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PREFACE

nis b�B �Bk deals ath the toplc m�ó 01qtt GenetiQ Bdu�R �� Z�¾ �¸ v�@�µ Ecolios and

Aninal�@o�Ö �  ̧hduded h the srabus for the thrid year d the Zoo10g�� �� Orered

by the Andhra pradesh open U�v �� �ı �B �Æ

�c

genera�¡ y cover the’Corem aFea Of

the stticct tO be studied in the third ycaF Of the three yeaF deFee course in S�c oosC)�B

�ßL subus foF the dL of onvenienc L divnded int�B 3etral Blods each Of which cOmpnse

a number d�ˇ �£.Each Btt generany covers a ttdc aren d the s�… ØD�Bh units ac

Prepared�‹ �' �� �¨ �m�£ in amrdane�� �� the fomat 60�c d aS tO enable the ttudent

to read and und�\ d them�M�R�c t mu�¡ �o �� �� �¡  Ea�¡ �˚ t�A �� �˚ a ttatement of

i�g Obi�g �R�q fOuod by�J �Ł �ß s and has at tt end mipments intended to test the students

comprehension of h subied mab.�[ �R �R n temsçq �� �† n the student may not generany

L�| �� are given tt the end d each mit�ï
=thet�b

"�U tir. �æ
�÷ �É course m�c �Rl of�c ØSpapeF L�R�RLd intO S�� �¡ 10ds�E �÷ L Blocks are tt turn divided

into�o

"��

�� unitS�E BlocL�] I dcaL ttth the important toplcs in C�T d�£ .The tOpics in Ceneth

ate induded under Blod�] n:

hpOmt tOpiG tt human spdromh inbOm erFOrS Of metabouim and operon om�g pt aFe

also induded under[�o B10�¡ .�E
           �]    �]

Blod�\ �V �˝ �M h the rneral bpi6 0n evolutiOn lk theorin ddm�â �¡ �� the�R

theory eta Unit-1%�´ dl�æ m OF man and hOm L J�' �BPE�Þ �� 1�g of Z00geOgaphy�A
gu hB�N �E

Blo�¡ �\ V deals�M �R�› �B1�q BeBld�� general chaptet impofmt tOpi�� �Yb pollution and

�ˇ �Q å¥ �c �� =e�æ�ˇ undeF E�� �¡ �B

�p Lst Blo�æ �R demted for the toptcs On Anind PhFiO10wi spedal tOpi�g like NutritiOn,

NeurotansmittersD BIO10gnd rhnms and I�\ unO10gnd responses are Jtt �Y der the Seventh

BIod�B

�� Unitrsiv hOpes that�˚ �É �R�Ù�‹ win help the students tO get acquainted�M �˚ the
topic on(yontt Genetin E�_ luØ[ �' a�� �� �† �@�æ Ecolow and Anlmal PhFi�J �A

�Ü
�M
�A

�\
�\

�R��

��

��

�@

Ø[
�|

��

:J

B R
 A

 O
 U



�\

�d
�C�R�h
�e

�@
�¡
�¡
�¡

�b

B R
 A

 O
 U



�e
�h
�d
�k
�T
�@
�@
�@
�@
�@
�@
�@
�@
�@
�E�R
�d
�´
�ł
�â
�â

BLOCK�\ I

�⁄ OLOGY

��
�N�@
�@
�†
�@
�_
�@
�@
�R�@

��

B R
 A

 O
 U



�R

B R
 A

 O
 U



�] �¡ �] �¡ |  ,1.:

, :. .'

UJt�E 1 HISTORICALACCOUNT OF
CYIOLOGY; METIIODS OF STUDY

Cutcuts

1.1 Objectives

1.2 Introduction
L3 Historyof cytologtor ceUbiolqgy

L.4 Metho&ofcytologicalstudY
15 Ultrastructure of cell -: :

L,6 Summary

L.7 Chect Your Progress - Modcl ADssErs

1.8 : ModelftaminationQtrcstions.

1.1  0BJECnVES

nris rinit grves a! account of the origin of thc coacgpt of cdl biglpgl r crfiologt By thc

snd of this unit you wiU be able'to describe:

a the methods of studyincellbiolog and

a the ultrastructure of a generalized animal cell.

12  1NTRODUC�¡ON

Cytology is a branch of biologr which deals with the study of the cell (91t9 = ce[ logos =

ai"couriel. Now-a-days this bianch of study is calted 'cell bioloS/. CYtolog deals with the

strudure of raiious compotreats of the cell and th€h phydidli,g.

The term .cell' was coined by Robert Hookc (1665) to explain the teftue of cork as fouad

with the magnifiing lenses. These obsenations weto repcated'by'Grew aad Mal$gN'on
different plants. Later, Leeurrrcnhoek (1674) discovcred free cells of Hootc and Grtn'.

Leenc6nhoek made some observations on the structrucs wiihin'the cells lile the rucleus in

some erythogytes. For the next 100 years and mot€, no nen, information was added to the

field of cytolog5r.

13  HISTORY OF CYrOLOGY OR CELL BIOLOGY

At the begining of the nineteenth century severd investigadons were carried out on cell

structure and function. Of them, the more important x,wks nlere those'of the German botanist

Sctrleiden (1338) and the German Zoologist Schewann (1839). These works laid the foundation

for the cell theory aud its further growth and development. Thc cell theory was applied to

various fields of biologt by researciers like Vinlov and Koltiker.

