
 
 

 

PREFACE 

   
In the ACsô conference held in July, 2010 at KVS (HQ), New Delhi, issue of Study Material for Board classes was discussed at length and finally 

decided to provide it to students. Various Regional Offices were asked to prepare the study material in different 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 XII, Maths and Science &Tech. for X 

class, from various Regional Offices. The study material was got reviewed and suitably modified by organising workshops of experienced and competent 
subject teachers with the co-operation and guidance of AC,KVS,RO,CHD. Corrected study material was sent to all regional offices for providing it to students 

and also uploaded on the Website WWW.zietchandigarh.org.  

   
Subject teachers, both at the preparation and moderation levels have done a remarkable job by preparing a comprehensive study material of multiple 

utility .It has been carefully designed and prepared so as to promote better learning and encourage creativity in students through their increased self efforts for 

solving assignments of different difficulty level. But the  teachers  and  the students must bear in  mind that the purpose of the study material is in no way to 
replace the text-book, but to make it a complete set by supplementing it with this study material so that it may provide requisite and adequate material for use in 

different ways.  

   

The study material can be effectively used in the following ways:  

   

×      Practice material to supplement questions given in the textbook.  

   

×      Material for Study Camps: The purpose of conducting 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 given to the students and reviewed by the 

concerned subject teacher. If the target is not achieved by any student, it will be added to the next dayôs target.  

   

×      Master Cards: The teachers can help students prepare master cards by taking the important questions/topics/points/concepts /reactions/terms etc from this 

study material for the quick revision for the examination.  

×      Crash Revision Courses: The material can also be used for preparing handouts for conducting   Crash 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 depend upon 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 a tick out (V ) and a question not done 

successfully with a dot (Å ). It can be later used as a source of feedback for error analysis and for effective subsequent revisions/remedial work etc. I am sure that 

this well prepared study material if used sincerely and judiciously will surely bring cheers to all sections of students.  

   

I, also, take this opportunity to extend my most sincere gratitude to our Honôble,                    Commissioner KVS (HQ), New Delhi, and other higher 

authorities of KVS for providing this opportunity for making some useful contribution to the study material.     
   

I also extend my thanks to all the Assistant Commissioners of various Regions for their in-valuable 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 appreciation. Teacherôs observations, 

suggestions and critical analysis for further improvement of the study material mailed to ókvszietchdô @gmail.com, will be highly appreciated.  

   
With best wishes to all users of this STUDY MATERIAL.  

   

   
   

(HAR GOPAL)  

Director  

KVS ZIET Chd.  
 

http://mail.com/
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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 XII with concepts and 
exercises of NCERT Book. 

Symbols used  
* Important Questions  * * Very Important Questions   * * *  Very -very 
Important Questions  
 

S.NO CHAPTER Concepts Degree of 

imp. 

Ref. NCERT text book.: page nos Common errors 

1 Reproduction In 

Organisms 

Types of reproduction 

A) Asexual reproduction 

B) Sexual reproduction, phases 

and events in sexual 

reproduction 

 

*  

* *  

NCERT text book xii fig . 1.2(a) 

(b) fig. 1.3, 1.4  page 5-8 

 

 

NCERT book p ï 15 - 19 ex q 

2,6,9,13,15,18 

fail to differentiate   

asexual reproductive 

structures-  

zoospores,                                              

conidium, gemules 

etc. 

 

differentiation in 

monoecious & 

diocious 

2 Sexual 

Reproduction In 

Flowering Plants 

1. Pre fertilization: structures and 

events 

(i) stamens microsporangium & 

pollengrain microsporogenesis 

(ii) pistil megasporangium 

 ( ovule) embryosac-

megasporogenesis 

2) pollination 

(i) autogamy , xenogamy, 

geitnogamy 

(ii) agents of pollination  

 

 

* * *  

 

* *  

 

 

* *  

* *  

 

* * *  

 

 

NCERT book fig 2.2. 2.3 , 2.5 p ï 

21 ï 23  

NCERT book fig 2.7(d) 2.8   p ï 

24 ï 27 

NCERT book   

p ï 27 ï 28 

NCERT book   

p ï 31 ï 33 

NCERT book  p ï 34 fig 2.12. 

 

no. of cells in mature 

pollengrains 

 

no. of cells & nuclei 

in embryo sac , role 

of synergids 

 

self incompatibility 

triple fusion 

 



 
 

 

(iii) out breeding devices 

(iv)  pollen pistil interaction 

3. Double fertilization 

4. Post fertilization : structures & 

events ï endosperm , embryo, seed  

5. Apomixis - polyembryony 

* *  

*  

* *  

 

 

*  

(c,d,e) 

fig ï 2.13, 2.14, 2.15  

p ï 35 NCERT 

 

 

p ï 38 NCERT 

 

free nuclear & 

cellular endosperm, 

embryo of monocot 

 

fail to differentiate 

apomixes , 

parthenocarpy  

3 Human 

Reproduction 

1 male reproductive system 

(i) diagram & description 

(ii) parts of male reproductive 

system (structure) 

(iii) functions of parts of system  

(iv) accessory ducts 

(v) accessory glands 

 

*  

*  

 

* * *  

* *  

* *  

 

NCERT P ï 43 , FIG 3.1 (B) 

NCERT P ï 43-44 

 

 

 NCERT P ï 43-44 

 

 

 

 

 

Exact Location & 

Function Of Leydig 

Cells & Sertoli Cells 

  2. Female reproductive system 

(i) diagram & description 

(ii) parts of female reproductive 

system (structure) 

(iii) functions of parts of system  

(iv) accessory ducts 

(v) uterus & its layers 

(vi) mammary glands 

  

 

* *  

 

*  

 

* *  

 

*  

* *  

*  

 

 

NCERT P ï 44- 46 , FIG 3.3 (B) 

-DO- 

 

 NCERT P ï 44-46 

 

NCERT P ï 44 

NCERT P ï 46 

NCERT P ï 47 

 

  3 gametogenesis   

(i) spermatogenesis & diagram  

(ii) stages of spermatogenesis with 

names of cells & no of 

chromosomes  

(iii) structure of sperm (diagram)  

(iv) functons of each part of sperm 

 

** *  

 

***  

 

***  

***  

NCERT P ï 47 FIG ï 3.2 & 3.5 , 

3.8 (a) P ï 49 

Page no 47 

 

 

Fig 3.6, page no 48 

page no 48 

Exact Stage Where 

Meiosis I & Ii Occurs 

During 

Gametogenesis As 

Well As The Ploidy 

Of Cells At Each 

Stage Of 



 
 

 

& organelles  

(v) composition of semen  

 

**  

 

page no 48 

Gametogenesis  

  4 oogenesis 

i)structure and description 

ii) development of follicles 

iii) stages with names of cells and 

no. of chromosomes with events 

iv) significance of polar bodies 

 

 

***  

**  

***  

 

***  

Fig 3.7 ,Fig 3.8(b) 

Page no 48-49 

 

Page no48-49 

 

Page no48-49 

 

Difficulty in relating 

different stages of 

oogenesis with 

different life stages. 

  5 menstrual cycle 

(i) menarche and menopause 

(ii) phases of menstrual cycle with 

diagram 

(iii) role of hormones in cycle 

 

*  

**  

 

***  

 

Page no ï 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 

(iii )implantation- meaning, stage 

and site 

(iv) sex determination in humans 

(v) three germ layers 

 

*  

* *  

 

* * *  

 

* *  

* *  

 

Fig ï 3.1, Page no ï 51 

Fig ï 3.11 Page no ï 52 

 

Page 53 

 

Page 52 

Page 54 

 

Labelling of mature 

graafian follicle 

  7 pregnancy and embryonic 

development 

(i) placenta as endocrine gland 

(ii) embryo and extra-embryonic 

layers 

 

 

* * *  

* *  

 

 

Page 53 

Fig ï 3.12 Page  53 

 

  8 parturition 

(i) meaning 

(ii) foetal ejection reflex  

(iii) Role of hormones 

 

* *  

 

Page no ï 54 

 

 

Hormones involved  

at the time of 

parturition 

  9 lactation    



 
 

 

Meaning, colostrum and its 

importance 

*  Page no ï 54 

4 Reproductive 

Health  

1. Reproductive health  

(i) Problems & Strategies  

2. Methods of birth control  

 

3. Infertility ï Corrective treatments  

4. Sexually transmitted diseases  

 

**  

***  

 

**  

***  

 

Page 57-58 

Page 59-61 

 

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 methods 

(iii) IUDs 

(iv)oral contraceptives 

(v) injections and implants 

(vi)surgical methods 

 

 

 

***  

 

**  

***  

  

  4. Menstrual 

(i) Menarche and menopause  

(ii) Phases of Menstrual cycle with 

diagram  

(iii) Role of hormones in cycle  

 

*  

**  

 

***  

 

49,51 

fig 3.9, page 49-51 

 

 

 

  5. Fertilisation & implantation  

(i) structure of ouvum  

(ii) cleavage ï formation of morula, 

blastula  

(iii) implantation ï meaning, stage, 

site   

(iv) sex determination in humans  

(v) three germs layers  

 

*  

**  

 

***  

 

**  

 

*  

 

Fig 3.1, page 51 

Fig 3.11, page 52 

 

Page 53 

 

Page 52 

 

Page 54 

 

  6. Pregnancy & embryonic 

development  

 

***  

 

Page 53 

 



 
 

 

(i) placenta 

(ii) embryo & embryonic layers  

**  Fig 3.12 

  7. Parturition  

(i) Meaning, role of hormones  

 

***  

 

Page 54 

 

Hormones secreted 

by placenta 

  8. Lactation  

(i) Meaning, colostrum and its 

importance  

 

***  

 

Page 54 

 

5 Principles of 

inheritance and 

variations  

1. Mendelôs laws of inheritance 

(i) Reasons for choosing garden pea  

(ii) Seven contrasting traits of pea 

plant 

(iii) Symbols and terms used in 

mendelôs experiment  

(iv) Steps involved in mendelôs 

experiments 

(v) Monohybrid cross 

(vi) Test cross  

(vii) Incomplete dominance  

(viii) Codominance and multiple 

alleles  

(ix) Dihybrid cross  

2. Chromosomal theory of 

inheritance  

3. Linkage and recombination 

4. Sex determination in animals   

5. Mutations  

6. Genetics disorder  

(i) Pedigree analysis  

(ii) Mendelian disorders  

(iii) Chromosomal disorder 

 

 

*  

 

**  

 

**  

 

*  

***  

***  

***  

***  

 

***  

**  

 

**  

***  

**  

**  

***  

***  

 

 

 

Page 11/7 of Pradeepôs Textbook  

Fig 5.1 page 70ð71 

 

Page 71-73 

 

Page 70-71 

Page 71-75 

Fig 5.5 74-75 

Fig 5.6 page  

Table 5.3 page 77-78 

 

Fig 5.7 page 79 

Table 5.3 fig 5.8-5.9 

 

Page 83-84 

Fig 5.12 page 85-86 

 

Page 87 

Page 87-88 fig 5.13, 5.14 

Page 89-90 

Page 90-91 

 

 

 

 

 

 

 

 

 

Gamete formation in 

dihybrid cross 

 

 

 

 

 

 

 

Heterogametey in sex 

determination  

Use of symbols for 

autosomal and sex 

linked disorders  



 
 

 

6 Molecular basis of 

inheritance  

1. Dna 

(i) structure and salient features  

(ii) packaging of dna helix 

 

2. Search for genetic material  

(i) transforming principle   

(ii) hershey and chase experiment  

(iii) properties of genetic material  

 

3. Replication ï experimental proof 

 

4. Transcription  

(i) transcription unit  

(ii) type of rna and process of 

transcription  

 

5. Genetic code 

(ii)Mutations and Genetic Code 

(iii) TRNA-The adapter Molecule 

6. Translation 

7. Regulation of Gene Expression 

 (i) Levels of Regulation 

(ii) The lac operon 

8. Human Genome Project 

 

 

9. DNA Finger printing 

**  

 

**  

 

***  

***  

 

**  

 

***  

 

 

***  

***  

 

 

**  

**  

 

***  

 

****  

*  

****  

** *  

 

****  

 

Page no. 96-98 

 

Fig 6.4 page 99 

 

 

Page 100-101 

Fig 6.5 Page 102 

 

Page 103 

 

 

Fig 6.7, 6.8 page 105-107 

 

 

 

Fig 6.9, page 107-108 

109-111 

page 112 

Page 113 

Fig. 6.12 Page-114 

Fig. 6.13 Page 115 

Page 115 

Fig. 6.14,Page 116,117 

Page118-120 

Fi. 6.16 Page 121-122 

 

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 Point 

mutation 

Charging of tRNA 

Expresses Sequence 

Tags Sequence 

Annotation 

BAC/YAC 

Satellite DNA,VNTR 



 
 

 

7. Evolution 1. Origin of Life 

2. Evidences of Evolution 

3. Adaptive Radiation 

4. Biological Evolution 

5. Mechanism of Evolution 

6. Hardy-Weinburg Principle 

7. A Brief Account of Evolution  

8. Origin and Evolution of Man 

 

 

*  

**  

****  

*  

**  

***  

 

 

*  

Fig 7.1 

Fig. 7.3 Page 130-132 

Fig. 7.5,7.6,7.7 Page 133 

Page 134 

Page 135 

Fig. 7.8 Page 136-137 

Fig. 7.9,7.10 

 

Fig. 7.11 Page 140 

 

 

 

Branching Desent 

and Natural Selection 

Darwinism versus de-

vries- -Saltation 

Hardy-Weinburg 

Equlibrium,Founder 

Effect 

8. Human Health & 

Diseases 

1.Common Diseases in human  

2. Immunity 

(i) Innate immunity 

(ii) Aquired immunity 

(iii) Active and Passive immunity 

(iv) Vaccination and immunity 

(v) Allergy 

(vi) Autoimmunity 

(vii) Immune System of Body 

3. AIDS 

4.CANCER 

5. Drug and alcohol abuse 

(i) Adolescence and drugs 

**  

 

**  

***  

 

 

*  

**  

*  

 

****  

***  

****  

Fig. 8.1 Page 146-149 

 

 

Page 150-154 

NCERT 

Fig. 8.4 

 

 

 

 

Fig 8.6 Text 156 

Text Page 156-158 

Text Page 158-163 

 

 

 

Specific Role of 

histamines and 

cerotonins 

 

Mucosal associated 

lymphoid Tissue 

CMALT  

 

Contact Inhibition 



 
 

 

9. Strategies for 

Enhancement in 

food Production 

1. Animal husbandry 

 (i) Management of farm and farm 

Animal 

(ii) Animal Breeding 

(iii) Bee Keeping 

(iv) Fisheries 

2. Plant breeding 

 (i) Method 

(ii) For disease Resistance 

(iii) For Pest Resistance 

(iv) For Improved food quality 

3. Single cell Protein 

4. Tissue Culture 

 

*  

 

**  

**  

*  

 

**  

***  

***  

**  

***  

**  

 

 

 

Page 165-170  

Text 

 

 

 

Page 170-176 

Text  Portion 

 

Page176 Text Portion 

Page 177 Text Portion 

 

 

10. Microbes in 

Human Welfare 

1. Role of  Microbes in:- 

  (i) House Hold 

 (ii) Industrial Product 

(iii) Sewage Treatment 

(iv) Production of Bio Gas 

(v) As Biocontrol Agent 

(vi) As Biofertlizers 

 

*  

***  

**  

*  

***  

***  

 

Text Page 181 

Page 182,183 Ex. Question 12 

Page 184-185 Ex. Question 7,8,11 

Page 185 

Page 186-187 

Page 188 

 



 
 

 

11. Biotechnology 

principles and 

processes 

1. Principles of biotechnology 

(i) techniques used in modern 

biotechnology 

(ii) advantages 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. Cloning Vectors 

4. Processes of Recombinant DNA  

Technology ï Steps  

 

 

*  

 

 

* *  

 

 

***  

***  

***  

NCERT text book xii fig . 1.2(a) 

(b) fig. 1.3, 1.4  page 5-8 

 

 

NCERT book p ï 15 - 19 ex q 

2,6,9,13,15,18 

 

 

 

 

 

Fig. 11.1-11.2-11.3 

Page-195- 198 

Fig. 11.4 Page-198-200 

Fig. 11.6,11.7 Page 201-205 

Fail to differentiate   

asexual reproductive 

structures-  

zoospores,                                              

conidium, gemules 

etc. 

 

Differentiation in 

monoecious & 

diocious 



 
 

 

12. Biotechnology and 

its applications 

1. Applications of Biotechnology in 

agriculture  

(i) Advantages of GMO  

(ii)Bt Cotton  

(iii) RNA interference  

2. Applications of Biotechnology in 

Medicines 

(i) Genetically engineered insulin. 

(ii) Gene Therapy-ADA 

(iii) Molecular Diagnosis of 

diseases. 

