PREFACE

In the ACsd conference held in July, 2010 at KVS ( HQ) lengttiNamdvfinalye | hi
decided to provide it to students. Various Regional Offices were asked to prepare the study imdiffieaént subjects while the task of its correction and
moderation was assigned to various ZIETs of KVS.

KVS, ZIET, Chandigarh received study material in the subjects of Physics, Chemistry, and Biology &Maths for Xll, Matheraoed&Sicech. for X
class, from various Regional Offices. The study material was got reviewed and suitably modified by organising workshmggendéesk and competent
subject teachers with the-operation and guidance of AC,KVS,RO,CHD. Corrected study material was sdhtegional offices for providing it to students
and also uploaded on the Web&®V\W.zietchandigarh.org

Subject teachers, both at the preparation and moderation levels have done a renadxkabfgeparing a comprehensive study material of multiple
utility .It has been carefully designed and prepared so as to promote better learning and encourage creativity inretugtetheithincreased self efforts for
solving assignments of differedifficulty level. But the teachersand the students must bear imind that the purpose of the study material is in no way to
replace the texbook, but to make it a complete set by supplementing:it with this study material so.that it may provsite mewpiadequate material for use in
different ways.

The study material can be effectively used in the following ways:
x  Practice material to supplement questions given in the.textbook.

x  Material for Study Camps: The purpose of catucting study camps is to inculcate study-habits amongst students under active supervision of the teachers.
These camps can beorganised within the normal school hours and days. Day wise-target will be ascertained and givelernts tardsteviewed byé

concerned subject teacher. I f the"  target is not achieved by any student

x  Master Cards: The teachers can help. students prepare master, cards by taking the important questions/topics/points/concepts /reattidnsietinis
study material for the quick revision for the examination.
x  Crash Revision Courses:The material can also be used- for preparing handouts for condu@iragh Revision Courses under the supervised guidance of

the teachers just before or in the gaps between papers during.examination.


http://www.zietchandigarh.org/

Effectiveness of the study material will ultimately degp@pon its regular and judicious use for the above listed purposes both by teachers and students.
While attempting the source material, it would be quite useful to mark every time a question done successfully with(@& tjckralia question not done
successfully with a dot (A ). I't can be | ater u swdsibnsaemedml werlatcrlamsumethatf ee d b
this well prepared study material if used sincerely and ity will surely bring cheers to all sections of students.

I, al so, take this opportunity to ext e@othmissipnerrkvS (HQ),sNiewn Rethir aand agherdighiert u d e
authorities of KVS for providing thispportunity for making some useful contribution to the study material.

| also extend my thanks to all the Assistant Commissioners of various Regions for-trairaible contribution in preparation of the Study Material in
various subjects.

Above all, sincere and dedicated efforts of the subject teachers in preparation of this study material deserve full appretiai@anc h e

ros obserl
suggestions and critical analysis f.or f ur t mailrcomwthpehmghMysappeecded.of t he

study

With best wishes to all users of this STUDY MATERIAL.

(HAR GOPAL)
Director

KVS ZIET Chd
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How to use this study material

This study material is a supplement material to the NCERT textbook. It is neither a guide nor a
refresher.

The teachers can prepare the master card by taking-the important topics/points/concepts /terms etc
from this study material for the quick revision for the exam.

The material can also be used during the study camp by taking the important questions from
the study material as mentioned in'the level 1, 2& 3 assignments depending on the level of the
student.



The material can also be used during the crash course by doing the revision of those topics by
the teachers depending upon the topics given in starting or at the end of the chapter.

Systematic revision of the different topics according to their level of difficulty & importance.



Details of the concept to be mastered by every child of class Xll with concepts and

Symbols used

* Important Questions

exercises of NCERT Book.

Important Questions

** Very Important Questions

*** Very -very

S.NO | CHAPTER Concepts Degree of | Ref. NCERT text book.: page no| Common errors
imp.
1 Reproduction In | Types of reproduction NCERT text book xii fig . 1.2(a) | fail to differentiate
Organisms A) Asexual reproduction % (b) fig. 1.3, 1.4 page-B asexual reproductive
B) Sexual reproduction, phase structures
and events in sexual * % Z0oospores,
reproduction NCERT book @ 15-19 exq conidium,gemules
2,6,9,13,;15,18 etc.
differentiaion in
monoecious &
diocious
2 Sexual 1. Pre fertilization: structures and
Reproduction In events no. of cells in mature
Flowering Plants | (i) stamens microsporangium & Nt NCERT book fig 2.2. 2.3, 2.5ip | pollengrains
pollengrain microsporogenesis 2171 23
(ii) pistikmegasporangium 1% NCERT book fig 2.7(d) 2.8 p | no. of cells & nuclei
( ovule) embryosac 241 27 in embryo sac , role
megasporogenesis NCERT book of synergids
2) pollination * x pi 2771 28
(iy'autogamy , xenogamy, * x NCERT book self incompatibility
geitnogamy pi 3171 33 triple fusion
* % %

(ii) agents of pollination

NCERT book @i 34 fig 2.12.




(i) out breeding devices *x (c,d,e) free nuclear &

(iv) pollen pistil interaction * figi1 2.13, 2.14, 2.15 cellular endosperm,

3. Double fertilization *x pi1 35 NCERT embryo of monocot

4. Post fertilization : structures &

eventsi endosperm , embryo, see fail to differentiate

5. Apomixis- polyembryony * pi 38 NCERT apomixes ,
parthenocarpy

Human
Reproduction

1 male reproductive system

(i) diagram & description

(if) parts of male reproductive
system (structure)

(iii) functions of parts of system
(iv) accessory ducts

(v) accessory glands

* * %

* %

* *

NCERT Pi 43, FIG 3.1 (B)
NCERT Pi 4344

NCERT Pi 4344

Exact Location &
Function Of Leydig
Cells & Sertoli Cells

2. Female reproductive system
(i) diagram & description

(ii) parts of female reproductive
system (structure)

(i) functions of parts of system
(iv) accessory ducts

(v) uterus & itslayers

NCERT-Pi 44- 46 , FIG 3.3 (B)
-DO-

NCERT Pi 44-46

(vi) mammary glands : NCERT Pi 44

‘a NCERT Pi 46

* NCERT Pi 47
3 gametogenesis NCERT Pi 47 FIGT 3.2 & 3.5, | Exact Stage Where
(i) spermatogenesis & diagram T 3.8(a) P 49 Meiosis | & li Occurs
(ii) stages of spermatogenesis wit Page no 47 During

names of cells & nof
chromosomes
(iiii) structure of sperm (diagram)

(iv) functons of each part of spern

*k%k

**%

**%

Fig 3.6, page no 48
page no 48

Gametogenesis As
Well As The Ploidy
Of Cells At Each
Stage Of




& organelles

Gametogenesis

(v) composition of semen * page no 48

4 oogenesis Fig 3.7 ,Fig 3.8(b) Difficulty in relating
l)structure and description Frx Page no 4819 different stages of
ii) development of follicles * oogenesis with

iif) stages with names of cells and Fhx Page no4819 different life stages.
no. of chromosomes with emnts

Iv) significance of polar bodies Frx Page no4819

5 menstrual cycle

(i) menarche and menopause

(i) phases of menstrual cycle with
diagram

(iii) role of hormones in cycle

**

*%k%

Page na 49, 51
Fig 3.9

Co-relation of levels
of pituitary hormones
and events during
menstrual cycle

6 fertilization and implantation
(i) structure of ovum

(ii) cleavage formation of morula
and blastula

Figi 3.1,)Page nd 51
Fig1 3.11 Page no 52

Labelling of mature
graafan follicle

(il )implantationr meaning, stage e Page 53
and site

(iv) sex determination in humans 4 Page 52
(v) three germ layers * x Page 54
7 pregnancy and embryonic

development

(i) placenta as endocrine gland ** % Page 53

(i) embryo and extraambryonic
layers

FigT 3.12 Page 53

8 parturition

(1) meaning

(ii) foetal ejection reflex
(i) Role of hormones

Page no 54

Hormones involved
at the time of
parturition

9 lactation




Meaning, colostrum and its
importance

Page nd 54

Reproductive
Health

1. Reproductive health
(i) Problems & Strategies
2. Methods of birth control

3. Infertility i Corrective treatments
4. Sexually transmitted diseases

**

*k%k

**

*k%k

Page 5758
Page 5%1

Page 64
Page 63

Amniocentesis
Specific site for
transplantation of
embryo in GIFT and
ZIFT

2 methods of birth control
(i) natural methods

(ii) barrier methals

(i) IUDs

(iv)oral contraceptives

(v) injections and implants
(vi)surgical methods

*k%k

**

*%k%

4. Menstrual

(i) Menarche and menopause
(i) Phases of Menstrual cycle with
diagram

(i) Role of hormones in cycle

**

*%k%

49,51
fig 3.9, pag 4951

5. Fertilisation & implantation

(i) structure of ouvum

(ii) cleavage formation of morula,
blastula

(i) implantationi meaning, stage,
site

(iv) sex determination in humans

(v) three germs layers

*%

**x%k

**

Fig 3.1, page 51
Fig 3.11, page 52

Page 53
Page 52

Page 54

6. Pregnancy & embryonic

development

**%

Page 53




(i) placenta * Fig 3.12
(i) embryo & embryonic layers
7. Parturition
(i) Meaning, role of hormones ol Page 54 Hormones secreted
by placenta
8. Lactation
(i) Meaning, colostrum and its Frx Page 54
importance
Principles of 1. Mendel 0s | aw
inheritance and (i) Reasons for choosing garden p
variations (i) Seven contrasting traits of pea * Page 11/ 7 of Pr
plant Fig5.1 page 706 71
(i) Symbols and terms sl in *®
mendel 6s exper. Page 7173
(iv) Steps invo b )
experiments Page 7671
(v) Monohybrid cross * Page 7175
(vi) Test cross i’ Fig 5.5 7475 Gamete formation in
(vii) Incomplete dominance g Fig 5.6 page dihybrid cross

(viii) Codominance and ‘multiple
alleles

(ix) Dihybrid cross

2. Chromosomal theory of
inheritance

3. Linkage and regubination

4. Sex determination in animals
5. Mutations

6./ Genetics disorder

(i) Pedigree analysis

(i) Mendelian disorders

(iif) Chromosomal disorder

*k%k

*%k%

*k%

*%

**

*%k%

**

*%*

**%

**%

Table 5.3 page 778

Fig 5.7 page 79
Table 5.3 fig 5.86.9

Page 8384
Fig 5.12 page 886

Page 87

Page 8788 fig 5.13, 5.14
Page 890

Page 901

Heterogametey in se
determination

Use of symbols for
autosomal and sex
linked disorders




Molecular basis of
inheritance

1. Dna
(i) structure and salient features
(i) packaging of dna helix

2. Search for genetic material
(i) transforming principle

(i) hershey and chase experiment
(iii) properties of genetic material

3. Replicatiori experimental proof

4. Transcription

(i) transcription unit

(ii) type of rna and process of
transcription

5. Genetic code

(iyMutationsand Genetic Code
(i) TRNA-The adapter Molecule
6. Translation

7. Regulation of Gene Expression
(i) Levels of Regulation

(i) The lac operon

8. Human Genome Project

9. DNA Finger printing

**

**

*k%k

*k%k

**

*k%k

*k%

*%k*

*%

*%

*k%

*kkk

F*kkk

*% %

*kxk

Page no. 9®8

Fig 6.4 page 99

Page 104101
Fig 6.5 Page 102

Page 103

Fig 6.7, 6.8 page 10507

Fig 6.9, page 10108
109111

page 112

Page 113

Fig. 6.12 Pagd 14

Fig. 6.13 Page 115
Page 115

Fig. 6.14,Page 116,117
Pagel18120

Fi. 6.16 Pag 121122

Polarity of two stands

Histone and non
histone chromosomal
protein

Differentiation
between
transformation and
transaction

Leading and lagging
strand direction
Polycistronic,
monoistronic,
capping, taling
Frame Shift and Poin
mutation

Charging of tRNA
Expresses Sequence
Tags Sequence
Annotation
BAC/YAC

Satellite DNA,VNTR




Evolution

. Origin of Life

. Evidences of Evolution

. Adaptive Radiation

. Biological Evolution

. Mechanism of Evolution

. HardyWeinburg Principle

. A Brief Account of Evolution
. Origin and Evolution of Man

CONO U WNE

**

*kkk

**

*k%k

Fig 7.1

Fig. 7.3 Page 13032

Fig. 7.5,7.6,7.7 Page 133
Page 134

Page 135

Fig. 7.8 Page 13637

Fig. 7.9,7.10

Fig.-7.11 Page 140

Branching Desent
and Natural Selectior
Darwinism versus de
vries -Saltation
Hardy-Weinburg
Equlibrium,Founder
Effect

Human Health &
Diseases

1.Common Diseases in human
2. Immunity

(i) Innate immunity

(i) Aquired immunity

(iii) Active and Passive immunity
(iv) Vaccination and immunity
(v) Allergy

(vi) Autoimmunity

(vi)) Immune System of Body
3. AIDS

4.CANCER

5. Drug and alcohol abuse

(i) Adolescence and drugs

**

**

*k*

*%

*kkk

*k%k

*kkk

Fig. 8.1 Page 14649

Page 150154
NCERT
Fig. 8.4

Fig 8.6 Text 156
Text Page 15458
Text Page 38163

Specific Role of
histamines and
cerotonins

Mucosal associated
lymphoid Tissue
CMALT

Contact Inhibition




Strategies for
Enhancement in
food Production

1. Animal husbandry

() Management of farm and farm
Animal

(i) Animal Breeding

(i) Bee Keeping

(iv) Fisheries

2. Plant breeding

(i) Method

(if) For disease Resistance
(i) For Pest Resistance

(iv) For Improved food quality
3. Single cell Protein

4. Tissue Culture

**

**

**

*k%k

*k%k

**

*k%k

**

Page 165170
Text

Page 174.76
Text Portion

Pagel76 Text Portion
Page 177 Text Portion

10.

Microbes in
Human Welfare

1. Role of Microbes in:
(i) House Hold

(i) Industrial Product

(i) Sewage Treatment

(iv) Production of Bio Gas

(v) As Biocontrol Agent

(vi) As Biofertlizers

*k%

*%

*k%

*k%

Text Page 181

Page 182,183 Ex. Question 12
Page 184185 Ex. Question 7,8,1]
Page 185

Page 186187

Page 188




11.

Biotechnology
principles and

processes

1. Principles of biotechnology

(i) techniques used in modern
biotechnology

(i) advantage of sexual
reproducton over a sexual
reproduction

(iii) genetic engineering includes
reconibinant dna, genecloning a
gene transfer

(iv) meaning and use of plasmid
restriction enzymen

(v) basic steps for gmo

2. Tools of Recombinant DNA

Technology
3. Clonirg Vectors

4. Processes of Recombinant DN/

Technologyl Steps

*%k%

*k%

*k%k

NCERT text book xii fig . 1.2(a)

(b) fig. 1.3, 1.4 page-B

NCERT book @ 15-19 exq

2,6,9,13,15,18

Fig.11.211.211.3
Pagel95 198
Fig. 11.4 Pagd 98200

Fig. 11.6,11.7 Page 26405

Fail to differentiate
asexual reproductive
structures
zoospores,
conidium,gemules

etc.

Differentiation in
monoecious &

diocious




12.

Biotechnology and

its applications

1. Applicaions of Biotechnology in
agriculture

(i) Advantages of GMO

(inBt Cotton

(i) RNA interference

2. Applications of Biotechnology ir
Medicines

(i) Genetically engineered insulin.
(i) Gene TherapyADA

(iif) Molecular Diagnosis of
diseases.

3. Transger animals

4. Ethical issues , Biopiracy

**

*kk

*kk

*kk

*kk

**

**

Page 20208

Page 208

Page 20809

Page 20210

Page210-211

Page 211

Page212

Page213

Page214

Differentiation of
Cry and cry

NRNA silencing ,
nematodé
Meloidegyne
incognitia

Steps in production
of insulin

Role of
Biotechnology in

molecular diagnosis.