Other investigators like Brown (1&31), Dr{ardln, Schultze, hr*lqie and von Mohl rrade

The celt theory, as proposed by Schleiden and Schwann, is summarized below:

1. Plants and animals are constructed entirely of cells, br substances produccd by cells.
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�B�o I�R æm :htt cOnhed by V�fi �« (1�° �B
�EHc

�I �� ||.�b âÀ �] �� �� �\ �k :�¤ �¿ �à�¿ �˜ �'�ï �e �ˆ�\

�� �„ �• M�l �] 1�� I:ll i�h �¡ �¡ ’�¡ i

Thc life span of a celt is fficct tothe lifespan of the organisn as a whole.

As a result d the fomulation d the cen theory9 the cen�¤ made up d a mass d promph
smounded by a cell membrane and cOntaining a nudeus.

�¨ er the establishment Of�å �R theOryp the knOwledge in�P 01�Ł made speedy pFOFs.�¡

T  �ø
"sls by,chleCher K18781 and the�g

rm d�¥
was coined by mmming(18801.                    :

Walderr(18903 described the nudear maments or c�¡ OmoSOmeso Eqd divisiOn Of the

�ò
��meS"meen��,��

‘�„

�fl �@ �G fOund �_ tc tt fund�c d eVent h

Fmili4tim d the ogg�Ł Ø‰spem and hion d the twO�u mudei we"discovered�fl

�Q�� �Łt�o �i �v�¿
=�v

�…�§æk�Ed�ô �d�l �p �U=T
IÆí�� �V�Ø�[ �í �[ TttTT�U �A�u�P�§ ��l:�o ��a branch Of bi�� �A         �¡     :

h advantt h�� O10w d�R�� h the pFeSent centw(i,e.;tWentL�� Centy�ä reStted i�B ��2 causes:                                       1

1.Increased resolving power ofinsmmenta t�å �æques,htt by elaron micrOscOpe and
’Xæm �q �A �` �ð ä~.::ri

2. COnvergence of othermofbiolog like genetis,��
�o �R�ì and biochemistry,towards

�Ł O10w�E       ��              .
::�A    1 �A   .          .

hiamtion of genetic�R �b �ƒ �� thFOwh subeuttr even�g .duF�T d�¥ and�˚ Œi
established dOse link bmeen ttO10g and�A genetisiand a sparate Fleld of enquiry named

908Cnet�{ ª¯ �R d�¡ Om il�“ :ilink�� ,hteFpretation Of sub�\ �¿�R �� phenomena through
physioltty paved the way feF the l�n �¤ 1�Ù m of a special branch Of bid�Ł namedl molecular
pLtto10w and bioch�t �R�'

The recent advanG madc h the ttudy of genetic raw material.DNA tWa�g on and cHª¯
19531 and attm matttdo RNA tave resulted h the formatiOn of the very young�à ranch Of
�\ dcw,molmaar ttd�g .

14 METHODS OF CrrODoGICAL STUDY

Anatomy is m imponant branc.h oI biologf. It iavofues dlssecdon of an organism, separation
of the part and their study. Cltoiogy'also inrroli,es obscrvation of a cell under a nicroscopc
to'resolvei thc stnrcture and *udy,the& Thru this is also an anatomic approac,h. While .for
the large organisms the anatomic study is "micrgsqppi8 anatomy, for the 

""U 
,t" study Eay

be considered to "microscopic anatom/'.

Thus in thc field of -cytologl, the physical principles or resolution and magnification are
important. Thcy aro ifu'@bs 6n-utich'tlc -ic"oscope. operataaad ffi*ropy tf*
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becones an impomt �Vmmmta teanique tt qttb�ì �E

ær �r �Õ �fl   �‹�‚ �D çW
�V ca�¡ ed the ultFaStructure�B

h db elemon maoscope instead oflint a t

level of resolution and the ttdamentaL molecular level of Organization�B

çW �ô ØÜ �r
i�í

1�R�r �[ �£ Wmmination.

�¡ �M �y �Q 1�r �í
�ß id’mtion�£ �r �I

nt strucmes located in a ttS"and in the

‘insmmmt’used.

of measurement(miCrOmonsuration,r one ma

One suCh micromensuration C16�� �R�� i�� unit�R ‘1�ß �æ �‹ ’Or micrometer.�¡ �R reprunted as

�� Y�ß �Õ �“ �[

.�w

:�fl �l I�Ł
�N th�� usd tt da�c tça �p Other

täF

�g

ns are�Ñ �° àV:in Tabl�� -1.

Table.1
Units of MICromenSuntlon tMbOSCOplc R�g �q ummeno

Name of the Units S�z�ßibol Expression in tonns of metcr (m)

Fractional
�E

BOnential

���@�@��

��
�@
����
�@
��

�k���@��

Millimeter

Micromcter

Nanometer

Picometer

Anptrom Unit

1/1000m

Various organeucs show sttcs in the range of micrometers.The smanerå¥ �R�R�J �¥ Of the

organelles can be measured ln the range of nanometers
i�¡ :’�g i�v :�¡ �¡�M�¡ L

15 ULttTRUCTURE OF THE CELL

The cen under lint.microscope shows tte structwe s Fen�g �w �É 1,lA�æ 11�h �¡

�¸ �� çW �r à�
�m�‰ �˘ �fl �O

"int�˚ �µ �R therefO�� ,though �_ httl arlsen ttom tte phsma�» �V bØD�° �]�@if tbron�c

U1,000,0fi) m 10{m

u1,000,000;000 t+
ul0m,mo,o0o,o00 10-om.