3. Transgenic animals  

4. Ethical issues , Biopiracy 

*  

**  

***  

***  

***  

***  

*  

**  

**  

Page 207-208 

 

Page 208 

Page 208-209 

Page 209-210 

 

Page-210-211 

Page 211  

 

Page-212 

 

Page-213 

Page-214 

 

Differentiation  of 

Cry and cry 

nRNA silencing , 

nematode ï 

Meloidegyne 

incognitia 

Steps in production 

of insulin 

Role of 

Biotechnology in 

molecular diagnosis. 



 
 

 

13. Organisms and 

Populations  

1. Organisms and its Environment  

(i) Major Abiotic Factors 

(ii) Responses to Abiotic Factors 

(iii) Adaptations 

2. Populations:- 

(i) Population Attributes 

(ii)  Population Growth 

(iii)  Life History variation 

(iv) Population interactions 

 

**  

**  

***  

***  

***  

*  

**  

 

 

 

Page -221-223 NCERT 

Fig. 13.3 Page 223-225 

Page 225-226 

Fig. 13.4 Page 226-228 

Fig. 13.5 Page 228-231 

Page 231-232 

Table 13.1 Page 232-238 

Eurythermal & 

stenothermal 

Conformers, 

Regulators 

Distinction between 

Expanding, stable, 

declining population. 

Distinction between 

Exponential and 

Logistic growth 

curve. 

Distinction between 

commensalisms and 

Amaensalism. 

 



 
 

 

14. Ecosystem 1. Structure and function 

2. Productivity 

3. Decomposition 

4. Energy Flow 

5. Ecological Pyramids 

6. Ecological succession 

7. Nutrient cycling 

 

*  

**  

**  

 

* 

Page 242 

Ex Q. 9  

Fig. 14.1 Page 243-244 Ex. Q10 

Page 245,247 Ex. Q. 11 

Fig. 14.4 Page 248 

Fig. 14.5 Page 250-251 

Fig. 14.6 Page 253-255 Ex. Q. 

12,13 

 

 

GPP,NPP 

15. Biodiversity and 

Conservation  

1. Patterns of Biodiversity  

2. Importance of species 

diversity to ecosystem. 

3. Loss of Biodiversity 

4. Conservation of 

Biodiversity 

 

***  

*  

***  

***  

Fig. 15.1 Text page 259 Ex. Q 3 

Page 263 

 

Page 264-265 Ex. Q. 5 

Page 265-267 Ex. Q. 7 

Graphical 

representation , 

species area 

relationships 

Crypreservation 



 
 

 

16. Environmental 

issues 

1. Air Pollution and its control  

(i) Case study of Delhi 

2. Water pollution and its control  

(i) Domestic Sewage & 

Industrial effluents  

(ii)   Algal Bloom 

(iii)  BOD 

(iv) Eutrophication 

(v) Biomagnification 

3. Solid waste 

(i) Case study of remedy 

for plastic waste. 

(ii)  Electronic waste 

4. Ago chemicals & their effects 

 (i) Case study of organic farming 

5. Radioactive wastes 

**  

***  

 

**  

 

***  

***  

***  

***  

 

 

***  

***  

*  

**  

 

Fig. 16.1 Page 270-273 

Page 272-273 

 

Page-274 Fig.16.2,16.3  

 

Page 275 

Page- 275 

Page-276 

Fig. 16.5 Page-276 

 

 

Page-279 

Page-279 

Page-279 

Page-280 

Page-280 

Advantages of CNG 

over Petrol or diesel. 

Norms of Air 

Pollution. 

Types of impurities 

& their nature in 

domestic sewage. 

Effect of Sewage 

discharge on 

characteristies of 

river  

 

Concentraion of toxic 

substances at various 

trophic levels 

 



 
 

 

6.Greenhouse effect and Global 

Warming 

(i) Green house gases & their 

relative contribution to total global 

warming 

7. Ozone depletion in Stratosphere 

8. Deforestation:- Case study of 

conservation. 

 

 

 

 

***  

 

***  

**  

 

Page-280-282 Fig. 16.6,16.7 

 

 

 

 

Page-282-283 

Page-284-285 

  

 

Types of e-wastes & 

the metals extracted. 

 

 

Role of UV-B 

radiations 
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Chapter ð 1: - REPRODUCTION IN ORGANISMS 
 

 
 
 

ü   REPRODUCTION IN ORGANISMS 
 

ü   Li fe Span 
 

ü   Period from birth till natural death. 
 

Every organism live only for a certain period of time. 

Example: Elephant: 60-90 years 

Fruit fly: 4-5 weeks 
 

Reproduction ïProducing young-ones of their kind, generation after generation. 

Types of reproduction: 
 
ӞAsexual reproduction :single parent capable of producing offsring. 

 
  Sexual reproduction : two parents are invovled in producing offspring. 

 
Modes of asexual reproduction 

 
ü   Binary fission:  parent body divides into two halves, genetically identical to parent. 

 
Amoeba: It is simple or irregular. 

 
 

Paramoecium: Transverse binary fission. 
 

ü   Multiple fission: parent body divides into many daughter organisms  :  Plasmodium. 
 

ü   Budding: daughter organisms grow from small buds arising in parent body. 
 

Exogenous budding: out side the body eg. Hydra, Yeast. 
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Budding in Yeast 
 

Endogenous  budding : inside the body eg. Gemmule  in sponge. 
 

ü   Conidia:  non-motile, exogenous spores in chains eg. Fungi. 
 

ü   Zoospores:  microscopic motile structures eg. Algae. 

In plants : term vegetative reproduction frequently used instead of asexual reproduction, units 

of  vegetative propagation called vegetative propagules. 

 

 
 

Adventitious buds in 
 

Bryophyllum 
 

 
 
 

Sexual reproduction 
 

} All organisms show remarkable similarity Vast difference in their reproductive structure. Similar 

pattern or phases in their life cycles. 
 

×  Juvenile phase: The phase of growth before reproductive maturity. 
 

×  Reproductive phase: Reproductive maturity. 
 

×  Senescent phase: Phase between reproductive maturity and death. 
 

 
 
 

The main events of sexual cycle are: 
 

} i. Prefer tilisation events: 
 

} a.Gametogenesis : 
 

} The process of formation of male and female gametes by meiosis(cell-division). 
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Homogamete(Isogamete): - gametes similar eg. Algae 
 
Heterogamete(an-isogamete): - morphologically dissimilar gamete ,male gamete (antherzoid or sperm) 

,female gamete (egg or ovum) eg. Human. 
 
Sexuality in organisms : In plants 

 
Bisexual term is used for Homothallic and Monoecious plants 

 
Á  Both male and female reproductive structures in same plant eg. Higher plants, cucurbits 

and coconut. 

 

Unisexual term is used for Heterothallic and Dioecious  plants 
 

   Male and female reproductive-structure on different plants., 
 

   Flowering plants ï male flowerïstaminate flower and female flowerïpistil late flower 

eg. papaya and date-palm. 
 

   Animals ï Bisexual term is used for Hermaphrodite animals-eg. Earth-worm, Tape- 

worm, Leech, Sponge. 

 

   Unisexual animals have male &  female sexes in separate individuals-e.g. insects, 

frogs, humanbeings 

 

   Cell division dur ing gamete formation: 
 

   Hapliod-parent (n) produces haploid gametes (n) by mitotic division, eg. Monera,fungi, 

algae and bryophytes. 

 

    Dipliod parent (2n) produces haploid gametes(n) by meiosis division (possess only one 

set of chromosomes)and  such specialized parent cell is called meiocyte or gamete 

mother cell.   Example- 

 
Name of organism in Meiocyte(2n) gamete (n) 

 

Human 46 23 
 

Housefly 
 

12 
 

6 
 

Ophioglossum (fern) 
 

1260 
 

630 
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Potato 48 24 
 
} b) Gamete transfer :- to facilitate fusion. 

 
} Male gametes mostly motile and female non-motile,exception few  fungi and in algae  both 

gametes are motile in some cases 

 

} Water medium for gamete transfer- in lower plants. Large number of male gametes produced to 

compensate loss 

 

} Higher plants, pollen-grains are transferred  by pollination. 
 
} Fertilization: Fusion of male and female gametes diploid zygote. 

 
} Par thenogenesis.-development into new organism without fertilisation eg. Rotifers, honey-bees, 

some lizard, bird(turkey). 

 

   Fertilization 
 

   Two types- external and internal . 
 

Á External fertilisation- outside the body of organism in external- medium (water) eg. 

majority of algae, fishes, amphibians. Advantage- 

show great synchrony between the sexes ð 
1.release of large number of gametes into surrounding medium 

2.large number of offsprings produced. 

Disadvantage- offsprings are extremely vulnerable to predators, natural disasters. 
 

Á Internal fer tilisation- fusion occurs inside female body eg. majority of plants and animals. 

Egg non-motile and formed inside female body. Male gamete motile, produced in large 

numbers to reach egg and fuse with it.  In seed plants, non- motile male gamete carried to 

female gamete by pollen-tube. 

 

   Post -fer tilisation events- formation of zygote. 
 

a. zygote. One celled , diploid, vital link between two generations. 
 
} External fertilization ïzygote formed in external medium water eg. Frog, 

 
} Internal fer tili zation ïzygote formed inside the body eg. Humanbeings. 

Development of zygote depends on type of life cycle and environment. Some develo thick wall ( 

prevent damage and desiccation) & undergo period of rest eg. algae, fungi. In haplontic life cycle- 

zygote (2n) divides by meiosis to form haploid (n)spores. 

 

} Diplontic li fe-cycle- zygote (2n) divides mitotically, develops into embryo(2n). 
 
} Oviparous animals lay eggs  out-side the female body.Eggs can be fertilized/ unfertilized. 

Fertilized eggs covered which hard calcareous shell, laid in safe place in the enviroment. 

Unfertilised eggs laid in water. Example- fishes, frogs, reptiles, birds 
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}  Viviparous animals bear and rear the embryo inside female body, give birth to young- 

ones.Advantage- proper embryonic care, protection, survival chances of young-ones greater. 

Example- cows, whales, humanbeings 

 

} Embryogenesis: development of embryo from zygote by cell division (mitosis) and cell 

differentiation. Cell- division increases the number of cells in the developing embryo 

 

Cell differentiation  - groups of cells undergo certain modifi cations for the formation of 

different kinds of tissues and organs. 

 

} In flower ing plants- zygote formed inside ovule Changes occur in flower ing plants: 

sepals, petals, stamen- wither and fall-off .  Zygote develops into embryo. Ovule forms the seed 

(germinates to produce new plants). 

Ovary transformed into fruit which develops protective thick wall-pericarp. 
 

 
 

} Par thenogenesis: Female gamete develops into new organism. 
 

} Seedless fruits can be formed by parthenogenesis 
 

}  Clone:   A group of individuals of the same species that are morphologically and genetically 

similar to each other & their parents 

 

Very short answer type(1 mark) 
 

} What is meiocyte? 
 

Specialized cells in diploid organism, i.e., gamete mother cell which undergo meiosis. 
 

} Name the kind of reproduction in bees by which drones are produced? 
 

Parthenogenesis. 
 

} What is special in flower ing bamboo? 
 

Bamboo species flower only once in their life-times generally after  50-100 years. 
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} What is meant by homothallic? 
 

The term homothall ic refers to bisexual or hermaphrodite condition. 
 

} Why are the date palms refer red to as dioecious ? 
 

In date-palms, the male and female flowers are present in different plants. 
 

} I f the diploid number of chromosomes in an angiosperm plant is 28, what number would you 

expect  in the endosperm and embryo of that plant? 
 

Endosperm: 48 
 

Embryo:  28 
 

} Give the scientific terms for the following 
 

a. Morphologically and genetically similar individual derived through asexual reproduction. 

b.   Cyclical changes shown by seasonal breeders. 

a. Clone 
 

b. Oetrous cycle 
 

Short  answer type (2 marks) 
 

} Name the structure which gets transformed into seeds at maturity. 

ovule 

} Name any one animal in which self-fertilization occurs. 
 

Taenia (tapeworm) 
 

} What is the site of origin of new plantlets in the followings ? 
 

a. Potato tuber, 
 

b.   rhizome of ginger, 
 

c. leaves of bryophyllum, 

 
d.   stem cutting of sugar cane 

a.Buds called eyes 

b.Adventitious buds at Nodes 

c.Advevtitious buds from the notches at margins of leaves 

d.A portion of stem with buds at nodes 
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} What do the fallowing parts in a flower form after fertil ization? 
 

a. Zygote, 

b.   ovule, 

c. ovary-wall , 

d.   Petal 

a.Embryo 

b.Seed 

c.Pericarp 

d.Wither and fall off 
 
Draw a diagram of the cross section of a simple fruit and label two important parts- 

 

 
 
Show diagrammatically only reproduction in yeast. 
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Short  type answer (3 marks) 
 

Q   Write the mode of asexual reproduction in the following organisms: 

Penicillium, Spongil la, Paramoecium, Yeast, Chlamydomonas, Amoeba. 

Ans:-    Penicillium: Conida. 

Spongilla: Internal budding (gemmules). 

Paramoecium: Binary fission (transverse). 

Yeast: Budding (external). 

Amoeba: Binary fission (simple). 
 

Chlamydomonas: Zoospore. 
 

Q Differentiate between:  External Fertilization / Internal fer tili zation,  Zoospore / zygote, 

Gametogenesis / Embryogenesis. 
 

 
 
 

External fer tilization Internal fer tili zation 

1. Occurs outside the body of females. Inside the body female 

2. Large number of gametes are released 

into the surrounding medium. 
 
Ex- fishes, frogs 

Number of gametes produced is less. 
 

 
 
 

Ex- lizard, humans 

 

 
Gametogenesis Embryogenesis 

Haploid gametes formed Multicelluar embryo from cd unicellur from 

zygote 

Two types: spermatogenesis (formation of male 

gamete) and oogenesis (formation of female 

gamete 

Involves cell division, cell growth, cell- 

differentiation 

Meiosis occurs. Mitosis occur 

 

 
Zoospores Zygote 
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Formed inside zoosporangium Fusion of two gametes 

Flagellated and motile Usually nonflagetted and non motile or motile 

Result of asexual reproduction Result of sexual reproduction 

Haploid or dipliod Dipliod 

 

 

Q. What are the three major phases in the lif e cycle of organism? Define each phase 
 

Ans. The three major phases are: 
 

} i. Juvenile phase. 
 

} ii . Reproductive phase. 
 

} iii. Senescent phase. 
 

} Juvenile phase: The Phase of growth before reproductive maturity. 
 

} Reproductive phase: Attainment of  reproductive maturity. Some major hormonal changes mark 

this phase. 

 

} Senescent phase: The phase between reproductive maturity and death. 
 

Q.  What is external fer til ization? 
 

} Name two animals having external fer tilizat ion. 
 

} Why are more gametes produced by such animals? 
 

} Fertilization occurs outside the body of organism 
 

} Frog and bony-fish 
 

} Large no of gametes to enhance produced the chances of fertilization 
 

Long answer type question(5 marks) 
 

} Discuss the similar ities in pattern of  sexual reproduction. 
 

A) Pre-fer tilization: Prior to the fusion of gametes after attainment of maturity. This includes two 

main events: 
 

i. Gametogenesis: Formation of two types of gametes ï male and female which involves 

spermatogenesis in males and oogenesis in females. 

 

ii . Gamete transfer: It is to facilitate fusion. Medium by water, pollination, copulation. 
 

B) Fertili zation: Fusion or syngamy. 
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C) Post-fertilization: Single celled zygote. 
 
Embryogenesis: Process of Development of embryo from zygote. Zygote undergoes- 

cell-division and cell-dif ferentiation. By cell-division- it increases the number of cell 

cell-diff erentiation- group of cells undergo certain modifications to form specialized tissues and organs to 

form an organism. 

 

HOTS: 

 
FIVE  MA RKS QUESTIONS: 

1.   Study the following diagram and answer the questions given below: 
 
 
 
 
 
 
 
 
 

 
i. What does S and P denote? 

ii . Where do they develop from? 

iii. What is the term given to the point of attachment of the ovules in the fruit? 

iv. What is the ploidy of embryo and the tissues in the ovary? 
v. What is the function of fruit apart from storage of materials? 

2. Fertilization leads to the formation of embryo. 

i. Give the technical term for the development of embryo. 

ii . What are the events that occur during embryo development? 
iii. The development of zygote depends on two factors. What are they? 

iv. How wil l you categorise animals based on the development of zygote inside or 

outside the female body? 
v. How does zygote in fungi and algae overcome dessication? 

 
 

 

Chapter ð 2 SEXUAL REPRODUCTION IN FLOWE RING PLANTS 
 

FLOWERS 
 

 SSiittee ooff sseexxuuaall rreepprroodduuccttiioonn.. 
 