Organisms and 1. Organisms and its Environment Eurythermal &

Populations (i) Major Abiotic Factors stenotherral
*%*
(i) Responses to Abiotic Factors Page-221-223 NCERT Conformers,
*%*
(i) Adaptations Fig. 13.3 Page 22325 Regulators
*k%k
2. Populations: Page 225826 Distinction between
*k%k
(i) Population Attributes Fig. 13.4 Page 22828 Expanding, stable,
*%k%
(i) Population Growth Fig. 13.5 Page 22831 declining population.
*
(i) Life History variation Page 234232 Distinction between
*%*
(iv)  Population interactions Table 13.1 Page 23238 Exponential and

Logistic growth
curve.

Distinction between
commensalisms and

Amaensalism.




14. Ecosystem 1. Structure and function Page 242
2. Productivity ExQ.9
*
3. Decompaition Fig. 14.1 Page 24344 Ex. Q10 | GPP,NPP
*%*
4. Energy Flow Page 245,247 Ex. Q. 11
*%*
5. Ecological Pyramids Fig.-14.4 Page 248
6. Ecological succession Fig. 14.5 Page 25051
*
7. Nutrient cycling Fig. 14.6 Page 25355 Ex. Q.
12,13
15. Biodiversity and 1. Patterns of Biodiversity *kk Fig. 15.1 Text page 259 Ex. Q 3| Graphical
2. Importance of species * Page 263 representation ,
Conservation diversity to ecosystem. species area
3. Loss of Biodiversity *kk Page 26465 Ex. Q. 5 relationships
4. Conservation.of - Page 2682267 Ex. Q. 7 Crypreservation

Biodiversity




16.

Environmental

issues

1. Air Pollution and its control

(i

2. Water pollution and its control

(i

(ii)
(iii)
(iv)
(v)

Case study of Delhi

Domestic Sewage &
Industrial effluents
Algal Bloom

BOD

Eutrophication

Biomagrification

3. Solid waste

(i

(ii)

4. Ago chemicals & their effects

(i) Case study of organic farming

Case study of remedy

for plastic waste.

Electronic waste

5. Radioactive wastes

**

*k%k

**

*k%k

*k%

*k%k

*k%

*k%k

*k*k

*%*

Fig. 16.1 Page 27073

Page 27273

Page274 Fig.16.2,16.3

Page 275
Page 275
Page276

Fig. 16.5 Page76

Page279
Page279
Page279
Page280

Page280

Advantages of CNG
over Petrol or diesel.
Norms of Air
Pollution.

Types of impurities
& their nature in
domestic sewage.
Effect o Sewage
discharge on
characteristies of

river

Concentraion of toxid
substances at variou

trophic levels




6.Greenhouse effect and Global
Warming

(i) Green house gases & their
relative contributiorto total global
warming

7. Ozone depletion in Stratospher
8. Deforestation:Case study of

conservation.

*k%k

*k%k

**

Page280-282 Fig. 16.6,16.7

Page282-283

Page284-285

Types of ewastes &

the metals extracted.

Role of UV-B

radiations
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Chapter 8 1: - REPRODUCTION IN ORGANISM S

U REPRODUCTION IN ORGANISMS
U Life Span
U Peiodfrombirth till natural death.
Every organismlive only for acetain period of time.
Example: Elephant: 60-90 yeas
Fruit fly: 4-5 weeks

Reproduction Producing yourg-onesof their kind, geneation after gereration.
Typesof reproduction:

Asexual reproduction :single parent capable of produdng offsring.
Sexual reproduction : two paents are invovledin producing offspring.
Modesof asexual reproduction
U Binary fission: parent body dividesinto two halves, gendically iderticalto parent.

Amoeba:lt issimpleor irregular.

G e =3

Mother amoeba - . 6 -3_ e
Daughter amoeba @ ——
Binary Fission in Amoeba @ @

Paramoedum: Transwersebinary fission.

= =N

0 Multiple fission: parent body dividesinto manydauwghter orgarisms : Plasmodium.
U Budding: daughter organsms grow fromsmall budsarisingin parent body.

Exogenousbudding: out sidethebody eg. Hydra, Yeas



Buddingin Yeast
Endogenais budling : inside the bodyeg. Gemmule in sporge.
U Conidia: non-motile, ex@enousspaesin chains eg. Furyi.

U Zoospores: microscopic motile strudures eg. Algae.

In plants: termvegetative reproduction frequently used insteadof asexual reprodudion, units
of vegetative propagation calledvegetative propagules.

Advertitious buds in

Bryophyllum

Sexual reproduction

} All organisms show remarkable simil arity- Vast differencein their reproductive structure. Similar
pattern or phasesin their life g/cles.

x  Juvenile phase: The phase of growth before reproductive maturity.
x  Reproductive phas: Reprodudive maturity.

x  Seneacentphase: Phase betweenreproductive maturity and death.

The main events of sexual cyde ae:
} i. Prefertilisaion everts:
} aGametogeesis :

} Theprocess offormation of male andfemale gametesby meiosis(cell-division).



polar body nucleus acrosome —

\ jelly coat

I Fas ; -
1= %
mitochondria Y‘ ITL

gt

XS

yolk droplets

Ovum|

Homogamete(lsogamete): - gametessimilar eg. Algae

Heterogamete(an-isagamete): - morphdogicdly dissimilar gamete male gamete (artherzoid or sperm)
Jfemale gamete (egg or ovum) eg. Human.

Sexuality in organisms : In plants
Bisexual term is used for Homothallic and Monoecious plants

A Both male andfemale reprodudive structuresin same pant eg. Higher plants, cucurbits
and ocorui.

Unisexual term is used for Heterothallic and Dioedous -pgants
Male andfemale reproductive-structure on dfferent-plans.,

Flowering plants T male floweri staminate flower andfemal e floweri pistillate flower
€g. papya and dte-pam.

Animals i Bisexual term is used for. Her maphrodite animals-eg Earth-worm, Tape-
worm, Leech, Spoge.

Unisexual animals have male & female sexesin separate individuals-eg. insects,
frogs, humanbengs

Céll division during gamete for mation:

Hapliod-parent (n) produceshaploid gametes(n) by mitotic division, a. Moneafungi,
algaeand bryophytes.

Dipliod parent (2n) produceshadoid gametes(n) by meioss division (possessonly one
set of chromosames)and such speciali zed parent cell is called meiocyte or gamete
mother cell. Example-

Name of organism  in Meiocyte(2n) gamete (n)
Human 46 23
Housdly 12 6

Ophioglossum (fern) 1260 630



Potato 48 24
b) Gamete transfer :- to facilitate fusion.

Male gametesmostly motile andfemale nar-motile,excegionfew fungi andin algae bath
gametesare motile in same caes

Water medumfor gamete trarsfer- in lower plants. Large number of male gametesproducedto
compersate loss

Higherplarts, mllen-grains aretrarsferred bypdlination.
Fertilization: Fusion of male and female gametesdiploid zygote.

Par thenogeresis.-developmentinto new ogarismwithout fertilisation eg. Rotifers, haey-bees,
same lizard, bird(turkey).

Fertilization

Two types- external andinternal .

A External fertilisation- outsidethebodyof orgarismin exernal- medum (water) eg.
majority of algae,fishes, amphibiars. Advantage
showgreat synchrony betweenthe sexesd

1.release of large number of gametesinto surounding medum
2 large number of offsprings produced.
Disadvantage- off springs are extremely vulneable to predators, natural disasters.

A Internal fertilisaion- fusion ocars insidefemale tody eg. majority of plants and anmals.
Eggnon-motile andformedinsidefemale bod/. Male gamete matil e, producedin large
numbestoreach egg andfusewith it.' In seedplants, non- motil e male gamete arriedto
female gamete bypdlen-tube.

Post -fertilisation events- formation of-zygote.
a. zygate. Onecelled , diploid, vitallink betweentwo geneations.
External fertilizationi zygote formedin external medumwater eg. Frag,

Internal fertilization i zygate formedinsidethe bodyeg. Humanbéngs.

Developmentof zygote dependsntype oflife cycle and environment. Same develo thick wall (
preventdamage and dsiccation) & undergo period of rest eg. dgae,fungi. In haplontic life cycle-
zygote (2n) dividesby meiosis to form hagoid (n)spores.

Diplontic life-cycle- zygote (2n) dividesmitatically, developsinto embryo(2n).

Oviparous animals lay eggs ou-sidethefemale body.Eggs can befertilized/ unfertilized.
Fertilized eygs covered whch hard calcareous shdl, laid in safe placein the enviromert.
Unfertilised eggs laid in water. Example- fishes, frogs, retiles, birds



}  Viviparous animals bear andreartheembryo indde female bog, give hrth to young-
ones.Advartage- properembryonic care, protection, survival chancesof young-onesgreater.
Example- cows,whaes, humanbengs

} Embryogenesis: developmentof embryo from zygote bycdl division (mitosis) and cell
differertiation. Cell- division increases the number of cdlsin the dereloping embryo

Cell differentiation - groups ofcdls undergo cetain modifi cationsfor the formation of
differentkindsof tissuesand argars.

} In flowering plants- zygote formedinside ovule Changes @cur in flowering plants:
sepals, petals, samen- witherand fall-off. Zygote devéopsinto embryo. Ovule forms the seed
(germinatesto produce newplants).
Ovary trarsformedinto fruit which deselops protedive thick wall-pericarp.

_Fruit wall
(Pericarp)
Seed -
} Parthenogeresis. Female gamete developsinto-new organsm.

} Seedessfruits can befor med by parthenogenesis

} Clone: A groupof individuds of thesame spedesthat are morphdogically andgendicdly
similar to eachother & thdrpaents

Very short answer type(l-mark)
}  Whatis meiocyte?
Spedalized @lsindiploid organism, i.e.,gamete mother cell which undergo meiosis.
} Namethe kind of reproductionin bees bywhich drones ae produced?
Pathen@enesis.
}  What isspedal in flowering bamboo?
Bamboo species flower only oncein thar life-timesgeneally after 50-100yeas.
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What is meant by homothallic?

Theterm homothdlic refers to bisexual or heemaplrodite cordition.

Why are the date palms referred to asdioecious ?

In dae-padms, themale andfemale flowers are presentin dfferentplants.

If the diploid number of chromosomesin an argiosperm plant is 28, what number would you
expect inthe endosgrm and embryo of that plant?

Endosgrm: 48

Embryo: 28

Givethe scientific terms for the following

Morphologically andgendicdly similar individual derivedthrough asexual reproduction.
Cyclical changesshown byseasonal breeders.

a.Clone

b. Oetrous cycle

Short answer type (2 marks)

}

}

a.
b.
C.

d.

Name thestructure which gets trarsformedinto seedsat-maturity.
ovule
Name anyone ammal in which slf-fertilization accurs.
Taena (tapavorm)
Whatis thesite of origin of new phntletsin the followings ?
Potto tube,
rhizome of ginger,
leavesof bryophyllum,
stemcutting of sugar cane
a.Budscalledeyes
b.Advertitious buds at Nodes
c.Advevtitious buds fromthe ndches at margins ofleaves

d.A portion of stemwith budsat nodes



}  Whatdothefalowing partsin aflower form after fertilization?

a. Zygote,

b. ovule,

c. ovary-wall,

d. Paa
a.Bmbryo
b.Seed
c.Peicarp

d.Wither andfall off

Draw adiagramof thecross section of a simple fruit and label two important parts-

Single
Cell




Short type answer (3 marks)
Q Writethemode of asexual reproductionin thefollowing organsms:
Penicillium, Songlla, Paramoecium, Yeast, Chlamydomonas, Aoeba.
Ans- Pericillium Conida.
Sponglla: Internal buddng (gemmules).
Paramoecium Binary fission (transverse).
Yeast: Budding (externd).
Amoeba Binary fission (simple).
Chlamydomoras. Zoospore.

Q Differentiate between: External Fertilization/ Internal fertilization, Zoosyore / zygote,
Gametogeresis/ Embry ogenesis.

External fertilization Internal fertilization
1. Occus outside the bodyof females. Insdethe ody female
2. Large numberof gametesare released Numberof gametesproducedis less.

into the surrounding medum.

Ex- fishes, frogs _
Ex-lizard, humans

Gametogenesis Embryogenesis
Haploid gametesformed Multicdluar embryo fromcd uricelur from
zygote

Two types: spamatogenesis (formation of male Involvescdl division, @l growth, call-
gamete) and oagyenesis (formation of female differertiation
gamete

Meiosis accurs. Mitosis accur

Z00spores Zygote




Formedinsdezoosprangium Fusion of two gametes

Flagellated andmotile Usuwally norflagetted andhon motil e or motile
Result of asexual reproduction Result of sexual reproduction

Hapoid ordipliod Dipliod

Q. Whatare the three major phases in thelife cycle of orgarism? Defne each phase
Ans. Thethree major phases are:

i. Juverile phase.

ii. Reproductive phae.

iii. Senescent phase.

Juvenile phase: The Fhase of growth before reproductive maturity.

L N S S ]

this plrase.

} Senesent phase: The phase baweenreproductive maturity:and deth.
Q. What isexternal fertilization?

} Nametwo animals having external fertilization.

}  Why are more:gametesproducedby such animals?

} Fetilization accurs aitsidethe odyof orgarism

} .Frogand bow-fish

} Large no ofgametesto enhanceproducedthe chancesof fettilization

L ong answer type question(5-marks)

} Discussthesimilaritiesin pattern of sexual reproduction.

Reproducive phase: Attainmentof reproductive maturity. Sane major hormonal changesmark

A) Pre-fertilization: Prior to the fusion of gametesafter attainment of maturity. Thisincludes two

main everns:

i. Gametogenesis. Formation oftwo typesof gametesi male andfemale which involves
spermatogenesis in malesand oggenesis in females.

ii. Gamete transfer: It isto facilitate fusion. Mediumby water, pollination, cqulation.
B) Fertilization: Fusion or syngamy.
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C) Pog-fertilization: Single celled zygote.
Embryogenesis: Process of Developmentof embryo from zygote. Zygote undegoes-
cdl-division and cell-differertiation. By cdl-division- it increases the number of cdl

cdl-diff erentiation- group ofcells undrgo cetain modificationsto form specializedtissues and organsto
forman agarism.

HOTS:

FIVE MARKS QUESTIONS:
1. Studythefollowing diagram and answethe qiestions given-béow:

w,xr/ﬁ'v\

-‘L_/'L/\_ f—

% e
i. What doesS and Pdemte?
ii. Where dotheydevelop from?
iii. Whatis theterm givento thepoint of attachmentof the o/ulesin the fruit?
iv. Whatis the ploidy of embryo andthetissuesin the ovary?
v. Whatis thefunction of fruit apart fromstorage of materials?
2. Fatilizationleadsto theformation of embryo.
i. Givethetechical termfor the developmentof embryo.
ii. What are the events thatoccurduring embryo developmernt?
iii. Thedevelopmentof zygate deperts ontwo fadors. What are they?
iv. How will you ategoriseanmals based onthe derdopmentof.zygote inside or
outsidethefemale body?
v. How doeszygotein fungi andalgaeovercome desicaion?

Chapter 8 2 SEXUAL REPRODUCTION IN FLOWE RING PLANTS
FLOWERS

I Site of sexual reproduction.

F Male & female reproductive organs are borne on flowers.

11



aPARTSOF A FOWER: 4 WHORLS - CALYX (sepds), COROLLA (petals), ANDROECIUM(
Male reproductive organ), GYNOECIUM( Femalereproductive agan).

Male reproductive organ
I Androecium consists of stamens
I I Stamen consists of anther , filament & connective( when anther is bilobed)

F F Anther isbilobed & has 4 microsporangia

» PISTIL

L.S.OF AFLOWER WITH DIFFERENT PARTS

MICROSPOROGENESS:

Microspae mother cell (2n)

l

Microspore (n)

l

Meiosis

12



Mitosis

Pollen grains (n)

Polengrains have two outer walls; i) Exineii) Intine

Exineis madeof sporopollenn (HARDEST NATURAL SUBSTANCE)

Mature pdlengrainshavetwo cdls’i big vegetative edl & small gererative cll.

Geneative cell forms two male gametesby mitatic division.

Pollen grains shedin 2-cdled/3celled sage

GYNOECIUM / CARPEL (THE FEMALE REPRODUUCTIVE ORGAN)

Pollen grains

Stigma

Style

Pollen fube

Palar
Nuclei \ Ovary
Embryo sac
Egg

— Micropyle

.S

Fertilisation in a Flowering Plani

Anatrpous ovule

Parts of gynoecium

13

-EachCarpel consists of ovary, style& stigma.

