groups, albinism, sickt
cell anaemia, and sex linked characteristics etc, : 7

In one of Mendel’s genetic experi ;
periments with ;
plants with short garden pea plants. In orthe garden peas, he crossed tall garden ped

1 short Plants. This

E tall ;
dominant and recesgpye 210 became and short pea plants in a ratio of

- kno i
Sive characterg reSpec:tiveil‘}”nina’?hMenderS monohybrid T atio 0
e

Were latey n amegrganism B

i ﬂte
fenac) € under the control of 1
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1t is these factors that g trang
one generation to the next),

Mitted frq
m
e the parents to the offspr .
For each character, an of Springs i.e. (from

ganism ;
factors), one from each B M inherj

its fro
in inherited characters, entand it jg these fi&i Svir.ems two alleles (ir?ternal
The factor which pheng Ich account for variations
which fails to pheng
generation.

o During sexual reproductig
contribution to each of the gflatrl;?:tzgg cell and the s
has both male and female parentg]
for each heritable character separate
in meiosis and end up in different g

) in P 2
typically shoy up F1 generation is dominant to the one

In Fi but instead appears in the F3

S Or segregate during formation of gametes
metes,

then concluded t i i . o
He 4 int di that Inheritance is not by the mixing/blending of features to
produce intermediates but rather the process by which internal factors of the
body rr.lay Or may not express themselves in the phenotype. From- his
conclusions, Mendel was able to formulate his first law of inheritance which is

well known as the law of monochybrid inheritance/law of segregation/law of
particulate inheritance

1
|
1
1
1
1
1
1
|
|
|
1
I
1
|
|
1
|
1
|
|
|
|
|
|
|
|
|
1
l
Fist Mendel’s law of inheritance states that “The characteristics of an organism |
are controlled by internal factors which occur in pairs but only one can be lI
carried in a single gamete”. - I
Later with advancements in technology and microscopy, internal factors later camg- to :
i as
be known as genes and Mendel’s first law was modified. It can modernly be state ‘
1
|
1
1
1
|
|
|
1
1
1
1
1
|
1
1
1
1
1
1
|
I
|
|
l
|
1
|
1
1
1
l

ft')llows “The characteristics of a diploid organism are controlled by alleles which occur in
plairs but singly in gametes”. .

s first law of segregation by meiosis

; iosis. The
Mendel's first law can currently be explained/ accounted for in terms of meio
ndel’s fir

in two alternative forms
: ) ters usually occur in o)
i rmine Organisims charac ! hase 1 of meiosis, these
EZEGZ Z?llch ldeteted on ho%nologous chromosome. Dunr‘l,i atf?;)pOSite daughter nuclei.
: e 1 eles 1c‘)lca omes separate (segfegate) and 1rlno ;
omologous chromos i ete cells ea
Rt nto two gamt
Subsequent cell division results 1 b

h containing one of the two
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ch
Homologous chromosormned (ea
made of two chromadds) ca

pair of alleles A anda

T
A full genetic explanation 0

Let;

T represent th
Pararts
Phenotypes
Genotypes

Meiosis
Gametes

Random: _fertilizatiorn

F; genoiypes

Offspring Phenotypes:
Genotypic ratio .

rrying &

f Mendel’s first 1

e allele for raliness,

male

Tall

gister chr oma

separate

>

tids:

aw and the 3:1 ratio

¢t represerts the allele for shkortress

female

short

Hzploid gamete cells each camyng
one allelz ofthe crigad par

Tt
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=
|
'|
T represent the allele for tall, |
Mess, ¢ Yepresants th I‘
: nis &,
b - e allele for
pa e o %
I’hwatﬁypes = ; i |
|
Gwmﬂfp‘?s ; l
|
Maiosis
Gg)ﬂer o

Random Jertilizarion

}‘.'J genoiypes

p*lz phenotypes : Tall :+  Tall
Genotypic ratios: 1TT: 2Tt: 1tt;
Phenotypic ratios: 3 Tall: 1 Short

Mencllel carried out many other experiments on peas and other organisms and all gave
consistent results as shown below:

Tall : short

Charaeter Paresital phenotypes F; genaeration F: geneyation \ Ratio \
Stem Tength | Tall % Shest All tall TE7vell, 277 ehort \ z st
Sead calouyr Greest X Y ellow All yvellow 6023veallow, 2001 gresn \ 3.01:1
Seed shape Round X Wankled All round 5374 round, 1850wrinkled \ 3.96:1 \
geed coat Coloured X White mr 705 colourad, 224 white :

3| 11.2355::1:;1, 152 vellow

T [Ore X ey | ATl green

- = ”
Pod shape lnﬂatcd x All lnﬂatcd 882

: . constricred

Conasarmrlcre
— 507 inal

P Fomind X Asaal All axial £51 axial. term
osition

"

705 purple. 224 white

All Ijmp]c 5

m"“'ﬂ'm' ijple'x white

l‘ﬁote: hich trait of a given pair is dominant over the

: redict whict | ks, all the F1 hybrids show
zct:ecame . ObVIOUS. to‘sit pure preeding Parent‘j‘izt?;;‘ tshe F, hybrids show the
er.In a cross starting arger pro'po Lt lways fewer 1 number.

the dominant trait. I addition:, gsive O
: : 5 ing the T€Ce>>". ¢), the genotype may
§SMant trait whlal:l3 thgsifgf e - ominant trauzty (ge(t)su phenotyPel
case of individuals sh© s hetero
tither be HomozygoU® Omm?;t c(:)rross;
ilstinguished by perfo.rrm'n_gd aal et respective alleles involved.
Omozygous recessive indiviaue® -, o repré

t
Appropriate letters aré ways 1€
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. petween the parents,

bO].iZe matlng
:ZIITO define each step of the cross.

an be indicated.

ndicated to
t be indicat
ametes, only 00€ £

«»  Across (X) must be i
» Directive words mus
= In case of identical g

ghts i.e. tall and short. Whep 3
Pur

pea plant a.lll the offsprings ohty:
ation was obtained ip ;lned
2.

are two forms of hei

ssed with a short

1. In a garden pea plant there
« selfed 2 phenotype T

breeding tall pea plant was Cr0
where tall when the offsprings Wer

Task:
(a) Using suitable genetic symbols, workout the genotypes and phenotypes of h
generation. R,
atios of the Fz generation? '

(b) What are the phenotypic and genotypic T
(c) Explain how you would determine the genotype of F1 tall pea plants formed
(d) Suppose 300 pea plants where produced in the Fz generation s
(i) How many were tall?
518 (ii) How many were short?
. Suppose a man who i i ‘ i
s a tongue roller marries a woman who is a non-tongue rolle;

and all the children obtained in Fy are tongue rollers.

Task:
(a) Work out the :
phenotypic and : q
(b What i e genot‘yplc ratio as o : i
) What is the probability that the 4th born is a nonbfslzid = 111?2 R
3 e roller?

white flowers r
especti
Mendel went aheaq t\;el ; S Were dominant t
self-poll o those for dwarfness &

comprised of a varje ty of ph

th red f1
e 101 Tall wj Howers Sed
th whi as foll
e 1 te ows
L it o er
e
These give the r:ith white ﬂOw:s
Dihybrid ¢ Spectiv : 1
atio, wh;j € pheng
;:ross. From tha ¢ Ich is the rat,t}'pl ratipg
ollowin Ioss ang 10 of as 9:3.3.

e observations: Many gty Ypes i *3:1, being kn ndel®
Both phenogye er simpe < 17 the F, gefe iy Mihybrid
S€parated and b 1/_1 (:‘l,aracters (he- rOSSes: MEndel \;‘,Ztlonbfor = r]r?ake the

ed inge. }ght e s able to
_ ot
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TWO O ot . CStmble -
. EwW C i o
while twodn 2 ombinationg qf phenon_e OF the othey o :
Dwarf/re ) hieSC :'flI‘e kl’lOWn as reCOmtly)PeS appEared in&;parental phenotypes
, o slomOrPHe Pl o har b 0
enc 0 : no ic . rouedb )
& d 3 red: 1 white. ratioof3 Y diffe

3 Omingnt.
hen Mendel cong;
e, W Oonsidereq
Theref(;n eously, he concluded that 1, =

r(?nt alleles of the same
fecessive. e.g, 3 tall: 1 dwarf

inheritay
ce . .
€se Characteristics are()f two characteristics

ad omly with either one from another pair”
s

; two genes controlling the tw ; .

gince the S abave ere locateg 4 Vo traits (height and colour) in the garden peas
yendel use R i on different chromosomes, this allowed independent
assortment of their auees uring gamete formation such that the gametes formed could
combine it all possible combinations, producing the 9:3:3:1, phenotypic ratio in Fa.

pelow is & full genetic explanation of the 9:3:3:1 dihybrid ratio of phenotypes in the F2
generation for the above dihybrid cross.
Let; T represent allele for tallness, tfor dwarfness

R represent allele for red flowaers, r for white flowers

Parents : Male X Female
Phernotypes z Tall, red flowered X Dwarf, white flowered
2 X mr
Genotypes : TI'IIR
Meiosis = X (,l\tr )
ametes :
ndom fertilizatiort -
Random jf< P |
Figenotypes

| ' Tall with red flowers.
Phenotypic ratios vl

By selfing F; plants;
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—-—,‘—-"';:\LIGEYA ABDURAHUMAN/D753185420 \\:\
- OGICAL CONCEPT
— g s £D BIOL
CBC.ADVANC Femnle
~x
Male Tall, red flowered

Parenix : epall, ved n.-m'cl'fd ;; TiRY
proncwres s O

; = a Tr
C?.maoP-ﬂIl . : /\) /"\" ) ( T )(‘_/ W N

Meiosis (?)(ﬂ( o - e
Qameles 8 A A

) [

Random fartl lieation r—,,-"_:——— T) =
- ( TR ) __i_——-—“"____—‘*:—/—‘_'
; st ""r it TIAF
/T—'-‘-g TTRR TTR PSS
‘ i A
B e o) o TtRr o
(’f,_r"‘) TIRE I l:] : =
v 1
| nr
| Mt 1tRR AL
) [ ™ B
e b e e terr
Gy |~ B ™ ‘ =
|
R P
3 tall with white ﬂowers:ia

Therefore, the F2 phenotypic ratio is: 9 :I‘a_tll with red flowers:
short with red flowers; 1 short with white flowers.

Note: :

When performing a dihybrid cross;
o Alleles of the same gene cannot pass into the same gamete (they segregate during

meiosis). For example, allele T can only be present in the same gamete with R qr;
but not with t or another T while allele t can only be present in the same gamete
with R or r but not T or t just like in the example above. :

¢ The possible combination of gametes during fertilization can be shown using a
Punnet square (after the Cambridge geneticist R. C. Punnet). This minimizes errors
when listing the combinations.