rO{. rO{m

'invqginaticrs or intoldingg
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The drroi eobrane $oun scrrcral tnbcs or out pocketingp outfoldlgs c 'emginatious'.
fhrc htp thc 6rs.ldhs likc cilia and llaplla and structures like nicrovilli. The plaem
ncdmoc is rko rnrclrcd in thc formation of pinosomos. The membrarc is further involved
in thc forn*ftn of intcrcpllular bridge.s l&e desmosomcs

Ttc ranbmnc systcns of tb ccfi intcrior is hcatod in the endoplasm. Here, thi< appcars

rr r nctmrt lihc ryrtcm of cuaticuti and tubulos. This b named endoplasmic reticulum. In
thc codophsm thcrc arc ottcr structures whkh are considered to have bcen derivod from
thc rembranc ryEtcm"

11111:jl.�M :11

' Fg; 1.1. ultncnrrurc of ttc raiaul clL A. Diagnmmatic light microscopic vicw of thc animal
c& L Plrrn mcnbnm 2 Qtoplasn 3. Mitoclrondrion 4. Vacuolc 5. Gologi complcx 6. Ccqtral
bodr 7. Nn&us B. Ehetrm olcrcoplc dcw of thc ccll 1. Plasrna mcmbrane 2. Microvilli 3. Cilium
o lh3cllum ,f. Pinoomc 5. Cdticomplcr 6. Gmnular cndoplasmic reticulum (ER) 7. Agnouhr
ER & Vruoh 9.Ccntriolc 10. Mitochodrko ll. Nuclear mcmbrane or ke4olcmma 12. Nuctcar
pot XI Ciroortia rttictllulr 1,1. Nuclcolts.

Irfitochmdria arc rod likc or filamentous structures. Golgi complex is made of vesicles and

ocnbranous stnrctures.

Itc cootraomcs appcar as structures with typical microfibrillar plan of constructioa. Lysosomc
eod pl.stids of typitcat structure also are located in the cytoplasm. In addition typical membrane
*rappcd BpaoeB ffG also located in the cytoplasm. Thesc arc thc vacuolcs.

thc oodoplasaic reficulum shou,s two regions one region where granular structurcs callcd
recoocr arc studd€d m it Thb is the granular or rough endoplasmic reticulum. The sccond
lqgba L dc\trrid of thc gralulee; this is the agranular or soooth endoplasmic reticuhrm.

mc qfophcn in ite aeotrc shows a spherical structure namcd the nucleus. This is @BPccd
of aa outor doutrto-membrana envclope, the nuclear membrane or karyolcmma. Thc karyolonna

4
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Microscopic study irvolves preparation of material

examination. This preparation comes undsr the field of

Hixory of clytologybegitls with the tcrn'cctrcoinedby

in form suitable for rab*oPic
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16 sUMMARY

�] tO10g�R �Õ udy ofthe�å u.

History of�° O10W begnsTJith the tem‘�å n’coined tt Robert HookC(1ØÜ )�B

Æ…u�g �R�¿�� s(1674)discOVeFy Of�å �« �MJne�‰�˚ �� Step in the näå �R�T devd_nt Of

�° 010gy�B

�¡ Ecelltheoryproposedbythe Germanttent�g �Ü �G�J mandschwannLfOllo7ndttr�ó Ø[

advanoes in�Ł lological ttudies.

�¡ �R �ô (gO esMLttLSthedisciplinc of�P �� �ˆ �� �] branch Ofuo10�ì

In the twentleth century c�� o10g makes many more advances due to more emc�§�‹

instrumentatiOn and convergence ofgeactics PhFiobg and bio�¡ emis9on�� �R �ü

The establiment ofttndure ofDNAØÜ �{ m and CFiCkl(19531,leadS tO dDe�¡ �P �� |�¡ �å

Ofmolecular genetics as the yomgett�¡ onticr ttence of�\ 01�ô .

F�å �Pol�Þ d ttudy the tettdques tt involve seVeral b�g �† �µ �ó �ô �¸ ,

microphotography and mErol�˜

The ultralnicroscopicttru�å ures and phenomena are EnCaSured h appropFhe unlts.

ThecenshonseverastructucslndeFthemlgoscope.The"hVedChite�c He�´
they are tc�\ d ccll o=gans or organelles.

CHECK YOUR PROGRESS�¡MODEL ANSWERØS

7.

1�B7

1.

2.

Micrdogy

Robert Hooke (1965).

1�B8 �æ EL E�\ INAT10N QUES�RONS

Answrrhc fotlontury ln abuil 30llnes:

1. Give a brief acoount of history of dovelopm€ilt of c1tolo5l.

2. Give an ucc.Lrrrt of thc electron microscopc strosturc of the cell
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Uä¿�[ �� 2 STRUttUREAND FUNCTIONS OF
CELL On�¶�� M�í �ç �¡ sipLASMA
MEMBRANE;ENDOPLAS�ß�fi C
RETICULUM(ERI;GOLGICOMPLEX

Cmhlr

2.1 Objectives

'2.2 Introduction
23 PlasmaMembrane

23.1 Chemical composition of plasma membrane
232 Structure of plasma mcmb,ranc
233 Functions of plasma memb,rane

L4 EndoplasmicResiculum
2.4,L Ftrer structure
L4? F\rnctioos of Endoplasaic Rcticulup
Golgicomplex
L5.1 Chemical composition
2.52 F\rnctions of Golgi complex
Surnmary

Check Your Progress - Model Answers
Model Examiaation Questions

25

��

�Q
�D

�V

�Q�W

�u

2�B1 oBJECTIVES

Thftt qnit doals with some of the organelles found in the living cells viz., plasma membrane,
endoplasmic reticulum and Golgi compler By the end of this unit you wilt be able to describe
the:

a structure of the organelles

o chemical composition and functions of the'se organelles.