- Ovulesare attached to ovary by placenta.

- Thefuniclei stalk of ovule

- Hilum, aregion wherefunicleis
attached

- Integumentsicover embryosac.

- Micropylei aporefor entry of pollen
tube & to imbibe water




Chalaza

Nucelius

Enlegurrents

' celis
‘ I
Patar
nuclat
‘ Egg
Sy

nergida

Structure of anatropous ovue

Micropyls

Fig. 22.3 T¥agram showing varions parts of a
fully foermed ovule

ME GASPOROGENESIS
Megasporemother cel (2n)
Meioss l
4 Megagpores (n)
(3 megaspores degnerate,
1 remains functional)
l
Funtional M egaspore (n)
(Divides3 timesby mitosis)

!

8 Nucleated Embryo. Sacformed

T his diploid cell divides ~
by meiosis (once) and Two polar nuclei

(€O ]

mitosis (three times)

DEVELO PMENT OF 8 NUCLEATE D EMBRYO SAC

14



3 cdlsgroup at micropylar end -the egg cell(n) & 2 syne gids(n)

- 3 cdlsat chalazal end alled artipodals(n)
- 2 polar nuclei at center(neach)

POLLINATION dtransfer of pollenfrom anther to stigma.

Agerts of pollination d air, water, insects.bat,bird,man.

pollen
grains

Doublefertilization

- syngamy i 1% male gamete fertilizesegg.
2" male camete fertilizers fusion product of polar nuclei.

- Pollen grains germinate.on sigma & pollentube gows through gyle.
- Pollentube reachesmicropyle & releases two'male gametesinto embry o-sac.

- Fertilisationis the processof fusionof male& female gametes (n+n) to form a diploid(2n)
zygote

- SYNGAMY: Fusion of one male gamete(n) with egg(n)  Zygote2s) produced First
fusion Yy
Fusion of two polar nuclei(n+n=2n) Seaonsl fusion

- The aher male gamete(n) fuses with the fusion product of two polar nuclei(2n)  Third
fusion >

- DOUBLE FERTILIS ATION: i) Fusion of male gamete with eggd First fertilization, ii
)Fusion of fusion product of polar nuclei with male gamete & Secondfertilisaion

POSTFERTILIS ATION CHANGES:




Stages of development of the embryo after fertilation :

STAGESOF EMBRYO DEVEL OPMENT-AFTER FERTILIS ATION

1. Zygote dvidesby mitosisinto suspasor & embryo cdls
2. Suspensorcell forms aglobular basal call which remains embedded in the endospe m &

a multicellular suspesor bearing the embryo
3. Globular embryo becomes heat-shaped& then mature embryo with.radicle, plumule &

cotyledons
Primary endosgrm nucleus 8 dividesrepeatedly to form endosperm, foodfor.the embryo.
Mature ovary becomesfruit.
Mature owle beamesseed.
TrueFruit develops aly fromthe ovary, eg. margo, tomato

FdseFruit developsfromparts oftheflower.other thanthe ovary,eg. appe, pe

Seedsare of two types:

16



Dicot seed Monocot seed

Epicotyl
Seed coat
Aleurone layer — &8 L7 Se—Hull
Plumule Hypocotyl Site of attachment R0
of style (/'rq‘ R4
i - Starchy — ==y 0 L
Radicle 7\ -Endosperm  endosperm |3’ 4
c_otyhdons 1 N region ‘ﬁ;» /A f) —Coleoptlle
*,"lv . ’% S V)
\\\ | } e 7lf Plumule
N\l | 4/—Embryo Epitheial layer—\¢/ (L I, -Radicle
(a) Common bean "7 regon o {7 |l

,"\ Ny )
Scutellum ===
“Coleorhiza

Maize grain
L.S. Of maize seed

Structure of maize seed

OUTBREEDING DEVICES:

Continued sdlf-pollination result in breeding depression. Flowering plants have developed many
devicesto discourage sé-pollination & encourage cross-pollination suchas

Bearing unisexual flowers

Anthers & stigmas mature atdifferenttimes

Anthers & stigmas a e placedat-different positions

Sdf-incompatibility where pdlengrains of a flower donot ger minate-onthe stigma of the

same flower
ARTIFICI AL HYBRIDISATION:

Type of cross-pallination perfor med by man for crop improvement.

Achievedby- i ) Emasculation i.eremoval of anthers from:the flower bud of a bisexual flower before
the anther dehiscesusing a pair of forceps and

ii )Bagdng 'i.e.corering the emasculated flowerswith‘a bag of suitable sizeto protect them from
contamination with unwanted pollen

If flower unisexual, emasaulationis ot needed. Flower bud bagged& whenthe gigma becomes
receptive, pollinationis done usng desired pdlen& the flower is rebagged

Emasculation

17



Chapter 3: Human Reproduction

The Male reproductive system

1. Penis

2. Scrotum

3. Tesks

4. Epididymis:

5. Vasdeferens:

6. Prostate gland:

a. urination
b. sexual intercourse
1. Corpus cavernosum- spongy tissue that fil s with blood to make penis erect
2. Glans- the head end of penis
3. Forekin
i. Coversglans,
ii. May be removedsurgically in anoperation (circumcision)
a. Locatedbehind penis
b. Containstwo teges
¢. Temperature sendtive (Sperm must be madein coder conditionsi.e, 2-3 C lower
thanbody temperature)

a. ermis produced by the seminiferoustubules dueto FSH
b. Testateroneis produced by Leydig cdls dueto LH
1. Causesthe development of the male sex organs at ~8 weeksafter conception.

2. Repongble for facial, armpit, and pubic hair, bone growth and muscular
development.

c. Testesare formedin the abdamen before birth. Desend through the"inguinal canal”

during fetalor post-natallife. s metimesmay take months/yearstorreachright place.
Possble site for hernia.

Staessperm til mature

T ube from the epididymis to urethra
sperm cdls storedhere.

Providesanalkaline fluid that anpratectsperm from harsh vaginal acids.

7. Seminal Vesicles: Producefood purpose for.sperm.

8. Cowper's gland:

Produces clear lubricating fluid

Hor monal control of male reproductive sydem

1. Pituitary glan

d atthebaseof the brain prodices:

a. FSH (fallicle stimulating hormone)

1. FSHregulates spermatogenesis.

b. LH (luteinizing hormone)

1. LHprompts Leydig celsto produce testosterone, (malehormone.)

18



Hormonal control of female reproductive system

1. Pituitary gland (at the baseof thebrain prodices):
a. FSH (follicle stmulating hormone)

i. Responsiblefor maturation of follicles andrespective ova.
ii. Stimulatesestrogen production.

b. LH (luteinizing hormone)

i. Owulation- rdeaseof ovum from ovary ustally on 14™ day of menstual
cycle. Ovulation generally occursevery 28 days.

ii. Causesthe corpus luteum to produces progesterone and estrogen.
Progegerone hormone of pregnancy.

c. Edrogen: the mainfemale hormone produced in Graffianfolliclesof ovary -

1. increasessize ( growth and development) of gviducts,uterws, and
vagina.

respansible:for secondary sexual characteristics:

Fat in breastsand development of duct.system:.

Broadering of the pdvis.

Sdt and snoaoth skin.

Fat-in buttocks and thighs.

Pubic hair..

d. Oxytocini ‘causes uterine contraction during Parturition.

N~ WDN

e. Progesterone produced by cor pustuteum. (ruptured graffianfollicle after ovulation) The
placenta continues to produce progesterone during the pregnancy.

1. pregnancy hormone
2. cdmsmuscuar contractions-of the uterus.
3. It (alongwith estrogen) thickensthe lining of the uterus.
f. . Hormones from Placenta:
hCG: humanchorionicgonadotrophin
hPL : human plecental ladogen

Female Reproductive System.

2. Ovaries produce:
a. Ova
) eachovary contains immature ova (eggs)in fallicles.
i) Females are born with lif etime supply of eggs. (250,000-400,000 in each
ovary)i
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iii Ovariesrdeaseovum -. Almost all ova degenerde between hirth and

puberty.
iv) Approx. 400 eggs will be ovulated over woman's life.
v) An eggis the largesthuman cell.
Vi) Ovariesarelocated lowerabdomen. Oneon etherside.
vii Eggis viable for only 24-48 hours after ovulation.

2. Fallopian tubes

3. Uterus

4. Vagina

6. Cervix

7. Labia

a.

® oo

o

® a0 TP

-0 Q0T

Two thin tubes attadhed to the upper sidesof uterus

Tubesterminate near the ovaresbut not attached

"Fimbriae"finger-like structues on the end of each tube

Tubesconduct eggto uterus by use of small hairs caledcilia"

Fertilization of ovum takes placein the ampullary=ishmic junction of the fallopian
tubes.

Pear-shaped located in lower abdomen

Mu scles (myometrium) stretch to allow baby to develop. Oxytocin starts labor
contractions.

Lining of uterus (endometrium) thickenswith blood-rich tissue due to progesterone
Endometrium supports embryo/fetus during growth

Placenta (the after birth) attachesto endometrium. Interface befween baby and
mother.

If nat pregnant, lining breaksdown andis discharged from body through vagina. Thisis
menstr uation-(period)

Cervix connects uterusto vagina. Likea'door that opensduring ovulation. Cervical
mucous closesthe door atall other times.

Birth-cand

Menstrual blood leaves the body
Organofiintercourse

Very muscular stretches to allow.a baby to grow ?

Vaginal opening- remains partly closedby thin membrane of tissue caled hymen-
Hymenmaybe stretched or torn during anyphysicalactivity

Located at inner end of vagina

Opeiing of uterus into vagina

Mucous prevents baderia andvirusesfrom enteringuterus
Letsspem into uterus after ovulation

Baby passeghrough during vaginal birth

a. 2 layers ofskin, which fold overthe opening to vagina and urethra
i. Inner labia (labia minora)
ii. Outer labia (labia majora) 8 site of pubic hair growth
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8. Clitoris

a. Smallorgan, 5to 10 milli metersiong

b. Located at junction of inner labia near front of body
c

d

Contains er ectile tissue
Sexudly senditive

9. Monspubis

Cushion like fatty tissue cvered by skin and pulic hair

Difference between

1) Spermatogenesis and oogenesis

Spermatogenesis

Oogenesis

Prodwcesmale gametes (sperm)

Prodicesfemal e gametes(oooytes)

Tocaursin the seminiferoustubules(in testes)

T ocaursin the ovaries

Tinvolvesmeioss

T ocaursthroughaout life-dter puberty

T involvesmeioss

occusafter puberty until menopaise

may produced400,000000 perday

I humansnarmally produceone oogte during
each variancycle

Primary spermatocyte divide equllyto form
two smilar secordary spemmatocytes

Primary otocyte divide tnequdly to form one
large secordary oocyte and a small polar body

One spermatogonium produces 4unctional
spermatozoa

An oayonium producesonefunctional ovum
and 3 norfunctional polar bodes

Role of amniotic fluid
1 Prevents desication
2 Shock absorler
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MenstrualCycle

MenstuationA Repar of the OvulationA Thickening of the Breaking
endometriumA endometriumA downA
Follicular Phase Dueto LH Luteal Phase
FSH/Estrogen LH/Progegerone

2)Fallicular phase(Proliferative phase) and Luteal phase(secretory Phase)

Proliferative phase

Secrtory Phase

AlsocalledFoallicular phase

AlsocalledLuteal phase

Stage of repair andproliferation

Prepares endometrium- forimplantation

It exterds from the end of menstuation to
ovulation

exterds after ovulation to menstuation

LH andFSHincreases

LH is high{LH sumge)

Estrogrnlevelinceases

Progederone levelincreases

Estrogen issecreted by Graffianfallicle

Progederone secreted by corpus luteum
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ovulation Implantation
occurs on day 5

Themenstual canberepresented as
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THE MENSTRUAL CYCLE

and fragments

of uterus lining

leave the
body

o 1.

Blood

Stage 1

Stage 4 ATION
PRE-MENSTRUAL MENSTRUATIS

PHASE

A
TYPICAL
MENSTRUAL
CYCLE

Slage 3
RECEPTIVE PHASE

Stage 2
REPAIR PHAS

OVULATION
takes place aboul day 14

_, . A typical menstrual cycle. It is usual to regard
the first day ol the cycle as the day when bleeding
begins.

Notes onFSH and LH

FSH and LH fromthe pituitary: / PE{UONDCUT(IS?'II\ION |

. Hormone . In Females * In Males ‘

FSH ControlsA Eggs +Edrogen Spermatogeresis 1

LH ControlsA LI 5 Testosterone 1

.Thefollicle stages
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Fromprimordial follicle to tertiary follicle

Primordial follicle
the surviving primary oocytes , at birth, aresurounded by thin, singlelayers cells of so-calledfollicular

epthelia cells.

Primary follicle
Primordial follicl es with isoor prismatic fallic uilar falli clesthe follic ular epithelium suroundng the

oocyte becomes iso- to highly prismatic

Primordial follicle
Primary fo llicle
Oocyte

Follicular epithe lium

Oocyte

Pellucid zone
Stratum .granulosum
Theca folliculi cells

NP >

1
2
3
4

Secondary follicle
Follicles with.multiple rows of follicular. epithelium stratum granulosum.

Pellucid zone:- Zone between the oocyte-and follicular epithelium.

Tertiary follicle

Follcile with well-developed net of capillaries in the theca interna.
Antrum 1 _afluid filled cavity.
Theca layers of cells organized into external Theca externa a nd interna linterna.

Tertiary follicle
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Oocyte Pe llucid zone
Stratum granulosum
Theca interna
Theca externa

Antr al follicle
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e, 3
R0 o000 SR
ROt aaRare

Schematic stage

From fertili zationto embryo

Sperm + secondary oocyte
-y \
Fertilized ovum (zygote)
2-cell stage
4-cell stage
8-cell stage
Morula
Blastula

Early Gastrula

Late Gastrula

Cleavage- cells division of embryo similar to mitotic division
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Morphogenesis- stage distinct shapes start to appear

Differentiation- formation of distinct cells and tissues

Growth- cells getbigger and so does embryo

Corceptonto Birth

Thefoll owing shows some of the many stages of human development:

Zygote

Morula

Blastocyst —

Thesingecellthat resuts from
fertili zation of anovum by a spagm.

*Themorula (little mulberry)l

solid bal (16 A 64 cells.
Morula resuts of mitotic
(cleavage)divisions.

Theblagocystisaliquid-filled bdl of
cells.This stageof development occurs
around 57 8 daysafter conception.
Implantation in the endometrium
occursat this stage.
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Embryo —

Thehuman is considered an embryo
from implantation until about 8 weeks
after conception.

Fetus =

8 weeks after concepion until birth.

The fate of threegerm layer
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Ectoderm Mesaderm Endoderm
Nervous system Skeleton Digestive tract
Epidermis of skin Muscles Respiratory system
Circulatory system Liver, pancreas
Gonads Bladder
> Copynight @ The McGraw-Hill Companies. Inc. Parmission required for reproduction or display.
- || Egg Polar Zona Cleavages (first cleavage completed
1 2 : Dl
nucleus bodies pellucida about 30 hours after fertilization)

Stem gells
— o r _;4:;1_;__ I

| e8|
Day1 Day2 Day3 Day4
Day 0 Zygote Cleavage 2-cell 4-cell Early Late
Pronucleus division stage morula morula
formation
begins
il Stem cells
Fertilization (pluripotent)
occurs about .
12-24 hours

fertilization
Blastocyst
implantation

Ovulation

Mnemonics

Tubulesin malereproductive system
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1 SEVEN UPe

Seminiferous tubules
Epididymis Vas
deferens

Ejaculatay duct
(Nothing)

Urethra

Penis

Menstrual |

A FOL(d) M(a)PSe
Ovarian cycle:
Follicular phase
Ovulatory phase,
L uteal phase

D -

Menstrual cycle:
Menstrual flow,
A -

Proliferative phase,
Seaetory phase

(Theovarian cycle controls the menstral cycle. The cyclesbegin (day 0) when menstral flow
stats. At day 14, ovulationtakeplace. Theluted and aetory phases begin andlast urtil day
28 after which thecycles begin again.)

TERMSTO REMEMBER

Acroome- the part of a spem cell thatcontainsenzymesi (This erables aspem cell to
penetrate an egg.)