In summary; the following can be noted from Mendel’s hypotheses:
. gac}} chara.lctenstic of an organism is controlled by a pair of alleles
* Dunng meiosis, each pair of alleles se :
: 342 gregate (se '
one ‘of each pair. This is known as the law of s(egri:ar:-tgeS) o o
* During gamete formation, either one of 4 o
gamete with either one from anotp i
assortment, :

Mendel’s second |
i i 1 W can be €X i ta ° .
:;;;‘i:‘s-ailfnng formation of ga:iimed/ 4ccounteq fo Ce by meiosis 1y
the raxfd o shtuely independep ©S by meiogig th o0 the chromosomal bash
Om orientatioy of the hg of alle]eg s » the dlstrlbution of each allele fron’l;1

metaphase 7, i ’
Subsequent se 0logous Chromggg ®T pairs. This in turn depend®

Paratiqy, du Mes onto the equatorial Spinill‘la;; ‘

g
“Naphase I leads to a variety ©

@ CamScanner
A4


https://v3.camscanner.com/user/download

I
I
I
I
I
|
I
I
I
I
I
|
I
|
I
|
|
|
I
|
I
I
I
I
I
I
|
I
I
I
I
|
I
|
[
I
I
|
I
I
I
I
I
|
|
I
I
I
|
I

I
I
I
I
I
[
I
I
|
|
|
|
|
|
|
L

CBCABVANEED Bioiggn
T — . ONCEPTS ey
e SIMB e

== SALIGEYA ABDURARUMAN/O75318545, SN
2 SIMPL'F'ED@ N
CBC-ADV NC Femule
~
Male « Talll red Nowered

Parenix : Tall, ved ’1(-,“&!'0" "\’ i
Phnnao'l““ ' TeRY — -/_“)( “tR )( tr - )

Lo : P, S Tr
GuenofP i : /,.-) &7 ) )(,_‘___/ g S——

Meiosts (/-Tﬂ ‘)(Q( tR %
Gameles : e et

Random _férrl!uallon

Gy | () | L
S (\._.r/ B TLRF I

____—-———'_ 2 l ‘TtRR

(/T;\) TR
" 1r
Tirr
Py 2 TtRr
e TTRe I RALE D l _____I:L

( ) [
| ttRR ttRr
i B T m

~ T HtAr terr
oy | e ] ™ (] ‘ [

9 Tall with red flowers: 3 tall with white ﬂ0W6rs:|3

Therefore, the Fz phenotypic ratio is: .
short with red flowers: 1 short with white flowers.

Note: :

When performing a dihybrid cross;
o Alleles of the same gene cannot pass into the same gamete (they segregate dul'ing

meiosis). For example, allele T can only be present in the same gamete with Rory
but not with t or another T while allele t can only be present in the same gamete
with R or r but not T or t just like in the example above. ’

* The possible combination of gametes during fertilization can be shown using a
Punnet square (after the Cambridge geneticist R. C. Punnet). This minimizes errors
when listing the combinations.

In summary; the f?nowing can be noted from Mendel’s hypotheses:
. gad-l Cha.rE.lCtE.:I‘lStIC of an organism is controlled by a pair of alleles
. urin i :
one ofge;réio;;}.e;gi ?ﬂgﬁeizstie%mgatf (separates) and each gamete receives
. : : e law of se i
During gamete formation, either one of g e

gamete with either one from i
assortment. SRR,

prfu'r. of alleles can pass into the same
This is known as the law of independent

?e1osis. Dunng formatiop 0
ingle pair ig entirely inde
the random orie :

for on the chromosomal basis |

Y mejog;j :
Ntation of tﬁgiznt olf alle frzls, the dlstribution of each allele frorﬂo ﬁ
Ubse 0go €r pair s nds
quent S€paratiqy, q S romosomesp onf ' Thls in turl} dep‘;n if
"INg anaphae. ; leoa ;tlhetequatoqal t;POf el
S to a varie
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. tions iD gametes. In thijs Process. AN/0753185420
orrlblﬂl with either one form an A any ong Bl
./ 0 dorﬂ y Paur, ngle pair of allel
L Il €S can combine
lllstratiOnS_
| Pouihillty i .
Wby vr i | vt < ‘ "ui—lj_l)|||,y 2
| ("r‘-~mi**""-/ St e o
l By Fised iy
|

Mosariey 4 mm 2%
/“M-'«"'i Metaphaye | $ (38 j

T 1 'S ; p mm j’
— TR e -
~:_,_ ﬁ,u.w::/ \:‘f“ 3

ey | 5 o H) Muatenhase 1) (“N \“) (:R“\
N 8

/ \ A

, ; : P 2 I 4 ‘\
N R g Daugh"_,r % - A
N R R & m“__,‘,,-—'jJ cilly ‘\"--‘ﬂ"""j “.;:'_j) H (.._._ R
Cambination | Combinalion 2 e N o o

. —=
Combination 3

rherefore, for the haploid number of chromosomes =
Combmaﬁons in gametes is given by 2n, ’

Combination 4

n, the total number of possible
gorked examples

i, When & pure breeding broad and long winged female fly was crossed with a narrow

and vestigial winged male fly all the Fy offsprings obtained had a broad abdomen
and long wings.

Task:

(; Using suitable genetic symbols work out the phenotypes and genotypes that were

obtained in Fz generation.

() Suppose 480 flies were obtained in Fz, work out the numbers of the flies for each
phenotype class.

(c) How many of these flies were recombinants.
Responses for part (a)

; B le f b for narrow abdoman
Let;  Bropresent allale Jor broad abdomean, b fe

i 5 X ‘;'fje;';‘zgs
L represant allele for long wings, 1for vestgiai ¥

X Female
ﬂ'al'ﬂms i | e Narrow abdomen,
Phanogpes o BroadabdOBER L estigial ings
Long wing® < ool
Gcnogpg_g ¥ BBLL
Meiosis :
Gameros

Rendom fertitizazion
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' Female
pod
Male proad abdomen
ad apdamen vestigial winged
‘0 »
Parents » E N - “"“scd X BLLI
Phenodf Lo A
JEYEY B

T W N T
o=y LN N )

qemepns P (";T—)@/
M Hosts . /'j : 3
3 (oo B
CFameltes
—-/..—-\r—;::;i (o )
Rd”dn”’ﬁ’rﬂlﬂﬂ":—’-’—-"_/ ( D.') ( bi. e
A

\\ (. === S b l
pBu l
{ ot B -____,.—I:—:l.—— Su l ann D

an
Bl ) nout . " » i
& A B : b
—7—3 abLL l Bh _______._____.-_
(o b -
[ -

. pbll
niil l
o)

ngs: 3 broad abdomen and vestigia] ,
abdomen and vestigial wings,

!

Dbl bt

F2 phenotypes: 9 broad abdomen and long w1 ingg

3 narrow abdomen and long wings: 1 narrow

Responses for part (b) : i
Phenotypic ratios = 9:3:3:1, Total ratio = (9+3+3+1) = 16

*  Number of flies = (ﬁj:;‘;) %480 Flies
* Broad abdomen, long winged = % X 480 = 270 flies .
* Broad abdomen, vestigial winged = % X 480 = 90 flies

* Narrow abdomen, long winged = 13—6 X 480 =90 flies

* Narrow abdomen, vestigial winged = % X 90 flies
Responses for part(c)

* Number of recombinants = (90 + 90) flies = 180 flies

reeding experiment, all the f
breeding short black.fa: 1 phenotypes produceq from a cross between pur
Task: Explain;
(a) Which alleles

are domin
(b) The expected ot

FZ phenotypes.

pea

chromosome with fl

AP Ower colour different
plant is crossed wit, whit - Sup s located on the

red flowered plapt e short flowereq POse a pure bleeding tall red flowe"
(&) Vs o S. If the Ry : Plant, the F1 offsprings obtained &€

2

d be OUSprings 4y,
(b) If 700 peq p the Phenotyy; - rai oo .selfe

lants io in
Plants ip each pp are formeq ;.. the F,

(€) How wouq Sou e;;:r?mpic Categop 4 SCReTati
n

generation?p "
Iy? °% What would be number ofF
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The fonowing forms of in-hel‘itance
iﬂustrated by Mendel. COnfOrm
y, Linkage: _

Incomplete dominance,

3, Co-dominarnce.

4. Multiple alleles.

g, Lethal genes

6. Epistasis
7, Pleiotropic inheritance. _ '
8. Polygenic inheritance Gene interactions,

Gene linkage :

inked genes are more than two
Li g - oy genes.located on the same chromosome but controlling
different charactenstics and are inherited together as a single unit
Lmk.age rF:fers to the OCCUITCHC'C of more than one gene on the same chromosome which
are inherited to'gether along with the chromosome as a single block or the existence of
genes dete.rmlmng different characteristics on the same chromosomes such that the two
are inherited together. Therefore, linked genes are genes located on the same
chromosome and hence they are inherited together as a single unit.
Nlote: . . . :
o If genes are linked, they do not separate and thus in such a cross, the dihybrid ratio
of 9:3:3:1 is never obtained.
Types of gene linkage
» Autosomal gene linkage
» Sex linkage .
(a) Autosomal gene linkage: This refers to genes llpked 01_1 autosomes (non-sex
chromosomes. There two types of autosomal gene linkages; SRS
(i) Complete linkage: This is a condition where two or more genes are loca e
close to each other on the same chromosome such no crossm%h over occurs
. : i tween them.
tic recombination occurs be
. between them together. l\!o gene dition where two or more genes are located
(ii) Incomplete linkage: This is a con

h that crossing over occurs
- e chromosome suc .
seenl e aree theti?;n:)f new genetic recombination. These genes may

between them. There is forma

H not be inherited together.h
owever, linked genes do not S ePe
and therefore the phenotypic I‘:T:ltlo obtained N
for the two linked characteristicS:

’

i amete formation
i ent assortment during g
e 1ndepend F,is 3:1 instead of the expected 9:3::.3:1
ossing Over occurs, thereby separating
mation of recombinant gametes

mes lea ing, : tio of 9:3:3:1 for the linked

Quring mejosis and this &Y ccurred.

‘haracteristics where crossing oVet ings occur on the

~&mple on linkage VA a pure breeding

: ling bodY : ss between & P

8 drosophila flies the genes 0 rltrgltogge er. . éair:ringed fly whereby the grey

gilme chromosomes and are he ) bodied vestgl flies obtained here are grey
¥ bodj : fly wit
2 e el N
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CBC-ADVAN typic ratios of the p, 5.
jc and gem° Fa fi it

the phenotyp
died and 1ong winged. What aré
bodie o

S; : r grey
Ehe E:FZ represent the allele ::r bglra kb ody
. Letg represent the allele
e LetL represent
. Let1represent the ies are T
: . sed flies ;
Note: .od long winged = ev bodies and long v,
: bodied lo s have grey g win
When true breedlng grey 3 the F1 OffSpnng d 1 > g8,
: .1 oed flies, all ith grey body long wing and
e o B oopring gives 7S ¢ i
Selfing the k1

n Wiﬂgs
¢he allele for 10 g jal wings-

ossed with true breeding black

EEIEE 2 io 3:1 , e :
bOdy vestlgla_l B ljlthe ,ratlo Grey bOdY9 < Blask.?g, =
e entty'pe lonovang o MesSHEIeteiing
1eno e o
Parental o I s = 1@ 1
genotypes(Zn) L L :
Meiosis
Gametes (m)

Random fertilisation

|
|
[
|
[
|
|
[
I
|
[
I
[
|
[
I
I
I
I
[
I
|
I
I
[
I
|
|
1
I
I
: :
} Fi1 genotypes (2n) S =t S
} _ I 1
I
I
I
I
1
I
I
I
I
I
I
I
I
i
I
I
I
I
I
|
I
I
I
I
I
I
|
I

Fiphenotypes ;.1 Deterozygous grey body,
| long-winged offspring

Selfing F1 offspring,
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v el
| A RBDURAHUMAN/O7S 3185000 x
Fi1 phenotype
° TPES  Grey boq, G
>
Ong wing X rey body,

long win g

o
= 3 o
J o
i I

Meiosis

Gametes (n)

Random
fertilisation

e
F> genotypes GIG i o T 2 =P

F2

phenotypes - 3 grey body,
long wing

1 black body,
vestigial wing

|
|
|
1
1
|
|
|
|
|
|
|
|
1
1
|
|
|
|
1
|
|
|
|
|
|
|
|
|
1
1
|
|
1
Il
The F2 phenotypic ratio is 3:1 similar to that of monohybrid inheritance instead of the I|
9:3:3:1 dihybrid ratio. : 1
e naritel
Sumdsinglv, the above 3:1 ratio of parental phenot\.mes is never obtan;ed mfprac (ie;l :
This is because total linkage is rare. Instead & roximately € ua;l m;m i:; 0 E;alin = ||
. TPt i enotypes
phenotypes are obtained with Sl ficantly few recombinan |
1
1
1
1
|
|
1
|
1
1
|
1
|
|
|
1
1
|
1
1
1
|
|
1
|
1

approximately equal numbers.