22 INTRODUCT10N

In the preceding unit we have learnt the ultrastructure of the animal cell. In this unit the
functions of the various structures found in the animal cell will be given in some detail.

Thc multicellular animal is made of many cells which are organised as tissues, organs and

organ s)6tems. For all these structures, the cell forms the building block or.brick. The cell
is considercd to be the structural and functional unit of construction of a multicellular animal.

As mentioned above, the animal is made of organs each discharging a particular duty or
ftrnction. In the cell,Atso different parts or structures do different duties. These structures are
thcrefore to be named cell organs or 'organelles'. Thus, in this lesson the form and functions
of diffcrent 'organelles' will be studicd"

3
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23 PLASMA MEMBRANE

The cell is corerod by a thin surflcc .membrane namcd plrtEr ucuhu. ltig ncnb[|nc

rcontrols the moveme; of ions and molccules into aad out of thc cGU" Ttis propcrty i! crlbd

pemcablllty. Through this property the plasqa membratrE hclpc in tb naintcnane of thl

,chemical composition of the cell tntenior or mllleu lnterlor as diffcrcnt fron thc chcoicel

of the c,r(erior or mllleu cxterlon

In different types of cellg the plasma membrane is enwlo'ped by thieter P*try hytrc'

These layers called extraneous coats or cen rvatls are diffcicat from plasma mcmbranc and

have no iole in permeability. These coats are named dfocatyx'

plasms mcmbrane had been isolated from several typcs of cllls like livpr ccll, striEtcd nusdc'

.ttnoeba poteus *iog-amrr"* techniques. Haemolysis of erythrocltcs has baco formd to

be an easy method of preparation of plasma membrane

23.1 Chemical composition of thePlasma Membrane

The phsma membrane shows two major components in its-chemical compositioo: protcin and

lipids. In addition to these oomponents a small quantity (L to 5%) of oligosaccharidcs also

is present in the plasma -e-brte. In different typ". of ce[s, the lipid: protein ratio vrrics

in nerve cells, the lipid is the larger component and in other cells, the protein forns thc

larger component (Table 2.1).

f"U. Z : Ihe rclative composltion of llplds and pr.otdnr

ln some plasma membrane prcparatlons

Protein å¥Source

I{urnan Nene : Myelin

Rht Skeletal Muscle

Human Er$hrocyte

Rat Liver

20

65

60

�g

�h

�h

�g

�g

ft" .4o, fractions of tU" lipid of plasma membrane are phospholipidg cholccerol a[d

galactolipi6. Thc protein part of pt"r.u mer6rane is made of different proteins. Thc protcin

molectrles servc mechanical functions and act as en4mesrantigens and rcccptu ndao&$
The different kinds of proteins give to the plasma membrane the various propertics lilc
selective pemeab�M typ active transport,receptor hnction etc.              =

23�B2  Structure ofPlasma Membrane

ln eab Studics,the structure of plasma membrane was interpreted on indirtt infomation

baed on observations with permeability to various substanM.Danleli(1%4�r �dåN�£ that db

�� aSma membrane conttts a ttd �\

�g

r�� prOtCh�� �˝ �í
�· �] T inacr

aqucous mterfaces�B           .

�y hter studies with eLar6n miCrosCOpe have�� �¨ med the p�� �Z�˚
"Of�Z

�r �oL.h

�c
to throwing lint on strudurd differentiation of plasma membFane in di�\ t weS

of ceus�B                                    �Œ

�LPresondy tt phsma membr�� �† �å L�R
�v �V �÷

��
�N

�ˆ
�ˇ

membme 3maure L found h Other organe

�\ �\ �\ �\  
�Œ

 �\

�\ �\
�\ �Œ

�\ �Œ �Œ �\
�\ �Œ �Œ �\ �Œ �Œ

�v
=
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Flg 2.1 Unit membranc srructure of plr..u, fi"rnbranc A. The plasma membranes showing laprcd
nrtulc. B. Magtitied vicw of thc membran€ shmring outer (o) and inner (i) laprs anO miOOli 1m;
laFr. C. Diagrammatic rcPrcsentation of outer (o) and inncr (i) protcin laycrs in<t middle (m) lipid
bilaycr.

The prcsent day cell physiologists, however, are not satisfied with the oversimplified 'unit
membratre oonoept' involving rather rigid organisation of molecular complex of the pla$ha
membrane. They harc put forward a model named 'liquid or ltuid mosaic' model of the
membratre structure. In this model, the biological membrane is considered to be a 'quasi-fluid'
structure.

233 Functions of Plasma Membrane

kmcabtttty : As mentioned above, the major function of plasma membrane is 'premeabilit/
and this property is responsible for the maintenance of compositional integrity of cytoplasm.
The property of permeability invohres two major processes: activc and passive transports.

In addition to this general function the plasma membrane also performs special functions in
certain cclls.

Specializations

a) Mkrovtlti : The mucosal cells of intestine show structures known as 'microvilli' 'fhey appear
under the light microscope as a straited border. These cytoplasmic processes increase greatly
the effective surface of absorption (Fig.2.2)

IntcrcellularJunctions : The plasma membrane forms intercellular junctions: tight junctions,
intcrmediary junctions, desmosomes and gap junctions. These junctions forms the basis for
intercellular organisation and tissue formation.