MMaallee && ffeemmaallee rreepprroodduuccttiivvee oorrggaannss aarree bboorrnnee oonn ff lloowweerrss.. 
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aa PARTS OF A FOWER: 4 WHORLS  - CALYX (sepals), COROLLA (petals), ANDROECIUM( 

Male reproductive organ), GYNOECIUM( Female reproductive organ). 

 

Male reproductive organ 
 

AAnnddrrooeecciiuumm ccoonnssiissttss ooff ssttaammeennss 
 

SSttaammeenn ccoonnssiissttss ooff aanntthheerr  ,, ff ii llaammeenntt &&  ccoonnnneecctt iivvee(( wwhheenn aanntthheerr  iiss bbii lloobbeedd)) 
 

AAnntthheerr iiss bbii lloobbeedd && hhaass 44 mmiiccrroossppoorraannggiiaa 
 

 
 
 

 
 

LL ..SS.. OOFF AA FFLL OOWWEERR WWIITTHH DDII FFFFEERREENNTT PPAARRTTSS 
 
 
 
 
 
 
 
 
 
 
 

 
MICROSPOROGENESIS: 

 

Microspore mother cell (2n) 
 

 
 
 

Meiosis 
 

Microspore (n) 
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tructure of an 

 
 

Mitosis 
 

Pollen grains (n) 
 

 
 

 
 
 

Pollen grains have two outer walls; i) Exine ii) Intine 
 
Exine is made of sporopollenin (HARDEST NATURAL SUBSTANCE) 

 
Mature pollen grains have two cells ï big vegetative cell &  small generative cell . 

Generative cell forms two male gametes by mitotic division. 

Pollen grains shed in 2-celled/3celled stage 
 
GYNOECIUM  / CARPEL (THE FEMA LE REPRODUUCTIVE  ORGAN) 

 

 
 
 

-Each Carpel consists of ovary , style &  stigma. 
 
 
 
 
 

 
- Ovules are attached to ovary by placenta. 

 
 
 
 
 
 

 
 

.. S 
 
Anatrpous ovule 

- The funicle ï stalk of ovule 

- 

- Hilum, a region where funicle is 

attached 
 
 
 
 
 

Par ts of gynoecium 

- 

- Integuments ïcover embryo sac. 

- 

- Micropyle ï a pore for  entry of pollen 

tube &  to imbibe water  
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Structure of  anatropous ovule 

 

 
 
 

MEGASPOROGENESIS 
 

Megaspore mother cell (2n) 

Meiosis 

4 Megaspores (n) 
 

(3 megaspores degenerate, 
 

1 remains functional) 
 

 
 
 

Funtional Megaspore (n) 

(Divides 3 times by mitosis) 

 

 
8 Nucleated Embryo Sac formed 

 
 
 
 

 
 
 

DEVELO PMENT OF 8 NUCLEATE D EMBRYO SAC 
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3 cells group at micropylar end -the egg cell(n) &  2 synergids(n) 
 

- 3 cells at chalazal end called antipodals(n) 

- 2 polar nuclei at center (n each ) 
 

 

POLLINATION ð transfer of pollen from anther to stigma. 

Agents of pollination ð air,  water, insects.bat,bird,man. 

 

 
 

Double fertili zation 
 

- syngamy ï 1
st 

male gamete fertilizes egg. 

2
nd 

male gamete fer tili zers fusion product of polar nuclei. 

- 
- Pollen grains germinate on stigma &  pollen tube grows through style. 

- Pollen tube reaches micropyle &  releases two male gametes into embryo-sac. 

 

- Fertilisation is the process of fusion of male& female gametes (n+n) to form a diploid(2n) 

zygote 

 

- SYNGAMY:  Fusion of one male gamete(n) with egg (n) Zygote(2n) produced First 

fusion 

Fusion of two polar nuclei(n+n=2n) Second fusion 
 

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

fusion 

- DOUBLE FERTILIS ATION: i ) Fusion of male gamete with egg ð First fer tili zation, ii 
)Fusion of fusion product of polar nuclei with male gamete ð Second fer tilisation 

 

 
POST FERTILIS ATION CHANGES: 
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Stages of development of the embryo after fer tilation : 
 

STAGES OF EMBRYO DEVEL OPMENT AFTER FERTILIS ATION 
 

1.   Zygote divides by mitosis into suspensor &  embryo cells 

2.   Suspensor cell forms a globular basal cell which remains embedded in the endosper m &  
a multicellular suspensor bearing the embryo 

3.   Globular embryo becomes heart-shaped &  then mature embryo with radicle, plumule &  

cotyledons 
Pr imary endosperm nucleus ð divides repeatedly to form endosperm, food for the embryo. 

 

Mature ovary becomes fruit. 
 
Mature ovule beomes seed. 

 
True Fruit develops only from the ovary, e.g. mango, tomato 

 
False Fruit develops from parts of the flower other than the ovary,e.g. apple, pe 

 
Seeds are of two types: 
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Dicot seed Monocot seed 

 
 
 
 
 
 
 

 
OUTBREEDING DEVICES: 

 
Continued self-pollination result in breeding depression. Flower ing plants have developed many 

devices to discourage self-pollination &  encourage cross-pollination such as 

 

Bear ing unisexual flowers 

Anthers &  stigmas mature at different times 

Anthers &  stigmas are placed at different positions 

Self-incompatibility where pollen grains of a flower donot germinate on the stigma of the 

same flower 

ARTIFICI AL HYBRIDISATION: 
 
Type of cross-pollination per formed by man for crop improvement. 

 
Achieved by- i ) Emasculation i.e.removal of anthers from the flower bud of a bisexual flower before 

the anther dehisces using a pair of forceps and 
 

ii )Bagging i.e.cover ing the emasculated flowers with a bag of suitable size to protect them from 

contamination with unwanted pollen 
 

I f flower unisexual, emasculation is not needed. Flower bud bagged &  when the stigma becomes 

receptive, pollination is done using desired pollen &  the flower is rebagged 
 
 
 
 
 
 
 
 
 
 

 
Emasculation 



 
 

18 
 

Chapter 3: Human Reproduction 
 

The Male reproductive system 
 

1. Penis  
a. urination 

b. sexual intercourse 

1. Corpus cavernosum- spongy tissue that fil ls with blood to make penis erect 

2. Glans- the head, end of penis 
3. Foreskin 

i. Covers glans, 

ii. May be removed surgically in an operation (circumcision) 

2. Scrotum a. Located behind penis 
b. Contains two testes 

c. Temperature sensitive (Sperm must be made in cooler conditions i.e, 2-3 C lower 
than body temperature) 

 

 
 
 

3. Testes  
a. Sperm is produced by the seminiferous tubules due to FSH 

b. Testosterone is produced by Leydig cells due to LH 

1. Causes the development of the male sex organs at ~8 weeks after conception. 

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

c. Testes are formed in the abdomen before birth. Descend through the "inguinal canal" 
during fetal or post-natal life. Sometimes may take months/years to reach right place. 

Possible site for hernia. 
 

 
4. Epididymis: Stores sperm til mature 

 
5. Vas deferens: Tube from the epididymis to urethra 

sperm cells stored here. 

 
6. Prostate gland: Provides an alkaline fluid that can protect sperm from harsh vaginal acids. 

 
7. Seminal Vesicles: Produce food purpose for sperm. 

 
8. Cowper's gland: Produces clear lubricating fluid 

 
 
 

Hormonal control of male reproductive system 

 
1. Pituitary gland at the base of the brain produces: 

a.  FSH (follicle stimulating hormone) 

 
1.  FSH regulates spermatogenesis. 

 
b.  LH  (luteinizing hormone) 

 
1.  LH prompts Leydig cells to produce testosterone, (male hormone.) 
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Hormonal control of female reproductive system 

 
1. Pituitary gland (at the base of the brain produces): 

a.  FSH (follic le stimulating hormone) 

 
i. Responsible for maturation of follicles and respective ova. 

ii.   Stimulates estrogen production. 

b.  LH (luteinizing hormone) 
 

i. Ovulation- release of ovum from ovary usually on 14
th 

day of menstrual 

cycle. Ovulation generally occurs every 28 days. 

 

ii.  Causes the corpus luteum to produces progesterone and estrogen. 

Progesterone hormone of pregnancy. 

 
c. Estrogen:  the main female hormone produced in Graffian foll icles of ovary - 

 
1.   increases size ( growth and development)  of oviducts, uterus, and 

vagina. 

2.   responsible for secondary sexual characteristics: 

3.   Fat in breasts and development of duct system. 

4.   Broadening of the pelvis. 

5.   Soft  and smooth skin. 

6.   Fat in buttocks and thighs. 

7.   Pubic hair .. 

d. Oxytocin ï causes uterine contraction during Parturiti on. 

 
e.  Progesterone  produced by corpus luteum. (ruptured graff ian follic le after ovulation) The 

placenta continues to produce progesterone during the pregnancy. 

 
1.  pregnancy hormone 

2.  calms muscular contractions of the uterus. 

3.  It (along with estrogen) thickens the lining of the uterus. 

f. Hormones from Placenta: 

hCG: human chorionic gonadotrophin 

hPL  : human placental lactogen 
 

 
 

Female Reproductive System. 
 
2. Ovaries produce: 

a.  Ova: 

I) each ovary contains immature ova (eggs) in foll icles. 

ii)    Females are born with lif etime supply of eggs. (250,000-400,000 in each 

ovary) ï 
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iii)    Ovaries release ovum -. Almost all ova degenerate between birth and 

puberty. 

iv)  Approx. 400 eggs will be ovulated over woman's life. 

v)  An egg is the largest human cell. 

vi)  Ovaries are located lower abdomen. One on either side. 

vii)    Egg is viable for only 24-48 hours after ovulation. 
 

 

2. Fallopian tubes 
a.   Two thin tubes attached to the upper sides of uterus 

b.  Tubes terminate  near the ovaries but not attached 

c. "Fimbriae" finger-like structures on the end of each tube 

d.  Tubes conduct egg to uterus by use of small hairs called "cilia" 

e.  Fer tilization of ovum takes place in the ampullary-isthmic junction of the fallopian 

tubes. 

3. Uterus 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Vagina 
 

 
 
 
 
 
 
 
 

6. Cervix 
 
 
 
 
 
 
 

7. Labia 

 

 

a.  Pear-shaped located in lower abdomen 

b.   Muscles (myometrium) stretch to allow baby to develop. Oxytocin starts labor 

contractions. 

c.  L ining of uterus (endometrium) thickens with blood-rich tissue due to progesterone 

d.  Endometri um supports embryo/fetus during growth 

e.  Placenta (the after birth) attaches to endometrium.  Interface between baby and 

mother. 

f. If  not pregnant, li ning breaks down and is discharged from body through vagina. This is 

menstruation (period) 

g.  Cervix connects uterus to vagina. Like a door that opens during ovulation. Cervical 

mucous closes the door at all other times. 

 
a.  Bir th canal 

b.  Menstrual blood leaves the body 

c.  Organ of intercourse 

d.  Very muscular  stretches to allow a baby to grow ? 

e.   Vaginal opening remains  partly closed by thin membrane of tissue called hymen- 

f. Hymen may be stretched or torn during any physical activity 

 
a.  Located at inner  end of vagina 

b.  Opening of uterus into vagina 

c.  Mucous prevents bacteria and viruses from entering uterus 

d.  Lets sperm into uterus after ovulation 

e.  Baby passes through during vaginal birth 
 

 

a. 2 layers of skin, which fold over the opening to vagina and urethra 

i. Inner labia (labia minora) 

ii. Outer labia (labia majora) ð site of pubic hair growth 
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8. Clitoris 
 

 

a.  Small organ, 5 to 10 milli meters long 

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

c. Contains erectile tissue 

d.   Sexually sensitive 

 
9. Mons pubis 

 

Cushion li ke fatty tissue covered by skin and pubic hair 
 

 

Difference between 
 

 
 

1) Spermatogenesis and oogenesis 
 

 
 
 

Spermatogenesis Oogenesis 

Produces male gametes (sperm) Produces female gametes (oocytes) 

ïoccurs in the seminiferous tubules (in testes) ïoccurs in the ovaries 

ïinvolves meiosis 
 
ïoccurs throughout life after puberty 

ï involves meiosis 
 
occurs after puberty until menopause 

may produce 400,000,000 per day ïhumans normally produce one oocyte during 

each ovarian cycle 

Primary spermatocyte divide equally to form 

two similar secondary spermatocytes 

Primary otocyte divide unequally to form one 

large secondary oocyte and a small polar body 

One spermatogonium produces 4 functional 

spermatozoa 

An oogonium produces one functional ovum 

and 3 non functional polar bodies 

 

Role of amniotic fluid 

1 Prevents desiccation 
2 Shock absorber 
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Menstrual Cycle 
 
 
 
 

MenstruationĄ Repair of the 

endometriumĄ 

OvulationĄ Thickening of the 

endometriumĄ 

Breaking 

downĄ 

Follicular Phase 

 
FSH/Estrogen 

Due to LH Luteal Phase 

 
LH/Progesterone 

 
 
 
 
 

2)Follicular  phase (Proli ferative phase ) and Luteal phase (secretory Phase) 
 
 
 
 

 

Proliferative phase Secretory Phase 

Also called Follicular phase Also called Luteal phase 

Stage of repair and proli feration Prepares endometrium  for implantation 

It extends from the end of menstruation to 

ovulation 

extends after ovulation to menstruation 

LH and FSH increases LH is high (LH surge) 

Estrogrn level inceases Progesterone level increases 

Estrogen is secreted by Graff ian foll icle Progesterone secreted by corpus luteum 
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The menstrual can be represented as 
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Notes on FSH and LH  

FSH and LH from the pitu itary: 
FUNCTION  

/ PRODUCTI ON 
 

Hormone In  Females In  Males 
 

FSH Controls Ą Eggs + Estrogen Spermatogenesis 
 
 
 
 

.The follicle stages 

 

LH Controls Ą  
Ovulation + 

Corpus Luteum 

 

 

Testosterone 
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From primordial folli cle to tertiary follicle 
 

Primordial follicle 
the surviving primary oocytes  , at birth, are surrounded by thin, single layers cells of so-called foll icular 

epithelial cells. 

 

Primary follicle 
Primordial follicl es with iso or prismatic follicuilar folli cles the follicular epithelium surrounding the 

oocyte becomes iso- to highly pr ismatic 
 

 
 
 

 
 

A Primo rdi al fo lli cle 

B Prima ry fo lli cle 

1  Oocyte  

2  Folli cu lar epithe lium  

 

 
 
1  Oocyte  

2  Pellucid zone  

3  St ratum gra nu losum  

4  Theca fo lli cu li cells 
 
 
 
 

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

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

 

Tertiary follicle 
Foll cile with well-developed net of capillaries in the theca interna. 
Antrum ï a fluid filled cavity. 

Theca layers of cells organized into  external Theca externa a nd int erna lint erna.  
 

 
 
 
 
 
 
 
 
 
 

Tertiary follicle 
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1  

2  

3  

4  

5  

6  

7  

8  
 

 
 
 
 
 
 
 
 
 
 

Schematic stage 
 

From fertili zation to embryo 

Oocyte Pe llucid zone 

St ratum gra nu losum 

Theca inte rna  

Theca ext erna  

Antr al fo lli cle 

Cumu lus oo phorus (G ranulosa  cell s, tog ether w ith the oocyt e) 

Basal lam ina  betw een the ca and st ratum granu losum  

 

Sperm  + secondary  oocyte 
 

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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The single cell that results from 

fertilization of an ovum by a sperm. 

  

 
 
 
 

*The morula  (li ttle mulberry)I 

 
solid ball (16 Ą64 cells. 

Morula results of mitotic 

(cleavage)divisions. 

 The blastocyst is a liquid-fi lled ball of 

cells. This stage of development occurs 

around 5 ï 8 days after conception. 

Implantation in the endometrium 

occurs at this stage. 

 

Morphogenesis- stage distinct shapes start to appear 

Differentiation- formation of distinct cells and tissues 

Growth-    cells get bigger and so does embryo 

 
 

 

Conception to Birth 
 

The foll owing shows some of the many stages of human development: 
 
 
 
 
 

 

Zygote =    

 

Morula =     

 

Blastocyst = 

http://www.answers.com/main/ntquery?method=4&dsid=2050&dekey=cell2&gwp=8&curtab=2050_1
http://www.answers.com/main/ntquery?method=4&dsid=2050&dekey=fertilizatio&gwp=8&curtab=2050_1
http://www.answers.com/main/ntquery?method=4&dsid=2059&dekey=ova&gwp=8&curtab=2059_1
http://www.answers.com/main/ntquery?method=4&dsid=2050&dekey=sperm&gwp=8&curtab=2050_1
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The human is considered an embryo 

from implantation until  about 8 weeks 

after conception. 

 

 
 

 
 
 
 
 

 
 
 
 
 
 

 
8 weeks after conception until  birth. 