Afterbir th-placentaand fetal memivane expelled fromthe uterusafter the birth of ababy

Amniotic sacfluid-filled memlraneor sac that sirrounds thedeveloping embryo while in the
uterus;". (Protectsthe baby from herd shacks and keeps it at aconstnt temperature. )

Birth-the pocessof being bom; the baby movesfrom theuterus intothe outdde world.
Parturi tion

Blastocyst = blastula= early stage of an embryo surrourded by a liquid-fil led splere whosewall
is composed ad single layer of cdls A+this gage (about aght days after fertilization)
implantation inthewall of the uterus accurs.

Cervix- the lower part, ornedk, ofthe uterus. (Opening to the uterus.)
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Clitoris-small, sensitre organ in front of thevagina

Coitus-synonym for sexual intercourse

Conception-fertilization ofan egg cell by aspem cel

Corpus Luteum - Crater-like structureformed after owulation prodices progesteroneand
estrogen. Old RUPTURED GRAFIAN follicle. It means' yellow bady.

Cowper's glands - 2 glands that saete an oily liquid, whichcleans and lubricates theurethra
of the nale

Egg cdl-afemale ®x cdl (femalegameteor ovum or secondary oocyte)

Ejaculation-the digharge of ssmenfrom the @nis

Embryo-the unban child developing in the uterus betveen theseaond and eighth weeks of life
Endometrium - the innermostlining for the uterus, Site for blastayst to implants and dvelop.
Epididymis- tightly coiled tubeat the back of each testis holds ewly produced spermi (each
epididymis islike a nursery where spem mature and learn to swim.)

Erection-the condtion of the penis wren it fills with blood and ecomesfirm, enbrged,and
erect.

Fallopian tube -tube onefrom each ovary leading tothe uterus. Carry the egg from-the wary to
the uerus. Fetilization occurs tere. (Also knownas theoviducts.)

Fimbria - (plura fimbriae) means"fringe." afringe of tissuenear theovary.leading to the
fallopian tube

Fertil e- able toconceve achild

Fertilization-Union of a spem andan egg. Corception.

Fertilized egg- Egg after a spem has-unigd with it. Zygote

Fetus- Unbarn child developing in theuterus after thefirst eight weeks oflife

Follicle - Found in ovaies. Each-holdsand naurishes theegguntil ovulation. It is like a nest.
Will becomecorpus luteunsafter owlation.

Foreskin 7 A sheah of skin'that surounds thepenis.

Follicle Stimulating Hormone - hormane seceted from pgtuitary glandin bothmen and
women. In wonen, FSH.promates the @velopment of eggs and estrogen. In men, FSH promates
the development of serm cells.

Fraternal twins-babiesthat deelop fromtwo eggs, ead fertilized by a sperm cdl; may or may
not be otthe ame £x

Gamete T Sex cdls. Sperm célls andegg cdls ae gametes.

Genitals-Reproductive or sex organ. especially the external organs

Germ Cell- An eggor sperm cel.'A gamete:. In humans, agerm cell contans 23chromosomes
Hor mones-chemicd substarces prodiced by the endacrine glandsAct in otherparts ofthe baly
and affed maturation, gowth, and kehavior; LH, FSH, GH, Testosterone, Estragen,
Progesteroneare all hormores.

Hymen-athin tissue.or meminethat may partially cover the opening of the vagina

| dentical twins-babies tat dewelop fromasingle fertilized egg that separates into two lalves.
Identicd twins always of the ame £x

Labia-two folds of skinsurrourding the entrance of the \agina

Labor-the musular cortractions that expel a baby from the uérus duing childbirth

Leydig Cellsi when prompted by LH, Leydig cdls aeae testosterore.

LH - Luteinizing Hormone - Seaeted fromthe pituitary gland and causes ovubtionand the
formation ofthe corpusLuteum in womenln men, LH causes e Leydig cdls to prodae
testoserone.
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Menstrual cycle -The periodic building up and sloughing off of the lining ofthe uerus
approximately every twenty-eight days
Menstruation- The periodic dixharge of blood and waste naterial (unfertilized secondary
oocyte / ovaand thedegenerating endometium lining) from the uérus
Miscar iage-expulsion romthe uterus of afetusbefore it is deeloped suficiently to live
Spontareousabortion
Myometrium i muscks of the uerus thet gretchto acommodate the growth of thebaby.
Thesemuscks cattrad during labor and push Bbyo ut é
Orgasm-the peak of sexual excitement wlen themaleejaculates senen. Ovary-
female sexglands. Produces egg cells, estogen and progesteone. Ovulation-
Dischargeor release, of an egg cdl / seaondary oocyte from the wary Ovum-
scientific namefor an egg cell / secondary oocyte
Oxytocin - Hormone,released from the pituitay gland , stimliatescontraction of the
myometium of theuterus duringlabor and fadlitatesegiection of milk from the breast durng
nursirgy.
Penis-the male sexorgan through which sperm cells leave thebody. Also dscharges urine
Placenta- network of blood vesselsand othertissues by which the unbon child-is ataded to
thewall of theuterus. Grows out of theendometium Theumbilicd cord is ataded toit. It is
the inteface between motherand developing fetus.
Pregnancy-the processin awoman from conception to brth
Pregnant-the condtion of awoman with.anembryo or fetusin her uterus
Progesterone’i pregnancy hormore. First prodwced by the corpus luteunand thenby the
placenta.

* Progesteroneincreases lining of endometium.

*maintains pegnancy

* helps in development of mammay glands.
Prostate gland- Organ that surounds theupper end ofthe rrale trethraand produces part of the
fluid that mixes with-the sprm to form senen. Prostatefluid is alkalineand helpsto protect
spem from vaginaladds.
Scrotum-Pouch of looseskin congining thetestes. This houseand air-conditionsthetestickes
by moving and swveding.
Semen-Mixture of sperm and fluidsthat appears at ejaaulation. Semen iscomprised ofsperm,
fructose, prostae fluid and oil from-the. Cowpré gland.
Seminal vesicks-smallsadike organs gening into ead vas dderensnea the upgr end of the
urethra. Produce part of thefluid that nixes withthe spegm to form senen. Providefood
(fructose) for the gperm.
Seminiferous tubules= Tubes found in thedstesthat poduce sperm
Sexual intercourse Theentry of the penis into the vagina and the subsegent release of semen
coitus
Sperm- Themalesex cdl (malegameteor gpermatozoon), which contains 2hromosomes in
humans.
Spermatozoon- Scientific namefor sperm
Spontaneous abortion-- Synonym for miscarriage
Testes- Male sex glands. Produce spem cells and testoterore.
Testiclessynonym for testes
Testogeronei Male hamone tlat regulates thedevelopment of thepenis, musces, baly hair,
et cé
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Umbilical cord-theropelike stricture conneding theembryo or fetusto theplacentawithin the
uterus.
Urethr a-the tubethrough which urineis expelled fromthebladder in bothmales andfemales
and thraugh which senen leaves the maléody
Uterus = womb - the hdlow pea-shaped organ in which ababy develops before it is born;
Vagina-the mssage fromthe ugrus to the outsidef the body.

- aaeptsthe penis durng intercourse.

-Birth canal.

-Mendrual fluids leave through it
Vas deferens-Thetubeextendingfrom each epididymis tothe urethrain-males
Womb- Synonym for uterus
Yolk sac- Structurethatdevelops forthe nutition of theembryo during early embryonic life
and thenceases to furction
Zygote- Cell formedby the union otwo gametes, [ fertilized ovum béore cleavage.]
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Practicematerial
Chapter 3 HUMAN REPRODUCTION
1 mark questions

Where daes fertilization takesplacein humanfemale?
Where andat what stage implantation takesplace?
Whatharmis causedif thetestis fail to descendinto the scrotal sac?
Namethelayer of cdlls formingthe ouer layer of blastula?
Whatis semen?
Why progesteroneis called pregnancyhormone
Name the hamonessecreted by

a. leydigs cell

b. graffianfollicles

C. Corpusluteum

d. Placenta
2 marks questions

NoOO~WN R

8. Differentiate between
a. Spemiogeness andspermatogeness
b Follicular. phase(proliferative phas) and Luteal phase (secretory phase)
C. menach andmenopaise
d: Spematogeness and ogyenesis
e morulla and blastulla

9. Howis ovulationdifferent from menstruation?

10. How doesthe ocvumensuethat only onesperm fertilizesit?

11. Namethe acessory reproductive glandsin humanmale dongwith its secretion and functions
12. Whatis cdostrum? Wtet isits significarce?
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13. ' Placenta acts asan emocrineglard& why it is said so? What areits aher function?

14. Where desoagenesis occursin human?.Describethe stagesof theprocess

15. Where desSpermatogenesis ocaursin human?.Desaibethe stagesof the process

16. Whatis merstruation?Mention the specific action of FSH,LH,estrogen andprogesteronein
menrstrual cycle?

HOTS

17. Supposethe acrosome of mammali an sper matozoadoes ot function nor mally, how would it
affect fertilization? Give reasons.

18. An owum allowsthe entry of only onespa m at atime. Why?
19. Failure of fertilisation leadsto merstruation. Explain

20. Explain why there is nomendrual cycle before puberty , after.menopauseand during
pregnangy.

21. Fill intheboxes

Spertatogonia

!

Secondary Spermatocytes

!

mpermatozoa

22. Study the dagram and answer questionsthat follows:
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b. Why isluteal phase ctherwise @lled asseqetory phase?’ ;m
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c. How is estrogen related-t"g,merstrual cycle? ‘\
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d. How does FSH andf_\H\reguIatethe menstrual cycle’> N
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Rib

Lactiferous duct - _~ Muscles

between ribs

Areola

Givetheterm/ reason5

a) Mechanismresporsible for parturition.

b) Role of oxytodn duing expusion of thebabyout of uterus

¢) Why doeszona mlluddalayer block the ertry of additional sperms?
d) Sparm cannotreach - ovzumwithout seminal plasma.

e) All copulationsdo notleadtofertilization‘andpregnancy
Furrishthetechmical termfor the following: 5

a) Cushion of fatty tissuecovered byskin and pbic hair in female
external genitalia.

b) Thefinger like projections which coll ect ovumafter ovulation
¢) Themiddle thick layer/wall of uterus

d) Samnen wihout sperm

e) Thefinger-like projections appeaing onthe trophoblast after

implartation.
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Chapter-4:REPRODUCTIVE HEALTH
Reprodudive Health:
Humanreproductive hedth andsexuality involve greatmany componets andinterrelationships.

A total viewof humanreprodudivehealth isbasic to persanal well-being aswell asto
interpersonal relationships.

Every individualis a unique sexual being.

Addescents are vivrant, fragile and proneto experimentation andrisktaking , asaresult they are
themostvulnerable poplationasfarasdelinquentbehavior andattitude ae cancerned.

Every dedsion has its owncorsequerce. Any wrongdedsion canlead to disagrous consequence,

whichin turn canruin one glife.
Sexualadjustmentis part of total personality adjustmert. Saf-esteemis thekey to sexual maturity.

Broadbased community andinstitutional support for reproductive halthis essertial.

AdolescenceReproductive-andSexual Health (ARSH)

I mportance of ARSH

redwing specific risky behaviours
theories ' which explain what influencespeople's sexualchdcesand tehaviour .
clear, and catinuouwsly.reinforced message abait 'sexual behaviour andrisk reduction .

Provide accurate information abait; the risks.associated with sexual activity, aboutcontraception
and brth cantrol, and aout methods ofavoiding or deferring intercourse

Deding with peer and other. sacial pressures on youngpeoge; providing oppatunitiesto practise
communication, neotiation-andassertion Kills .

Uses a variety of approachesto teaching andlearning thatinvolve and engage youngpeope and
hdp themto persanalisethe information.

Uses approactes toteating andlearning which are appropriate to youngpe@l€'s age, experierce
and ailtural-background .

Credinga protective andsuppative ervironmert.

Avoiding manipulative relationships.

Pramoting and potecting the sexual andreprodLctive rights of adolescents andyouth .
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Methods of birth control

Behavioural methods. Behavioural methodsdepend on agoodknowledge ofthe merstrual cycle
aswell as adeguate sdlf control by thecouple.
o Coitusinterruptus: 'Interruptedsex’. Penisis withdrawnfromthevaginajustbefore
gaculation.

Advantage

No drug,. Nointerfererce with normal bodyfunctions. Planned pregnang.
Disadvantage
Dependant ailmostwhdly onthe man's sef-cortrol. “Failurerate high 15- 18%.

o Rhythm method or Sde Period: Requiresknowledge of the female partner's menstrual
cycleto identify the days on which sexual intercourseis possible withouttherisk of
pregnang. Readmore ...

o Avoiding vaginal Intercourse: Analsex, oral sex orsex without penetrating the vagina
Sexualact occurs betweenthetightly hdd thighs ofthewoman has neisk of pregnang.

Barrier methods: Barrier placed betweenthe panis and thevaginaduring intercoursesothat the
sperm canrot meetthe ovumfor fertilization.

o Male Condoms: Male mndomscondst of a sheath, usually madeof latex that covers the
erect penis duing peretration ofthe vagina. Read more...

o Female Condoms: Not used often. Made of polyurethrane. Consists of aloosesheah
with two rings oneither side. The snallerringis pwshed ‘deepnto the vagina, largerring
remains aitside onthe edje of the vagina The female condomcan bensertedabout 8
hours prior to sexual intercourseandcanbe keptin for-aboutarother 12 hours after
intercourse. Carbe wsed morethanonceduringthis.period.

o Condoms protect against pregnancy. aswell assexually transmitteddiseases (STDs),
including HIV/AID S.

o Diaphragm: Vaginaldiaphragm-small-saucer shapedrubber sheah with ametal caoil in
itsrimwhichisfitted aross the mouth of the uterus (cervix).

o Cervical Cap: Small dome-shapedrubber devicefitted onthe aervix. Uncamfortabe to
apdy andisraredy used nowadays.

o Vadinal Sponge: Small polyurethranerounddevicewhich neals to beplacedinsidethe
vagina bdore sexual intercourse. It releases spermicide wichmakesspemrm inactive .Be
left in‘placefor 8 haurs after useandcan beused more thanonceduring this time.

Thesporge alsoads as abarrier contracegotiveto sane exentsinceit swdls up to fit
aaossthecervix onceit isinsgdethe vagina.

Hormonal Methods: In this method, dugs are used to either prevent ovulation or to prevent
implartation of the embryo after fertilization.

Combinedoral contraceptivescontain two hormonessimilar to the natural hormonesin awomans
body---an esrogenand aprogestin.
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Working of Birth Control Pill :

Preverting ovulation. In namal menstrual cycle, the pituitary glandseaetes thehormonesFSH and LHto
stimulate theovary to rdeaseanegg (‘ovulation"). When plls are taken, the level of estrogen in theblood
inareased. This sendsa neyative feedack message to the ptuitary glandto stop secreting FSH andLH.
Theloweredlevels of FSH and LHfailsto gimulate the ovaries and ovulationis preverted.

Theprogesteronein thepills make theceavical mucushodileto thesperm.
It alsowork by causng charges that make the endanetrium urnreceptive to a fertilized ovum if
ovulation andfertilization do take dace

(0]

Oral Contraceptive pills: Combined gal contraceptive gllsor birth cortrol pills cortain
two hamones- estrogenand progesterone. Oneto preventovulation. Secondto disrupt
the rormal growth of the internal uterinelining (encbmetrium) sothat theembryo canrot
implantinit. Read more...

Centchroman: Non-hormonal non steroidal contraceptive. Funtion: slow down growth
rate ofinternal uterinelining andspeedup the movement of the embryo sothat
implartation cannot ocaur. Readmore...

The Patch: (Ortho BEvra). Thin band-aidlike patch containing estrogenand progesterone
which shoud beappliedover the skin: It releases thehormonesslowly into the skin
through which theyare absorbed.

Depo-provera: Injectinga high doseof the tormone pogesteroneevery three months.
preverts ovulation. Disadvartage :irregular bleeding throughoutthethreemonths.
Nuvaring: Thin silastic ringinsertedinto the vaginaonceevery month. Releasesthe
harmonesestrogenand progesterone andprevents ovulation during the merstrual cycle.