Forration of cilia and flagella : The plasma membrane is involved in the tbrmation of cilia
and flagella which serve important functions in unicellular and multicellular organisms.

b)

0

�' �\ m
�N

�E�E
�d

�d�E�d
�‹

B R
 A

 O
 U



0

C)

Fomatlon of pseudopodla : In somc protozoans, the thin and highly fteribtc and di*cdbla
plasma membrane participates in the formation of pseudopodia and thus subecnrcs thc

function of locomotion and food-capture.

Ptnocytocls: In microscopic orgaqisms like amoeba the proccss of pinocytoeis is conceroed

in tra$port of macromolecules like proteins intofhs cell interior. Plasmalemmal invaginations

along with the surfacc adhcred materials from channels $,tich htcr arc piachcd off
into the cytoplasm in thc form of minute detilos called dnoclncr. 

,

Mpllnatiou: In mammalian nervous systems the neuronal axis is surroundcd bya lipoplotcin

membrane called myelin sheath. Ttis is a specialized plasma mernbrane. Here myclinatiru

leads to a faster condu{on of elcctrical impulses along the Deuron.

plasma membrane a.M�‰rovi�a ib.Inte�g 1lular iunCtiOns.I.�¡ ght Junctbn

HI.Desmosome IV.Cap Junctbn c.Cilium d.Pseudopodium e.Pino90Sb�E

Glycocalp : This is not a specialization of plasma membrane but the outcr cet @
plasmalemma.This serves several functions like molecularrecognition andtissug organisatbn
antigenicity and immune reaction and control of ultrafitration.

ENDOPLASMIC RETICULUM

Location

Under light microscope, the reticular organisation of the endoplasm cannot be made out fully
but under electron microscope, the reticular organisation of the endoplasm will be cbar. ltis

�Q
�D

�� ��

�^
�h�h

�E
�]

D

2�B4

:�‰�ç ��

B R
 A

 O
 U



complex has come to ba knorv-p as endoplasmic reticulum (ER)- ER is made of a

ncmb,rane-sptem ereendiqg from the nucleus through the cytoplasm to the cell periphery

shwing tubuler organisation at certain places and vacuolar or vesicular organisation at certain
other locations. It has becn named erglstoplirsm (Greek ergazomai, to elaborate and transform)
by ernhr ($fD to.indicatc 1f,11 this substance is concerned with biospthesis.

2.4.1. f inen stnrcture

Thc ER under vpry high magnification of tirin-section preparations shous numerous microtubulcs
rrtich are in crcosivr inter- communication. In addition, the ER may show here and therc
ycsiclGs md hrgp flattcncd sacs named cisternae.

Sereral morphological features warrant the sub-division of the vacuolar system into the

cndoplasmic reticulum proper and the Golgi complex.

In the endoplasmic reticulun trrc regions may be recqgnized: Smooth or agranular ER and
rough or granular ER. The rough ER shows on its membranes ribosomes arranged in a

regular ordcr so that the whole system appears rough. The smooth ER is devoid of the
ribosorhes (Fr& 23).

W L3. Orytnization of cndoplasmic retictlum (ER) a. Rough ER b. Smooth ER c. Specializcd

rcSiffi of $mth ER zgGolgi oomplcx).

Roggh ER is rrell doctoped in cells engaged in active slmthesis of protein. In glandular

digcsd'rc cnzymc produdng cell, for examplg the ER is highly developed.

Thc smooth ER is codposcd of a system of microtubules and is dcvoid of biosynthetic

potcotiality.

ER is abccnt in enbrlonic plant and animal cells. These cells, however, show the ribosomes

dispoftcd iE tbc cytoplasmic Eatrix.

The mcmbraocs of ER show the typical unit membrane structure.

h thc tis$c fractionation experiments we often obtain a fraction made'microsomal' fraction.

This is a lrcparation artifact' and represents parts, of smooth and rot'gh ER. This preparation

has bocn formd uieful in erperimeatal biological studies.

?.42 trbnctions of ER

Ar oootimod abovc thc riboqmcs located in the rougb or granular ER carry out protein

.rnthG.it" Tto nicrotubnlar systcn of ER, gircs meclanlcal rupport to tho oytoplasmic matrir
10
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The ER*yotem atso has lon transport 
""r"f,rn,., 

by c&iah,certah derlrlcel F4lr!(r **9;.,
creatcd. Suc,h gradicnts are important in the functioning.of ccrtain cells like ncrvc clls. Thc

nn-got*i hJtb"'sqaaliqular transport system' in wnidr.cytoplqPit T*Fqf TXdTI'
are icfitarcA fUr'pnoe""y is rsctul for the Aport o! RNA toT th" ::*"9s into thc

cytqplasm. .ThG .ER 
" 

-"t" 
invohrcd in detoxification of drUp- a1d steroid hqrmgncs' In

addition to pnoteln synthesls mentioned aborc, ilpoprotcln and gtfopnotctn str&PtF are

alsolcarried out by ER.
: l'i 

'1

25 GOEI COMPLEX

The specialized part of ER called Golgi complex was discorrcred by €Old'(lSS) uddgrsihcf

staini4gi tcc,lnique in his micrological work. .. . . . ,. .u-i '.i,

Stmcrture :

11e Go[i complex is composed of membranes belonging to the vacuolar systcm.of thc:ccjlt

en inportant trait of tt"'Cogi complex is the lack of-titoso.es. Obryiouslyi this brgiuieili

is incapaUte of protein synthesis. In cells with a polarized structure, the Golgi,onplex oslpiQ5:

" 
p*iii* beften the nucleus and the pole of the cell, as a single large entity. In other

tyi* 
"t 

celh inclgding plant cells, there arc 'multiplc Gotg Fjoplercs'sho*'ing 
no polarity.