 

 

 
 
 
 
 
 
 
 
 

Embryo = 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fetus = 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The fate of three germ layer 
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Ectoderm Mesoderm Endoderm 

Nervous system Skeleton Digestive tract 

Epidermis of skin Muscles Respiratory system 

 Circulatory system Liver, pancreas 

 Gonads Bladder 

 
 

 

 
 

 

Mnemonics 
 

Tubules in male reproductive system 
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дSEVEN UPе 
 
Seminiferous tubules 

Epididymis Vas 

deferens 

Ejaculatory duct 

(Nothing) 

Urethra 

Penis 
 

Menstrual Cycle 
 

дFOL(d) M(a)PSе 
Ovarian cycle: 
Follicular phase 

Ovulatory phase, 

Luteal phase 

D  - 

Menstrual cycle: 

Menstrual flow, 

A   - 

Proliferative phase, 

Secretory phase 

 
(The ovarian cycle controls the menstrual cycle. The cycles begin (day 0) when menstrual flow 

starts. At day 14, ovulation take place. The luteal and secretory phases begin and last until  day 

28,after which the cycles begin again.) 
 

 
 
 
 
 
 

TERMS TO REMEMBER 
 

Acrosome- the part of a sperm cell that contains enzymes ï (This enables a sperm cell  to 

penetrate an egg.) 
 

Afterbir th-placenta and fetal membrane expelled from the uterus after the birth of a baby 
 

Amniotic sac-fluid-filled membrane or sac that surrounds the developing embryo while in the 

uterus; ". (Protects the baby from hard shocks and keeps it at a constant temperature. ) 
 

Bir th-the process of being born; the baby moves from the uterus into the outside world. 

Parturi tion 
 

Blastocyst = blastula = early stage of an embryo surrounded by a liquid-fil led sphere whose wall 

is composed of a single layer of cells A+ this stage (about eight days after fertil ization) 

implantation in the wall of the uterus occurs. 
 

Cervix- the lower part, or neck, of the uterus. (Opening to the uterus.) 
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Clito ris-small, sensitive organ in front of the vagina 

Coitus-synonym for sexual intercourse 

Conception-fertil ization of an egg cell by a sperm cell  

Corpus Luteum - Crater-like structure formed after ovulation produces progesterone and 

estrogen. Old RUPTURED GRAFFIAN follicl e. It means ̍ yellow bodyᴁ. 

Cowper's glands - 2 glands that secrete an oily liquid, which cleans and lubricates the urethra 

of the male 

Egg cell-a female sex cell (female gamete or ovum or secondary oocyte ) 

Ejaculation-the discharge of semen from the penis 

Embryo-the unborn child developing in the uterus between the second and eighth weeks of life 

Endometrium - the innermost lining for the uterus,  Site for blastocyst to implants and develop. 

Epididymis- tightly coiled tube at the back of each testis holds newly produced sperm ï (each 

epididymis is like a nursery where sperm mature and learn to swim.) 

Erection-the condition of the penis when it fills with blood and becomes firm, enlarged, and 

erect. 

Fallopian tube -tube one from each ovary leading to the uterus. Carry the egg from the ovary to 

the uterus. Fertilization occurs here. (Also known as the oviducts.) 

Fimbria - (plural fimbriae) means "fringe." a fringe of tissue near the ovary leading to the 

fallopian tube 

Fertil e- able to conceive a child 

Fertiliza tion-Union of a sperm and an egg. Conception. 

Fertiliz ed egg- Egg after a sperm has united with it. Zygote 

Fetus- Unborn child developing in the uterus after the first eight weeks of life 

Follicle - Found in ovaries. Each holds and nourishes the egg until ovulation. It is like a nest. 

Will become corpus luteum after ovulation. 

Foreskin ï A sheath of skin that surrounds the penis. 

Follicle Stimulating Hormone - hormone secreted from  pituitary gland in both men and 

women. In women, FSH promotes the development of eggs and estrogen. In men, FSH promotes 

the development of sperm cells. 

Fraternal twins-babies that develop from two eggs, each fertil ized by a sperm cell; may or may 

not be of the same sex 

Gamete ï Sex cells. Sperm cells and egg cells are gametes. 

Genitals-Reproductive or sex organ. especially the external organs 

Germ Cell- An egg or sperm cell. A gamete. In humans, a germ cell contains 23 chromosomes 

Hormones-chemical substances produced by the endocrine glands Act in other parts of the body 

and affect maturation, growth, and behavior; LH, FSH, GH, Testosterone, Estrogen, 

Progesterone are all hormones. 

Hymen-a thin tissue or membrane that may partially cover the opening of the vagina 

Identical twins-babies that develop from a single fertil ized egg that separates into two halves. 

Identical twins always of the same sex 

Labia-two folds of skin surrounding the entrance of the vagina 

Labor-the muscular contractions that expel a baby from the uterus during childbirth 

Leydig Cells ï when prompted by LH, Leydig cells create testosterone. 

LH  - Luteinizing Hormone - Secreted from the pituitary gland and causes ovulation and the 

formation of the corpus Luteum in women. In men, LH causes the Leydig cells to produce 

testosterone. 
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Menstrual cycle -The periodic building up and sloughing off of the lining of the uterus 

approximately every twenty-eight days 

Menstruation- The periodic discharge of blood and waste material (unfertil ized secondary 

oocyte / ova and the degenerating endometrium lining) from the uterus 

Miscarr iage-expulsion from the uterus of a fetus before it is developed sufficiently to live 

Spontaneous abortion 

Myometrium ï muscles of the uterus that stretch to accommodate the growth of the baby. 

These muscles contract during labor and push baby outé 

Orgasm-the peak of sexual excitement when the male ejaculates semen. Ovary- 

female sex glands. Produces egg cells, estrogen and progesterone. Ovulation-

Discharge or release, of an egg cell  / secondary oocyte from the ovary Ovum-

scientific name for an egg cell  / secondary oocyte 

Oxytocin - Hormone, released from the pituitary gland , stimulates contraction of the 

myometrium of the uterus during labor and facilitates ejection of milk from the breast during 

nursing. 

Penis-the male sex organ through which sperm cells leave the body. Also discharges urine 

Placenta- network of blood vessels and other tissues by which the unborn child is attached to 

the wall  of the uterus.  Grows out of the endometrium The umbilical cord is attached to it. It is 

the interface between mother and developing fetus. 
Pregnancy-the process in a woman from conception to birth 

Pregnant-the condition of a woman with an embryo or fetus in her uterus 

Progesterone ï pregnancy hormone. First produced by the corpus luteum and then by the 

placenta. 

*Progesterone increases  lining of endometrium. 

*maintains pregnancy 

* helps in development of mammary glands. 

Prostate gland- Organ that surrounds the upper end of the male urethra and produces part of the 

fluid that mixes with the sperm to form semen. Prostate fluid is alkaline and helps to protect 

sperm from vaginal acids. 

Scrotum-Pouch of loose skin containing the testes. This houses and air-conditions the testicles 

by moving and sweating. 

Semen-Mixture of sperm and fluids that appears at ejaculation. Semen is comprised of sperm, 

fructose, prostate fluid and oil from the Cowperós gland. 

Seminal vesicles-small saclike organs opening into each vas deferens near the upper end of the 

urethra. Produce part of the fluid that mixes with the sperm to form semen. Provide food 

(fructose) for the sperm. 

Seminiferous tubules - Tubes found in the testes that produce sperm 

Sexual intercourse- The entry of the penis into the vagina and the subsequent release of semen 

coitus 

Sperm- The male sex cell (male gamete or spermatozoon), which contains 23 chromosomes in 

humans. 

Spermatozoon- Scientific name for sperm 

Spontaneous abortion-- Synonym for miscarriage 

Testes- Male sex glands.  Produce sperm cells and testosterone. 

Testicles-synonym for testes 

Testosterone ï Male hormone that regulates the development of the penis, muscles, body hair, 

etcé 
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Umbilical cord-the ropelike structure connecting the embryo or fetus to the placenta within the 

uterus. 

Urethr a-the tube through which urine is expelled from the bladder in both males and females 

and through which semen leaves the male body 

Uterus = womb - the hollow pear-shaped organ in which a baby develops before it is born; 

Vagina-the passage from the uterus to the outside of the body. 

- accepts the penis during intercourse. 

-Birth canal. 

-Menstrual fluids leave through it 

Vas deferens-The tube extending from each epididymis to the urethra in males 

Womb- Synonym for uterus 

Yolk sac- Structure that develops for the nutrition of the embryo during early embryonic life 

and then ceases to function 

Zygote - Cell formed by the union of two gametes, [ fertil ized ovum before cleavage.] 
******** ****** ****** ** ******** ***  

 
Practice mater ial 

 
Chapter 3 HUMAN  REPRODUCTION 

 
1 mark questions 

 
1.   Where does fertilization takes place in human female? 

2.   Where and at what stage implantation takes place? 
3.   What harm is caused if the testis fail to descend into the scrotal sac? 

4.   Name the layer of cells forming the outer layer of blastula? 
5.   What is semen? 

6.   Why progesterone is called pregnancy hormone 

7.   Name the hormones secreted by 
a. leydigs cell 
b. graff ian follicles 

c. Corpus luteum 
d. Placenta 

2 marks questions 
 

8.   Dif ferentiate between 
a. Spermiogenesis and spermatogenesis 

b. Follicular phase (proliferative phase) and Luteal phase (secretory phase) 

c. menarch and menopause 

d. Spermatogenesis and oogenesis 

e. morulla and blastulla 
 
 
 
 
 

9.   How is ovulation different from menstruation? 

10. How does the ovum ensure that only one sperm fertilizes it? 

11. Name the accessory reproductive glands in human male along with its secretion and functions 
12. What is colostrum? What is its significance? 
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13.  ˈPlacenta acts as an endocrine glandᴁ why it is said so ? What are its other function? 

14.  Where does oogenesis occurs in human?. Describe the stages of the process 
15.  Where does Spermatogenesis occurs in human?. Describe the stages of the process 

16. What is menstruation? Mention the specific action of FSH,LH,estrogen and progesterone in 
menstrual cycle? 

HOTS 
 

17. Suppose the acrosome of mammalian sper matozoa does not function normally, how would it 

affect fer tili zation? Give reasons. 
18. An ovum allows the entry  of only one sperm at a time. Why? 

19. Failure of fertil isation leads to menstruation. Explain 
 

 
20. Explain why there is no menstrual cycle before puberty , after menopause and dur ing 

pregnancy. 
 

 
21. Fill in the boxes 

 

 
 

 
 

22. Study the diagram and answer questions that follows: 
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a.What is the role of corpus luteum in menstrual cycle? 

 
b. Why is luteal phase otherwise called as secretory  phase? 

 
c. How is estrogen related to menstrual cycle? 

 
d. How does FSH and LH regulate the menstrual cycle? 

 

 
 
 

23 What is the fate of inner cell mass in the blastocyst? Mention their 

significance. 

24 Label a,b,c in the following diagram. 3 
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Give the term / reason 5 
 
a) Mechanism responsible for parturition. 

 
b) Role of oxytocin during expulsion of the baby out of uterus 

 
c) Why does zona pellucida layer block the entry of additional sperms? 

 
d) Sperm cannot reach ovum without seminal plasma. 

 
e) Al l copulations do not lead to fertilization and pregnancy 

 
Furnish the technical term for the following: 5 

 
a) Cushion of fatty tissue covered by skin and pubic hair in female 

external genitalia. 

b) The finger like projections which collect ovum after ovulation 

c) The middle thick layer/wall of uterus 

d) Semen without sperm 
 
e) The finger-li ke projections appearing on the trophoblast after 

implantation. 
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Chapter-4:REPRODUCTIVE HEALTH  
 

Reproductive Health: 
 

 

Human reproductive health and sexuality involve great many components and interrelationships. 
 

 

A total view of human reproductive health is basic to personal  well-being as well as to 

interpersonal relationships. 

 
Every individual is a unique sexual being. 

 

 

Adolescents are vivrant, fragile and prone to experimentation and risk taking , as a result they are 

the most vulnerable population as far as delinquent behavior and attitude are concerned. 

 

Every decision has its own consequence. Any wrong decision can lead to disastrous consequence, 

which in turn can ruin oneós life. 

 

Sexual adjustment is part of total personality adjustment. Self-esteem is the key to sexual maturity. 

Broad based community and institutional support for reproductive health is essential. 

 

Adolescence Reproductive and Sexual Health (ARSH) 
 

 

Importance of ARSH 

 

reducing specific risky behaviours 

theories which explain what influences people's sexual choices and behaviour . 

clear, and continuously reinforced message about sexual behaviour and risk reduction . 

Provide accurate information about, the risks associated with sexual activity, about contraception 

and birth control, and about methods of avoiding or deferring intercourse 
    Dealing with peer and other social pressures on young people; providing opportunities to practise 

communication, negotiation and assertion skills . 
    Uses a variety of approaches to teaching and learning that involve and engage young people and 

help them to personalise the information. 

    Uses approaches to teaching and learning which are appropriate to young people's age, experience 

and cultural background . 
Creating a protective and supportive environment. 

Avoiding manipulative relationships. 
Promoting and protecting the sexual and reproductive rights of adolescents and youth . 
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Methods of bir th control 

 
    Behavioural  methods: Behavioural methods depend on a good knowledge of the menstrual cycle 

as well as adequate self control by the couple. 
o Coitus Interruptus:  'Interrupted sex".  Penis is withdrawn from the vagina just before 

ejaculation. 

 
Advantage 

 

 

No drug,.  No interference with normal body functions. Planned  pregnancy. 

 
Disadvantage 

 
Dependent almost wholly on the man's self-control.  Failure rate high  15 - 18%. 

 
o Rhythm method or Safe Period:  Requires knowledge of the female partner's menstrual 

cycle to identif y the days on which sexual intercourse is possible without the risk of 
pregnancy. Read more ... 

o Avoiding vaginal Intercourse: Anal sex, oral sex or sex without penetrating the vagina. 
Sexual act occurs between the tightly held thighs of the woman has no risk of pregnancy. 

    Barr ier  methods: Barrier placed between the penis and the vagina during intercourse so that the 

sperm cannot meet the ovum for fertilization. 
o Male Condoms: Male condoms consist of a sheath, usually made of latex that covers the 

erect penis during penetration of the vagina. Read more... 

o Female Condoms:  Not used often. Made of polyurethrane.  Consists of a loose sheath 

with two rings on either side. The smaller ring is pushed deep into the vagina , larger ring 
remains outside on the edge of the vagina. The female condom can be inserted about 8 
hours prior to sexual intercourse and can be kept in for about another 12 hours after 
intercourse.  Can be used more than once during this period. 

o Condoms protect against pregnancy as well as sexually transmitted diseases (STDs), 

including HIV/AIDS. 
o Diaphragm:  Vaginal diaphragm small saucer shaped rubber sheath with a metal coil in 

its rim which is fitted across the mouth of the uterus (cervix). 

o Cervical Cap:  Small dome-shaped rubber device fitted on the cervix. Uncomfortable to 

apply and is rarely used nowadays. 
o Vaginal Sponge:  Small polyurethrane round device which needs to be placed inside the 

vagina before sexual intercourse. It releases spermicide wich makes sperm inactive .Be 

left in place for 8 hours after use and can be used more than once during this time. 

 
The sponge also acts as a barrier contraceptive to some extent since it swells up to fit 
across the cervix once it is inside the vagina. 

 
    Hormonal Methods: In this method, drugs are used to either prevent ovulation or to prevent 

implantation of the embryo after fertil ization. 

    Combined oral contraceptives contain two hormones similar to the natural hormones in a womanós 
body---an estrogen and a progestin. 

http://www.gynaeonline.com/anatomy
http://www.gynaeonline.com/1st%20Trimester.htm
http://www.gynaeonline.com/mense.htm
http://www.gynaeonline.com/mense.htm
http://www.gynaeonline.com/2nd%20trimester.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/3rd%20Trimester.htm
http://www.gynaeonline.com/condoms.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/anatomy.htm
http://www.gynaeonline.com/contrap.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/contrap.htm
http://www.gynaeonline.com/ovarian_cycle.htm
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Work ing of  Bir th Control Pill : 
 

Preventing ovulation. In  normal menstrual cycle, the pituitary gland secretes the hormones FSH and LH to 
stimulate the ovary to release an egg ('ovulation"). When pills are taken, the level of estrogen  in the blood 

increased. This sends a negative feedback message to the pituitary gland to stop secreting FSH and LH. 

The lowered levels of FSH and LH fails to stimulate the ovaries and ovulation is prevented. 
 

The progesterone in the pills make the cervical mucus hostile to the sperm. 