This was confirmed and explained by an American s¢

y Zy i i black
:Etweell a i ila hetero ouS for bOth tralts Wlth a 3
gre 3 long Wlnged drOSOphll g ; :

Vestigial wi la (This is a test cross) : be obtained in &
Meniﬁa?ﬁﬁfgﬁigiz?gire(ntal phenotypes and recoin; m;:;zt;,;i (\inow.eﬂ(c)l be obtained
Tatio of 1:1:1:1. If ene’S were completel Jinked, paren ?rnﬁng P ot cross several
In 3 ratj .f 1 S disa pointment; even after PET0 He instead obtained
! o of 1:1. To his disap .ted outcomes- TE T .o ontly few
tlIIles, Morgan never obtamed h types with significantly

: : 55
*PProximately equal numbers of e atrely equal pumbers as summarised below
re(:ombimmt phenotypes also in approxm’la

" 41.5% grey, long winged

ientist Thomas H. Morgan.In a

41.5% black, vestigial winged

o : d ;
' 2.5:/0 grey, veStlglal wu;ge r such that the responswe gensrsl
i 5% black, long wing_e s of crossing ove the eles of each gene
gan explained his results 1% term ed) nanged petween homologous
e €

ome
OCated on the same chromo® ¢, alleles wer

u
®logous chromosomes. AS 2 [ese

»
rk_x,
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- CBC-ADVANC inati
ene combinationg ;
:on of NEW & N gg
. sis, leading to fOfm:t:hown below. metea
. e10 ) + a
chromosoiines' Chg’1 I::Cgorrill inant Phenc’types’ Black bodg
henCC pro ucin = o y1
l . Grey bodY- x vestgal win
Testcross ng wWing :
phenotypes P gI )
I 1

Testcross
genotypes (210
Crossing over
during meiosis

Gametes (1)

G 2@ G $24 s =4 E g
Offspring ' °
genotypes(2n) 1 1 § ) 1 7 | 1
1 ’
-

v Recombinant genotypes{x) f

Total genbtypes (¥)

was produced

" 53 purple flowered short stemmed
* 47 purple flowered long stemmed
" :g Red flowered short stemmed
" red flowered Jor
i . ong stems,
(8) Explain the resyjtg fully. (Note
e

phenotypes obtain that o

d are almost i e

Eenes are located op differ

g
de ; <
pendent on the dlstributj(mquency of Crossoverg
Whic

Cross over value/f; h
requ an take nd to
Percentage ratiop, o Tzczn ; 2 bgern 0t of chy place was fou

Omoso ‘o ia given DY

Numbper on mes. This is give

CoV ot num;f reCombinantS Stot e tot freql-Iency, This is cale ulated as
er Of offépringsxloo €r of Oﬂ‘spﬁngs.

be
the
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a ;
In ine nged d'rOS()

M— Phila, th

tyP= Nump , the followin

phes? : er of ! g results w
~, long winged 965 fsprings T

G —
@fﬁi—l@ Y R |
placks 1°n.g ?mng‘ed 206 o
Greys VCSUglal winged 185 = S i |
solutiom

Number of recombinants
i
(0¥ = Total number of o ffSpringsxmo

206 + 185

(0¥ = (565 + 944) + (206 + 185) "
= 17%

Trial item

In maize, the genes for coloured seed and full
seed are dominant
lourless and shrunken seed. Pure breeding strains of double dc??nirfznth\faﬁzntyei’s;

crossed with a double recessive variety and a tes
. t cross of th ;
the following results e fi generation produced

Coloured full 380
Colourless shrunken 396
Coloured shrunken 14
Colourless full 10
'lfask:

(a) Calculate the distance between the genes for coloured seed and seed shape

Note:
. The COV also indicates the relative distance between linked genes and the

possibility of successful crossing OVer during meiosis, in the above case (;che
distance between adjacent genes is 17 units. These values can also be used to

position genes along the chromosome & process called gene mapping.

Sam le item on construction of gene maps: & it

: : : ' enes P, Q,
Consider the cross over values involving for different &

’I[;he distance separating these four genes i Sho}‘:g bi‘%ﬂf/;

Q= 249 ® "

R‘P = 0, /0 S‘P 5 6cy°

) 14%

Tesk; e chromosomes.

position of thes

@Eb) Draw the chromosome map to show 1;1r.1e
2Bproach to construction of gene m:hes.e genes value first in the
" Draw the chromosome m&aP for Tt smallest Cross over

Insert the positions 0f the genes ble positions of

middle of the chromosome M2F ajye and ins®

. ss Over : P-
xamine the next largest crzs relative to either S or

its genes on the chrornosom

T I e
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CBC-ADV ) C]‘OSS over Values unt]_l yOu Te
qining ag
tire r€m
en
for the

iihe procedure G wuiits

= Repea values ——
ver
the largest cross 0 :

Gmus /—",/—éf p \
| 6 units ms
4_'____._______/ — s

-S P

6 units
st AF_H,f
R S PR
s Sus

Incomplete fort s f inheritance where neither of the two alleles of the sap,

e dition or a form o i
;:;Se 1:oi;2?ﬁng a particular trait is completely dominant over the other such that the

heterozygous offsprings show a phenotype which is a blend or 1ntenfnel§11ate between
that of the parents. Therefore the F1 individuals do not resemble any of the parents blllt
rather are a blend of the parental phenotypes eg. A cross between a black and a white
parent gives an offspring with grey colour. It occurs mainly in plants. For example,
Petal colour in snapdragon plants: |
Since in incomplete dominance no allele dominates the other in the phenotype bl;lt
instead forms  intermediate phenotypes, therefore the parental phenotypes are
represented using different capital letters,

Example

the above results.

ﬂﬂR reprogant I]l(’ﬂ”ﬂ‘l -/: ﬂ ‘
efor red ower ‘ala“' Lk 1:".5 ‘l‘c‘l

Le v, represont rl_lg allalefor whita floyvar colouy o : "

s .
arental plnmcpppg:pmkﬂmmrnd‘piamx Pf’!k

Parental phenotipe 2n):r ‘g
Vpe(2n):red flowereq white owared plans

Slowared

I

Parental genatype (2n):  RR
Afaiosts

Parentqi Lenonpe (2p)-

e
f :\{cla:f:

Gametes (n) all| Sanetgs ()

Fortiitz
oy me:anm‘,

Fi genonype (2n):
<nj); O
,_ il’;.;x-fxﬂ{:g Moty 2n);

b Benotypic ratjo- all Rw

Phenotypic fatio:
! *all pink floy,
' fed plangy
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’ omma s
w culdf character : show up/ express th W.
e s show 2 mixture of both ems
0

ring e ©S equally g
ffsPO ng the phenotypes of both pare Parenta] phenoglpgch that the heterozygous
o 3 themselves to produce a phenotyr;ts GOt : S. Therefore, the alleles
e : i
cXPZ arent crossed with a white parent gi:eWhICh 1S a mixture of the tw
ble™™. g occurs mostly in animals. In ¢q dorsxfffs Ing wi S ok
-domin

" g = &
e e represented with different capita] 1etter: nce, the alleles for each of the parental

rd X
e e® of co-dominance include the following:
, The gene that determines coat color in catt]

, Inheritance of blood group AB in man e.

[nheritance of sickle cell trait
Inhe!‘itance of coat colour in cattle.

considef a cross between a red bull and a white cow who .
workout the genotypes and phE'!nOtypes in F1 and F; generatsice)nFslt:tfiigrilr?geankfi::;ffk?é
atios. When the F1 roan offspring are selfed, the F; offspring will be red, roan and white
in the ratio 1 red: 2 roan: 1 white as shown below. ’

., LetR represent the allele for red bull

, Let W represent the allele for white cow

Intercrossing Fi generation

Parental phenotypes Red flowers x white flowers F,phenotypes  Pink flower x pink flowers

Parental genotypes (2n) RR x WwwW F) genotypes(2n) RW x RW
Meiosis Meiosis ‘
Gametes(n) e e ¥ @ Q Gametes(n) o e @ ‘e @
Random fertilisation \= e e | Random fertilisation \=> el |

Des v RW WW
F; genotypes(2n) RW RW RW RW F2 genotypes(2n) RR RV

Fa phcnoly‘pés Ired 2pinkl 1 white

Fy phenotypes All pink

Inherita 1l anaemia i ickle shape
This is agc:bz::akll 608 ion in which the red DIoOC ;e%iﬁﬂﬁfaﬂ;;f& (Hos) in
| ola 3

under low oxygen concentration du und in red plood cells with 2 bi concave

the red blood cells. The normal haemoglobin 15 1°
disc shape

Explanation of sickle cell anaemid arise? : ch an amino acid kno

i i whi
ubstitution mutation, 11 “lobin is replaced by

Sckde ¢ ia i Dy a2 al haemo

ell anaemia is caused Y . - ;

2 glutami emia nsible for the formation 2h formation of HbS 1n tl’rfe red blooci
mic aCid, reSPO . e ds to ' e Cl-ChainS Wthh are 14

|
\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
al
| 3other amino acid called valine Whi° eptide chains, =% The substitution
I ®ls. Haemoglobin is made of four PO ino acids loné '
2y globin is s whic 0 2 :
{ I 0 acids long and two p-chal qcid in ﬁ’Ch?m’ ; . yaline is now
“atio ixth amin® B-polyP
l -ation occurs at the S ; of the
{ :Ellirv e in the b&
|
|
|
\

alin ing i orated 10 g
e, being incorp  akes its

and hydrophobic which

B
\\‘BC"ADVA e I = P
< 20VANCED BigiogicAL CONCEPTS SIM

—

CamScanner


https://v3.camscanner.com/user/download

____————_-‘
—

- ~
e T SALIGEYA ABDURAHUMAN/075318545) N
cepTs SIM
e £p BIOLOG
caC-ADVANC : e molecules ¢
s its oxveel B STHe 5

ut
S lo hese change the shg; of
fore when Hbd Od'like fibres. T pe Ofthe

when deOX}’genated' e ) into rigid T

. allize (sO
solution and nySt_ e, '
red blood into & swkleds blc}:(!d cells: . kle cells ar® deSt_r oyed which lowery the
Effects of sickling I€ 2 because e sic " te anemi. This leads to;
oc c

a) Anaemia: This is
amount of oxygen t0 be C
o Fatigue (weakness);
« Poor physical developrnt?nt. Eae peart failure.
o Dilation of the heart which may o |
« Infections which lead t0 frequent bnc e the cells ge " sl cabilisiiss 1
b) Interference with circulation of blood be amin
small arteries. This leads t0;
e Heart damage which leads to he s
e which leads to pneum ' .
: idutﬁsiliﬁzgjoint damage which legds to r.heumatlsm and pain
e Gut damage which leads to abdominal pain
 Kidney damage which leads to kidney failure

an'ied leadlng foa

art failure

e Liver damage :
c) Enlargement of the spleen because the sickle shaped red cells collect in the spleen

|

|

I

|

I

|

|

I

|

I

|

|

|

I

I

|

|

I

|

|

|

|

|

|

|

} for destruction.

| Note: ;

: o The effects above make the homozygous sufferers to often die before reproductive

I age.