Subder mal | mplants

Norplant (aregisteredtradanark of The Popubtion Courcil for levonagestrel suldermal
implarnts).set.of six small plastic capsules. Thecapsules are placed undertheskin of a
womans upr arm.

Norplant capsiles contain aprogestin, similar to natural hormone ofa waman@s body makes.
Hormonere eased very slowly fromall-six capsules. Capsules suppy a steady, very low
dose. Contain noestrogen.

Capsulesthicken cevical.mucusmaking it difficult for sperm. Stopsovulation (release of
eggs from ovaries).in abaut hdf of the merstrual cycles after first yearof use.

EmergencyOral Contraception

After unprotededsex, emergencyoral contraception can prevent pregnang. Sametimes
cdledpodcaital or Umorning afterdcontracption.

Mainly stops ovulation (releaseof egg from ovary). Pehgps also works in other ways. The
soorer emergencycortrol contracegptivesused, the better theyprevent pregnang.

Up to 72hours after unproteded sex, the wananshoud take 4low-doseor 2 "standard-
dos?' combinedoral contraceptives, andthentake anaherequal dose 12 tours later.

Regular use ofemergency contraceptiveshasserioushedth hazards.

Vaainal Pessaries, Tablets, Creams or Foams : Contain oermicideswhich aetoxic to the
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sperm andshauld be inserted into the vagina just before coitus. Advartage : easy to apply,
do notinterfere with coitus, actaslubricarts. Disadvarntage : not very effective aways.

Intra-Uterine Contraceptive Devces(lU CD): IUCDs orlUDs contraceptive devices wiich are

placedinsdetheuterus. Usudly small, flexible plastic frame. Oten tas copper wire orcopper
sleevesonit. It isinsertedinto a womands vaginathrough heruterus. Almostall brandsof |UDs
havetwo drings, orthreads, tiedto them. Thestrings hangthrough the opgening of the cervix into the
vagina. A pravidercanremovethelUD by pulling gertly onthe strings with forceps.

IUDs workchiefly by prevering sperm and gg from meding. IlUD makesit hard for spermto
move through the waman reproductive tract. Reduces ability of spamto fertilize theegg. Could
alsoprevent the egg fromimplantingitself in the wall of the uerus:

IUCDs prevent pregnancy by making the endanetrium urrecepiveto thefertilized orum.
Stimulatesthe endametrium to rel easelelkocytes (WBCs) andprostaglandins making it hastile to
thespam. Causeshizarre andirregular growth of the endametrium. Preverts implartation of a
fertilized ovum.

IUDs like Coppe-Tsalso come wrapd in cqppe. The coeristoxic to gpermsandis amethod
of erharcing thecontraceptive dfectof thelUDs.

ThelUCDs can camein various shayes and sizes.

Lippesl oop: The Lippesloopconssts of athin plastic (or ‘polyethylene)wire bentin a series of
S-shapes. Needsto bestraightenedwheninsertedinto the uterus but resumesits shapeonceinside.

Lippesloop Copper-Ts

Copper T: Cu-T common IUCD. T-sheped structure stays ingdethe uterus with the long arm of

theT alongthe uterine cavity (endametrium), shater arms trarsversely aaossthe upperpart of the
endanetrium. Coppe-Ts corain a copper wire or copp bas of different strergths wrapped
aroundthe arms or the stem. A Copper T 250 has 250 sq mm of copper wire wrapped aroundit

andis effectivefor 3 yeas. Themostcommonly used IUCD is the Copper T 380.
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Mirena: Hormonebased IUD releases a progesterone called levonagestrdl. Works by dfecting
ovulation, affeding the normal growth of the endametrium andby affecting the cervical mucusso
that the movement of sperm obdgructed. In United Kingdom, hormone based IUDs are known as
Intra-uterine §ystems (1US).

Surgical Methods: These are more or lesspermanentmethods ofcontraception.
o Tubal Ligation: Both female tubes tied off andusually cut during tubal ligationto
preventthe sperm fromreaclhing the ovumduring intercourse.
o Vasectomy: Thetwo tubesin themalesi.e.vasdeferens whch carry sperm fromthe
testesto theperisaretied off and autt.
o Essure Methodinwhichsmall micro-inserts are daced atthe mouth of the fallopian
tubesCause scarring andblock them. Preverts sperm fromreading the ooumfor

fertilizaion.
PREGNANCY
P ocars whena sperm
produwced bya male, fuses e ety -
with an ovum producedby a Y Opan INbe .
female. \ £
b . ) ',,
Every morth amature ovum N
relessedfromeither one ofa A : 4
womanss two ovaries. Ovum Uterus ;
roundand dout 100 microns BN\ ) :
in dameter, slightly small er PRI vy ARy | ttevine wall
thanthe period at theendof Tes i Ten ol f‘___:. T

this sentence. Largest cell-in
the human bodyand Qnly one “¥“t by spenm
visible to thenaked ge.

through uterus
and tubes

Ovum picked-up bythe
fallopiantubeon the same v g : -
side. (There are two fallopian Vagina ——vagina during coitus
tubeson eitherside ofthe e X

uterus neartheovaries. Seeimage ). Tubes have longfingerlike projections calledfimbria which are used
like hamlsto pick up theovum.

Theovumthenmovesthrough thetube, propdled bylonghars growing fromcdlsin thetubes. Like grass
bendng before the wind, hairs bend towards the uterus in waves, pushingthe oszum slowly towardsthe
uterus.

Eggremainsviable, that is, alive for about72 haurs, but is cgpable of being fertilizedfor only about12 -
24 hous. If it remains wfertilized duingthis period, it disintegratesin thetubewithout leaving anytrace.
Its end products (mainly proteins) are ébsabedinto the Hoodsreamand execeted through the urine or
stool.
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Fertilization, | mplantation and Pregnancy

Spem howeveris viablefor alonger period, beenfound intheuterus 5i 7 days after.coitus. Capal e of
fertilizingan ovumfor only 48 - 72 hous after being gjacuated. Timetaken bythesperm to reachthe
tubesis between 6 12 hours, Sanetimes asearly asl hour.

Intercourse has to take place within this rarrowtime frame (1-2 days kefore osulation or immedately after
ovulation), for a pregnancyto occur. At every intercousea rormal man cepodts21 5mililitre of semen
in the upper part of thevagina (seediagram). Eachmililitre of semen comains about 501 200million of
sperms.

Whisking their tails mady, thesperms swim rapdly upwardsinto the uerus and fromthere into thetwo
tubeson either side at the rate of 3mm per hour. It takesanaverage of 10 hours for the spermto reachthe
tubes.

All thespem depaitedin the vaginacanrot swiminto theuterus. Same de df in thevagina, some get
ertangled in the cervical mucousandsome manaje to swimjust into the aervix before dying. Butit is
bdievedthateventhesespems help in causing preghancyby charging the aédity (Yohg of thevaginaor
by adingonthecervica mucoussothatother spemscan gndrate it andreachthe ovum. Only aboutl %
of thetotal number of sperms deposgtedin thevagina make thejourney.

Thousands of sperms fl oodtheuterus and both thetubes. Sane tumble outof theopering of thetubesinto
theabdamen.

Hundeds of sparm-(estimated to be around300) suround theovumin thetube. They press against the
membraneof the orzum attempting to peretrate it andfertilize the ovum. Finally onesperm succeads. At
oncea chamical reactionis triggered df in the wall of the ovum, making it impendrable to any other
sperm. No ather sperm canerter the ovumnow.
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Sperm

Zona

Pellucida

Process of Fertilisation Zygote 4-celled embryo

Theunsuccessful sperms slowly degeneate.

Thespermthe orumfuses with it to form zygote. The zygote starts to divide asiit is propelled
towards theuterusi dividing Zygote called embryo.

In-vitro fertilization (IVF ovum andthe spermiis all owedto fertilize in alaboratory dish (petri
dish). Embryo ustally transferredinto the motherés uterus on3™ dayatthe4 i 8 celledstage.
Thezygote reachesthe uerus wually on-@&h to 9th dayafter ovulation, Morula a 16-cdled.
Sepaation between 2-cdled to 16-cdledstages(idertical twins).-Sepaation atlater stagescan
leadto the potentially fatal condtion: of conjoint twins or Siamese twins:

Morula sticks to theinner lining of theuterus (‘endanetrium’). Prayesteronefrom ovariesprepares
theendametriumto receive morula.

Morula burrowed daepinto endanetrium by 9th - 12th-dayCan cage (implartation bleednga
Developmentof embryo cortinuesuntil 9th months of pregnancy(40 weeks or 280 days), to form
fully formed baly.

INFERTILI TY AND ITS TREAT MENT

Infertility:- Womanfailsto con@ive dter oneyear of sexual life without contrageption. Accordingto
(WHO) WorldHealth Organisation, infertility about 10-% worldwide.

Infertility treatmert, azoogermia (complete dsence of sperm).

Intra-Uterine Insemination (1Ul): Used whenmenhasmodeaately low sperm count. Semen cdlected
by masturbation, washedard' centrif ugedto increase the sperm dersity. Sanple injeded into the uterus.
Pracedure within 2 hours of cdlection of semen.

o Inseminationwith Husband's Semen (AlH) Impendrable cavical mucousor diseased
deformed Impatenceor premature gjaallation.

o Inseminationwith Donor Sanen(AlID)

o Seamenfromsamebodyotherthan usband.

InVitro Fertilisation (1VF)) is aprocess by which egg cdls are fertilised by sperm (usually 100,®0
sperm/ ml) outside the womb, in \itro. Process hormonal cortroll ovulatory process, removing ova (eggs)
letting sperm fertilisein afluid medum. Featilised egg (zygote) trarsferredto the patiert's uterus. Thefirst
successful birth of a "test tube baly”, Louise Brown occuredin 1978.
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In vitro, within the glass In vivo procedue, tissue remains ingde the living organsmwithin which it is
normally found.IVF, alsocalledtest tube babies,

Zygote intrafallopian transfer (ZIFT) fallopian tubes preverts binding of spem to egg. Egg cdls
removed from ovaries, and in fertilised blocked vitro . Resulting zygote is placed into the fallopiantube by
laparoscopy. Gamete intrafallopiantransfer (GIFT). ZIFT success rate 648% onecycle’i five weds.

Steps:
Womanto take fertiolity medcationi stimulate egg produdion.

Ovariesfollicles maturei womaninfected wth HCC (human cheionic gonadtropin.

Eggs harvested 36 haurs later, by transvaginal ovum retrieval. Fertilization in labaatory resultant early
embryos orzygotesplacedwoman's fall opiantubes bylaparoscope.

Gamete intrafallopian transfer (GIFT) Eggs removed from woman's ovaries, Placed.in-one Fdlopian
tubes, along with the man's sperm. Techmique, pioneered by -endcrindogist Ricardo Asch, Fertilization
inside the woman's bod.™™ Fourto six weeks to canplete a gcle of GIFT. Harvested-&g, mixed with the
man's spea'm, placedinto the waman's Fal opiantubes usng a laparoscope.

Intracytoplasmic Sperm Injection (ICSI):Single sperm injected into centre of the egg, to achieve

fertili zation.

Advarntage used for menwith very-low sperm countln azoosgermic, men:sperm suctioned out of the vas
deferens (maletubes). Careful testicular biopsyandMESA - Microepididymal sperm aspiration.

Prevention of Male | nfertility.: Undescendedtestestreatedinfangy. Infedions by mumpsand dher
viruses shauld bemanayed bymedcadly.

GeneralFaas About STDs

Sexudly transmitted diseases STD, or. STls (sexually trarsmitted infections) are transferred from one
person to arother through sexual contact. 25:diseases canbe transmitted through sexual adivity. E.G.
HIV, chlamydia, gonarhea, syphilis, gental herpes, human pagllomavirus, hetitis B, trichomoniasis,
andbacterial vaginosis. Risk prone:Adolescents.

Pdvic inflammatory disease, cause infertility. STDs can be prevented by refraining from sexual
adivity, same cortracptive devices, such ascondans.

Spedfic STDs: An Overview

Human Papilloma Virus: Main causeof cervical cancer. Treamentothertypesof carcers of thefemale
reproductive system. Redwcessigns and symptoms, no cue. HPV vaaine developed.

HerpesVirus: Symptoms Peiodical blisters orsaesonthegenitals.

Hepatitis: Hepatitis B (HBV) vaaine availabde. Other heptitis infectionsthrough sexual contactinclude
Hepditis A and Heptitis C.

HIV/AIDS: One 3D thatmany peope ae waried aboutgettingis HIV. While newways oftreating this
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infection can significantly prolong an infected persons life, for far too many peogde this infection
evertudly progresses to AIDS and, ulitmately, death. More than 40 million peope worldwide are
infected with the HIV virus; women account for 50% of thoseinfected. Auto Immuno Deficiency
synatrome, Causedby HIV.

Syphilis: Syphilis caneasily betreated and cured. Symptoms canprogress and aff ect the nervous gstem
and bvain leadngto dementia and death.

Trichomoniasis:Common, curable STDs.

Common Infections: Chlamydia and gonarheaoften infect a pe'son at the same time. Can be cured
Damage reproductive system if left untreated.

Pubic Lice: Crabs are very similar to headlice. Ymptom1 itching. Canbe treated.

Rare Infedions; Granuloma inguinde and chancroid, Well known in-North America, Lesser-talked
aboutSTDs nomonoaccal urethritis, moll uscum cortagiosum

KNOW THE SYMPTOMS OF STDs

Swelling or tendernessin genital area.

Blisters sores orbumpsaroundthe mouth or geritals.
Fever,chills and adhes.

Unusul itching.

Burning sensation whenyou pas urineor move your bowels.
White,wetery or yellow disharge fromthe peis.

O O O 000

Womenface spedal risks

Usually have fewersymptoms thanmen, dtennoneatall.
Bledalingthat is rot part of their period.

Pdyic or.vaginal pain.

Discharge fromthevagina.

Panful urination.

Unusual rash,sore or growth in thegernital area

OO 0 00 0

DONG@T LET STDs TOTAKE YOU BY SURPRISE
Pelvic I nflammatory DiseaseOverview

Pdvic inflammatory disease (PID) is infection of a woman's reproductive orgars. Infedion spreadsupward
fromthecervix to uerus, Fallopiantubes, ovaries, and surourding structures

Symptoms

Lower Abdaminal pain ortendeness
Backpan
Abnamal uterineblealing
Unustal or heavy vaginal discharge
Panful urination
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Panful sexual intercourse

Symptoms notrelatedto the femal e reproductive organsinclude fever, nausea, and vomiti ng.
PID symptoms may be worseat the endof a merstrual period and duingthefirst several days
followinga period.

Ectopic Pregnancy Overview

Pregnancythat developsoutside a woman's uterus (womb). Fetilized egg develops samewhereelsein the
abdamen espedally fallopiantubes, outside of Utres, on ovariesor attached to bowels. Fetuses destroyed.
Usuwally foundinfirst51 10 weeks of pregnang.

ComplicationsIntra-abdaminal hemorrhage (severe bleedng).rupture of fallopiantube.

Chapter 8 5 Genetics

Relationshp betweengenes and cdhromosame of diploid arganismandtheterms used to describethem
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alleles of same gene

T t
bt
. .> different genes
a re

loci _]

romezygous deminant alleles

heterozygous alleles

hemezygous recessive alleles

Know theterms

Terms Meaning Example
Address/location of a genein achromesame T,A.b,detc

Allele Allelomorphs=alternative form of a gene T and tOR A and aetc

Homozygous Both alleles of a geneat alocusare similar AA oraa

Heterozygous Both all eles ofa geneat alocusare dissimilar Aa orTtetc

Homozygous Both alleles of ageneat.alocusare similar & AA

Dominant dominant

Homozygous Both alleles ofageneat alocusare similar & aa

recessive recessive

Mendel'sfirst law ( Law of dominance)characters are cortrolled by discrete wnits caledgeres (allele)
which occurin pair .in heterozygouscondtion anly onegenecanexpress it sef whichis dominart. (Can
beexplained bymonohybrid aross)

Mendel's second law ( Law of segregation): Thetwo alldlesreceived onefromeach prent segregate
indgpendetly in gamete formation, so that eachgamete receivesone or the aherwith equal probability.
(Can beexplainedby monotybrid cross)
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Mendel's third law ( Law of recombingtion): Two characters determined bytwo unlinkedgenesare
recanbinedatrardom in gametic formation, sothat they segregate indeperdently of each other, each
acaordingto thefirst law (hote that recombination hereis rot usedto mean cossing-over in meioss). (Can
be eylained bydihybrid cross)

Thisis whet Mendd said (summary) :

1) Dominant allelesoverpower recessive alleles. Dominanttraits overpower recessive traits.
2) Rule of segregation (Separation): Gametes(sex cells) only receive oneallele fromthe original gene.