.It also work by causing changes that make the endometrium unreceptive to a fertilized ovum if 

ovulation and fertilization do take place 

 
o Oral Contraceptive pills: Combined oral contraceptive pills or birth control pills contain 

two hormones - estrogen and progesterone. One to prevent ovulation. Second to disrupt 
the normal growth of the internal uterine lining (endometrium) so that the embryo cannot 
implant in it. Read more... 

o Centchroman:  Non-hormonal non steroidal contraceptive. Function: slow down growth 

rate of internal uterine lining and speed up the movement of the embryo so that 
implantation cannot occur. Read more... 

o The Patch:  (Ortho Evra). Thin band-aid like patch containing estrogen and progesterone 
which should be applied over the skin. It releases the hormones slowly into the skin 
through which they are absorbed. 

o Depo-provera:  Injecting a high dose of the hormone progesterone every three months. 

prevents ovulation. Disadvantage : irregular bleeding throughout the three months. 
o Nuvaring: Thin silastic ring inserted into the vagina once every month.  Releases the 

hormones estrogen and progesterone and prevents ovulation during the menstrual cycle. 

 
Subdermal Implants 

 

Norplant (a registered trademark of The Population Council for levonorgestrel subdermal 

implants) set of six small plastic capsules. The capsules are placed under the skin of a 

womanós upper arm. 

Norplant capsules contain aprogestin, similar to natural hormone of a womanós body makes. 

Hormone released very slowly from all six capsules. Capsules supply a steady, very low 

dose. Contain no estrogen. 

Capsules thicken cervical mucus making it difficult for sperm.  Stops ovulation (release of 

eggs from ovaries) in about half of the menstrual cycles after first year of use. 
 

 

Emergency Oral Contraception 

After unprotected sex, emergency oral contraception can prevent pregnancy. Sometimes 

called postcoital or Ųmorning afteró contraception. 

Mainly stops ovulation (release of egg from ovary).  Perhaps also works in other ways. The 

sooner emergency control contraceptives used, the better they prevent pregnancy. 

Up to 72 hours after unprotected sex, the woman should take 4 low-dose or 2 "standard- 

dose" combined oral contraceptives, and then take another equal dose 12 hours later. 
 

Regular use of emergency  contraceptives has serious health hazards. 
 

 
Vaginal Pessar ies, Tablets, Creams or Foams :  Contain spermicides which are toxic to the 

http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/mense.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/ocp.htm
http://www.gynaeonline.com/centchroman.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/menstruation_basics.htm
http://health.indiamart.com/familyplanning/emergency-oral-contraception.html
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sperm and should be inserted into the vagina just before coitus. Advantage : easy to apply, 

do not interfere with coitus , act as lubricants. Disadvantage : not very effective always. 
 

 

Intra-Uter ine Contraceptive Devices (IUCD): IUCDs or IUDs  contraceptive devices which are 

placed inside the uterus. Usually small , flexible plastic frame. Often has copper wire or copper 

sleeves on it. It is inserted into a womanós vagina through her uterus. Almost all brands of IUDs 

have two strings, or threads, tied to them. The strings hang through the opening of the cervix into the 

vagina. A provider can remove the IUD by pulli ng gently on the strings with forceps. 
 

 

IUDs work chiefly by preventing sperm and egg from meeting. IUD makes it hard for sperm to 

move through the womanós reproductive tract. Reduces  abil ity of sperm to fertili ze the egg. Could 

also prevent the egg from implanting itself in the wall of the uterus. 

IUCDs prevent pregnancy by making the endometrium unreceptive to the fertil ized ovum. 

Stimulates the endometrium to release leukocytes (WBCs) and prostaglandins making it hostile to 

the sperm. Causes bizarre and irregular growth of the endometrium. Prevents implantation of a 

fertilized ovum. 

IUDs like Copper-Ts also come wrapped in copper. The copper is toxic to sperms and is a method 

of enhancing the contraceptive effect of the IUDs. 

 
The IUCDs can come in various shapes and sizes. 

 
    L ippes Loop:  The Lippes loop consists of a thin plastic (or polyethylene)wire bent in a series of 

S-shapes. Needs to be straightened when inserted into the uterus but resumes its shape once inside. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

l 

L ippes loop Copper -Ts 

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

the T along the uterine cavity (endometrium), shorter arms transversely across the upper part of the 

endometrium. Copper-Ts contain a copper wire or copper bars of different strengths wrapped 

around the arms or the stem. A Copper T 250 has 250 sq mm of copper wire wrapped around it 
and is effective for 3 years. The most commonly used IUCD is the Copper T 380. 

http://www.gynaeonline.com/1st%20Trimester.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/
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    Mirena: Hormone based IUD releases a progesterone called levonorgestrel. Works by affecting 

ovulation, affecting the normal growth of the endometrium and by affecting the cervical mucus so 
that the movement of sperm obstructed. In United Kingdom, hormone based IUDs are known as 

Intra-uterine Systems (IUS). 

 
    Surgical Methods: These are more or less permanent methods of contraception. 

o Tubal L igation:  Both female tubes tied off and usually cut during tubal ligation to 
prevent the sperm from reaching the ovum during intercourse. 

o Vasectomy: The two tubes in the males i.e. vas deferens which carry sperm from the 
testes to the penis are tied off and cutt. 

o Essure: Method in which small micro-inserts are placed at the mouth of the fallopian 
tubes Cause scarring and block them. Prevents sperm from reaching the ovum for 
fertilization. 

 
PREGNANCY 

 

P occurs when a sperm 

produced by a male, fuses 

with an ovum produced by a 

female. 

 
Every month a mature ovum 

released from either one of a 

womanós two  ovaries. Ovum 
round and about 100 microns 

in diameter, slightly smaller 

than the period at the end of 
this sentence. Largest cell in 

the human body and Only one 

visible to the naked eye. 

 

Ovum picked up by the 
fallopian tube on the same 
side. (There are two fallopian 

tubes on either side of the 

uterus near the ovaries. See image ). Tubes have long fingerlike projections called fimbria which are used 
like hands to pick up the ovum. 

 
The ovum then moves through the tube, propelled by long hairs growing from cells in the tubes. Like grass 
bending before the wind, hairs bend towards the uterus in waves, pushing the ovum slowly towards the 

uterus. 

 
Egg remains viable, that is, alive for about 72 hours, but is capable of being fertili zed for only about 12 - 

24 hours. If it remains unfertilized during this period, it disintegrates in the tube without leaving any trace. 
Its end products (mainly proteins) are absorbed into the bloodstream and excreted through the urine or 

stool. 

http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://www.gynaeonline.com/ovarian_cycle.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/internal_anatomy.htm
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Fertilization, Implantation and Pregnancy 

 
Sperm however is viable for a longer period, been found in the uterus 5 ï 7 days after coitus. Capable of 

fertilizing an ovum for only 48 - 72 hours after being ejaculated. Time taken by the sperm to reach the 

tubes is between 6 ï 12 hours, Sometimes  as early as 1 hour. 

 
Intercourse has to take place within this narrow time frame (1-2 days before ovulation or immediately after 

ovulation), for a pregnancy to occur. At every intercourse a normal man deposits 2 ï 5 mili litre of semen 
in the upper part of the vagina (see diagram). Each mil ilitre of semen contains about 50 ï 200 mil lion of 
sperms. 

 
Whisking their tails madly, the sperms swim rapidly upwards into the uterus and from there into the two 
tubes on either side at the rate of 3mm per hour. It takes an average of 10 hours for the sperm to reach the 

tubes. 

 
All the sperm deposited in the vagina cannot swim into the uterus. Some die off in the vagina, some get 
entangled in the cervical mucous and some manage to swim just into the cervix before dying. But it is 

believed that even these sperms help in causing pregnancy by changing the acidity (Ųphó) of the vagina or 
by acting on the cervical mucous so that other sperms can penetrate it and reach the ovum. Only about 1 % 

of the total number of sperms deposited in the vagina make the journey. 

 
Thousands of sperms flood the uterus and both the tubes. Some tumble out of the opening of the tubes into 
the abdomen. 

 
Hundreds of sperm (estimated to be around 300) surround the ovum in the tube. They press against the 
membrane of the ovum attempting to penetrate it and fertilize the ovum. Finally one sperm succeeds. At 

once a chemical reaction is triggered off in the wall of the ovum, making it impenetrable to any other 
sperm. No other sperm can enter the ovum now. 

http://www.gynaeonline.com/anatomy.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/normpreg.htm
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· The unsuccessful sperms slowly degenerate. 

· The sperm the ovum fuses with it to form zygote. The zygote starts to divide as it is propelled 

towards the uterus ï dividing Zygote called embryo. 
· In-vitro fertilization (IVF ovum and the sperm is allowed to fertilize in a laboratory dish (petri 

dish). Embryo usually transferred into the motherós uterus on 3
rd 

day at the 4 ï 8 celled stage. 
· The zygote reaches the uterus usually on 6th to 9th day after ovulation, Morula a 16-celled. 

· Separation between 2-celled to 16-celled stages (identical twins). Separation at later stages can 
lead to the potentially fatal condition of conjoint twins or Siamese twins. 

· Morula sticks to the inner lining of the uterus ('endometrium'). Progesterone from ovaries prepares 
the endometrium to receive morula. 

· Morula burrowed deep into endometrium by 9th - 12th day Can cause Ųimplantation bleedingó. 

· Development of embryo continues until 9th months of pregnancy (40 weeks or 280 days), to form 

fully formed baby. 

 
INFERTILI TY AND ITS TREAT MENT 

 
Infertili ty:- Woman fails to conceive after one year of sexual life without contraception. According to 

(WHO) World Health Organisation, infertility about 10 % worldwide. 

Infertili ty treatment, azoospermia (complete absence of sperm). 

Intra-Uter ine I nsemination (IUI ):   Used when men has moderately low sperm count. Semen collected 
by masturbation, washed and centrifuged to increase the sperm density. Sample injected into the uterus. 

Procedure within 2 hours of collection of semen. 

 
o Insemination with Husband's Semen (AIH) Impenetrable cervical mucous or diseased 

deformed Impotence or premature ejaculation. 

o Insemination with Donor Semen (AID)  
o Semen from somebody other than husband. 

 
InVit ro Fer tilisation (IVF)) is a process by which egg cells are fertilised by sperm (usually 100,000 

sperm / ml)  outside the womb,  in vitro. Process hormonal controll ovulatory process, removing ova (eggs) 

letting sperm fertilise in a fluid medium. Fertilised egg (zygote) transferred to the patient's uterus. The first 
successful birth of a "test tube baby", Louise Brown, occurred in 1978. 

http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/implantation_bleeding.htm
http://www.gynaeonline.com/2nd_trimester.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/contrap.htm
http://www.gynaeonline.com/infertility.htm
http://www.gynaeonline.com/treatment_female_infertility.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Fertilisation
http://en.wikipedia.org/wiki/Spermatocyte
http://en.wikipedia.org/wiki/In_vitro
http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Spermatozoon
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http://en.wikipedia.org/wiki/Uterus
http://en.wikipedia.org/wiki/Louise_Brown
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In vitro, within the glass, In vivo procedure, tissue remains inside the living organism within which it is 

normally found. IVF, also calledtest tube babies, 

 
Zygote intrafallopian transfer (ZIFT) fallopian tubes  prevents binding of sperm to egg.  Egg cells 

removed from ovaries, and in fertilised blocked vitro  . Resulting zygote is placed into the fallopian tube by 
laparoscopy. Gamete intrafallopian transfer (GIFT). ZIFT success rate 64.8% one cycle ï five weeks. 

 
Steps: 

 
Woman to take fertiolity medication ï stimulate egg production. 

 
Ovaries follicles mature ï woman infected with HCC (human chorionic gonadotropin. 

 

 

Eggs harvested 36 hours later, by transvaginal ovum retrieval. Fertilization in laboratory resultant early 

embryos or zygotes placed woman's fallopian tubes by laparoscope. 

 
Gamete intrafallopian transfer (GIFT) Eggs removed from  woman's ovaries, Placed in one Fallopian 
tubes, along with the man's sperm. Technique, pioneered by endocrinologist Ricardo Asch, Fertilization 

inside the woman's body.
[1] 

Four to six weeks to complete a cycle of GIFT. Harvested egg, mixed with the 
man's sperm, placed into the woman's Fallopian tubes using a laparoscope. 

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

fertilization. 

 
Advantage used for  men with very low sperm count In azoospermic, men sperm suctioned out of the vas 

deferens ( male tubes). Careful testicular biopsy and MESA - Microepididymal sperm aspiration. 

 
Prevention of Male I nfert ility : Undescended testes treated infancy. Infections by mumps and other 

viruses should be managed by medically. 

 
General Facts About STDs 

 

 

Sexually transmitted diseases STD, or STIs (sexually transmitted infections) are transferred from one 

person to another through sexual contact. 25 diseases can be transmitted through sexual activity. E.G. 
HIV, chlamydia, gonorrhea, syphilis, genital herpes, human papillomavirus, hepatitis B, trichomoniasis, 

and bacterial vaginosis. Risk prone: Adolescents. 

 
Pelvic  inflammatory  disease,  cause  infertility.  STDs  can  be  prevented  by  refraining  from sexual 

activity, some contraceptive devices, such as condoms. 

 

Specific STDs: An Overview 

 
Human Papilloma Virus:  Main cause of cervical cancer. Treatment other types of cancers of the female 

reproductive system. Reduces signs and symptoms, no cure. HPV vaccine developed. 

Herpes Virus: Symptoms Periodical blisters or sores on the genitals. 

Hepatitis:  Hepatitis B (HBV) vaccine available. Other hepatitis infections through sexual contact include 
Hepatitis A and Hepatitis C. 

HIV/AIDS: One STD that many people are worried about getting is HIV. While new ways of treating this 

http://en.wikipedia.org/wiki/In_vitro
http://en.wikipedia.org/wiki/In_vivo
http://en.wikipedia.org/wiki/Fallopian_tube
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http://en.wikipedia.org/wiki/Ovaries
http://en.wikipedia.org/wiki/In_vitro_fertilisation
http://en.wikipedia.org/wiki/Zygote
http://en.wikipedia.org/wiki/Fallopian_tube
http://en.wikipedia.org/wiki/Laparoscopy
http://en.wikipedia.org/wiki/Transvaginal_ovum_retrieval
http://en.wikipedia.org/wiki/Fallopian_tube
http://en.wikipedia.org/wiki/Fallopian_tube
http://en.wikipedia.org/wiki/Ricardo_Asch
http://en.wikipedia.org/wiki/Fallopian_tubes
http://en.wikipedia.org/wiki/Laparoscope
http://www.gynaeonline.com/normpreg.htm
http://www.epigee.org/health/stds.html
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http://www.epigee.org/health/herpes.html
http://www.epigee.org/health/hpv.html
http://www.epigee.org/health/hbv.html
http://www.epigee.org/health/trich.html
http://www.epigee.org/health/bacterial_vaginosis.html
http://www.epigee.org/health/pid.html
http://www.epigee.org/health/infertility.html
http://www.epigee.org/abstain.html
http://www.epigee.org/abstain.html
http://www.contracept.info/stds.php
http://www.epigee.org/condoms.html
http://www.epigee.org/health/cervical.html
http://www.epigee.org/health/hpv_symptoms.html
http://www.epigee.org/hpv_vaccine.html
http://www.epigee.org/guide/herpes.html
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http://www.epigee.org/health/hiv.html
http://www.epigee.org/health/hiv_treatment.html
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infection can significantly prolong an infected  person's  lif e, for far too many people this infection 
eventually progresses  to AIDS  and,  ulitmately,  death. More  than  40  mill ion  people  worldwide  are 
infected with the HIV virus; women account for 50% of those infected. Auto Immuno Deficiency 

synotrome, Caused by HIV. 

Syphilis: Syphilis can easily be treated and cured. Symptoms can progress and affect the nervous system 
and brain leading to dementia and death. 

Trichomoniasis:Common, curable STDs. 

Common Infections:  Chlamydia and gonorrhea often infect a person at the same time. Can be cured 
Damage reproductive system if left untreated. 

Pubic Lice: Crabs are very similar to head lice. Symptom ï itching. Can be treated. 

Rare I nfections:  Granuloma inguinale and chancroid, Well known in North America, Lesser-talked 

about STDs nongonococcal urethritis, molluscum contagiosum 
 
 
 
 

KNOW THE SYMPTOMS OF STDs 

 
Ç Swelling or tenderness in genital area. 

Ç Blisters ,sores or bumps around the mouth or genitals. 
Ç Fever,chills and aches. 

Ç Unusual itching. 

Ç Burning sensation when you pass urine or move your bowels. 
Ç White,watery or yellow disharge from the penis. 

 
Women face special r isks 

 
Ç Usually have fewer symptoms than men, often none at all . 

Ç Bleeding that is not part of their period. 
Ç Pelvic or vaginal pain. 

Ç Discharge from the vagina. 
Ç Painful urination. 

Ç Unusual rash, sore or growth in the genital area. 