In liver cells, there .t-b" as many as 50 Golgi complexcs (Gbl$ apparatuses or {lcryosomes

as &ese were formerly called). .. i :.:; :

In the Golgi complex three membranous componcnts can be recognizcd undcr clectron

microscope: (f) Ftattened sacs or cistcnae (2) clusters of vesicles or tubules of small (60

gpl aUmeter and (3) largcr vaanoles n[ed with granular or anorphous material.

The Golgi cistcmae are arrahged in parallel, concentrically showing convcx aid'Goloevc faee,

ftlu .tte-al sptem on the concave facc oftcn cncloses a q/stem of large vacuolss. On tho

oonvex face the system of qnall vesicles and tubulcs is located Grg; z4).

PIE 24 0rganisatbn of Golgi comp�P 1.�º m%en gttn�� L2.:G91gi cltma a GolJ veSCiCIC

2.Si l Chemical ComlositiOn                   ‘
,           ,:’

Gentle homogenization of the ceus and direrential gradient cent�v url�¤ n have b�� �� used by

polysacchrides,glycolipids and phospholi�v �R�EThe Golgi complex showstemin enes�R �ô
m pyrOphOSphttase,JycOSyl tranttrases etc"
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25.3 fbnc{ions olGotgi Complcx

a) Upoprotoln anril ltpld accnhulaffon : Evidence available so far suggects that ihe Golgi
compler is inrrohrcd in the accumulation of lipid and lipoprotein mat€rid. The complex docs

not play a role in the synthcsis of these subatanceq which is done by the nearby endoplasmic

reticulum.

b) Secredm : In cells whic,h are invorvcd in active secretion of rarious substance of Golgi
complex is much more elabo,rately develope6. 9a this evidence one can imagine that this
complexis closelyinvolved in the cellular secretory mechanisms.

c) tgommc foruath : In the organisation of lysomes the complex is involved.

d) Glycopnotcin storage : The synthesis of glycopoteins is carried out by the endoplasmic
rcticqlum. Accumulation and storage of this material are carried out by Golgi compler

A liver cell claborated t$,o t)rp€s of glycoproteins. One type is released to the erterior and

thc second is secreted onto the plasma membrane to form the cell coat or glycocalyx

CheelYour hogfess

l. Dmielli statcd the plasma membrane contains a bilayer

adhering to both outer and inner 4queous interfaces.

2. Protein s-5mthesis takes place above the

endoplasmic reticulum.
located in the rough or granular

with

2.6   SUMMARY

1. The plasma membrane surrounds the cell. It is in ttun surrounded by the cell coats or

'glycocdlx

2. This membrane shows unit membrane structure: outer and inner protein layers sandwiching

middle lipid bilayer.

3. Themembrane is made of lipoprotein comple:(, which mayhave rigidmolecular arrangement

' or may form a'fluid mosaic;.

4. The membrane controls permeability and absorpion (microvilli). The intercellular functions

of plasma membrane play a role in tissue formation.

5. The plasna membrane is involved in the formation of cilia flagella and pseudopodia'

6. The membrane plap a role in pinocytosis and phagocytosis'

7. The membrane is involved in myelination of nerve cells.

8. The endoplasmic reticulum (ER) is present as the micrbtubular reticulumtn the endoplasm

region of cytoplasm. It is made of smooth (qgranular) and rough (granular) region.

9. Tho ER nembrane show unit membrane plan of structure.

10. The ER is the site of protein syrthesis, microtubulur transport and the sourses for the

organisation of other cyloplasmic organelles

11. The Golgi complex is made of cisternal and vacuolar structure and is concerned with cell

soeretions.
v2
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23 MODEL EmMINA10N QUES10NS

L Arsntrthc followlng tn abott30llncs:

1. Dccaibc the stnrcture of plasma mcnb,ranc.

2. Givc an aocourt of the functions of plasmamembrane.

3. Girle an accotrat of thp structure and frrnctims of eadoplaamic rcticnlun.

4. Give an account of tho stnrcturc and funrtions o-f Golgi coqflcr
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U�vt-3 mUCH�Ú �…)JttD    ONS’OF
CELL ORGN{ELI,ES : MITOCIIONDRIA,
LYSOSOMES,CENROLES,
�Y OSOMttIS,AND NUCLEUS

ConEtr

3.1 obicctirrcs
32 ltfitochon&ia

32;1 Llitoclo&idnorphdost
322 F[octimsofnitochon&h

33 Lysosoocs
33.1 FunctimsofLysosomes

3.4 Ccntriolcs
3.4.1 Stru$ure
3.42 Originof ocnfiolc
3.43 nncdmsofnituicspindlc

35 Ribconc
3.6 Nuclcru
3J Sunnary
3.E Chcclyourprogrcss-Ansrcrs

3�B1  0BJEC�\

Thii unit dcals with nitochmdria, Lyrosomcs, Ccntriolcs, ribosomes and nucleus. By thc end 
'

of this u.it ,ou will bc ablc to crylain :

O strucOrcandlocatioo,

o chcniieal mpoeition and functions of aborc organclles

32  MITOCHONDRIA

Thc nitochondria (shg: mitochoadrion: Gr., mito = threa4 chondrign - granule)' arc

granular 6r filamcntous cytoplasnic organelles popularly knorm as 'porer house' or 'porEr
plautr' of the cell.