: o The all.elealmat causes the erythrocytes to have a distorted form in sickle-cell
anaemia SO caus 3 : :

: anaemia. This gene T:Znﬂ;f:: bblglodl Qeﬂs - Japre casly, acredy My

: one effect in an organism. FekRetedas plelotropic since it has more e

I

l

|

|

|

|

I

I

|

|

I

I

|

|

|

|

I

|

|

|

|

|

I

|

|

|

|

I

|

abnormal form Hb® and half are normal form Hpa

ie.
€ faulty gene is not recessive, €. the alleles HbA and Hb® are

become sickled.
o The hetfarozygous condition is kp

a selectiv on

because ti:; 2?’??552:2 ‘;E"“ °amef<§ioihm§\§ﬂt“‘“. These individuals hav®
blood cellss;esotl ble to Malarig (thiyifsls ormal gnd Suﬁ-t?rtlairess'
e arenmore likely to Sunzrvza iiaizllgiizl ﬁ;};tg
s?’tse irx;e s;Stﬁlnce to meXt Seneration, A single copy of the sicKl”

etefozygotes =5 Th: ifncreased resistance t0
Of two re :
'fISily el aarasitet een nora;;)ln:nd sickle s
Stance to g p ¢ Parasiteg bsuCh cases, the immune S}{Stem
“lerozygotes. - Ore the disease is establish

inside norma] red
areas, and pass op
cell allele increag
plasmOdium para

(1) The consistent chan
e

makes it djff; in o
of the body :ecult for the *Ygen

rendel-ing res
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le .
to carriers of sickle cell. ) and Survive o
es illustrating inheritq
tic cross _ nce of sickle
(}ene) consider & normal man marrying a sickle ol cell anaemia,

. : carrier of sickl : ;
woman who 1s also a carrier of the same disease € cell anaemia marries a

t the phenotypic and i : -
15K work ou P genotypic ratios arising from these two marriages.
o)

Note:

ﬁa normal man marries a WO.man W’iﬂ‘.l sickle cell anemia, the F, offsprings will be
henotYPicany norma% but .Canzlers and if two carriers of sickle cell anaemia mate, the
) offspring phenotypic ratio will be 1 normal :2 carriers: 1 Sickler.

olnton
7 i reprasent the allelefor normal red blood cells

Parental phenotype: sicklerman x-  sicklerwoman

Parental genotype (2n): HH"Hb’ x  HAHE

i rpresent the allela for sickle celledred blood cells.

: ' I ‘oma
prental phenofypes: normalman x  sicklerwoman

Meiosis
: S §

\ Parenmigenar‘_};ues(_?n);ﬂyHbA x HHb Gantetes (1)
b

- olosts Fertilization

|
|
|
|
1
1
1
I
I
|
I
|
|
|
1
1
1
1
1
1
]
1
1
|
1
I
|
1
1
1
|
1
l
‘ o< 1
Gametes (n): alI all @ HHS HEHE  HoA HEHY |l
1
1
|
1
1
1
1
1
1
1
|
1
1
|
1
1
1
]
|
I
|
1
l
1
1
|
1

Fetilization:

Figeorype (2n): pels Hb*

Fiphenotype: All are carriers

; s. 1 HbS HbS
P genotypic ratio: 1 HbAHDS: 2 HbAHD

org: 1 Sickler.
Fi Phenotypic ratio: 1 Normal: 2 carriers: 15 it. a co-dominant
Note; mia show the sickle cell trait, abin Shea
' Carriers (h tes) of sickle cell ané 1is have normal hem‘?gl 3 mild
(heterozyes f the red blood c€ moglobin S. This pl‘od‘_lces e
condition, in which most O |s have abnormal 1’}3‘3 contracting malara. This is
dbout 40% of the red blood c¢! Sthe sickle cell trait f‘fomnters a red blood cell with
znemia and prevents car rie?uc;i th a:;l;ygen tension in the cell which
tcause when the plasmod!

uickly filtered out
: .. ~auses exire i ckled cells are d
?f:lmnal haemoglobin 5, llktlgirozygows' . hating the parasites:
ads to th ickling 111 imin
of the blooz c;ii'lez.lm by the spleeth thus

at causes m
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two alleles, it is only any two alleles
Can

any one time. colled by multiple alleles include;

controlled by a gene wh
tics tics cont

occur at a single locus at

Examples of Characteris
« Blood groups in humans
o Coat color in rabbits

 Eye color in rabbits and mice

I ABO blood system:
nheritance of is controlled by three alleles of g5 gene |

The ABO blood group system ;
(isohaemogglutinogen) occur at a single locus any time. These alleles are;
e IAfor antigen A.
e IB for antigen B.

¢ IO for no antigen.
It should be noted that the alleles IA and IB are co-dominant and are both dominapnt t’
0

I (recessive). The transmission of the three alleles occurs in a norma] Mendgjj
an

fashion. The table below summarizes the possible phenotype and blood group
-

BLOOD GROUP/PHENOTYPE | GEN OTYPE
A
IAIA  (AA) -homozygous for blood group A

e ——

—

IAI°  (AO) - heterozygous for blood group A

B
I;[®  (BB) - homozygous for blood group B)
B
" Is[o (BO) ~heterozygous for blood group B
IalB -
. (AB) heterozygous for blood group AB
Iofo
(00) - homozygous for blood group O
Examp]es:
1. A man havin
g blood A marp
i Benotoes arries g Woman havi
and ph 2ha
blood group A Phenotypes of their offsprig bk‘)Od o A What e f
g if the man ig heterozygous for

: LL::t I: Tepresent the allele for f,
Let I® represent the allele fi :
tIo T€present the all o

rmatlion of antigen A
ele for nq foatmr;.of antigen B
1on of gpy;
8€n A or B
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,m]genotype (2n):

Pm'el

MngS IS

Gamet es (n)

ofipring genotype (2n): PP PP Ap Pr
2 genotypicratio: 1TATA; 1TAIB: 1TAD0; 11078

3 phenotypic ratio: 2 blood group A: 1bl

& A 1blood ¢er : : _
| : d group AB: 1blood group B
1. Aboy has blood group A and his sister h g A
I as blood group 0. which inati
‘ genotypes and phenotypes do you think their parents have. Show yoti?rli?)lrrgrtllgn P

| rrR———————— e ]

. This occurs when two or more different gens influence the expression of a single trait.
gsrgrfore, certain phenotypes of organisms are produced/ affected by an interaction of
more genes located at different loci on a chromosome.
The common gene interactions are; :
(a) Epistasis.
(b) Polygenic interactions.

|
|
I
|
|
I
| TI;) EPISTASIS:
I 18is where a masks the action/effect of another gene
: gene at one locus suppresses of !
I a : different locus. The gene which suppresses or masks 18 called the epistatic gene
I While the one being su ressed (masked) is called the hypostatic gene. Unllxke in
| “omp] . g subpb . ; alleles at the same locus, epistasis
| i Plete dominance which involves interactions of 1 e s iRl ey
| Walves interacti es at different loct: Therefore, the classie?’
| Tatio (9, ction between g€T : ding on the type of epistasis.
I . :3:3:1) is altered into modified rations deper ‘
: | e: of epistasis: . ' the following;
| me;r e many different types of epis i
|| ecessive epistasis (9:3:4)
I
|
I
I
I
|
I

ii) Dg
.., ~omi istasi :3:1 1y
nant epistasis (12:3 ) mplement?

(i
) stasiS/ co . allele is recessive,

Duplicate recessive epi

Q
SthSSive ePistasis: This is the tyPe & o Suppre ses
co ltlon:

Oth :t i.ts presence in homozygoUs 1oCUS-
Minant allele located o7 another £

- iinAHUMAN 07551854_’_"_ = Lo
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-:_‘—',..—--ZBE_AD\,ANch o ol ¢ %AV I
! d gene s tyP° 70
: the S€°°° 3.4,
to block the effe;torslfg-a:s:l to 9:3:4
. { T * e
phenotypic 12 ¢ pinmic® pap's ON€ for black and another o, i
Example of coat colov® 9 alleleS : ¢ colour (b)- B
. Inheritanc® jour has own €02 o
he gene f at CO* 5 inaﬂt to br Bt will be depOSIted in the hair i
mice, 1 1 . .
other gene eter . resent; th : t is depOSlted and the mo '.f
However, &n f this gene (C) is P ), 110 jgmen Sles th Use {q
dominant alle e.O les are P ese (cc) one locus (CC) ma € pheno%ic
Only the reCCSSlve alle 4 reCCSSlV g ne alleles Of :B’ locus express themSelv
white (albino)- Therefﬁffocus BB, Bb oF U*° 15{6 cc or Cc. h
: e ; s
eﬁresif: :;i(;ttzzrcglocus S dornlna-nt allele
w
2ct§;vity= . o two MiCE that are heterozygous for both gepe,
» Determine the results of crossing

(black colored, CcBb X CcBb)

1) : This is where 2 dominant allele at one locus masks the

Dominant epistasis (12:3 qly one copy of a dominant allele is enough t,
expression of alleles at another locus. 0 y ash, where Gene W= inhibits Pigmeﬁt

suppress the other gene, e.g. - d Gene Y= pigment type (Y=yellow
i : = it colour to form) and Gen B and
(W=white fruit, ww=allows frut co ite, regardless of Y alleles.

yy=green). Therefore if W is present, the fruit is wh
Activity: |
» Determine the results of crossing two squash

genes, ( Yellow fruit, WwYy X wWwYy)

plant that are heterozygous for both

Duplicate recessive epistasis (complementary genes): Here both genes need to
atleast one dominant allele to produce the phenotype. If either locus is homozygous
recessive, the phenotype is altered. For example; Flower colour in sweet pea, where Gene
C and gene P both are needed for purple colour. Gene cc or pp result into white flowers
(no pigment). The crosses give 9purple:7 white
Activity: -
» Determine the results of crossin
g two sweet pea pla us for
both genes, purple colour, CcPp x CcPp) pee p i it die HetermaEs

(b) POLYGENIC INHERITENCE

This is where a gi i
given single character (trait) is determined by more than two genes

located on different loci, each i

’ ha‘ﬂn as Y
genes have a cumulative effect oi thr:all and additive effect on the phenotype: Sunclh
y

h . .
ep enotype, with an organism having
and an organism with only recessi’