 
DONôT LET STDs TO TAKE YOU BY SURPRISE 

 

 

Pelvic I nflammatory Disease Overview 
 

 

Pelvic inflammatory disease (PID) is infection of a woman's reproductive organs. Infection spreads upward 

from the cervix to uterus, Fallopian tubes, ovaries, and surrounding structures 

 
Symptoms 

 
Lower Abdominal pain or tenderness 

Back pain 

Abnormal uterine bleeding 

Unusual or heavy vaginal discharge 

Painful urination 

http://www.epigee.org/health/syphilis_treatment.html
http://www.epigee.org/syphilis_symptoms.html
http://www.epigee.org/health/chlamydia.html
http://www.epigee.org/health/gonorrhea.html
http://www.epigee.org/health/crabs.html
http://www.epigee.org/health/granu_ingui.html
http://www.epigee.org/health/chancroid.html
http://www.epigee.org/health/ngu.html
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Painful sexual intercourse 
 

 

Symptoms not related to the female reproductive organs include fever, nausea, and vomiting. 

PID symptoms may be worse at the end of a menstrual period and during the first several days 

following a period. 
 

 

Ectopic Pregnancy Overview 
 

 

Pregnancy that develops outside a woman's uterus (womb). Fertilized egg develops somewhere else in the 

abdomen especially fallopian tubes, outside of Utres, on ovaries or attached to bowels. Fetuses destroyed. 

Usually found in first 5 ï 10 weeks of pregnancy. 

 
    Complications Intra-abdominal hemorrhage (severe bleeding) rupture of fallopian tube. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chapter ð 5 Genetics 
 

 
Relationship between genes and chromosome of diploid organism and the terms used to describe them 

http://www.emedicinehealth.com/script/main/art.asp?articlekey=58752
http://www.emedicinehealth.com/script/main/art.asp?articlekey=14263
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Know the terms 

 

 
 
 

Terms Meaning Example 

 Address/ location of a gene in a chromosome T,A.b,d etc 

Allele Allelomorphs= alternative form of a gene T and t OR A and a etc 

Homozygous Both alleles of a gene at a locus are similar AA or aa 

Heterozygous Both alleles of a gene at a locus are dissimilar Aa or Tt etc 

Homozygous 

Dominant  

Both alleles of a gene at a locus are similar & 

dominant 

AA  

Homozygous 

recessive 

Both alleles of a gene at a locus are similar & 

recessive 

aa 

 

 

Mendel's fi rst law ( Law of dominance )characters are controlled by discrete units called genes (allele) 

which occur in pair .in heterozygous condition only one gene can express it self which is dominant. (Can 

be explained by monohybrid cross) 

 

Mendel's second  law ( Law of segregation): The two alleles received one from each parent segregate 

independently in gamete formation, so that each gamete receives one or the other with equal probability. 

(Can be explained by monohybrid cross) 
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Mendel's third law ( Law of recombination): Two characters determined by two unlinked genes are 
recombined at random in gametic formation, so that they segregate independently of each other, each 

according to the first law (note that recombination here is not used to mean crossing-over in meiosis). (Can 

be explained by dihybrid cross) 

 
This is what Mendel said (summary) : 

 
1) Dominant alleles overpower recessive alleles. Dominant traits overpower recessive traits. 

 
2) Rule of segregation (Separation): Gametes (sex cells) only receive one allele from the original gene. 

 
3) Rule of Independent assortment: One trait wil l not determine the random selection of another. 

 

 
 

In complete dominance: When one allele of a gene is not completely dominant over the other and the 
F1 hybrids are inter mediate between two parents. The phenotypic and genotypic ratio is same.1:2:1 

in F2 generation. E.g. Snapdragon or Antirrhinum majus 

 
Co dominance: Two alleles of a gene are equally expressive and dominant in a generation eg Human 

blood group 

 
( Note :  Human blood group is also an example for  multiple allelisim i,e when a gene exists in more than 

two allelic form) 

 
Basic outline of Mendels cross 

 

1.   Pure breeding parents for a pair of contrasting character (allelic Pair) is taken 

e.g, Tall pure-bred pea plants (TT) & short pure-bred pea plants (tt) 
 

 
 
 

2.   Gamete formation (Meiosis) 
 

 
 
 

3.   Hybr idization (crossing is done) 
 

 
 

4.   F1 generation - the product of the above cross (are called hybr ids) 
 

 
 

5.   Selfing (allowed to self fertili ze / self breeding ) 
 

 
 
 

6.   Gamete formation (Meiosis) 
 

 
 

7.   F2 generation - the product of the above selfing 
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8.   Analysis of result  (Phenotype and Genotype) 
 

 
Tendency of genes of same chromosome to remain together  

Such genes are called ï linked genes. 

Linked genes present only parental types 

 
 

 

 
 

 
 
 

Figure 1 Schematic diagram of Genetic Linkage and Recombination 

 
(A) Two homologous chromosomes: blue (paternal) and orange (maternal). Three genes with separate 

alleles and linkage " noted (A,a; B,b; C,c;). 

(B)  Crossing over during meiosis. ( 

(C) Two alleles and their linked genes have switched locations via recombination. Four additional 
alleles and their associated (A,a; B,b;) have not switched and are considered linked. 

(D) Recombined haploid chromosomes segregate separately during meiosis as gametes before 
fertilization. 

(E) Sample recombination frequencies between genes demonstrating higher rates of recombination for 
genes further apart. 
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Cross Result  of F2 generation 

Monohybrid Tt X Tt 3:1 1:2:1 

Dihybrid cross 
 
YyRr X YyRr 

9:3:3:1 1:2:1:2:4:2:1:2:1 

Incomplete dominance 
 

Rr X Rr 

1:2:1 1:2:1 

 

 

Co  Dominance and multiple allelisim 
 

Blood group Possible genotype 

A I
A
I
A 

OR I
A
i 

B I
B
I
B 

OR I
B
i 

AB I
A
I
B 

O ii  

 

 

Crosses of blood group ( CO DOMINANCE) 
 

Blood group Possible genotype Possible phenotype 

A X A I
A
I
A 

X I
A
I
A A 

I
A
I
A 

X I
A
i A 

I
A
i  X  I

A
i A ; O 

B X B I
B
I
B 

X  I
B
I
B B 

I
B
I
B 

X  I
B
i B 

I
B
i   X   I

B
i B; O 

AB X AB I
A
I
B 

X I
A
I
B AB:  A; B 

O X O ii X ii O 
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POSSIBLE BLOOD GROUP OF PROGENY WITH RESPECT TO THE BLOOD GROUP OF 

PARENTS 
 

  

A B AB O 

A X A + - - + 

A X O + - - + 

A X B + + + + 

B X B - + - + 

B X O - + - + 

AB X A + + + - 

AB X B + + + - 

AB X O + +  - 

AB X AB + + + - 

O X O - - - + 

KEY + = POSSIBLE - = NOT POSSIBLE 

 
 
 
 
 
 
 
 
 
 
 
 

 
Sex determination and sex chromosome 

 
Organism Male Female 

Human beings XY  XX  

Birds ZZ ZW 

Insects XO XX  
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Pedigree Analysis 
 
 

 
Pedigree is a chart of graphic representation of record of inheritance of a trait through several generations 

in a family 

 

Symbols used 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Four patterns of inher itance 
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AUTOSOMAL DOMINANT 

 

 
 

1.   Traits are controlled by dominant 

genes 

2.   Both males and females are equally 
affected 

3.   traits do not skip generations 

4.   e.g. polydactyly, tongue rolling abil ity 

etc 

 

 
AUTOSOMAL RECESSIVE 

 
1.   Traits are controlled by recessive 

genes and appears only when 
homozygous 

2.   Both males and females are equally 
affected 

3.   Traits may skip generations 
4.   3:1ratio between normal and affected. 

5.   Appearance of affected children from 
normal parents (heterozygous) 

6.   All children of affected parents are also 

affected. 
7.   e.g.- Albinism, sickle cell anaemia etc 

 

 
X-LINKED  DOMINANT 

 

 
 
 

1.   All daughters of an affected male will 
be affected 

2.   there is no male to male transmission. 
3.   e.g very rare-Ritts disease 

 

 
X-LINKED  RECESSIVE  

 

 
 
 

1.   Traits is more common in males (since 
hemizygous) but rarely in females 

(since homozygous) 
2.   all daughters of a male who has the 

trait are heterozygous carriers 

4.   there is no male to male transmission. 

5.   affected males receive the trait from 
carrier mother who has affected father 

6.   e.g- haemophili a, colour blindness 
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AA ''ttyyppiiccaall '' aauuttoossoommaall rreecceessssiivvee ppeeddiiggrreeee 
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A 't ypical'  autosomal dominant pedigree 
 

 
 

x-chromosome linked pedigree 
 
Now try to answer  

 

 
 

1.   Is it possible that this pedigree is for an autosomal dominant trait? 

2.   can two individuals that have an autosomal dominant trait have unaffected children? 
 

 
 

 
 

3.   Is it possible that this pedigree is for an autosomal dominant trait? 
 

 
 

 
 

4.   Is it possible that this pedigree is for an autosomal dominant trait? 
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5.   Is it possible that the pedigree above is for an autosomal recessive trait? 
6.   Assuming that the trait is recessive, write the genotype of each individual next to the symbol 

 
A = normal 

a = the trait (a genetic disease or abnormalit y) 

 

 
 

 

7.   Is it possible that the pedigree above is for an autosomal recessive trait? 
 

 
 
 

8.   Write the genotype of each individual next to the symbol 
 

 

 
 
 

 
9.   Is it possible that the pedigree above is for an autosomal recessive trait? 

 

 

 



 
 

57 

 

 
 

10. Is it possible that the pedigree above is  for an X-linked recessive trait? 

11. Write the genotype next to the symbol for each person in the pedigree 
 

 
 

 
 

 
 
 

12. Is it possible that the pedigree above is  for an X-linked recessive trait? 
 

 
 

 
 

13. Is it possible that the pedigree above is  for an X-linked recessive trait? 
 

 

 
 

14. Is it possible that the pedigree above is  for an X-linked recessive trait? 

 
 

15. Is it possible that the pedigree above is for an X-linked recessive trait? 
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16. Is it possible that the pedigree above is for an X-linked recessive trait? 

Clues 
 

 Affected Unaffected 

Autosomal Dominant AA 
 
Aa 

aa 

Autosomal Recessive aa AA 
 
Aa 

X- chromosome linked 

ecessive 

X  X 

X  Y 

XX 
 
X X 

XY 

 

TERMINOLOGIES 
 

Allele = A factor or letter that makes up a gene.  2 alleles make up one gene. Al ternative forms of a genetic 

locus; a single allele for each locus is inherited separately from each parent (e.g., at a locus for eye color 
the allele might result in blue or brown eyes). 

 
Alleles = "B" and "b" are different alleles. 

 
Autosomal genes = genes that are not found on the sex chromosomes. Autosomal chromosomes are ones 

that are not XX and XY. A chromosome not involved in sex determination. The diploid human genome 

consists of 46 chromosomes, 22 pairs of autosomes, and 1 pair of sex chromosomes (the X and Y 

chromosomes). 

Carr ier  = A person who has a defective gene and a dominant normal gene and therefore, is normal. (Nn) 

Centimorgan (cM): A unit of measure of recombination frequency. One centimorgan is equal to a 1% 
chance that a marker at one genetic locus will be separated from a marker at a second locus due to crossing 

over in a single generation. In human beings, 1 centimorgan is equivalent, on average, to 1 mill ion base 

pairs 

 
Chromosomes = 46 are found in human cells. Genes are carried on chromosomes. 
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Clones: Group of cells derived from a single ancestor. 

 
Cystic Fibrosis = Autosomal recessive. Mucous in lungs... Death in the 20s. 

 
DNA = The main instructions that explain how to build the body. (Deoxyribose Nucleic Acid) DNA 
makes up alleles, genes and chromosomes. 

 
Dominance = This is one of Johann Gregor Mendelós principles. In his studies with pea plants Mendel 

notices that pure tall plants bred to pure short plants resulted in tall hybrid plants. Tallness was dominant 
over shortness. 

 
Dominant = A allele that overpowers another is dominant. 

 
Down's Syndrome = Due to an extra chromosome. (21st pair). 

 
Gamete = Sperm or egg. Germ Cell . In humans, germ cell contains 23 chromosomes. 

 
Genetics: The study of the patterns of inheritance of specific traits 

 
Gene = Every trait is controlled by a gene. A human has 20,000 genes. Genes are controlled by 2 factors 

called ˈallelesᴁ. Each allele comes from a parent. 

 
Genotype = Hereditary or Genetic constitution of an Organism. (Genes an organism possesses) 

 
Genome: Al l the genetic material in the chromosomes of a particular organism; its size is generally given 

as its total number of base pairs. 

 
Germ Cell- An egg or sperm cell . A gamete. In humans, a germ cell contains 23 chromosomes. 

 
Haploid= A single set of chromosomes (half the full set of genetic material), present in the egg and sperm 
cells of animals and in the egg and pollen cells of plants. Human beings have 23 chromosomes in their 

reproductive cells. 

 
Hemophilia = Sex-linked recessive. Males get it most often. 

 
Heterozygous = This means alleles of a gene are "different". 

 
Heterozygosity=The presence of different alleles at one or more loci on homologous chromosomes. 

 
Homozygous = When alleles of a gene are "the same" 

 
Homologous chromosomes: A pair of chromosomes containing the same linear gene sequences, each 

derived from one parent 

 
Huntington's Chorea = Autosomal Dominant. People die at 40 +... Jerky muscular motions 

 
Hybr id = Means alleles of a gene are "different" (Hh) See heterozygous. 
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Independent Assortment: This is Johann Gregor Mendelós 2
nd 

principle. It states that alleles of one gene 
separate independently from alleles of another gene. In other words, eye color does not affect a personós 

ability to roll his or her tongue. 

  In vivo: Inside living Organism. 
In vitro: Outside a living organism in artificial or laboratory conditions. 

Karyotype: A photomicrograph of an individuals chromosomes arranged in a standard format showing the 
number, size, and shape of each chromosome type; 

 Li nkage: The proximity of two or more genes on a chromosome; the closer together the genes are, the 
lower the probabili ty that they wil l be separated during 
meiosis and hence the greater the probabili ty that they wil l be inherited together. 

L inkage map: A map of the relative positions of genetic loci on a chromosome, determined on the basis of 
how often the loci are inherited together. Distance is measured in centimorgans (cM). 
Locus (pl. loci): The position on a chromosome of a gene or other chromosome marker; also, the DNA at 

that position. The use of locus is sometimes restricted to mean regions of DNA that are expressed.( See 

gene expression). 

 
 
Meiosis = The kind of cell division that produces sperm and egg. Meiosis reduces the number of 
chromosomes to half . In humans, for instance, the nuclei of body cells contain 46 chromosomes. Due to 

meiosis, sex cells(gametes) carry only 23 chromosomes ï one chromosome from each homologous pair. 

 
Mendel, Johann Gregor = The father of genetics  

 
Mutation = A change in the DNA instructions. A change in the DNA sequence. The change can be 

beneficial, detrimental or neutral. It ultimately results in a change in protein. For instance, random genetic 
mutation gave rise to the dark phenotype of the peppered moth. 

 
Non-Disjunction: When homologous chromosomes fail to segregate properly during meiosis. Down 
syndrome, Turner syndrome and Klinefelter syndrome result from non-disjunction. 

 
Nucleotide = One of the four DNA chemical submits: (A + sugar and phosphate), (T + sugar and 
phosphate), (G + sugar and phosphate), (C + sugar and phosphate). 3 billion nucleotides make  

human genome 

 
Phenotype = the way an organism looks.( EXTERNAL CHARACTERISTICS) 

 
Recessive = A small , weaker allele is recessive. (CANNOT EXPRESS ITSELF IN HETEROZYGOUS 
CONDITION) 

 
Segregation = This is one of Mendelós principles. Mendel said that all genes are comprised of 2 factors, 

one from each parent. Chromosomes segregate during meiosis. These factors (alleles) of a gene separate 
during the formation of gametes (sperm and egg). This ensures that each parent contributes 50% of their 

genetic information. 

 
Sex chromosomes = Chromosomes that determine sex (XY and XX) 

 
Somatic Cell = Body cell that contains 46 chromosomes in humans. 

 
Tay Sachs Disease = Autosomal recessive. Children die young. Head enlarges.... 
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Trait = is a feature of an organism. 
 

 

Uracil = in RNA, this nitrogen base matches with Adenine instead of Thymine. 