' The mitoc,hondria *ere first dcscribed by Altmann (1894) as'Holilasts; and werc renamed

as mltochondr{r by Bcndt (tSfD. Altnaon prcdicted the relation between mitochondrion and

ocllular uidations.

32.1 Mitochondritl MorahologY

lte mitoc.hoodria can bc yisualized under dark fietd illumination and phase contrast, in

suitablc histological preparations

, Thc nitocLoa&ia show rapid changes in their appearanoc (shape and size) uader different

_ - c.tcmical osootic and mechaoocheoical qonditions.
L4
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Thc nitochondria aro genera[y filamentous or granuhr in appearance. Vesicular' club shaped

aad tennis raclet-likc 
"p,pt "oo 

are also some times presented by nitochondria'

Distilhrtion

In a najority of caseg the mitochoniria are uiformly distributcd througlort P,, "ynnplry:h;tt i; .i".i"f cascJthe-mitochoo&ia appear +-{ thc nudeus or in thc penp-heral

A"phr-. 6,nt g ,lt"iftn"i ar" to."t"a'near the spindlc (nitdic) and arc dlstributcd

6ttfu; daugbtel dhrli.dt equally. In some ce[s,- the strucnrcs move freely in the

.yt"et"rr, r"iptyr"g 
"o"tgl 

urhere ncided. In some otherq the nitochoo&ia atE morc or

t;s-'pct-;*frtii stitioned in one partic,lar part of the ccll'

Orientatlon

In long cylindrical cellq the mitochondria show basi-special orientation. In other cellp' the

struq41Tqs uc ra{iallY arranged.

Number

The mitochon&ia arc located ia all aerially rcspiring orguisms. trn bactcria, $cy arc-abscnt.

Tha numhcr of thcsc orcanelles varics beilean aifoSot dtts. tn thc sanc ccll the mitochonddaThe number dthm orpenes wlesbeWn sanc ccll the mitochondda

"rGti 
thcmsclwc it id;-;;bt"-* prut"t whorc thcrc ig higt ccllulo: activitlt 1t rynaryf:

"fTi* *UJ; i" [";&*t Ur"rrog ipcrn-tails; just undcr ite ruiatcd bordcr (microvilli)

of the itcstinal nusal colls etc.

Stnrcture

Tlrc ultrastrucurc of thc mitochondrian can bc obscncd utfng thc high rosolution cloctron

microscopc.

Thc nitoeiondrion is in thi forn of a bag wholc wall is madc of two lipoProtcin mcmbrance

which arc sinilar to plasma mombraoc roa tU ncmbranc systcm of cndoplasmic roticuhm.

Itru thc Ditoe;hodrioD shwr tm'conpartncatg thc ortor e.mPartnc,nt bctwsca thrc outcr

-a i-pr mcnbraass and thc inner compartmcnt inside the innor mcmbrano. Thc inacr

compartmcnt contains the tritochondrial matrir (Fi& 3.1).

o- \-J

Ft& 11. Mitochondrill structurc a . Entirp b. Thrcc.dimcndoorl scctlonal vicry c. Irtgiludlod
*ilo"al vicw l. Outcr mcmbranc 2. h*r mcmbranc 3. Outcr comP.rtmcnt 4. lnncr oonlirtncAt

�“}:�[ AOII
LIBRAIltW

Aec:�c ol

C:ass Nol

gtSoa
s"l
2Do
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The outer mcnbrane is smooth and elastic. The elastic,property provides for the ,sir,ellirg

and shrinling of the mitochon&iou. The inner membralE is rhrown iirto folds ,aamod sts{s
mltochondriae or mitochondrial crests.

The mitbchondrial matrix is generally homogenous but in some cases contairs filamentous

on granular material. The- granular materials are considered to be the sites of binding oI
dieahot cations'like Ca2? and nAgz+ The matrix in additioq coatains solubie proteins

and smaller molecules.

Tte mitochondrial crcss prqfecting into the matrix form incomplete septa; so, the matrix is

continuous.

lte mitochondrial membranes show typical unit membrane plan of construction i.e., being
mads of t*o taprs of hig! electron opacity (densiry) and a middle 'sandwiched' layer of
lower electron capacity.

Special techniques of treatment of the mitochondria and electron microscopy have shoqm the
remarkable molecular organisation of thb mitochondrial crests (Fig. 3.2). ' '

n�µ 3.20�˜ nisatiO"oF Crista A.CHsta shcwing Fl patticles(HD B�A  Magnincd�New of FlP.

The crest membrallc shows‘01cmcnta�U or‘Fl partttts’arranged at rcgular intcrvals in thc

memLane. Thcse partides represcnt sPccial ATPaF involved h colpling oxidation and

PhOSphOrylation.Be,idtithe �V er sur�¸

"lofthe mcmmnc(the Sur�¸

cc�¸ dng the matrix3

shows certah particles tt sholv rerar,pttid arrangeicnt.Thesc‘asscmb�¢ lines’are the

cytochrome batteries.  
�]       �L     .

The outer membrane does�¡ ot�� ntain the Fl particles but two important en�¯ me systcms

viz�B ,NADH�]crOttome�] c�] reductasc system(made Of a�˚ �Õ�¤ rotcin and cytochrolne bs and

monoamlne oxidases.