. Intermediat m
arance), es are usually very many and e

CBC:ADVANCED BIOLOGIC)
= LOGICAL CON
________ C -
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(;ﬁneticﬂl strations f ¢ inherit2
€ gene that determineés coat €0

®lours determined by tWe alle

i ABD R T T
! , mtenlge];ce' - . URAHUMAN/0753185420 ———_1‘
/ ei

| ! gumen REET [
’ gye colour in humans ‘

* ik yield in cattle. |

' l

| enes 1

a

Leth mutal’lt genes which cays =
mest © ith the vital functions e death of ap I
terfe that are Individual I
W 10 ent or organ formation. Lethal necessary for survi ;JIOSSeSSmg them. They I
de! I ment/ embryonic stage) or afte lt-y (death of the bearev such as metabolism, {
de::iy thal genes e i_n;lblrth/later in life. In agd(i:?in occur be.fore (early [
G cause death to the organism uence other observable hon to causing death, ll
kﬂ]/ flethal ene ¢ characters before they 1
Exam le 0 .Onditions: I
, Yellow coat colour in mice. I

. 1 & . l

ngton's d

Huntt gt 1se.ase' in humans, death occurs later in li l
sickle cell anaemia (in humans), death occurs i er in life. ‘
Creeper legs in chickens. curs if no medical care is given. [

, Manx Cats (no tails) =
characteristics of lethal genes: :
. T;;g a2 death either at embryonic, juvenile or adult stages depending on the =

' |

"+ They often result from mutations in essential genes. I

. They can be dominant or recessive in expression. }

, Lethal alleles often maintain themselves in populations through heterozygotes I
that survive. =

« Their effect is often masked in heterozygous condition but expressed In }

| homozygous condition. J i
Types of lethal genes . %
1) Recessive lethal genes: These cause death only when present in himoglgxz I
condition/the organism inherits two copies of thcla allele. The heterozygotes ||

: i xample: 1

but may sometimes show mild effects. For € flow - stis e e |

(b} Yellow coat colour in mice. The gene for ye =
but recessive lethal. e condition 18 often lethal 1
(¢) Sickle cell anaemia (humaIlS)i Homozygous recessive ‘l
without medical care- , o : ‘

:sm even if the organism
‘ e dea of the orgffmls : |
D°m1nant lethal gencs* Thees aneless:rl;srare ina POpula’uon because tt;ey etﬁmalz |I
only inherits a single CoPY: They are reproduce and pass Of B BRIt l
Ca fore they can T€P . ticease (is anl example 0

it orpphists death befor® Oy punting!® dISe2” 4 on to offsprings :
dxan_lple, Achondroplasia (dw sn; its late onset, it € pe passe |
Ominant lethal allele but pecause © |
rin mi |

are two |

|

I

I

I

|

lor
les of the sam®
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CBC-AD and grey offspring howey,,

1 grey instead of 3;1. tbese

yellow
1§ is

th
roduce bo ellow: :
ossed, they P cation of 2 Z’ die in the uterus which redyge

henotypic i S
ominant yellov&(':l 1:;2 always heterozygous and this Chanthe
prOd;.c | to 2:1. Therefore, the phenotypic ragiy ¢ gei

yellow mice are cr.
offsprings appear in & P
because the homozygous =
phenotypic ratio. The ye-llow @ﬁom ]
the monohybrid genotypic ratio 2
is indicative of lethal alleles or gen] 'waarcalor
Let Y represent theallale  for yellow
gy r
Ler y represent theallelefor g1¢) coat colo
Tmoiuse
Parental phenotype (21) :_veﬂawmouse'xyeliou moil.

¥y x )

Parental genotype (2n):
Meiosis

Gametes (n)

Fertilization

Iy hul

Qfspring genotype (2n): ¥y
YY dies before birth and therefore the offspnng phenotype will be 2 yellow: 1 grey

/I;e thal genes in creeper's chicken:
nother example is the "cp, ten:
3 ceper” allele ; i
and stunted. This pp : 10 chickens, why
pheno : ) ch ¢
autosomal mutation elndt}(’il'De i Ch.l ckens calleq the cree i 'the l SBS to be short
Isplays itself a8 a chicken tha}ze; Conﬁmon 1s caused by ain
as short and stunted legs.

Chicken embryos th
at are p
develo omozygous
Pmental Problems ang never hatih fr 0111? I:chzlile Creéeper condition have severe
T eggs.

What are the differe
nt pheng
that may result fro types and the :
L m a crog .~ @Ssociateq ; T
Wworking with a punpey quaIZ of two Chickens Wwith thf l;l:inotyplc and genotypic ratios
: - €eper condition? Show your

genet; €ns are
18) 3/4 of t Offspripo . >¢d, one Wwoulq
ex

* Inst T P i
. €ad the ratio Obtained i Oabe Creeper ang pect tg have (from Mendehan

Teepe 4 t0 be normal,
omozygous Creeper o.: 3 NOrmg].

CBCADVANCED sipj gy
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pleiotTOPY :
sacoREen which a single gene influences two or more seemingly unrelated

This | .
aits i 81 organisms. The gene involved is called a plei - :
‘ tr
hecauise the product of one gene (protein, enzyme or horIr)nolr?e)(i:Zﬁ ;g:;le. Th1§ happfans
biochemical or developmental pathways. : e part in multiple
mples of pleiotro
Sickle cell anaemia (humans): The defective i

: gene causes multiple effect h
sickled RBCs, organ failure, anemia etc. . e
Albinism: The defective gene causes multiple effects such as very light skin, while
or light hair, pink or light colored eyes etc.
+ Phenylketonuria (in humans).
. Yellow coat colour in mice: The Y gene in mice cont

lethality and coat colour.

Ex8

POPULATION GENETICS
tudies the genetic composition of

Population genetics is the branch of biology that s
time due to

populations and how it changes over i “lation and how their
terms, it i w genes (alleles) are distributed in a popuiation -
s the study of how & ( ) utations, natural selection, genetic drift,

equencies are influenced by factors such as: M .
gene flow or non-random mating. The study provides the mathematical structure for the

study of micro evolutionary process:

Microevoluti to the change in one gene pool :
on refers inly due to mutations, genetl

Within g po : - Mai
pulation over time. . e
hatural and artificial), gene flow for example industrial
ﬁslstance to antibiotics, pestici
lacroevolution refers to Specia

S .
Pecies level, resulting into for™
Benus,

evolutionary processes. In simple

or the allele frequencies that occur
c drift, gene flow, selection
lanism, microevolution of

a level higher than the

ges at
h as class OT

tion of 2 axonomic group suc
atio

ild- all changes
m a build-up of small cha
out evolution is that individual
characteristics of

enotypic :
ts on Pfl Yo tion of traits

S()m . ‘] :
i ¢ biologists believe that mac jsconcep
m| Comblna

M :
ore t(? microevolution. One common lection A€
inﬁél}lsms evolve. It is true that nalt"‘ra'J % e. Eac
Niduals to determine the fate of genowpcompared to othe
%ts its survival and reproductive succes® ° iy be
- duce success

\QS ] A
® individuals that can repr

|
|
I
I
|
I
1
1
I
I
I
I
I
|
I
I
|
I
I
|
|
1
I
I
I
I
I
I
I
I
I
|
1
]
rols multiple effects such as :
! |
I
|
I
1
|
1
1
1
|
I
|
1
|
1
I
|
1
|
1
|
1
1
|
|
|
I
I
|
|
I
I
I
|
|
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ection is only apparent jy,

al sel
p 'I-mmrfor this reason,; though individthe
timer s that ev Ug
Vc'n ts DO Olvebutnl

ulation

e species living together i,
a

i with’ similar features which 5

gan
tile offsprings- .
resentin @ sexually reproduc,
onsistent change f,
m

|
|
|
|
|
|
: given habi A
I 2. A species refers to

uce I€
: interbreed guccessfully to pwduectjo of alleles P
' refers t0 ¢ -Otal cc;] se gene pool shows €
{ pulation who o undergOil’lg evolutionary change while
| is inadequate to bring ahg 8
| ut
[
[
|

ariation

3. Gene pool

population. A po :
eration 18 sal

generation 10 gen
is one whe

static gene pool
evolutionary change:
y the total nu

4. Allele frequency refers to
he total number

as a percentage of t
human beings produc

while the recessive
f the domi

tal percentage

es of a given allele expresseq
of alleles for that gene in a population. Fo
tion of body pigments is determined by 5
allele results into no pigment production
nant and recessive alleles are 99% ang
is 100%; so 99 + 01 = 100. However
ally represented as decimals Pt

mber of copi

example, in
dominant allele
(albinism). The frequencies 0

01% respectively. Since the to
frequencies in population genetics are usu
than percentages or fractions, — 0.99 * 0.01 = 1.00.
Mathematically; if we let p and q to represent the dominant and recessive alleie
sshasvasovences (I) ‘

frequencies respectively, Then p + = Liccssnesssaseneecser
ff;‘;om equation (i) above; if the allele frequency of either allele is known, the allel
= :
quency of the other can be determined. E.g. If the allele frequency of th,e recess(iavz

allele is 25%, Then q = 0.25. Usingp + q = 1,p=0.75

5. Genotype frequenc
: y refers t b
oAt penstbe o the total number of individuals carryi
e otype expressed as a percentage Rt  carrying @
iopu 5l T ol Sossible 1o Satiziate the I e total population. In most
: s:gvzzgo;; recessive state as this is the only geI:qtl;;ncy ol oo ATt
enotypi 3 o) e i .
Ao g Bt cgalr):catgf - ;E.g. 1 person in 10000 is albino "‘:;;Chcan b o
B i s defe’tior the person to be an albino th. inism is known {0
relationship between thC ve allele (homozygous r : mUStiRe Dostcst
e frequencies of alleles and ecessive). The mathematicel
genotypes in populations was

developed by Hard
i y and Weij
‘Hardy-Weinber einberg. The i
g principle relatlonship is th
: erefore known as the

vesssaasessavssscesd

static ang
ndergo evoluti

tact” The
: : gene pool of suc
said to be in Hardy-Weinb®®

equilibrium, it cannet -
Onary ch
ange,

c
ONCEPTS SIMPLIFIED

—
—
—
—
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S
—
—
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/ GEYA ----------
| ti of hardy-Weinberg , ABDURAHUMAN/Wsnasaz— _______ 1
P>~ m/principle t Incip) ’ '
ulll u P 0 hOld or to be \
i 6tqbe t/fulfilled; Maintaineq, he \
us ded the population s » (e followin . |
# i) pro m genetic drift. 1ze 1s suffy & conditions/ factors

o < tations sh(?uld occur as these t

proVided generations do not overla =

There should be no emigration orP. i
fow between populations. Se

1
d t . .

rati i
gration, that is to say, there is no gene

( Natural selection should not act, as thj ;
b ) 1s would favour some genotypes over

fote:
i prc?valenC: oft the above factors, the frequencies of all allel types will
remain cons ant over generations. In case all or at least one §fs tilgdatg)z:zl: f; is i
actors 1s

reverSCd: the frequencies are prone to chan )
. upset. This initiates evolutionary change. ge and the stability of the population is

Hardy-Weinberg equation

This is & mathematical relationship between the frequencies of alleles and genotypes in

a population. This can be used to calculate genetic changes in populations.
Considering @ population with a certain g

. ene occurring in two allelic forms, one
homozygous for a dominant allele A and the o

ther for a recessive allele a; all the F1 off-
springs will be heterozygous (Aa).
+ Let p= frequency of allele A
+ Let g= frequency of allele a