 

5. Mutation 
 

 
Mutations ï sudden change in DNA sequences resulting in changes in the phenotype and genotype 

 
Mutagens ï that causes mutation (X-ray, UV ray, harmful chemicals etc) 

Types of Mutations 

 

 
 
 
 
 
 
 
 
 

Chromosomal mutation Gene mutation 
 
 
 
 
 
 
 
 
 
 
 
 

 
Structural Numeral Point Frame shift 

 

 
 
 
 
 
 
 
 
 

I II        III IV 

I - Deletion 
 
II- Duplication (addition) Euploidy Aneuploidy 
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III Inversion i. triploid (3n) i. Nullisomy (2n-2)  

 

IV Translocation 
 

ii . Tetraploid (4n) 

iii. Pentaploid (5n) 

 

ii .Monosomy 

iii Trisomy (2n+1) 

 

(2n-1) 

iv. Hexaploid (6n) iv Tetrasomy  (2n+2) 
 

(POLYPLOIDY) 
 

 

 
Aneupolidy is due to non disjunction (non separation) of chromosome during meiosis 

 

 
 
 

 
 

 
 
 

GENETIC DISORDERS 
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Mendelian Disorder Chromosomal disorder 

Single gene disorder Involve a chromosome ,its part or complete set of 
chromosomes 

Follow Mendellian principle of inheritance Do not follow Mendellian principle of inheritance 

Gene disorders (gene mutation & point mutation) Chromosomal aberrations (breakage deletion 

polyploidy and aneuploidy) 

 

 

GENETIC DISORDERS 
 

 
 
 

AUTOSOMAL  X- CHROMOSOME LINKED 

Recessive Dominant Recessive Dominant 

Sickle cell anemia Polydactyly Haemophil ia Very rare e.g. Rettós 

disease 
Phenylketonuria Huntingtonós disease Colour blindness 

Albinism   

 

 

CHROMOSOMAL  DISORDERS 
 

AUTOSOMAL  X- CHROMOSOME LINKED 

Downós syndrome (trisomy of chromosome 

number 21 ) total chromosome 47 

Turnerós syndrome (absence of one X 

chromosome) 45,X0 

 Klinefelterós syndrome (presence of an extra X 

chromosome) 47,e.g. XXY 

 

 

Note: I n  case of X chromosome linked chromosomal disorders (aneuploidy) 
 

Presence of Y chromosome ï phenotype is male 
 

Absence of Y chromosome ï phenotype is female 
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Chapter 6. MOLECULAR BASIS OF INHERITANCE 
 
 
 
 

DNA is a polynucleotide. When many nucleotides are linked with each other in a linear fashion, the 
resulting chain, is referred to as a polynucleotide (polymer). For example, each strand of DNA molecule 

has many deoxyribonucleotides linked in a chain-li ke arrangement. Therefore, it is described as 
polynucleotide strand and DNA molecule as polynucleotide molecule. 

 
In the DNA polynucleotide strands, the nucleotides are joined with each other by Ųphosphodiester 

linkagesó (Figure. 1.). 

 
In a phosphodiester linkage, the phosphate group present at the C-5 of the sugar of one nucleotide gets 
attached to the C-3 of the sugar of the next nucleotide in the chain. 

 
(b) The Watson-Cr ick model of the DNA double helix : The most widely accepted model for the 
structure of DNA molecule (Figure 8.4) was proposed by Watson and Crick in 1953 (who won the Nobel 

Prize  for  Medicine  in  1962).  According  to  their  model,  the  DNA  has  the  following  structural 

characteristics. 

 
i. Molecule : The DNA molecule is a double helix (Fig. 1A). The molecule is formed by two antiparallel 
polynucleotide strands which are spirally coiled around each other in a right-handed helix. The two strands 

are held together by hydrogen bonds. The double stranded helical molecule has alternate major (or deep) 
and minor grooves. 

 

 
 
 
                                      Fig 8.4 

 
Figure          1.          Structure          of          DNA          (Watson          and          Cr ick          model) 

(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 each strand (8.4 B) : Each strand is a long polynucleotide of deoxyribonucleotides. The 

backbone of the strand is formed by alternately arranged deoxyribose sugar and phosphate molecules 
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which are joined by the phosphodiester linkages. Each sugar in the strand has one base horizontally 
attached to it at carbon-1. It can be any one of the four: A,T,G,or C. These four N-bases can occur in any 

possible sequence along the length of a strand. 

 
iii. Complementary nature of the strands : The two strands are complementary to each other with 

regards to the arrangement of the bases in the two strands. For example, where adenine (a purine) occurs in 
one strand, thymine (a pyrimidine) is present in the corresponding position in the opposite strand and vice 

versa. Similarly, wherever guanine (a purine) is present in one strand, the other strand has cytosine (a 
pyrimidine) opposite to it and vice versa. Thus, in the double helix, purines and pyrimidines exist in base 

pairs, i.e., (A and T) and (G and C). As a result, if the base sequence of one strand of DNA is known, the 
base sequence of its complementary strand can be easily deduced. 

 
vi. Complementary base pair ing : In each pair, the two bases of the opposite strands are joined by 

hydrogen bonds. A and T are joined by two hydrogen bonds, while G and C are joined by three hydrogen 
bonds. This is called complementary base pairing. The two strands are thus held together all along their 

lengths by these hydrogen bonds. 

 
v. Pur ine : Pyr imidine ratio : Because of the fixed or complementary base pairing in the DNA molecule, 

the total number of A is equal to the total number of T and the total number of G is equal to the total 
number of C. In other words, (A+G)= (T+C). Hence, purines: pyrimidines ratio is 1:1. 

 
vi. C-3 and C-5 ends of the strand : In each strand one end of the strand has one free phosphate group on 
carbon-5 of the sugar molecule. This is the end of the strand is called C-5 (or 5') end. The other end of the 

strand has a free -OH on carbon-3 of the sugar molecule. This is called C-3 (or 3') end of the strand (Figure 
1c). 

 
vii. Antiparallel nature of strands: The two strands are oppositely oriented and hence are called 

antiparallel. This means, the 3' end of one strand is adjacent to the 5' end of the other strand (Fig. 8.4c) . 

This is because, the phosphate-sugar linkages run in opposite directions in the two strands. 

 
viii . Dimensions: The diameter of the DNA double helix is 20 A

o
. The length of each complete spiral (turn 

or pitch) of the molecule measures 34 A
o
. 10 pairs of nucleotides are present in each complete spiral. 

Therefore, each nucleotide in the strand occupies a distance of 3.4A
0
. 

 
 
 
 

 
(c) Circular DNA molecules : Chromosomes of most prokaryotes (e.g. bacteria, cyanobacteria,) are 

circular molecules of DNA. 

 
In bacteria, there is no organized nucleus. The bacterial nucleoid consists of a single  circular  DNA 

molecule (bacterial chromosome). The molecule has two complementary strands forming a covalently 

closed circle. Generally, the circular molecule is present in a highly folded and suspercoiled state (Figure 

8.5A). This is expected because the diameter of a bacterial cell (e.g. Escher ichia coli) is about 1-2 microns 
while the total length of the circular DNA is about 1100 microns. The circular molecule has 40-50 folds or 

looped domains. These folds are held in position by  RNA molecules (RNA connectors) and some non- 

histone proteins associated with the bacterial chromosome. (Histones are absent in bacteria 

 
The DNA segment in each loop is supercoiled independently.  Because of this characteristic formation of 

loops as well  as the supercoils within the loops, the large circular DNA molecule can be packed into a 

http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/b0808203.asp
http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/b0808203.asp


 
 

66 
 

small bacterial 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 bacterial cell. The coils of the supercoiled 

circle can be relaxed by treatment with enzymes such as RNAse or DNAse. The uncoili ng occurs due to a 

break (nick) in one or both the strands of DNA. 

 
In some viruses, e.g. certain bacteriophages, the circular DNA is single stranded. It becomes double 

stranded only during replication (replicatable form). 

 

 
 

 
 
 
 
 
 

8.1 Packaging of Hereditary M ater ial 

 

 
 

 

Structure of nucleus (A) in a prokary otic cell and (B) in an eukaryotic cell 

REPLICATION: The various steps involved in this process are summarized as follows: 

 
i. The mechanism of replication starts at a specific point of the DNA molecule. This is called the 

origin of replication (orisite) 

ii .      At the origin, the DNA strand breaks because of an incision (nick). This is made by an enzyme 
called incision enzyme (endonuclease). 

iii. The hydrogen bonds joining the two strands are broken by the enzyme. 
iv. The two strands start unwinding. This takes place with the help of a DNA unwinding protein. 

The two polynucleotide strands are thus separated. 

v. The point where the two strands separate appears like a fork or a y-shape. This is described as a 
replicating fork. 

vi.      A new strand is constructed on each old strand. This takes place with the help of a small  RNA 

pr imer molecule which is complimentary to the DNA at that point. Each old DNA strand acts as a 
template (site) for the construction of new strand. The RNA primer attaches itself to the old strand 

and attracts the enzymes which add new nucleotides. The deoxyribose nucleotides are present in 
the surrounding nucleoplasm. Appropriate nucleotides are selected from the nucleoplasm, and are 
attached by H-bonds to their respective complementary bases on the old strand. A new DNA 

strand is thus constructed opposite to each old strand 

http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/b0808302.asp
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As stated earlier, chromosomes are the carriers of the hereditary material. In cells, chromosomes are 
located in the nucleus. In prokaryotic cells (e.g.,  bacteria, cyanobacteria, etc.), organized nuclei are not 

present. As a result, the hereditary material occurs in the cell cytoplasm as a nucleoid (Figure 8.1-A) 
without the nuclear envelope. 

 
(a) Eukaryotic nucleus (Figure 8.1-B): In eukaryotic cells (e.g., all higher plants and animals), a well 

organized nucleus is present. It is bounded by a double membrane nuclear envelope with trilaminar 
structure. There are pores in the envelope. Internally, the nucleus is filled with nucleoplasm (nuclear  sap) 

that is acidophilic and clear. The interphasic nucleus (i.e. the nucleus which is not in the stage of division) 

usually shows the presence of one dark, spherical body called nucleolus. The nucleoplasm also contains 

nuclear reticulum or chromatin  network. It consists of very fine, long chromatin fibers. These represent the 
chromosomes at the interphasic stage. They become short, thick and distinct during cell division. 

 
(b) Structure of chromatin (Figure 8.2): The chromosomes are composed of nucleoprotein called 

chromatin. The chromatin fiber appears to have a structure like a Ųstring of beads.ó According to the 

nucleosome-solenoid model proposed by Kornberg and Thomas (1974), the beaded string is made of 
repeating units called nucleosomes (Figure 8.2A). Each nucleosome is a bead-like particle about 60 Ao 

high and 110 A
o
 wide. 

 

 
 
 
 

 
Figure 8.2. Nucleosome - solenoid model for the structure of chromatin 

 
In the nuclesome, the DNA double helix is wound around the core of eight histone molecules (octamer). 

The segments of DNA joining the Ųbeadsó are called linker DNA. Each linker DNA has an average of one 
molecule of a histone protein (H1) attached to it. 

 
The thin, long and "beads-on-string" chromatin fiber is condensed and packed into a short and thick 
chromosome (metaphase chromosome) because of further coiling and "super coiling", wherein (1) the 
string of beads condenses and coils to produce a 100 A

o
 thick nucleosome fiber (2) the nucleosome fibre 

then supercoils to produce a 300-350 A
o   

thick solenoid fiber. A solenoid represents the structure of 
chromatin fiber in the metaphase chromosome. 

 
8.2 The Structure of DNA 

http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/b0808101.asp
http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/b0808101.asp
http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/b0808101.asp


 
 

68 
 

Deoxyr ibonucleic nucleic Acid (DNA) is a highly complex megabiomolecule. The long chain molecule is 
formed of repeating units called nucleotides. Hence, it is described as the polynucleotide molecule. It 

consists of two polynucleotide antiparallel strands which are spirally coiled round each other along their 

lengths (Watson and Crick, 1953). 

 
(a) Chemical Components of DNA : The highly complex DNA molecule is composed of only three types 

of  chemical 

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

 

 

i.      Deoxyr ibose sugar : The sugar present in the DNA molecule is called deoxyribose sugar and 

hence the nucleic acid is called deoxyribonucleic acid (DNA). It is a pentose sugar (with 5 carbon 

atoms) having a pentagonal ring structure (Figure 8.3) 

ii .      Phosphate (Figure 8.3) : The phosphate in the DNA is present as phosphor ic acid (H3PO4). It 
has three reactive (-OH) groups of which two are involved in the formation of the sugar-phosphate 
backbone of each DNA strand. 

iii. The nitrogen-containing organic bases 

 

 
 
These are heterocyclic compounds containing nitrogen in their rings and therefore called nitrogenous 

bases. DNA contains four different bases called adenine (A), guanine (G) cytosine (C), and thymine (T). 

These are grouped into two classes on the basis of their chemical structure: (i) Pur ines (with a double ring 

structure) and (ii) Pyr imidines (with a single ring structure) (Figure 8.3) 

 
Nucleosides : In the molecules of nucleic acids (DNA and  RNA), each pentose sugar molecule has one 

nitrogen base attached at carbon number 1. It may be either a purine or a pyrimidine base. Thus, a pentose 
sugar with the attached N-base forms a nucleoside. 

 
[Sugar + N-base] = Nucleoside. 

 
In DNA, the deoxyribose sugar has one of the four bases (A,G,T or C) attached. Therefore, the nucleosides 
in DNA are called deoxyr ibosides. 

 
[deoxyribose sugar + N-base] = Deoxyriboside 

 
Nucleotides : A nucleoside with a phosphate group attached to it is called a nucleotide 

http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap8/
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Fig.8.3 Chemical components of DNA and the phosphodiester linkage 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

. 

 
[Nucleoside + Phosphate] = Nucleotide 

 
A nucleotide is the basic unit or monomer in the structure of a nucleic acid molecule. 

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

pentose sugar at carbon-5. 

 
In the DNA, each nucleotide is called deoxyr ibonucleotide. 

[Deoxyribose sugar + N-base + Phosphate] = Deoxyribonucleotide 

As there are four dif ferent bases (A,T,G and C) in DNA, there can be only four types of nucleotides in 

DNA. 

 
The nucleotides act as the building block molecules for the synthesis of the polynucleotide molecules. 
When two nucleotides are linked together, a dinucleotide (or dimer) results. 
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8. 3 Replication Of DNA In Eukaryotes 

 
Definition: "The process by which DNA produces daughter DNA molecules which are exact copies of the 

original DNA is called replication of DNA." 

 
In eukaryotes, DNA is double stranded. The two strands are complementary to each other because of their 

base sequences. 

 
Semi-conservative method of DNA replication 

 
Important points: 

 
(i) This is the most common method of DNA replication. 

(ii) It takes place in the nucleus where the DNA is present in the chromosomes. 

(iii) Replication takes place in the S-phase (synthesis phase) of the interphase 

 
nucleus. 

 

 

(iv) The deoxyribose nucleotides needed for the formation of  the new DNA strands are present in the 

nucleoplasm. 

 
At the time of replication, the two strands of DNA first separate. Each strand then acts as a template for 
the formation of a new strand. A new strand is constructed on each old strand, and two exactly identical 

double stranded DNA molecules are formed. In each new DNA molecule, one strand is old (original) 

while the other is newly formed. Hence, Watson and Crick described this method as semi-conservative 

replication. 

 

 
 
 
 

 
(A) An overall process of DNA replication showing replication fork and formation of new strands template 

and lagging template 
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Figure Stages in the semi-conservative method of DNA replication in eukaryotes 

 
The various steps involved in this process are summarized as follows: 

 
i. The mechanism of replication starts at a specific point of the DNA molecule. This is called the 

origin of of replication (ori site)   

ii .      At the origin, the DNA strand breaks because of an incision (nick). This is made by an enzyme 
called incision enzyme (endonuclease). 

iii. The hydrogen bonds joining the two strands are broken by the enzyme. 

iv.  The two strands start unwinding. This takes place with the help of a DNA unwinding     

v.     enzyme(unwindase) 
Helicases. The two polynucleotide strands are thus separated. 

v. The point where the two strands separate appears like a fork or a Y-shape. This is described as a 
replicating fork. 

vi. A new strand is constructed on each old strand. This takes place with the help of a small  RNA 

pr imer molecule which is complimentary to the DNA at that point. Each old DNA strand acts as a 
template (site) for the construction of new strand. The RNA primer attaches itself to the old strand 

and attracts the enzymes(DNApolymeraseI II ) which add new nucleotides through base 

complementation. The deoxyribose nucleotides are present in the surrounding nucleoplasm.. A 

new DNA strand is thus constructed opposite to each old strand 

 
vii.      The formation of new complementary strand always begins at the 3' end of the template strand 

(original strand) and progresses towards the 5' end (i.e in 3' - 5' direction). Since the new strand is 

antiparallel to the template strand, it is obvious that the new strand itself is always developed in 

the, 5'-3' direction. For this reason when the two original strands separate (then with respect to the 
origin of separation), one acts as 3'-5' template while the other acts as 5'- 3' template. Of the two, 

the replication of 3'-5' template begins first. Hence 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 transcribed fragment. The new strand formed on it is called the lagging 

strand. 