3) Rule ofIndependent assartment: Onetrait will not determinetherardomselection ofarother.

In complete dominance: Whenone dlele of a geneis not completely. dominant over the otherandthe
F1 hybridsare inter mediate beweentwo parents. The phenaypic and gerotypic ratio issame.1:2:1
in F2 generation. E.g. Shapdragon or Antirrhinummajus

Co dominance: Two alldes ofageneare equally expressive anddominant in ageneation egHuman
blood group

( Note: Human bloodgroup isalsoan example for multiple allelisimi,e when a geneexists in more than
two dldlic form)

Basic outline of Mendels cross

1. Pure breeding parents for a pair of contraging character(allelic Pair) is taken
e.g, Tal pure-bred pea plants (TT) & short pure-bredpeaplans (tt)

2. Gameteformation (Meosis)

l

3. Hybridization (crossing. is done)
4. Flgengation- tthrod uct of the abovecross (are caled hybrids)

5. Sdfing (allowed tGLaIf fertilize /sdlf breeding )

6. Gamete formation (Mel0sis)
7. F2gengation - the*product of the abovesdlfing
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8. Analysisof result (Phenotype andGenotype)

Tendencyof genesof same chromosome to remain togeher
Suchgenesarecdledi linkedgenes.

Linkedgenes pesent only parental types

A QA A C
P ~y B o = o,
o = = = ] o b .
] - A al |A linked a A linked
bly 2 /B —— |[b||B _ ,genes b B Qenes
pin2 |/ 8\ " bin1 binz" ;:/'d"ﬁm binz || [ “Bin1
— | — ] ] —— — | .| —
bing [C ¢] bin3 bin3 [l |€] bind bin3i |C €| bing
L ot o v/-'-.ﬂ/u\'
E ™ ~ —
¢ N
™
o b
& a A
Recombination = b B
™ .

16%

Frequency —» *Bin2 bin1

Between Genes

(3] ]

= o=
| bin3 bing

(he

Gametes

Figure 1 Stiematic diagram-of Gendic Linkage andRecambination

(A) Two hanologouschromosames: blue (paternal) and orange (maternal). Three genes \ith separate
allelesand linkage "nated(A,a; B,b; C,c).

(B) Crossingover during meiosis. (

(C) Two aldesand their linkedgenes hve switched locationsvia recanbination. Four additioral
allelesand their asscciated (A, a; B,b;) have notswitched andare corsideredlinked.

(D) Recambined hgloid chromosamessegregate separately during meiosis as gametesbefore
fertilization.

(E) Samplerecambination frequendesbetween genesdemondrating higher ratesof recombination for
genesfurther apart.
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Cross Result of F2 gereration
Monohybrid Tt X Tt 31 1:2:1
Dihybrid cross 9:3:3:11 1:2:1:2:4:2:1:2:1
YyRr X YyRr
Incomplete daminarce 1:21 1:21
Rr X Rr
Co Dominance andnultiple dlelisim
Bloodgroup Possble gerotype
A I"I” OR 1"
B I°I° OR I%i
AB 1A
] i
Crosses of blood group(CO DOMINANCE)
Bloodgroup Possble gerotype Possble pherotype
AXA 1A X184 A

A2 X 1A A

P X 1A A;O
BXB PIEX 1°1° B

PIEX 15 B

% X 15 B; O
AB X AB PIEX 1A® AB: A; B
OXO i X i @]
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POSSIBLE BLOOD GROUP OF PROGENY WITH RESPECT TO THE BLOOD GROUP OF
PARENTS

l A B AB o)
AXA + - - +
AXO + - - +
AXB + + + +
BXB - - 3 +
BXO - - - -
ABX A + - - -
ABX B + . - -
ABX O + + -
AB X AB + - - -
OXO - 2 - +
KEY + = POSSIBLE _=NOT POSSIBLE

Sex dtermination andsex .chromosane

Orgarism Male Female
Human béngs XY XX
Birds zZ Al
Insects X0 XX
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PedigreeAnalysis

Pedgreeis a clart of graphic representation ofrecord of inheritarnce ofatrait through several geneations

in afamily

Symbadls wsed

]

|
O
®
&

Unaffected male

Aftected male

Unaffected fermale

Aftected fernale

L

Person whose sex is not

kniown

harriage (mating)

Consanguinous
marriage
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vertical line = offspring
(in this case, son)

A family of four brathers
and sisters. The last two
are hon-identical twins

[dentical twins

Four patterns of inheritance
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AUTOSOMAL DOMINANT

1. Traitsare controlled bydominant
genes

2. Both malesandfemalesare equally
affeaed

3. traits donot skip gererations

4. eg. pdydadyly, tonguerallingahlity
etc

AUTOSOMAL RECESSIVE

1.

Traits are controlled byrecessive
genesand appears only when
homozygous

Both malesand femalesare equally
affeaed

Traits may skip geneations

3:1ratio between normal and afected.
Appeaanceof affectedchildrenfrom
normal parerts (heterozygous)

All children of dfectedpaerts are dso
affeded.

eg.- Albinism, sckle cdl anaamia gc

X-LINKED DOMINANT

1. All daughters of anaffected male will
be dfected

thereis nomale to male trangmission.
e.gvery rare-Ritts dsease

wnN

X-LINKED RECESSIVE

Traitsis more commoninmales(since
hemizygous)butrarely in females
(since homozygous)

al-dalghters of amale whohasthe
trait are-heterozygouscarriers

thereis nomale to male trangmission.
affededmalesreceive thetrait from
carier mother who hasaffectedfather
e.g haamoplhilia, colour blindness
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A 'typical' autosomal dominant pedigree

D——O
o8 B0 00
Méﬁﬁﬁéﬁééi

x-chromosome linked paligree

Now try to answer

]

® O

1. Isit possiblethatthis pedigreeisforan aitosomal dominant trait?
2. cantwo individuals that have an atbsamal dominanttrait-have unaffectedchildren?

1

® O

3. Isit possible that this pedigreeisfor an-aitesomal dominant trait?

1

O ®

4. |sit possiblethatthis pedigreeis for an aitosomal dominant trait?



.gl

5. Isit possiblethatthe pedgreeaboveisfor anautosamal recessive trait?
6. Assumingthatthetrait isrecesive, wiite thegenotype ofeachindividual nextto the symbol

A = namal
a =thetrait (a geretic diseaseor abrormality)

o B
®

7. lIsit posiblethatthe pedgreeaboveisfor anautosamal recessive trait?

8. Writethegerotype ofeachindvidual next to thesymbol

O

9. Isit possiblethatthe pedgreeaboveisfor anautosamal recessive trait?
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10. Isit possible that thepedgreeaboveis for an X-linkedrecessivetrait?
11. Writethegerotypenext to the symbol for eachpersonin the pealigree

!

12. Isit possible that thepedgreeaboreis for an X-linkedregessivetrait?

O

13. Isit possible that thepedgreeaboveis for an X-linkedrecessive trait?

%

14. Isit possible that thepedgreeaboveis for an X-linkedrecessivetrait?

"

15. Isit possible that thepedgreeaboveis for an X-linkedrecgsssive trait?
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16. Isit possible that thepedgreeaboveis for anX-linkedrecessive trait?

Clues
Affected Unaffected
Autosomal Dominant AA aa
Aa
Autosomal Recessive aa AA
Aa
X- chromosomelinked | X X XX
ecessive
XY X X
XY

TERMINOLOGIES

Allele = A factor or |etter that makesup agene. 2allelesmake up onggene.Altemative forms ofa geretic
locus; asingle dldefor eachlocusis inheaited separatdy from each arent (eg., atalocusfor eye cdor
theallele might result in blue orbrown-eyes).

Alleles="B" and "b" are diff erent all €l es.

Autosomal genes =genesthatare not foundon the sex chromosames. Autosamal chromosamesare aes
that are not XX and XY."A chromosame not involvedin sx determination. The diploid humangenome
corsists of 46 'diromosanes, 22 @irs ofauosames, and 1 par of sex chromosanes (theX andY
chromosames).

Carrier = A person whahas adefective geneand a dominantnormal geneand therefore, is normal (Nn)

Certimorgan (cM): A unit of measue of reconbination frequeaicy. One cetimorganis equal to a 1%
charce thata marker at one gendic locuswill be separatedfroma marker at a secondlocusdueto crossing
overin asingle gereration. In human béngs, 1centimorganis equivalert, on average, to 1 million base
pairs

Chromosomes= 46 aefoundin human céls. Ganesare carried onchromosames.
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Clones: Group of cdls derivedfroma single ancestor.
Cystic Fibrosis = Autosamal recessive. Mucausin lungs... Degh in the 20s.

DNA = Themain instructionsthat explain howto build the lody. (DeoxyriboseNucleic Acid) DNA
makesup dleles, genes and chromosames.

Dominance= Thisis me of Johann Gegor Mendd & principles. In his studies with pea darts MencH
naticesthat puretall plants bredto pure short plantsresultedin tall hybrid plants. Tallness wasdominant
over shatness.

Dominant = A allelethat overpowers arother is dominant.

Down's Syndrome = Dueto an &tra diromosane. (21stpair).

Gamete = Spem or egg. Germ Cdll. In humars, germ cdl contains23 cdromosames.
Gendics: Thestudy of the paterns of inheritanceof spedfic traits

Gene= Every trait iscontrolled bya gene. Ahuman has 20@0 genes. Geesare cortrolledby 2 factors
cdled allelese. Eachallele comesfroma paent.

Genaype = Hereditary or Gendic constitution of anOrgarism. (Genesan arganiSmpossesses)

Genome: All the gendic material inthe chromosames of a particular orgarism; its sizeis geneally given
asitstotal number of basepairs.

Germ Cell- An eggor spermcdl. A gamete. In humans; 'agerm cdl contains 23chromosames.

Haploid= A single setof chromosanes (half the full set of:gendic material), presentin the ggg andsperm
cdls of animals andintheeggand pdlencdls of plants, ‘Human béngs have 23chromosamnesin their
reproductive cls.

Hemophilia = Sexlinkedrecessive. Males get it:most often.

Heterozygous= This meansallelesof a geneare "differert".

Heterozygosity=The presenceof different allelesat one ormoreloci on homologouschromosanes.
Homozygous= Whenall eles ofa geneare "the same"

Homologous diromosomes: A pair of chromosanescortaining the same lineargenesequénces,each
deivedfromone @rent

Huntington's Chorea = Autosanal Dominan. Pegole die at 40 +... Jerky muscular motions

Hybrid = Meansalldesof a geneare "different" (Hh) See leterozygous.

59



Independent Assortment: This is Johann Gregor Mendelés 2™ principle. It states that allelesof onegene
separate independently from alleles of arother gene.In ather words, eye wlor doesnot affect a pesanés
ahlity toroll his or her tongue.

In vivo: Insideliving Organism.

In vitro: Outsidea living orgarism in artificial or laboratory conditions.

Karyotype: A photomicrograph ofan individuals chromosomesrrargedin a standard format showing the
number, Sze, andshape of eachchromosame type;

Linkage: The proximity of two or more geres on a chromosame; thecloser together the genesare, the
lower the probability thattheywil | beseparated diring

meiosis and hancethe greater the probability thattheywill beinheritedtogether.

Linkagemap: A map oftherelative paitions of geretic loci on achromosome; determined onthebasis of
how oftentheloci areinherited together. Distarce is measiredin centimorgans(cM).

Locus(pl. lod): The position on achromosome of ageneor other chromosame marker; also,the DNA at
that position. The wse oflocusis sometimesrestrictedto meanregionsof DNA that are expressed.( See
geneexpression).

Meiosis = Thekind of cell divisionthat producessperm and @g. Meiosis reduce the number of
chromosamesto half. In humars, for instance,the nuclei of bodycells contain 46 chromoasames. Dueto
meiosis, sex cdls(gametestarry only 23 clromosamesi one clomosane from eachhomologous fair.
Mendel, Johann Gregor = Thefather of gendics

Mutation = A changein the DNA ingructions. Achangeinthe DNA sequace. Thechange can be
bendicial, detrimental or neutral. It ultimately resultsin a clange in-protein..For ingance, rardom gendic
mutation gave rise to the dark phenaypeof the pgpeedmoth.

Non-Digjunction: Whenhomologouschromosamesfail to segregate properly during meioss. Dowvn
syndrome, Turner syndrome andKlinefelter syndrome result from non-disjunction.

Nucleotide = Oneof thefour DNA chamical submits: (A + sugarand plosphate), (T + sugar and
phosplate), (G +'sugar and phosplate), (C + sugar andphosplate). 3billion nwcledidesmake
human genome

Phenotype = the wayanorgarnismlooks:( EXTERNAL CHARACTERISTICS)

Recessive = A small;weaker alléleis recessive. (CANNOT EXPRESS ITSELF IN HETERQZYGOUWS
CONDITION)

Segregtion = Thisis me of Mendd sdrinciples. Mendelsaid that all genesare comprised of 2 factors,
onefrom each prent. Chromosomessegregate during meioss. These factors (alleles) of a geneseparate
during the formation of gametes(sperm and gq). This ensuresthat eachparent contributes50% of their
gendic information.

Sexchromosomes= Chromosomesthatdeerminesex (XY andXX)

Somaic Cell = Bodycell thatcontains 46chromosanesin humars.

Tay SachsDisease= Autosomal recesive. Children deyourg. Head elarges....
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Trait = is afeature ofanorgarnism.

Uracil =in RNA, this nitrogenbase matches vith Adenineinsteadof Thymine.

5. Mutation

Mutationsi sudden diangein DNA sequencs resulting in chamesin the prenatype andgerotype

Mutagensi that causes mutation (X-ray, UV ray, hamful chamicds etc)

¥
v v

Chromosamal mutation Genemutation

v ¥
v v v v

Structural Numeral Point Frame shift

¥
v Vv

Typesof Mutations

I [ [l v
|- Deletion
I1- Dupli cation (addition) Euploidy Aneuploidy
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Il Inversion i. triploid (3n) i. Nullisamy (2n-2)

IV Translocaion ii. Tetraploid (4n) ii.Monosomy (2n-1)
iii. Petaploid (5n) iii Trisomy  (2n+1)
iv. Hexaploid (6n) iv Tetrasamy (2n+2)

(POLYPLOIDY)

Structural change in chromosome

Normal ch pl
ABCDE FGH ABCE FGH 1 2 3 a
— - CEEEEEE) Diploid
i o it i Ml s
ABCDE FGH pouwe, ABCBCDE FGH
S ——
® x4
| Aneuploidy
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—= - (0T D Nullisomic } |
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Monosomic |
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(chromosomal aberrations) (2N+2)
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Mendedian Disader

Chromosamal disader

Single gene disorder

Involve a chromosome ,its part or complete set

chromosomes

Follow Mendellian pinciple ofinheritance

Do notfollow Mend lianprinciple of inheritarce

Genedisaders (genemutation & point mutation)

Chromosamal aberations(breskage deetion
poyploidy and anaploidy)

GENETIC DISORDERS

AUTOSOMAL X-CHROMOSOME LINKED
Recessive Dominant Recessive Dominart
Sickle cell anemia Polydaayly Haemophlia Veryrareeg. Retés
disease

Pherylketonuia

Huntingtonds disease

Colour blindress

Albinism

CHROMOSOMAL DISORDERS

AUTOSOMAL

X- CHROMOSOME LINKED

Downd syndrome (trisamy of chromosame
number 21 )total chromosome 47

Turner . ssyndrome (absernce of one X
chromosame) 45 X0

Klinefelteré syndrome (presenceof an tra X
chromosame) 47,eg. XXY

Note: I n case of X chromosame linked chromosamal disorders (aneuploidy)

Presenceof Y chromosanei pherotypeis male

Abserce of Y chromosome’i phendypeis female

63




Chapter 6. MOLECULAR BASIS OF INHERITANCE

DNA is a padynudeotide. When many nudedides are linked with eachother in a linear fashion, the
resulting clain, is referredto as a polynucleotide (pdymer). For example, eachstrand of DNA molecue
has many deoyribonudeotides linked in a chan-like arrargemert. Therefore, it is described as
polynucleotide strand and DNA molecue aspolynucleaide moleaule.