Since there are only two alleles; then P+q= 1
Genotype frequencies:

—— | Alp) alq)
A(p) | AA (pxpl [ Aa (pxq) |
a(q) Aa (px) aa (qxq)

* Homozygous dominant (AA)=P?
* Heterozygous (Aa)= 2P4

Th. Homozygous recessive (aa)=a?
“33p2+2pq+ g2 = 1

__—_—_—_————
[ _—_——_ ——-———-—-———————-——————————_———-——-—-
— —

l;]Mml_e_ equencies for the individuals

notype€ fr
I¢ person in 10,000 is an albino, calculate thecg; Sizp 4 those Who aré .heterozygous.
: 0are homozygous dominant, homoZzZy us I€ ince albin® is recessive
0 e :

qztf: The albino genotype frequency 1

2. 2000 = 0.0001

q;j).oool i
& 0.0001 = 0.01.Therefore: the frequen®’s =

| Mepig =1

’\\\ tkc\

A e Y %,
N\ N SSNERSEE S T %
~ ~YANCED Bini Aciral cONCEPTS SIM
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. allele in the population is 0.99 or 995,
inan ‘

= 1-gq; then P
P o Therefore,

Since p = 0.99 ous d
p? = 0.99 = 0.9801 frequency Of the homoZY&

. Therefore, the .
= Oy 0.01= 0-01?8 Sissiis 0.
5 ?I‘;%ﬁ};uency of heterozygous B¢% ty

ominant genotype is 0.9801 or 98y,

0198.

gous tall, 64 are heterozygous ta]] ang

e homozy e of all the plants

te the genotyp

ar
1. In a population of 200 plants, 1213?)15 =
8 are dwarf. Using suitable symbo™

dT.
(i) Calculate the allele frequency o(t:' t an
(ii) Calculate the genotype frequency-

of
ian population, the frequency ©
2. In a Caucasian pop This is a recessive

approximately 1 in 2500. 'S
hI;Ir)noZygotes. If q represents allele frequency of the di

carrier genotype. . . ,
onsible for tongue rolling 1s dominant over the

i e gene res :
i3 ;r?el}gﬁla&i?)i:ﬁfggugs.gThe popI:JIation of tongue roller is 84% and non-tongue
roller is 16%. Find the percentage of individuals, who are, .

(i) Homozygous for tongue rolling.

(1i) Heterozygous for tongue rolling.

individuals affected by cystic fibrosis js
disorder and affected individuals are
ease, find the frequency of the

In a school, students were asked to roll their tongues. The results obtained showed
that out of 450 students, 378 were rollers and the rest non-rollers. The ability to roll
one’s tongue is determined by a dominant gene R and the lack of this ability is due

to a recessive gene r.
Task: Determine the total number of the R and r alleles in the school.

The four major sources of genetic variation within a gene pool are:
* Crossing over during meiosis :

* Independent segregation during meiosis
* Random fertilization
e Mutation

&.Gen: flow: heir frequencies decline
1s refers to the movement i :
another as a result of interbr/ec::zil'1tmua1 interchange of all jon 10
results into introductiop, of new alllngl ong the member EIfes from one pOpulano’ITlhis
in the all : S& T =
ele frequencies of the Popula m other poplﬁfﬁtWo popl,llatlton;h ange
VEr, gene flow is SOI?(; tlea;)dmgnzerVativﬂ
aid to be co

S hence frq
tion, Howe

=T EEE ABDURAHU MAN/0753185420 — Lt
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nest {ly increase genetic di ;

eatly versity, wh i
o : 2 ere adv. .
Thmral gelectiont and disadvantageous ones antageous mutations are favored by
g8 Noﬂ'Random mating:
4

js occY
Th W

nen the presence of on .
Occu.rs d of successful fertilizati:n Or more. inherited characteristics increases th
+.eliho0 - In such cases, only organisms havi rt 2
aving certain

b aracterisucs will have high chances of reproducing hence passing on their traits to

ot generatlons, while those without such features will have reduced reproductive

Jentials- Only some alleles will be passed to next generation leading to change in their

ﬁ,equencieS. Examples include eye colour in drosophila (females prefer red-eyed males)

colour patterns in insects and birds, petal size and colour in flowers etc.

5, Genetic drift:

This refers t0 the change in the gene frequencies within a population as a result of

sance rather than by natural selection. Although chance events occur in populations
J all sizes, they alter allele frequencies substantially only in small populations. A
phenomenon associated with genetic drift is the founder effect. A small population
may become isolated from a large population and it may not be truly representative of
the original population in terms of allele and genotype frequencies. Some alleles may be
absent while others may be disproportionally represented. Continuous breeding within
the pioneer population will produce a gene pool with allele frequencies diﬁeront from
that of the original parent population; this is known as the founder eﬁoct (as it occurs
inthe founder population). In the same way, & sudden change 1l t-he environment, (suoh
as a fire or flood) may drastically reduce the size ofa population, just by chance, cert:uél
dleles may be overrepresented amons the survivors, others m&y E}"; ?Qieﬁggrflese;sué
and some may be absent altogether. Ongoing genetic drift is likely to g

ult into a gene pool that

‘hanges in the allel ncies of the population and may res
is different fr::m t;: g:icgil;al population. This is referred _to e:ls th;l pottleneck effect,
lhamed so because the population passed through.a restricted p2
Rendom genetic drift may jead to the following;

: to
' Total loss of some alleles from the populatio® e

;arrying such alleles :
otal extinction of the populatio? s vironment.
The population becoming much petter ad(«’*;lp'::ﬁa ation, and all these occur

Wide divergence of the POPUJati?ln :
T

~ Just by chance rather than n& :
Note, i & population it can

death of the few individuals

, 1€re A
ey aS genetic drift may lead to 2 re

€a 2 P
e Variation within the SPECies &°
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latiOI,lw .o can contribute to e Procesg

s unusual of the
In

teristic
charac ges.

| the environment chan

speciation. yantageous alleles in heterozygo
able to exist m populations 1:131
arely expressed phenotypm.auy for pOSSibfe
ample albinism, colour bl{ndness, SiCklé_
quencies of a recessive allele whigy

cell anemia, etc. The maintenal 5 homozygous receSSiVP: state is referred tf) as the
may be potentially hazardous 11 pvious example 1S, illustrated by the sickle-ce|]

l
|
d:

{ 6. Genetic loa s i populaf-lo
l

l

I

I

I

|

| heterozygous advantage. Th¢ most individual has one copy of the normg
|

|

l

[

[

|

|

|

|

[

[

[

l

|

[

[

|

genotypes. Very many dis
heterozygous fo

elimination by environmental selection,

nce of fairly high fre

: s43 n an
trait. Siclde-cell trait 15 & comaiel o allele for abnormal hemoglobin, Such

: i d a recessive
A O 5 ?:icsgzlha:ormal and sickle-shaped red blood cells and this i

it. Si i istently shown a hj
- trait. Sickle-cell carriers have consisten ' i
ki ore than both the normal and the sick. This therefore
heterozygotes leading to consistently high
ally in such areas as the tropics where malaria

heterozygotes/ carrier
referred to as sickle
resistance to malaria much m
confers a selective advantage to the
frequencies of the sickle cell allele especi
is prevalent.

Explanation:

The carriers have both normal and sickle-shaped red blood cells, the former contain
very low levels of oxygen due to abnormal hemoglobin while the latter contain high
oxygen levels. This makes it difficult for the plasmodia parasites to survive in the low
oxygen environments in sickle cells and to adapt to constantly changing oxygen
contents. Some of them die while others are effectively eliminated by the body defenge
system before establishment of the disease leading to resistance.

to understand the origin, divers; :
i8I, dwversity, adaptation, and relationshi isms. -
Evidence for Evolution nships among organisms:

1. Fossil record - show
S transitiong]
2. Comparative anatq nal forms and ch ' '
my - ho ronological anisms:
3 zuggest common ancestry i Structures (e.g glfore(])irr(ri:‘:)rsOifoffirtebrates)
- Comparative embryolo e i
&Y - similaritex :
| Hmllantles n early development across species

g

g

o

a

[¢°] o =
g
g
Q

e
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- o anism’s lifet;
je; Giraffes originally hag 2o s lifetime are

elongated and this was inheriteg necks, byt

by stretehy;
by their Oﬁ'spring,emhmg to reach leaves, their

gramP
neck®
criticisT®: Modern genetics shows that

g : 4 acquir
eriteds only genetic traits are pagseq onc.l e traits (ke & muscular body) are not

's Theory (Theo
2 parwin’s I'Y. ; ry of Natural Select :
Darwin (1809—188?) in his bqgk On the Origin :f isogéi;h(ifggs;s proposed by Charles
Based on observations from his voyage on the HMS Beagle espe’ciall in the Gala
Islands. ’ ’ S
Main principles:

1. Overproduction — organisms produce more offspring than can survive

12, Var)iation — individuals within a population show variations (some favorable, some
not). v

3. Struggle for existence — organisms compete for limited resources (food, mates,

space).

4. Survival of the fittest — individuals with favorable variations (adaptations) survive
and reproduce.

5. Descent with modification — favorable traits accumulate over generations, leading
to new species.

Ezample: Darwin’s finches in the Galapagos - different beak shapes evolved depending
on available food sources. |

3. Modern Theory of Evolution (Neo-Darwinism / Syntl'1etic. Theofy).: ’Il‘hls corlr:binzz
Darwin’s natural selection with genetics and other b.xolo.gmal 'dJSCI'p ;neS'Hald:; ’
developed in the 20th century through the works of scientists like Fisher, ¢

EObZhansky, and Mayr.

£y aspects: : ination, and gene flow.

I’?ezcﬁTrariation arises from mutations, gene.uc ;Zcrcl)erggil:lagzli}ts. : |

2. Natura] selection acts on this Vaﬂ:f clm'frf:;??;ﬁes change in populations over time.

3. p ; : ins how allel€ . 1v isolated and diverge.

q, Sozu.l atllon Senetics ;XI;la opulations become reproductl‘:;‘-llg’ﬁlz’ raits: Genetic drift —

S, OﬁhClatlon OFCurS 15 p. Mutation — introduces .neW gau opulations);Gene flow —
za sr evoﬁmonar‘y f(;l (:iz-frequen cies (especially 1 SpaLl '

om changes in

Movement of genes betweer popL e
i i b : eous traits su
ural Selection and how it brings 2 dividuals with advantag

ich individué-s Qver time, these
“tural selection is the process 2 Whtlt‘izn thos€ wlthouttj(t)krllerlzading to evolutionary
Teproduce more successfully ithin the population;

. ency
ageous traits increase 11! frequ
aptati()n_
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: i binati
genet1c recor.n‘ on),
¢ural Selectionl . (due to 3 and competition) actg
Steps J:n _1:?1_ o exists in & POPUIanonp(redators’ climate, ¢ on the
duce (“survival of the ﬁtteStn] '

1. 2
5. Environmental pressure (e-8

population. :

3. Individuals w1 =
traits are p

4. Favorable the popP

enerations,
5. Over many g on: light moths were camouflage

amps ring the industrial revoluti

runks, dark m

: PePPlered r;wtlils l;itlllt afgter pollution darkened tree trunk Oths hag |
on clean bark, bu

ria: bacteria with resistant genes survive antibiOticS

survival advantage.
Antibiotic resistance 111 bacte

and pass resistance to future generations.

interbreeding between populations, thyg

ISOLATION MECHANISMS
he formation of new species. They g,

|

|

|

|

|

|

|

|

I

|

|

|

|

|

|

|

i

I Isolation mechanisms are barriers that prevent
|, reducing or blocking gene flow and leading to t
I grouped into two categories, namely;

ll 1. Pre-zygotic barriers.

| 2. Post-zygotic barriers.