 

viii. Replication of the lagging strand takes place in small fragments called Okazaki fragments. These 
are then connected together by the enzyme ligase. 

ix. Replication may take place in only one direction on the DNA helix (unidirectional) or in two 

directions (bidirectional). 
x. At the end of the process, two double stranded DNA molecules are formed from the original DNA 

molecule. 
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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 passive and  spontaneous  process.  Many 

enzymes are  required  to  unwind the  double  helix and  to  synthesize  a new strand  of DNA.  We will 

approach  the  study  of the  molecular mechanism  of DNA  replication  from the  point  of view of the 

machinery that is required to accomplish it. The unwound helix, with each strand being synthesized into a 

new double helix, is called the replication fork. 

 
The Enzymes of DNA Replication 

 
    Topoisomerase is responsible for uncoiling of double halix. The tension holding the helix in its 

coiled and supercoiled structure  can be broken by nicking a single strand of DNA. Try this with 

string. Twist two strings together,  holding both the top and the bottom. If you cut only one of 

the two strings, the tension of the twisting is released and the strings untwist. 

    Helicase accomplishes unwinding of the  original double strand,  once  supercoili ng  has  been 

eliminated by the topoisomerase. The two strands very much want to bind together  because of 

their hydrogen bonding affinity for each other,  so the helicase activity requires  energy (in the 

form of ATP ) to break the strands apart. 

    DNA polymerase proceeds  along a  single-stranded  molecule  of DNA,  recruiting  free  dNTP's 

(deoxy-nucleotide-triphosphates) to hydrogen bond with their appropriate  complementary dNTP 

on the single strand (A with T and G with C), and to form a covalent phosphodiester bond with 

the  previous nucleotide  of the  same strand.  The energy stored  in the  triphosphate is used to 

covalently bind each new nucleotide to the growing second strand. There are dif ferent forms of 

DNA polymerase , but it is DNA polymerase III that is responsible for the processive synthesis of 

new DNA strands. DNA polymerase cannot start synthesizing de novo on a bare single strand. It 

needs a primer with a 3'OH group onto which it can attach a dNTP. DNA polymerase is actually an 

aggregate   of  several  dif ferent  protein  subunits,  so  it  is  often  called  a  holoenzyme.  The 

holoenzyme also has proofreading activities, so that  it can make sure that  it has inserted  the 

right base,  and nuclease  (excision of nucleotides)  activities so that  it can cut away any 

mistakes it might have made. 

    Pr imase is actually part of an aggregate of proteins called the primeosome. This enzyme attaches 

a small RNA primer to the single-stranded DNA to act as a substitute  3'OH for DNA polymerase to 

begin synthesizing from. This RNA primer is eventually removed by RNase H and the gap is fi lled 

in by DNA polymerase I. 

    L igase can catalyze the formation of a phosphodiester bond given an unattached but adjacent 

3'OH and 5'phosphate. This can fi ll in the unattached gap left when the RNA primer is removed 

and fi lled in. The DNA polymerase can organize the bond on the 5' end of the primer, but li gase is 

needed to make the bond on the 3' end. 

    Single-stranded binding proteins are important to maintain the stabili ty of the replication fork. 

Single-stranded DNA is very labile, or unstable, so these proteins bind to it while it remains single 

stranded and keep it from being degraded. 
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The Steps of  DNA Replication 
 
 
 
 

    A portion of the double helix is unwound 

by a helicase. 

    A molecule of DNA polymerase binds to 

one   strand   of   the   DNA   and   begins 

moving along it in the 3' to 5' direction, 

using it as a template  for assembling a 

leading strand of nucleotides and 

reforming a double helix. 

    Because DNA synthesis can only occur 5' 

to 3', a second DNA polymerase molecule 

is used  to  bind  to  the  other  template 

strand  as  the  double  helix opens.  This 

molecule must  synthesize discontinuous 

segments of polynucleotides (called 

Okazaki fragments).  Another enzyme, 

DNA ligase  then  stitches  these  together 

into the lagging strand 
 
 
 
 

Speed of Replication 
 

 
 

    Prokaryotes - The single molecule of DNA that is the E. coli  genome contains 4.7 x 10
6
 nucleotide 

pairs. DNA replication begins at a single, fixed location in this molecule, the replication or igin, 

proceeds at about 1000 nucleotides per second, and thus is done in no more than 40 minutes. 

And thanks to the precision of the process (which includes a "proof-reading" function), the job is 

done  with only about  one  incorrect  nucleotide  for every 10
9
 nucleotides  inserted.  In other 

words, more often than not, the E. coli  genome (4.7 x 10
6
) is copied without error! 

 
    Eukaryotes - The average human chromosome  contains 150 x 10

6
 nucleotide  pairs which are 

copied at about 50 base pairs per second. The process would take a month (rather than the hour 

it actually does)  but  for the  fact  that  there  are  many  replication  origins on  the  eukaryotic 

chromosome. Repli cation begins at some origins earlier in S phase than at others, but the process 

is completed  for all by the end of S phase. As replication nears completion, "bubbles" of newly 

replicated DNA meet and fuse, fi nally forming two new molecules 
 
 
 

 
. The semi-conservative nature of DNA replication  was confirmed by Meselson and Stahl (1958) with 

the help of an experiment. They marked the DNA in Esherichia coli with heavy isotope of nitrogen (15N) 

and then  traced  it in the  foll owing generations  of the  E-coli  progeny. It was demonstrated that  each 

daughter DNA has one strand of the parent (old strand) and the other strand in newly formed. 
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Nitrogen is a major constituent of DNA. 14N is by far the most abundant isotope of nitrogen, but 

DNA with the heavier (but non-radioactive) 15N isotope is also functional. 

 
E. coli were grown for several generations in a medium with 15N. When DNA is extracted from 

these cells and centrifuged on a salt(CesiumChloride) density gradient, the DNA separates out 

at the point at which its density equals that of the salt solution. The DNA of the cells grown in 
15N medium had a higher density than cells grown in normal 14N medium. After that, E. coli cells 

with only 15N in their DNA were transferred to a 14N medium and were allowed to replicate; the 

progress of cell division was monitored by measuring the optical density of the cell  suspension. 

 
DNA was extracted periodically and was compared to pure 14N DNA and 15N DNA. After one 

replication(20minutes), the DNA was found to have close to the intermediate density. 

Semiconservative replication would result in double-stranded  DNA with one strand of  15N 

DNA, and one of 14N DNA. 
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The authors continued to sample cells as replication continued. DNA from cells after two replications(after 

40minutes)  had been  completed  was  found  to  consist of equal amounts  of DNA with  two  different 

densities, one corresponding to the intermediate density of DNA of cells grown for only one division in 14N 

medium,  the  other corresponding to DNA from cells grown exclusively in 14N medium.  The result  was 

consistent with the semiconservative replication hypothesis. 

 
8.6 RNA : Structure and Types 

 
Ribonucleic Acid (RNA) is another polynucleotide which occurs in the cells as non-genetic material, with 

the exception of some viruses. RNA is present in the nucleus as well as in the cytoplasm. 
 

 
 
 
 
 
 

General structure 

 
RNA molecule is single stranded and consists of nucleotides arranged in a long series. The single strand of 

RNA may be simple and straight, or it may be variously folded upon itself in certain regions. 

 
Structural components : RNA molecule has three primary components. 

 
1.   Ribose sugar (a pentose sugar), with a pentagonal ring structure 
2.   Phosphate, as phosphoric acid 

3.   Nitrogenous bases 

 
There  are  four  kinds  of  nitrogenous  bases  found  in  RNA.  Of  those,  two  are  purines  and  two  are 

pyrimidines, as follows : 

 

 
 
Thus in RNA, uracil is present in place of thymine found in DNA. 

 
Structure of an RNA strand : The strand is made up of alternating molecules of ribose sugar and the 

phosphate. The nitrogen bases are attached to the sugar molecules in the strand and óstick outó laterally as 

in DNA (figure 8.9). A sugar, a N-base and a phosphate together form a r ibonucleotide. A nucleotide 
without the phosphate is called r ibonucleoside. 

 
RNA being single stranded, the nitrogen bases remain mostly unpaired. However, the strand may be folded 
upon itself in certain regions. In such folded regions, base pairing occurs between purines and pyrimidines 

as follows : 
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Adenine = Uracil (two H-bonds). Guanine ſ Cytosine (three H-bonds). Nitrogen bases remain unpaired in 
the unfolded regions of the strand. Because of this variability in base pairing in different regions of the 

same strand, the total number of purines need not be equal to the total number of pyrimidines in RNA 
 
 
 

 
Types of non-genetic  RNA and their  functions 

 
There are three types of non-genetic RNA. 

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

 
 
 

 
(1) mRNA (Messenger RNA) : This is called messenger RNA because it carr ies infor mation for 

protein synthesis from the DNA to the r ibosomes in the cytoplasm (the site of protein synthesis). m- 

RNA constitutes about 3-5% of the total RNA. It is produced on the DNA strand. The process is called 
transcription. Hence, the base sequence of mRNA is complementary to that of the DNA strand. The bases 

on the mRNA strand are organized into tr iplets. Each triplet consists of a sequence of three consecutive 

bases (nucleotides) and is called a codon (code word). Each codon specifies one amino acid. The sequence 
of codons on the mRNA strand is called the mRNA language. It indicates the sequence of amino acids for 

the synthesis of a protein. It begins with the codon AUG (initiation codon or starting codon) and ends 

with either UAA, UAG or UGA (stop codons). The single-stranded mRNA molecule is always straight 
(Fig. 8.10) and therefore, base pairing is totally absent in mRNA. 

 
 

 
 
 

 
Role of  m-RNA in  protein  synthesis 

 
i. Represents the sequence of codons from the DNA strand (transcription). 

ii . Brings the sequence to the ribosomes (site of protein synthesis) in the cytoplasm. 

iii. Provides the sequence for the synthesis of specific protein from the amino acids with the help of t- 
RNA (translation). 

 
(2) rRNA (Ribosomal RNA) : r RNA forms about 80% of the total RNA. It is present in the ribosomes in 

the cell cytoplasm (site of protein synthesis) and hence called rRNA. The single-stranded molecule of 

rRNA is variously folded and twisted upon itself in certain regions (Figure 8.11). In such folded regions, 

complementary bases form pairs and are joined by hydrogen bonds. 

 
Role of rRNA in protein synthesis : The role of rRNA in protein synthesis is not yet very clearly known 

but it is known to complex with various protiens. The resulting structure is a ribosome, and this complex 
reads the coded sequence in mRNA to link amino acids together into particular protiens. 

 
i. It provides proper binding sites for the mRNA of the ribosomes. 

ii . It orients the mRNA in such a way that its nitrogen base triplets or codons are properly read or 

translated. 
iii. It also releases tRNA after the transfer of activated amino acid. 
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iv. It protects the mRNA strand from the action of enzymes (nucleases). 

v. It protects the growing (nascent) polypeptide chain from proteolytic enzymes. 

 
(3) tRNA (Transfer RNA) : It is the smallest of all the types of RNA. About 10 to 20% of the total RNA 

of the cell is of this type. tRNA strand is folded upon itself forming loops. It results in either a clover leaf 

pattern or  hair  pin pattern (Figure 8.12). One end of the strand has guanine, while the other end carries 
the CCA combination of nitrogen bases. A triplet of nitrogen bases called anticodon is present on one of 

the loops. The anticodon pairs with the complementary codon on the  mRNA  molecule. The tRNA 

molecules carry  amino acids to the mRNA dur ing the process of protein synthesis. Each type of the 

amino acid is car r ied by a specific tRNA molecule. tRNA is synthesized on the DNA template. It has 
complementary base pairs in folded regions. 

 
Role of tRNA in protein synthesis 

 
i. tRNA carries the required specific amino acids from cell cytoplasm to the ribosome (site of protein 

synthesis). 

ii . Each type of amino acid is carried by a specific type of tRNA. 
iii.      In the ribosome, tRNA helps to arrange the amino acids in their proper sequence for the synthesis 

of a protein. This is done with the help of the codons on the mRNA and the matching 
(complementary) anticodons on the tRNA (translation). 

 

 
 
 
 
 
 
 
 

 
CLOVERLEAF STRUCTURE OF tRNA 

 

 
 

Table 8.2 : Difference between DNA and RNA 

 
 

Characters 
 

DNA 
 

RNA 

 

1. 
 

Molecule 
 

Double stranded, 

helical 

 

Single stranded, 
straight or 

variously folded 

and twisted. 

 

2. 
 

Pentose sugar 
 

Deoxyribose 
 

Ribose 

 

3. 
 

Pyrimidine 

base 

 

Thymine 
 

Uracil 

 

4. 
 

Complementary 
 

Always present 
 

Normally   absent, 
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base pairing 
 

and exists 
between A = T 

and G = C 

 

but  may  be 
present in twisted 

segments of a 
molecule. 

 
If present, pairing 

is between A = U 
and G = C 

 

5. 
 

Ratio of 

Purines: 

Pyrimidines 

 

Always 1 : 1 
 

Not necessaril y 

1:1 

 

6. 
 

Replication 
 

Can replicate 
 

Cannot replicate 

 
 
 
 
 
 
 
 
 

                                                                                      CLOVERLEAF STRUCTURE OF tRNA 
 
 
 

The main pr inciple of protein synthesis. According to Crick (1958), DNA determines the sequence of 
amino acids in a polypeptide (protein) through mRNA. This is the main principle (central dogma) of 

protein synthesis. This involves transcription and translation. 

 

 

 
Components involved in protein synthesis : The process requires 

 
1.   The 20 types of amino acids that are specified by the genetic code. 

2.   DNA (to provide the base sequence). 
3.   The non-genetic RNAs (m-RNA, t-RNA and r-RNA). 

4.   Ribosomes (site of protein synthesis) and 
5.   Various enzymes (f0actors). 
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Mechanism of protein synthesis 

 
As stated earlier, the mechanism of protein synthesis involves two main events namely (A) Transcription 

(B) Translation. 

 
(A) Transcr iption 

 
Transcription is the process of formation of mRNA on the DNA strand. It takes place in the presence of 

enzyme RNA Polymerase. 

 
One of the strands of DNA acts as a template for the formation of the same m-RNA in a series, one by one. 

Such  ribosomes  bound  to  the  same  mRNA  strand  are  called  polyr ibosomes  or  polysomes.  The 

polypeptide chain formation in each ribosome is independent and the same as described above. 
 

 
 
 
 
 
 

Transcription is the first stage of the expression of genes into proteins. In transcription, a mRNA 

(messenger RNA) intermediate is transcribed from one of the strands of the DNA molecule. The RNA is 

called messenger RNA because it carries the 'message' or genetic information from the DNA to the 
ribosomes, where the information is used to make proteins. RNA and DNA use complementary coding, 

where base pairs match up, similar to how the strands of DNA bind to form a double helix. One 

difference between DNA and RNA is that RNA uses uracil in place of the thymine used in DNA. RNA 

polymerase mediates the manufacture of an RNA strand that complements the DNA strand. RNA is 

synthesized in the 5' -> 3' direction (as seen from the growing RNA transcript). 

 

Th e Tr an scr i p t ion P r ocess  
 

RNA  syn t he sis inv o lv es  separa t ion of  t h e DNA  st r an ds an d  sy n the sis of  an  RNA 
mol ecu le in  the  5'  t o  3'  d i r ec t ion  by  RNA po ly m er ase,  u sin g  one  of  t h e DNA 
st r an ds as a te m p lat e. 

 
I n com plemen tary base pairing , A, T,  G, and C on th e tem plate DNA strand specify  U, A, C, 
and G, respect ively,  on th e RNA st rand being synth esized. 
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I n  a  p r oka r yo t ic ce l l , tr an sc r ip t ion  and  t r an sla t ion  ar e co u p led;  th at  is,  tr an sla t ion 
beg ins  w h i le  t he  mR NA is st i l l  be in g  sy nth esized. I n  a  euk ar yo t ic c e l l , 
tr an sc r ip t ion  oc cu r s in  t h e n uc leu s, and  t r an sl a t ion  oc cu r s in  t h e cy t op lasm.  

 
Prok ar yo t ic Cel l  

 

 
 

 

Because there is no nucleus to separate th e processes of t ranscript ion a nd t ranslat ion , 
when bact er ial genes are t ranscribed, th eir t ranscript s can  im m ediately be t ranslated. 

 
Euka r yotic  Cel l  

 

 

 
Transcript ion and t ranslat ion are spa t ially and tem porall y separated in euka ryot ic cells;  that 

is, t ranscript ion occurs in th e nu cleus to pr odu ce a pre-m RNA m olecule. 
 

 

The pr e-m RNA is typ ical ly processed to pr odu ce th e m at ure m RNA,  which exit s th e nu cleus 

and is t ranslated in  the cytop lasm  

 

m RNA in Eu ka r y o t es  
 

The  sequ ence  of  a  euka r yotic  p r ot e in -coding  ge n e is t yp ica ll y  not  co l in ear  w i th 
the  t r an sla ted  m RNA;  t hat  is,  t h e t r an sc ri pt  of  t h e gene  is a  m o lec u le t hat  m u st  