In the DNA pdynudedide strands, the nuclectides are joined with.-each other by |phosphodester
linkageso(Figure. 1).

In a phosphodiester linkage, the phosphate group present at the C-5 of the sugar of one auclectide gets
attacted to the C-3 of thesugar of the rext nudedidein the dain.

(b) The Watsaon-Crick model of the DNA double’helix : The most widely acceted model for the
structure of DNA molecue (Figure 8.4) was proposed by Watsonand Crick in.1953 (who won the Nobel
Prize for Medicine in 1962). Accading to-their modd, the DNA ‘has-the following structural
chaaderistics.

i. Molecule : The DNA moleaule is a double helix (Fig. 1A). The moleaule is formed by two antiparall e

poynudeotidestrandswhich are spirally coiledaround each therin.aright-handechdix. Thetwo strands
are held together by hydrogenbords. The double strandedhelical. moleaule has alternate major (or deep)
andminor grooves.

Fig 8.4

Figure 1. Structure of DNA (Watson and Crick modd)
(A) DNA double helix. (B) Detailed structure of the two strands. (C) C-5 and C-3 ends and
antiparallel nature of strands (diagrammatic)

ii. Structure of eachstrand (8.4 B) : Each strandis along pdynucleoctide of deoxyriborucledides. The
badbone of the strand is formed by alternately arrarged deoxyribase sugar and phosphate moleaules
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which are joined by the phosphdiester linkages. Each sugar in the strand has one base horizontally
attached to it at carbon-1. It canbeany oneof the four: A, T,G,or C. These four N-bases canoccur in any
possible sequerce alongthelerngth of a strand.

iii. Complementary nature of the strands : The two strandsare complementary to each other with
regardsto the arrangement of the bases in thetwo grands. Forexample, whereadernine (a puine) ocaursin
onestrand,thymine (a pyrimidine) is presentin the correspording postion in the oppaite strandandvice
versa. Similarly, wherever guarine (a purine) is present in one strand, the other strand has cytosine (a
pyrimidine) opposite to it and vice versa. Thus, in the doulde hdix, purinesand pyrimidinesexist in base
pars,i.e.,(A andT) and(G andC). As aresult, if the base sequenceof one strand of DNA is known, the
base sequenceof its complementary strand @n beeasily deduced.

vi. Complementary base pairing : In eachpar, the two bases of theopposite strands are joined by
hydrogenbonds.A and T are joined by two hydrogen bondswhile GandC are joined bythree hydrogen
bonds.This is called complemertary base pairing. The two strandsare thus held together all aong their
lengths bythese hydrogen bond.

v. Purine: Pyrimidine ratio : Becauseof thefixed or complementary base paring in the DNA molecue,
the total number of A is equalto the total number of T and the total number of G is equal to the total
number of C. In aherwords, (A+G)= (T+C). Hence, purines: pyrimidines ratio is 1:1.

vi. C-3 and C-5 endsof the strand : In eachstrandone endof the strand hasone fr.ee phosghate group on
carbon-5 of the sugar molecule. This is the end of the strandis called C-5 (or 5. end.The other endof the
strand fas afree-OH on arbon-3 of thesugar moleale. Thisis calledC-3 (or 3Y).end ofthestrand (Figure
10).

vii. Antiparallel nature of strands: The two strands are: oppaitey” oriented and hepe are lled
antiparallel. This means,the 3" endof onestrand is adjacent to the 5" endof the other strand (Fig. 8.4c¢).
Thisis because, the phosphate-sugar li nkagesrun in opposte diredions in thetwo strancs.

viii. Dimensions; The dameter of the DNA double helix is 20 A°. Thelength of eachcomplete spiral (turn
or pitch) of the moleaile measues 34 A°. 10 pairs .of nucleotides are present in each complete spiral.
Therefore, exch ruclectidein the strand accupiesa dstanceof 3.4A°

(c) Circular DNA molecules : Chromosames of most prokaryotes (eg. bacteria, cyanolacteria,) are
circuar moleaules of DNA.

In baderia; there is no organized nuclews. The bacterial nucleoid corsists of a single circular DNA
molecue (bacterial chromosame). The moleaule has two complementary strands forming a covalertly
closedcircle. Geneally, the circular molecule is present in a highly foldedand suspercoiled state (Figure
8.5A). Thisis expected because the dameter of a baterial cdl (eg. Escherichia coli) is about1-2 microns
whil e the total length of thecircular DNA is about 1100 microns.Thecircular moleaule has40-50 folds or
loopeddomains. Thesefolds are held in postion by RNA molecdes (RNA connetors) and same non-
histoneprote ns associatedwith the bacterial chromosame. (Histones are absent in baderia

TheDNA segment in eachloop is supercoil ed independently. Because of this characterstic formation of
logps aswell asthe supercails within the loops, the large circular DNA molecule canbe packed into a
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small bactria cell. Otherwise, the relaxed and fully expanded circular molecule (Figure 8.5) would be
too large (about 350 microns diameter) to be contained in the bacteria cell. The coils of the supercoiled
circle canbe relaxed by treatment with erzymes suchasRNAse or DNAse. The uncoili ng occurs due to a
break (nick) in one or both the strands of DNA.

In some viruses, eg. certain baderiophages, the circular DNA is single stranded. It becames doude
strandedonly during replication (replicatalde form).

SUFERCOILS HELLEX

DHA DOUBLE

RNA CONNEC TORS

(A) Supercoiled folded (B)Folded Circular .
. (C) Fully relaxed circular
circular DINA Molecule DINA molecule
8.1 Packaing of Hereditary M aterial
CELL WALL
" evo PLASM————_
| — — bl - i
HUCLEAR MEMERANE ——. ti li ek
WUCLEAR PORE ——— L= a0 Bi T
HucLEnLus———-j!_o i
EACTERIAL  CHROMATIH "% b
HUCLEOID THREADS | /‘f;, ot
{SUPER.COILED
(A CIRCUL AR DHAY  yueLEo &
PL4SM

Structure of nucleus(A) in a'prokary otic cell and (B) in an eukaryotic cdl
REPLICATION: Thevarioussteps involvedin this processare summarized asfoll ows:

The mechanism of.repication starts at a'spedfic point of the DNA molecue. This is called the
origin of replication (orisite)

At the origin; the DNA strand bregks becaise of anincision (nick). This is madeby anerzyme
cdled incision erzyme (endonudease).
Thehydrogen bondgoining thetwo strandsare broken bythe exyme.
Thetwo strandsstart unwinding. This takes place with the help of a DNA unwinding protein.
Thetwo polynudedidestrandsare thusseparated.
The point where the two strandsseperate appeas like a fork or a y-shape. This is described asa
replicating fork.
A new strandis corstructed on eachold strand. This takes place with the help of a small RNA
primer moleaule which is complimertary to the DNA atthatpaint. Each old DNA strand acts as a
template (site) for the comtruction of new strand. The RNA primer attactes itsdf to the dd strand
and attracts the enzymes which add new nucdledides. The deox/ribosenuclectides are present in
the surrourding nudeoplasm. Appropriate nuclectidesare seleded from the nucleodasm, andare
attacted by H-bondsto their respective complemertary bases on the old strand. A new DNA
strandis thuscorstructed opposte to eachold strand
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As stated earlier, chromosames are the carriers of the hereditary material. In cdls, chromosames are
located in the nucleus. In prokaryotic cdls (eg., bacteria, cyandoacteria, etc.), organzed nuclei are not
presert. As a result, the hereditary material occurs in the cell cytoplasm asa nucleoid (Figure 8.1-A)
without the ruclearervel ope.

(a) Eukaryotic nucleus (Figure 8.1-B): In ewkaryatic céls (eg., al higher plarts and aimals), a well
organized nudeus is presert. It is boundedby a doude membrane nudear ervelope with trilaminar
structure. There are pores in the envelope. Internally, the nucleusis filled with nucleoplasm (nuclear s&p)
that is acidophilic and clear. Theinterphasic nuceus(i.e. the nucleuswhich is rot:inthe $age of division)
usually showsthe presence of one dark, spherical body cdled nucledus. The nudeoplasm dso contains
nudear reticulum or chromatin network. It corsists of very fine,long cliomatin fibe's. These representthe
chromosamesat the interphasic stage. Theybecane short, thick anddistinct during cdl division.

(b) Structure of chromatin (Figure 8.2): The chiomosomes are composd of nuclegirotein cdled
chromatin. The chromatin fiber appears to have a structure like a (string of beadsd. According to the
nucleosame-sdenad model propcsed by Kornbeg andThomas (1974), the beadedstring is made of
repeating units called nuclecsomes (Figure 8.2A). Each hucleosame is a bead-like particle about 60 Ao

high and 110A° wide.
A } H, HIZTOHE
- g& LINEEE. DHA
- ¥
DHA COILE, )y

ia b

¢ BEADED
1" e, STRING
S CHROMATIN |

ek FIEER. - CORE
4 "_if' e A Nuckosomes s
LAt W= HUTCLEQ S0ME
L EADE)
ol . MUICLED S0ME
S |
Chromatin Fiber :‘ H*

Beads-on-a-siring

Figure 8.2.Nuclessome - solermoid'modelfor.the structure of chromatin

In the nudesome, the DNA doulde hdix is woundaroundthe core of eight histone molecules (octamer).
The segments of DNA-joining the lbeadsbare called linker DNA. Eachlinker DNA hasanaverage of one
molecue of a histoneprotein (H1) attachedto it.

The thin, long and"beals-on-string" chromatin fiber is condensed and paded into a short and thick
chromosame (metaphasechromosame) becaise of further coiling and "super caling”, wherein (1) the
string of beals condenses andcails to produce a 100 A° thick nudecsome fiber (2) the nucleosame fibre
then supercoils to produce a 300-350 A° thick solendd fiber. A soleroid represerts the structure of
chromatin fiberin the metaphase chromosame.

8.2The Sructure of DNA
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Deaxyribonucleic nucleic Acid (DNA) is ahighly complex megakiomolecue. Thelong tain moleculeis
formed of repeating urits caled nucleotides. Hence, it is described as the polynucleotide moleaule. It
corsists of two polynudeotide antipar allel strands which are spirally caled round eachother alongtheir
lengths (Watson andCrick, 1953.

(a) Chemical Components of DNA : Thehighly complex DNA molecueis canposed of only three types
of chemical

components. These are (i) deoxyribose sugar, (i) a phosphate, and (iii) nitrogen containing organic bases.

i. Deoxyribosesugar : The sugar present in the DNA molecue is called deoxyribosesugar and
hencethe nucleic add is cdled deoxyribonicleic acid (DNA). It is-a pertosesugar (with 5 carbon
atoms) having a pettagonalring structure (Figure 83)

ii.  Phosphate (Figure 8.3) : The phophate in the DNA is present as phosphoric acid (H3PO4). It
hasthreereective (-OH) groupsof which two are involvedin the formation of the swgar-phosplate
badkbone ofeach DNA strand.

iii.  The nitrogen-containing organic bases

Adenine (4)
—Purinesi Cuanine (£3)
I-Bases AL
Pyrimidines Cytosine (C)
—I: Thymine (1)

These are heterocyclic compoundscortaining nitrogen in therrings and therefore called nitrogenous
bases. DNA containsfour differentbases called adenne (A), guanine (G)-cytosine (C), and thymine (T).
Theseare groupedinto two dasses on the basis of their chemical structure: (i) Purines(with adouble ring
structure) and(ii) Pyrimidines(with a singlering structure), (Figure 83)

Nucleasides : In the molecues of nucleic adds (DNA and RNA), eachpertose sugar molecue hasone
nitrogen base attachedat carbon number 1. It may-be eithera purine or a pyrimidine base. Thus,a pentose
swpar with the attachedN-base forms anuclecside.

[Swar + N-base] = Nuclegside.

In DNA, the deoxyribosesugar hasone ofthefour bases(A,G,T or C) attached. Theefore, the niclecsides
in DNA are call ed deaxyribosides.

[deoxribosesugar + N-base] = Deoxyriboside

Nucleotides : A nucleasidewith aphosphate group attachedo it is caleda nuclectide
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Fig.8.3 Chemical componerts of DNA and the phasphodiester linkage

[Nudeoside +Phophae] ='Nudeotide

A nudectideis thebasic unit or monamer in thestructure of a rucleic acid molecule.

Thus, a nuclectide is a nucleoside phosphate. In a nudeotide, the phosphate group is linked with the

pertosesugarat carbon-5.

IntheDNA, each ndlectideis cdleddeaxyribonucleotide.

[Deoxyribosesugar + N-base + Plosplhate] = Deoxyribonudedide

As there are four differentbases (A, T,G andC) in DNA, there canbe only four typesof nudedides in

DNA.

The nuclectides act as the building block molecues for the synthesis of the polynudeotide moleaules.
Whentwo nuclectidesare linkedtogether, a dnudedide (or dimer) resuts.
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8. 3Replication Of DNA In Eukaryotes

Definition: "The process by which DNA produces daughter DNA moleaules which are exact copiesof the
original DNA iscalledreplication of DNA."

In eukaryotes, DNA is double stranced. Thetwo strands are complemertary to each other becauseof ther
base sequences.

Sami-conservative method of DNA replication

Importantpants:

(i) Thisis the mostcommon method of DNA replication.

(i) It takesplace in thenucleuswhere the DNA is presentin the diromosames.
(iii) Replicationtakesplacein the S-phase (synthesis phase) of theinterphase
nucleus.

(iv) The deoxyribose nudedides neded for the formation of the new DNA strands ae present in the
nudeoplasm.

At the time of refdication, the two strarnds of DNA first separate. Eachstrandthen ads asa template for
the formation of a new strand. A new strand is constructed on each old-strand, andtwo exactly identical
doule strandedDNA molecuesare formed. In eachnew DNA molecue, one strand is old (original)
while the other is newly formed.-Hence,Watsonand Crick ‘described this method as semi-conservative
replication.

OEAFLET FH& PRIMEER 3
LOGHEDG FR4GMENTS
TEMPLATE

REEPLICATION FOFE

LAGGING STEAMND (HEW )
(DISCONTIHTIOMS)

(COHTIHUOTS)

THWIRDIHG LEADING STEAHD (HEW )

OFIGIMNAL STEAMD S LEATDING TEMPL ATE

(OLD STRAND

3

(A) An overall process of DNA replication showingregication fork andformation of new grands template
andlagging template
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Figure Stagesin the semi-conservative method of DNA replication in eukary otes

Thevarious stepsinvolvedin this processare summarized asfoll ows:

The mechanism of refication starts at a spedfic paint of the DNA molecue. This is called the

origin of of replication(ori site)

i,
iii.
iv.
V.

V.

Vi.

Vii.

viii.

At the origin, the DNA strandbregks becaise of anincision (nick). This is madeby anerzyme
cdledincision ereyme (endonudease).
Thehydrogen bondgoining thetwo strandsare broken bythe ezyme.
The two strards start unwinding: This takes placewith the help.of a DNA unwinding

ernzyme(unwindase

Hélicases. Thetwo polynudeoctide strandsare thus separated.
The point where the two-strandsseparate appeas like'a fork or-a.Y-shape This is describedas a
replicating fork.
A new strandis corstructed on eachold strand. This takes place with the help of a small RNA
primer moleaule whichis complimertary to the DNA atthatpant. Each old DNA strand acts as a
template (site) forthe comstruction of newstrand. The RNA primer attacles itself to the dd strand
and attrads the erzymes(DNApolymeraselll.) ‘which add new nuwcleotides through base
complementation. The deoxyribosenuclectidesare present in the surrounding nuclegolasm.. A
newDNA- strand is thus congructed gpositeto eachold strand

The formation of new complementary strandalways begins at the 3' endof the template strand
(original strard) andprogressestowardsthe 5' end(i.ein 3' - 5' diredion). Sincethe newstrandis
antiparallé to the template strand, it'is obviousthat the new strand itsdlf is always developedin
the, 5'-3" direction. For this reasonwhen thetwo original strards separate (thenwith respect to the
origin-of separation), oneacts as 3-5' template while the other acts as5'- 3' template. Of the two,
the replication of 3'-5' template begins first. Herce the new strand formed on it is called the
leading strand. The other template (5'-3") must begin replication at the fork and progress back
toward the previously trarscribed fragment. The new strand formed on it is called the lagging
strand.