I
I
|
I
|
|
I
|
|
I
|
I
I
I
I
|
l

Pre-zygotic isolation mechanisms (before fertilization):
These are isolating mechanisms that prevent fertilization from occurring betweep

individuals of different species. They act before the formation of a zygote, meaning that

they stop mating or fertilization from taking place. The types of pre-zygotic barriers

include: §
(a) Geographical isolation: This occurs when species/populations are separated by

physical barriers which prevents the ;
rivers, oceans, or deserts. m from meeting to mate such as mountains,
(b) Ecological (habitat) isolatio i
e n: This occurs wh i ;
1 . TTer €n species/po
011;'2 in different habltzlits within the same areg, and tlfus BepJlatiofs cecryy i
In trees, another on the ground). rarely meet to mate. (e.g,

example, two birds with d; ;
(¢) Mechanicaj isolation; ’I(?li?erent v

Penis of the mg]e £
0
() Gametic isolatiog- ?;lt.el‘ a female’
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. UMANTDEEB;;O _______ 1
olating mec_llan1§ms that Operate
€™ _ent of fertile, viable o Spri ter fertiligat
L brid offspri 8- They qq o0 has occurred, py
ent hybri Spring from SUrvivip not y Preventing
or the formation of a zyggte

st .
g or reprOd Op matin
1 Eon ) yiability. They include:

uei g or fertilization but
and reduce hypy "8 Successfully. Therefore,

d Survival, fertility or future

plete pairing of chromosomes during meios;s e
cohors e 2n=60 and donkey (2n=66).
a

prid breakdown:. This occurs when the first-generation hybrids are fertile, but
© apsequent generations are weak, abnormal or infertile.
S

jsolating mec
gechaniSms

help populations to stop interbreeding with each other/prevents gene
mi,{jng/restricts gene

flow. When groups of the same species are separated by time,
place behavior or genetics, they can

t share genes. Overtime, each group changes in its
nn way because O

f mutations, natural selection and a
These changes OT differ

ences can become so big/build-up to the extent that the groups
wrn into or emMerge into new species.

daptation to its environment.

1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
|
1
|
1
1
1

It \
i i :se from existing ones.

' i by which new species arise : ‘
Speciation is the evolutionary process DY e e v o l
occurs when populations become genetically 18 ‘l

: 1
es of speciation: l
1
1
1
1
1
1
|
1
1
1
1
1
|
1
1
1
|
]
I
I
|

i isolated,
: are geog[‘aphlcauy 180
: hen populations &t& ring plants, two
n: This occurs W only in flowering P ==,
¥ Allopatric sPeCi'a tio‘ reence. In some cases, comm s iiterspeCiﬁC hybridization.
leading to genetlc. dl:e = new species; this is known &
species may give rise to &

ithin the same
ecies evolve Wi
: . This occurs when the m?w 151; Gxahonid F en the whole
2 Sympatric speciation: ogical of behavioral isola
i co
geographical area due to €

ra hical area.
population is occupying the same g208 | P

Causes of speciation

rent species leading to
L}

two indiv! . fferent
Cross-fertilization beth:;n oo to demes evolving along differ
formation of sterile h?fbrl r.geograp ; ading sgeront B0
' Isolation-Reproductive © - o othe 8
: - tly
lines : different r ecology-
i rating . climate 0 ing U
Natural ~ selection OI;eto differences I 3 : - lcﬁf_randOm mating.
Pools / subPOPUiathI’l du d'lffel'e ntly 1n t eGenetic dﬂft and
Other drivers occurriné Mutatio?

’ sa
allele frequencies, thats i
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Accumulation ©

i ift.
genetic drif Jation develops:

Reproductive iso
Formation of new spe

iving orgamnisms

tI:Jnhaice gtheir survival and reprod
evolutionary pressu
of resources have S
exchange, coordinatio
advancements illustrate th
fficiency, specialization, an

cies.

and functional adaptationg that
action in diverse environments. Over timé ,
ion, predation; climate change, and availabijiy,
ces like circulation reproduction, gaseqy;
retion across the different species. Thege
o complex organisms, ensuring

us StI'uCtura'l

res suc
haped key life proces
n, movement, and excret
e transition from simple t

d suitability for survival.

e -~
Evolutionary advancements in Key life processes across different species:
ment across species

Life process

Evolutionary advance

Circulation

& Sponges (Porifera): These have no circulatory systen,

(a) Protozoa
n simple diffusion and water currents for transport of

They rely o

gases and nutrients.
(b) Cnidarians & Platyhelminthes (flatworms): These have no true

circulatory system, but have a gastrovascular cavity for distribution
of nutrients.
(c) Nematoda: These have a pseudocoelomic fluid which circulates
materials.
(d) :’?tﬁeé;::d(Earthworms): These have a closed circulatory system
vessels and pumping hearts. They also have a transport

pigment called He T :
transport. moglobin in blood which improves oOxygen

(e) Arthropods & Moiluscs:
blood (hemolymph) flows i
the body cells. However, s
Crustaceans evolved m(;r

These have an open circulatory system
nto body cavities supplying nutrients ©
eon;e members to phylum arthropoda like

efficient gill circulation. Some member

z €
closed circulatory system Z?fl':cail 0110;1 S (e.g., octopus) have evolved
: €Nt Ior active lifestyles

(f) Vertebrates
¢ These h
meets the demaryg o Zve evolved a closed circulatory system whic!

e Ky lar €
hish have a clogeq as lg Qomplex organisms. For examplé;
eart » SIMgle circulation consisting of a 2-Chambérec

[] Am ‘- A
phlblans h
ch ave g clo
ambered hegypy sed, double circulation consisting of a?g

deg it ot i
Xygenated blogg. °T¢ is some mixing of oxygenat®

R
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* Reptiles haye
a closeq
chambered he » double ci :
art wj , Irculation wi

most having a 3-
: Cr i
e Birds & Mam 0codiles have a4

M, reducing mixing while a
chambered heart.

——Juction | (a) Protists & Sponges: Thego unde
I'g0 ase

Repfo -
Binary fission. budd xual reproduction such as b
allows rapid r;lmlzicliil:ft’iofrrlagmentaﬁonv This form of reprodui:ior}i
stable environments. Without gametes, ensuring survival in
(b) Cnidarians & Platyhelminthes

i - flatworms): Th h :
in their modes of re . ( : These show alternation
T Production between asexual (budding) and sexual

(c) Nem.atodes &. Annelids: In these, sexual reproduction becomes
dominant and internal fertilization occurs in some members.
(d) ‘_hthmPOdS & Molluscs: Most show sexual reproduction, with
internal fertilization common in terrestrial species.
(e) Vertebrates: These undergo sexual reproduction. For example;
» Fish: Show mostly external fertilization and external
development.
o Amphibians: Show external fertilization (in water), indirect
development with larval stage. :
*» Reptiles: Show internal fertilization, amniotic egg evolved -
allowed reproduction independent of water. :
e Birds: Show internal fertilization, amniotic egg with shell,
parental care, incubation. Ik : Sl
e Mammals: Show internal fertilization, viviparity (live birth in
enta for nourishment, intensive parental care.
ans: These rely on simple diffusion
ession of a large surface area to

o most), plac hme:
‘Gas exchange | (a) Protozoa, Sponges and Cnidari
through body surface due to poss

volume ratio. ; imple diffusion,
(b) Platyhelminthes 8 Nematodes: These rely on simple
but flattened body improves efﬁ(;ien?i’s-t skin.
(c) Annelids: Gas exchmgetSr?;lfm Smhave L e
- ua : ; :
(d) Arthl'oP.‘r:‘jlsir'1 SZ;Z }?;lve a tracheal system, which allows direct air
Terrestri

delivery to tissucs: gills (ctenidia) in aquatic species; mantle
e

() Mofinsce” Theieﬂiz‘t,dal snails.
Cavity in some€ €

g s; counter-

() Vertebrates; Suh 8% exchange. Bony ﬁs?{tizlzﬁf; 0: from

» Fish: Have gills Wi system, highly efficient maﬁel flow exchange

current CXChangtej] aginous fish rely on par
while ¢

water :

\————————————————————————————-———_———————————————————_——————_——_—_—_—————J
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B CEPTS
NCED BIOLOGICAL CON

CBC-ADVA : ‘
—fave glls 10 12708 ifii;fo‘;’g: e agy
_— phibians: Thesskin and lining of mo €Xchy,

» Am dvanced ungs with foldeq inte rrg121

g more &

¢ unidirectional airflow in lungg . | |
s oxygen supply-
with a large surface are,

h]ghly efﬁCiCI‘l
ing Continuou
alveolar lungs;

.

ponses via chemical or fony

« Mammals: Ve
diaphragm for ventilation.

i res
Protozoa: These depend on simple

changes in the cytopiing nerve net without centralization.

T ; h
b) Cmdaniilnsi-n’fll:(f::f3 The bilateral sym_rnetry evolved .3110%1
c) Platy:ihe trinn g cép tration of nerve cells in hegy
introductio

region). ith segmental ganglia
ids: H a ventral nerve cord wi > U8,
d) Annelids: Have These have advanced ganglia and braing

e) Arthropods & Molluscs: val
complex sensory orgarns (cornpound eyes in insects, camera-type eyeg

in cephalopods). ;
f) Vertebrates: These have a central nervous system (CNS) with brain
and spinal cord. i |
» Fish: These have relatively simple brains. ‘
« Amphibians: These have a slightly more developed forebrain.'
» Reptiles: These have enlarged cerebrum for improved sensory
processing. !
* Birds: These have a large cerebellum for balance and flight
coordination,
* Mammals: These have a highly developed cerebral cortex, capable
e Ic_)lf learning, memory, and complex behavior. 5
: Hormonal coordination: Simple chemical messengers in much

used in invertebrat :
o es but vertebrates have a fully developed endocrin®

Coordination | a)

halization (concen

Movement a) P - :
la) Fxotozgs: .The movement in some memb i 1 ‘uﬁ
pseudopodia, cilia, flagella. ers may involve Uust

(b) Sponges: The aduy]
: t fe : :
using cilia, Ofms are sessile while the larval stages move

actile fibers and hydrostatic skeleto™

eton for Wriggli'fl};ese have muscles working ¥

S€ have cir

hydrostatic ske]
(¢) Annelids: The
hydrostatic gke
) Arthropogs: 1

cular ang with

) ;}:tachment for mud' Swimrning
g oll.uscs: Some aet
(squid), a muscy]
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(h) EChinoderms.
movement,
(i) Vertebrates;
support, al] These have ¢
» allows continygyg ndoskeletons which
0

Ctures )
. uc .
for Swlmmin h f4S;

Provides internal
Pports larger body size.

|

ion c) Protozoa;

gxcret (c) oa: These carry out excretion by diffusi :
vacuoles. y diffusion and contractile

(d) Sponges & Cnidarians: T
; } : These remove nit .

by simple diffusion across body surface. TPUFRRHS WA AR
(e) Platyhelminthes: These have special excretory structures called

flame cells (protonephridia) for osmoregulation and excretion.