Replication of the lagging strand takesplace in small fragmerts cdled Okazaki fragments. These
arethencomededtogether by the emyme ligase.

Repication may take plaa in only one direction on the DNA helix (unidirectioral) or in two
directions(bidirectional).

At the endof the process, two doulle strandedDNA molecdesare formedfromtheoriginal DNA
molecue.
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Xi In each newly formed DNA, one strand is old(parental) while the other is new. Hence, it is
described as semi-conservative replication.

It is very important to know that DNA replication is not a passiveand spaitaneous process. Many
erzymes are required to unwind the double helix and to syntheskze a new.strand of DNA. We will
approach the study of the molecuar mechaiism of DNA regication from: the point of view of the
madinery that is required to accomplishit. Theunwound helix, with eachstrand being syntheseed into a
new double helix, is calledthe replication fork.

The Enzymes of DNA Replication

Topoisomeraseis regonsible for uncoiling of double halixThetension holding'the helix in its
coiled and superooiled structue canbe broken by nicking a singe strand.cof DNA. Try this with
string. Twist two strings together, holding beth the top and the bottom.. If you cut only one of
the two strings, the tersion of the twigting is relessed andthe strings untwist.

Helicase accomplishesunwinding of the original double strard,.once supercoiling has been
eliminated by the topoisomerase. Thetwo strards very much want to bind together becawse of
their hydrogen bonding affinity:-for-each other, so the helicaseactivity- recuires enegy (in the
form of ATP) to breakthe strands apat.

DNA polymerase proceeds along a single-strarded, molecule of ‘DNA, recriiting free dNTP's
(deoxy-nucleotide-triphosphates) to hydrogen bond-with their appropriate complementarydNTP
on the singe strand (A with T and G with C), and to form a covalent phosphodieder bond with
the previous nuclectide of the sane strand. "The energy stored in the triphosphate is used to
covalently bind eachnew nuclectide to the growing second strard. Thereare differentforms of
DNA polymerase, but it is DNA polymeraselll-that istespmsible for the processive synthesisof
new DNA ‘strards. DNA_polymerasecannot_stat. synthesizing de novo on a bare single straml. It
needs-a primer with a 3'OH group-onto whichit canattach a ANTP. DNA polymeraseis actualy an
aggegate of several different protein - subunits, so it is often called a holoereyme. The
holoerzyme also has prodfreading activities, so that it can make sure that it has inseted the
right base, and nuclesse -(excision: of nuclectides) adtities so that it can cut away any
mistakes it might have made.

Primaseis actudly part of anaggregate of proteins caled the primeosome. This erzyme attaches
asmall RNA primerto the single-strarded DNA to act asa substitute 3'OH for DNA polymerase to
begin synthesking from This RNA primer is eventuwally removed by RNaseH and the gapis filled
in by DNA polymerasel.

Ligase can catalyze the formation of a phosphodiester bond given an unattaded but adjacent
3'OHand 5'phosphate. This canfill in the unattaded gap left when the RNA primer is removed
and filledin. TheDNA polymerase canorganize the bond on the 5' end of the primer, but ligaseis
needed to make the bond on the 3' erd.

Single-stranded binding proteins are importantto maintain the stablity of the repication fork.
Single-strarded DNA is very labile, or unstable, sothese proteins bind to it whileit remains single
strarded andkeep it from being degaded.
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DNA Replication

A portion of the double helix is urnwound
by a helicase.

A moecule of DNA polymerasebinds to
one strand of the DNA and begins
moving alang it in the 3' to 5' direction,
using it as a template for asembling a
leading strand of nuclectides and
reforming a double helix.

BecauseDNA synthesis can only occur 5'
to 3!, a'second DNA polymerasemolecule
is used to bind to the other template
strand as the double helix:opens. This
molecule must synthesize discontinuous
segnents of polynucleotides (called
Okazaki frgments). Another erzyme,
DNA ligase then stitches these together
into the lagging strand

Replication

Prokary otes - Thesingle molecue of DNA that is the E. coli gerome contains 4.7 x 10° nucleotide
pairs. DNA regication begins at a single, fixed location-in this molecue, the replication origin,
proceeds at about 1000 nucleotides per second, and-thus is done in no more than 40 minutes.
Andthanks to the precision of the process(whichincludesa "proof-readng" function), the job is
done-with only about one incorrect nucleotide for every 10° nucleotides insetted. In other
words, more often than not, the E. coli genome (4.7 x 10° is copiedwithout error!

Eukaryotes - The average human chromasome contains 150 x 10° nuclectide pairs which are
copied at about 50 basepairs per second. Theprocess would take a month (rather than the hour
it actudly does) but. for the fact that thee are many repication origins on the eukaryotic
chromasome. Replication begins at someoriginseadier in S phasethan at others, but the process
is completed. for all by the end of S phase. Asregication nearscompletion, "bubdes" of newly
redicated DNA meet and fuse,finally forming two new molecules

. The semi-conservative nature of DNA replication was confirmed by Mesdson and Stahl (1958) with
the help of anexperiment. They markedthe DNA in Esheichia coli with heavy isotope of nitrogen (15N)
and then traced it in the following generaitons of the E-coli progeny. It was demonstraed that each
daughter DNA hasone strand of the parent (old strand) and the other strand in newly formed.
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Nitrogen is a major congdituent of DNA. “N is by far the mostabundant isotopeof nitrogen, but
DNA with the eavier (but nan-radioactive) “N isotopeis also furtional.

E. coli‘'were grown for several generationsin a mediumwith *N. When DNA is extraded from
thesecells and centrifuged on a salt(CesiumChloride) densty gradient,the DNA separates out
a the point at which its densty equals that of the salt solution. The DNA of the cdls grown in

N mediumhad a higher densty thancels grownin nornmal “N medium.After that, E. coli cdls
with only =N in their DNA were transferred to a “N mediumand were allowed to replicae; the
progress ofcdl division was moniored by measuring the optcal densty of the cdl suspension.

DNA was extraded periodically and was compaed to pure“N DNA and *N DNA. After one
replicaion(20minutes), the DNA was found to have close to the intermediate density.
Semiconsevative replication would result in double-stranded DNA with one strand of *N
DNA, and oneof “N DNA.
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Theauthors continued to samplecdls asrepication continued. DNA from cel's after two regications(after
40minutes) had been completed was faind to consist of equal amouts of DNA with two different
densities,one correspading to the intermedate densty of DNA of cdlsgrown for only one divisionin *“N
medum, the other corresponding to DNA from cdls grown exclusivelyin “N medum. The result was
consigent with the semiconsewrative replicaion hypothesis.

8.6 RNA : Structure andTypes

Ribonucleic Acid (RNA) is amther polynudeaide which ocaurs in the cells as non-geneic material, with
theexception of same viruses. RNA is present in thenudeus as wdl asin the cytoplasm.

General structure

RNA molecueis single strandedand corsists of nucleotidesarrangedin along gries:.Thesingle strand of
RNA may besimple andstraight, or it may bevarioudy folded yponitself in certain regions.

Structural components : RNA molecde haghreeprimary componetts.
1. Ribosesugar (a peaitose sugar), with.a pentagonal ring structure
2. Phosphte, asphosghoric acid
3. Nitrogenaus kases

There are four kinds of nitrogenous bases found in '/RNA. Of those, two are purines and two are
pyrimidines, asfollows :

Ademine (A
{i) Purines 4[

Cuanine (3

Tracil (177
{ii) Pyrimidines—[

Cytosine [ C)

Thusin RNA; uracil ispresentin placeof thymine found in DNA.

Structure of an RNA strand : The strandis made upof alternating molecues of ribosesugar andthe
phosplate. The nitrogen bases are attached to the sugar molecuesin the strand and Gtick out6 laterally as
in DNA (figure 8.9). A sugar, a N-base and a phosphate together form a ribonucleotide. A nudeaide
without the ghosplateis alledribonucleoside.

RNA beangsingle stranded,the ritrogen bass remain mogly unpdred. Havever, the strand may befolded
uponitself in certain regions. In such foldedregions, base pairing occus beaween purinesand pyrimidines
asfollows :
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Aderine =Uracil (two H-bondg. Guanine[ Cytosne (threeH-bondg. Nitrogen baesremain unpairedin
the unfolded regions of the strand. Because of this variahility in base pairing in different regions of the
same strand, thetotal number of purines reed rot be ejualto thetotal number of pyrimidinesin RNA

Typesof non-gendic RNA and their functions
There are threetypesof non-gendic RNA.

(1) mRNA or messenger RNA, (2) rRNA or ribosanal RNA and(3) tRNA or transfer RNA

(1) mRNA (Messenger RNA) : This is called messenger RNA. because it carries infor mation for
protein syrthesis from the DNA to the ribosomesin the g/toplasm (the ste of protein:synthesis). m-
RNA corstitutes abait 3-5% of the total RNA. It is produced on the DNA strand. The process is called
transcription. Hence, the base sequenceof mRNA is complementary to that of the DNA strand.The lases
on the MRNA strand ae orgarized into triplets. Each triplet consists of a sequenceof three @nsecutive
bases (nucleotides) andis called a codon (codeword). Eachcodon spedfiesone amino add. Thesequence
of codams onthe mMRNA strandis calledthe mRNA language. It indicatesthe sequenceof amino adds for
the synthesis of a protein. It begins with the.codon AUG (initiation codon or starting codon) andends
with either UAA, UAG or UGA (stop cadors). The sngle-strarded-mRNA moleaile is always straight
(Fig. 8.10)andtherefore, base pairing.is totally absent in mRNA.

Role of m-RNA in-protein synthesis

i. Represerntsthesequeaceof codonsfromthe DNA strand (transcription).
ii.  Bringsthe sequerceto theribosanes(siteof protein synthesis) in the gytoplasm.

iii. . Providesthe sequerte for the synthesis'of spedfic protein fromthe amino acids with the help of t-
RNA (trandation).

(2) rRNA (Ribosomal RNA) : rRNA forms abait 80% of thetotal RNA. It is present in the ribosanesin
the cdl cytoplasm (site of protein synthesis) and hence called rRNA. The singe-strarded moleaule of
rRNA isvariously foldedand twisted upon itsdlf in certain regions (Figure 8.11). In such folded regions,
complementary basesform pars and are joined by hydrogen bond.

Role of rRNA in protein synthesis : Therole of rRNA in protein synthesis is not yet very clealy known
but it is known to complex with various potiers. Theresulting gructure is a ribosane, andthis complex
reads the caledsequacein mMRNA to link amino acidstogether into particular protiens.

i. It providesproper binding sites for the mRNA of theribosanes.

ii. It orierts the mRNA in such a way thatits nitrogen base triplets or codonsare propealy reador
translated.
iii. It alsoreleases tRNA after thetrarsfer of activated amino acid.
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iv. It protectsthemRNA strandfromtheadion of erzymes(nudeases).
v. It protects thegrowing (nascert) polypegidechan from protedytic erzymes.

(3) tRNA (Transfer RNA) : It isthesmallest of al the typesof RNA. About 10 to 20% of the total RNA
of the cell is of this type.tRNA strandis folded upon itsef forming loops.lIt results in either a clover led
pattern or hair pin pattern (Figure 8.12). One endof the strand hagguanine, while the other end carries
the CCA combination of nitrogenbases. A triplet of nitrogen bases called anticodon is present on one of
the loops. The articodon pars with the complementary codon on the mRNA molecde. The tRNA
molecuescarry amino acdds to the mRNA during the process of protein synthess. Each type of the
amino acid is carried by a specific tRNA molecue. tRNA is synthesized on the DNA template. It has

complementary base pairsin foldedregions.

Role of tRNA in protein synthesis

i. tRNA cariestherequired spedfic amino aéds fromcell cytoplasm to theribosame (siteof protein

synthesis).

ii. Eachtypeof amino aid is caried by a specific type oftRNA.
iii. In theribosame, tRNA helpsto arrarge the amino-acids in their proper sequeaice for the synthesis
of a protein. This is done with the help of the codonson the mRNA. and the matching

(complemertary) anticodans onthetRNA (translation).

CLOVERLEAF STRUCTURE OF tRNA

Table 8.2 : DifferencebetweenDNA and RNA

Characters DNA RNA
1. ['Molecule Double stranded, | Single” stranded,
hdical straight or
variously  folded
andtwisted.
2. | Peniosesugar Deoxyribose Ribose
3. | Pyrimidine Thymine Uradl
base
4. | Complemertary | Always present | Normally absert,
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base pairing and ists| but  may be
begween A = T| present in twisted
andG=C segmens  of a
molecue.
If present, pairing
is between A = U
andG=C
5. | Ratio of | Always1:1 Not  necessarily
Purines: 11
Pyrimidines
6. | Replication Canreplicate Cannotreplicae

A_gd
Acceptor

arm

Ty c
D arm and
loop

Anticodon
arm and
loop

CLOVERLEAF STRUCTURE OF tRNA

The main principle of protein syrthesis. According to Crick (1958), DNA deermines the sequenceof
amino acids in a poypeptide (protein) through mRNA. This'is the main principle (central dogma) of
protein synthesis. This involvestrarscription and tranglation.

DMA{Strand) Transcraption m-RN A Translation -Protein

— ot &

Componentsinvolvedin protein.synthesis< The processrequires

arONE

Ll
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The20typesof amino acids that are specified by thegendic code.
DNA (to providethe basesequerme):
Thenon-gendic RNAs (m-RNA, t-RNA andr-RNA).
Ribosomes(site of protein synthesis) and

Various enzymes(fOactors).



Mechanism of protein synthesis

As stated earlier, the mednhansm of protein synthesis involvestwo main everts namely (A) Trarscription
(B) Trarslation.

(A) Transcription

Trangription is the process of formation of mRNA on the DNA strand. It takes place in the presence of
erzyme RNA Polymerase.

One ofthestrandsof DNA ads asatemplate for the formation ofthesame m-RNA in aseries, one byone.
Such ribosames bound to the same mRNA strand are cdled polyribosomes or polysomes. The
paypegidechain formation in eachribosame is indgendet andthe same-as @xribedabove.

Trarscription is the first stage of the expression.of. genesinto proteins. In trarmscription, a mRNA
(messenger RNA) intermediate is trarscribedfrom-one ofthe strards of the DNA molecue. The RNA is
called messenger RNA becauseit carries the"message’ or genetic information from the DNA to the
ribosomes, where the information is used to make proteins. RNA and ENA*usecomplementary coding,
whee base pairs match up, similar to-how:the strands of DNA bind-to farm. a"doulde hdix. One
differernce betweenDNA and RNA .is that' RNA usesuracil in place ‘ofthe thymine usedin DNA. RNA
polymerase medates the manuadure of an RNA strand that .complemerts the DNA strand. RNA is
synthesizedin the 5'-> 3' direction (asseenfromthegrowingRNA transcript).

The TranscriptionProcess

RNA synthe sis«involves separation of #the DNA. strands and synthe sis of an RNA
mol ecule in_the. !5 to 3' direction. by RNA pelymerase, using one of the DNA
strands as a‘te'mplate.

In complementary base pairing,; A, T, G,7and.C on the template DNA strand specify U, A, C,
and G, respectively, on the RNA strand being synth esized.

Monternplate strand
RM& polymerase \

Ribonucleatide

Template strand

Direction of transcription
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In a prokaryotic cell, transcription and translation are coupled; th at is, translation
begins while the mRNA is still being synth esized. In a eukaryotic cell,
transcription occurs in the nucleus, and translation occursin the cytoplasm.

Prok aryotic Cell

Because there is no nucleus to separate the processes of transcription and translation,
when bacterial genes are transcribed, their transcripts can immediately beitranslated.

Euka ryotic Cell

Transcription and-translation are spatially and temporally separated in eukaryotic cells; that
is, transcription ‘occurs in the nucleus to produce a pre-mRNA molecule.

The pre-mRNA is typically processed to produce the mature mRNA, which exits the nucleus
and is translated in the cytop lasm

M RNA in Eukaryotes

The sequence of a euka ryotic protein-coding gene is typically not colinear with
the translated mRNA; that is, the transcript of the gene is a molecule that must
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