(f) Annelids: These have special excretory structure called

1

|

|

1

1

1

|

|

|

|

|

|

|

|

|

|

I

|

1

|

|

|

|

|

|

|

|

|

|

I
Metanephridia — more advanced tubular excretory structures. =
(g) Arthropods: some members like insects and arachnids have special 1
excretory structures called Malpighian tubules while crustaceans }
have evolved Green glands. I
(h) Molluscs: These have special excretory structure called Nephridia for ||
removal of nitrogenous waste. . I
(i) Echinoderms: These depend on simple diffusion via tube feet and {
body surfaces. _ 1

i s for excretion such 1

(c) Vertebrates: These have special excretory organ I
1

1

1

|

|

|

|

|

1

1

1

1

1

1

|

|

|

|

|

|

|

|

|

]

|

|

as;

i imple . ]
o Fish h‘a\'/e si hgve Kkidneys for urea excretion (ureotelic). . .
e Amphibians kidneys for uric acid excretion (uricotelic),

Kkidneys, to excrete ammonia (ammonotelic).

« Reptiles & Birds have

thus conserves water. d kidneys with nephrons, for urea

o Mammals have Lk and salts.-

e excretion, regulation of water

Sig .

Uifican lution
ces he evolu : ed

surViVal of the : s have all increas

i ife ' 'ronments. They
‘ i . successfully and

eﬁieCievolutionary advancements .in =

ﬁllo Ency, adaptablhty and Suerva_]. (0] more active’

0 10‘”‘? Organisms to grow 1arge’ beco;ngiversity.
®New habitats, thus shaping bio
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nary :
Significance of Evoh;ti:,’eloped ] complex mrculatows,teln
gn e de ’
r"( of mor ]
M‘—’?—E———"‘" velopﬂnent : nd wa :
Circulation e 4 of oXYEET numentso,raamsm ::s t}\lvh}ch
(i) Efficient tranflz;’ jarger, TOT€ complex OIg 1th high
offers sUpPor ample; ;
metabolic rates.t F rr;; exmaintai n higher blood Pressure,
d syst€ rials.
o Close rapid delivery of mate L
enabling rap separates ~ Oxygenate ang

: tion ; :
Double natc;; Cglljod Jllowing higher metabolic rates ang
deoxyge 4

orts endotherms. : .
1 thursltsuffp more advanced reproductive organs ang
Developme

ductive strategies ensured species continuity in diverse ang

reproduc ;

chI;nging environments. For examplle, - N
(b) Use of sexual reproduction increased genetic variation

which enhanced adaptability to their environment. |
(c) Development of internal fertilization protects gametes and

embryos from desiccation and predation hence increasing
\

the chances of survival. ‘
(d) Formation of amniotic eggs among the birds allowed

colonization of land.
(e) Development of placenta which ensures continuous

|
I
I
|
|
|
I
|
I
|
|
|
|
I
|
|
|
I
I
I
|
|
|
|
|
I
|
|
: nourishment and protection also improved survival among
s the placental mammals.
I Gaseous Development of more advanced and specialized gas exchange
|
I
I
|
I
I
I
I
|
|
I
I
|
I
|
|
|
|
|
I
|
|
|
|
|
I
I
|
I

Reproduction

Exchange system ensured more efficient exchange of respiratory gases,
which supported aerobic respiration thus enabling more active
lifestyles and increased survival in different habitats. For
example; |
(a) dDleivelopment of tracheal system in insects allows direct
(b) Ue very of oxygen to body tissues.
O:;g:rt; iugi{m s il one-way air flow maximizes
altitudes ?nithefogl Us supporting sustained flight at high

o) e ]
(a) Development of mgg - Partial pressures. .
€ advanced coordination systems

facilitated gy
quick r : 4 :
Predator avoj dancee:i)lgnses to stimuli, which aided I8

(b) Also the complex

Coordination

n PICY capture.
; hael.-vous System enabled development of
Movement o INcreased Surviva] (:’}11(:;?» 1Ea1‘ning, and adaptabi]ity wthh;
2) Develgnm—————C1ances in the enyi .
pe o . :
food:, Mates Organism from predators, acquisitio? °

) COloniZa : -
QWW habitats, and adaptati”
. -
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(b) The AN/0753185420
s development of
upport ad €X0- and

: leve end
s ra g 0-3

12es and faster loie’ allowing attajkeletons also provided
(a) Developme = fiment of larger body

nt
efficient

of i
1s) by removal Internal  environment
water ang sal o e Wwastes, efficient
and  suryiva] * balance, thus allowing
I varied conditions (e.g.,

at aral selection in action
. the day-to- :
This refers 10 y-to-day observations of natura] selection or 1
examples of natural

Selecﬁon-
mples include the following.

guamP===— o

' Insects’ resistance to insecticides/pest res;

; : ) esist . . _
mosquitoes to DlChlorodlphenyltrich10roetha;:r(;;;,;;) pesticides, like flies and
Resistance to antimalarial drugs.

. Antibiotic resistance by pathogens e.g. bacteria to penicillin and methicillin.
, Heavy metal tolerance in grass and other plants.

Ef-

B
5

5
3

sntimicrobial and pesticide resistance
iptimicrobial resistance refers to the ability of microorganisms (bacteria, viruses, fungi
or parasites) to survive and multiply despite the presence of drugs (antibiotics,
antivirals, antifungals or antimalarial) that normally kill them or stop their growth.

Pesticide resistance refers to the ability of pests (insects, rodents) to survive chemical

reatments that are designed to kill or control them.

Qauses of resistance:
« Overuse or misuse of antibiotics or pesticides.

* Under dosing or incomplete treatment CoUTSes.
* Repeated use of the same chemical. ‘
* Poor pest or infection management practices.

How does does the resistance arise? TR

=0 nece <2 =>=— ] the pest or
Resistance usually develops OF rises through natural a;elzz?:;l;n\&;g;s 0‘:_ tl:-aits o
microorganism population, some individuals may nc?rtt‘i; ory pesticide /which allows them
Enetic variations that make them less affected to @ us exposure of

; :cides. Continuo
0 survive after exposure to antimicroblal dmgstof) fe;?:rlobial populations creates &
Weh antimyj : icides tO the Ppes o t have susceptible
. imicrobials or pesticldes S i dividuals tha
irect; : ts into 11 : tant
Tectional selective pressure which resul to die while the resistant forms/ nmlrVive
-mutant form” m resistant t0 the drug) to su

Aty /lesg
i adapted forms/non ions. Overtime,
Ormg (those ca.rrying mutant geneS that. Irtlsl(e 5160 the next generatlons. \Y
'eproduce rapidl ing on the resis o quals.
g pialy, pass g sistant indivi
Notzf’PUIation becomes dormnalted by 1€ . the o ulation due
: y sticides does not

ist natur .
u y already exls ex-posure to pe

Utag )
- Ons that confer resistance usefore P Ontinuou
b

dom genetic variations- Ther

cTaanl IRAHUMAN 07531854_1.0_- — !
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ADVANCED B . - quals that already carry resiStan

sk

chemicals causes "eSistq

is by natural selectioy, Nce

ies
. instead i mpli€ ss
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Mass extinction
Mass extinction refers to a large-scale, rapid decrease in the biodiversity on Earth, where
a significant percentage of species (large number of species, usually more than 50%)
become extinct in a relatively short geological period. Usually mass extinction events are
catastrophic and often reset ecosystems. At least five major mass extinctions have

occurred in Earth’s history.

Factors that contribute to mass extinction: ‘
environmental changes, catastrophes,

The causes of mass extinctions include drastic
and biological causes.
1. Environmt?'ntal factfc:ls: As a result of sudden or extreme environmental Changeé,
some species may fail to adapt quickly resulti i incti l
: ul €
environmental changes include: ! R Ul Task cxinclion. Thes
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global war
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pollution: discharge of pollutants into ajr :
of the organisms resulting into their deaﬂ,]\.nater B
overexplmtations such as Overhunting, overfishing, and poaching or illegal

wildlife trade can result into large scale decline i :
{hey can TeCOVer. in the populations faster than

[ntroduction of invasive species: Human transport species intentionally or
accidently to new areas which species may have no natural predators or may

have better adaptations than the native species allowing them to outcompete or
prey on the native species.

y events involved and their

The major mass Extinctions are:

T TR -
— —
— e — — — —

Mass Approximate Key events Probable causes
extinction time/ Timelines _ = =
1. Ordovician | ~440 million | About 85% of marine -(g}lliaizlﬁo ;00 g an
g t .
-Sitliurian el (M}’a) T\fzj((:)l: e decline in| eSea level fall
Seiedor trilobites, brachiopods, (regression].
bryozoans « Reduced habitat for
3 shallow marine life.
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extinction amphibians and marine o Climate change and I
species became extinct. ocean acidificatioy I[
This cleared the .Way for | eSea level flu Ctuations | |
dinosaurs to dominate. |
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Anthropoc | ago ; mapld m;oss of blarge ¢ Habitat destructions| |
ene . irds, and deforestation. l
£l 2 amphibians and fish : Al
ext 1sn.
euon Significant human driven 3 Overhur.1t1ng - :
e overfishing. | |
; e Climate change dué| |
to human activity. :
¢ Introduction of| |
invasive species. _ }

: resulting i

; mple ng into o ‘s 11 5

Interdependent Specip Xity, many ecological a reduction in species richne®
€8 and lossg ¢ niches become empty affecting

special; :
.SPecialized species that had unique ecologlcal

CamScanner


https://v3.camscanner.com/user/download

D ™ ) D‘MPLlFlE N ey

D ==
jon)/ evolutionary ra
' ’adiat , ) Opportun

— —
—
b I
-——
——

New 8

. Ss . Bpecies

alslpe(:les to iv@r:)fgnctlons creat(: daep Gve
- 0 ify. m

- pes; emergence of dominant ne WS some Y- The adaptive radigte,
gits tO adapt to post-extinction enyirg ups as wel]

c ontributes to reshaping of ecq nmentg, as ev

ctures and interactions, s
scientific im 3 ;
Human/ plicatlons, Stu dy1

, T ; n
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conservation strategies for conservation ang biprowdes insights/lessons into

odiversity protection.

,volutionafy stagnaFion by allowing new life forms to emerge and thrive
, Mass extinction acts as a driving force for adaptive radiation lwhich leads to

n thro‘}gh creating empty ecological niches as a result of removing
dominant species W

evolutio

hich all.ows gurviving species rapidly diversify to fill empty
niches. When many species disappear, ecological niches (specific roles or

nabitats) within ecosystems become vacant allowing the surviving species to
colonize the new niches. This reduces completion and allows surviving species to
diversify rapidly/ evolve rapidly to fill the empty niches.

« Italsoactsasa selection pressure on survivors: Mass extinctions create extreme
environmental pressures such that only species with fa.vourable adaptations
survive, they reach reproductive afge antci ‘;zass on their genes to the next
generation. This Jeads to evolution 0 new traits. o 'ré D

v Acceleration of speciation: Following mas® extt-m;:m:m;gcﬁé;ts encourage
increase. This 1S becar = gier o =t K;d ;\Ppearance of new species
divergence of surviving lineages. Thus, the Tap

enhances biodiversity recovery
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