Thc outcr chamber cont�E ditt two e�] �´mes con�å rncd�R �g�ç nudciC acid mctalxttsm_

The matr�j contams enTcs of thC Krcbs’�Ł clelicon�å rned with acr�ß ic dcgradation of

metaboutes�B

322 FunctiOns OFmit,chondria

l. Aeroblc dqradattcDn of cellular nletabolites:The matr�j cn�¯ mcs namcd Krcbs cycle

C�\ eS are conccr�¡ 9d �Xnth the dcgradation of�v netabolites under conditions of tten

�¿�ð �' ���|�Ù:�ç �� �zFTttlittI�Û �Æ
SI�ô

:�˛ �£�ß
.�Ì �¡ 1 ,�m �¡ .
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Irig. 3.3. Electrori transfcfrhg comptias
mitochondrial crcst,

I,EIII artd IV aiirf .cTP asc'coinptcr'(Fr)'piiscnt in thc :

3)�� atiVe PhOsphoryla�¡ om:As the pairs of dedrons travel J�B

�g

�ˆ �q e bttteryp

entrgyk relett�˙ dhquantaThisenery�R hcorporat6d�� �¡othe highenel�[ bonds andA’P

�\ molecules aFe Synth�¿ ThuStt r�\ Of3�ƒ 0�E �� �\

�g �c

�¡ ,�g pOttb�ß i��

chemical bonds h phos�R �ï �M �� (Of ADP with�¿

�g

foFm ATPl.�¢ �� upledin aV�ô

eFlcient manner andthe cchul�H enettrCuren�V

�g

i�o TmoleCules�] is s�‚ àÛ �� �� �–:ThiSi

nalncd oxidative phosphorylation or coupling of oplidation with phosphorylation.In i�g

prooess,the Fl pa�¡ ides play thc key role but certJn‘�� upling factorsp=�  �R�–ted in the

�E �c�V�»pndria�O

"h9onnectori"F��

’�¿

"al�V

�V F�VP�W�¿,ti��
n�B  . _.1

Whtt theittng factors are absent Or a�g �¡�x tFalim�] thc Procs ofÆí �Ô �B�¡ willi be

�˝ �� pu)fFOmlphOsphorylation and the ene�Þ r�o �ï �‡ during oxidation and dc"�b

transportçq IØS�f �M�¨ ær ’as heat�E �� �¾ �ì        j        . �L  �\

1/202

�Œ��

ATP ATP

�‹�]oxndat�g �ƒ�c �c �V�@P�c�‰
�� J�V�@�‰�º�� J�ì �� �Ó �ò �¶�Q �� ���và�
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SinC �V  wTtheSiS d�o T,theÆí �R enew aren99 mes phe h a tt v7ay h the

�Ú

�g

�æ �V �ª �¡ �R ded.�\

"�R

hOIBD""�˚ �R F of�¡ ed.

O  COntO10renwn�@ �‹ �¥ p�c �¡ �ô �b�ß�¡ �°�u
�¡ �� �ß�R �� �x d�—�p beCaw�SLCapacatytosynthesis

�oT molean�l àÛ �¨ h�� dwendm�c �� lipid and protein m�E �E

Lsetralb�ß �R�� �˚ �ó çq�¢ i�˚ �� �R�� �˝ ��

�g

�¾ �n inpodutitintheseorFnenes

�Rw an�å H�¢�ß �X ØÜmL�V �b �ï �V OfnetrmslnthermaptiCnerveendins the

�� �˚ �× �{ are�v located h�˝ ,�¡ �˚ h�E Ø‰�É ttt eneFgise tt prO�\ s d uaptiC

"�c
h the m�c �R d�� he=�R�⁄ bd�R �d �¾ �†

"at�R ’phG vJhere the energi  req�\ g�� �R �« �R �N 1�æ à£ �¨ çWDl�˚ �� b�˚ �� are located in good mumbers

in elL tt plaG v�¡ ere�î �– transport ofm�˚ �o L ptton:e�E g.the st�R �� border of

mucosal eus Ofint�å �� .çŒdh�Ein�c �g
�P �Rn themitodondFialagFeFtion can

be�c

h dtochonddon a�\ hutonomus q�l �ƒ �Ł Reentr�\ �¡ es indicate thatthe mitodondFiOn

has a considerable dvee of autonO.my in�Þ wnisation and�c �† �� mttacm��
DNA�¡�G�R L direrent tOm mudu DNA.�c ,thm Orpenes po_s serduplicating

rtem�E h�P u�Rn thG�@ �Q �Æ �b �˚ la�b �� �˚ �N RNA.

nere are t770 hpOth�\ h�R �˚ m6out theàÛ �V L d mitodondria.0"�ü otheSiS

sues that nev7 mitochondin_ate by�c Of Old d�c .The Second ttothin

sues that the�o �fi �ì h arim.J�� J�Õ  ttm�R �V �‹ 1�˛ ØD b10m�B

The mitochondrbn�˚ �i severd"sembltts b tL lronotes uke bact�å ho The

�N �¤ �⁄ �˚ �˚ �� �Ø 9010gists and ell �\ �R �“ �� tO be L symbiotic ass�g hâ˜ m

�ª �R �W�w
"Ceus h m anaeFObiC metab�R

�c L�ß çq d Out by the host cen and the‘aeF�À

�g

�¡ �� h’Lm�R �ß �Ø the�¡ �ˇ �Ł theàÛ �G r t mit�N .

33 LYSOSO�H

Lpoooncs aro particlce rcecmblitg mitoMrion but without tho cristae. They are characterised

Ui ttr p,rcscncc of cnzyucs callod hydrolascs, As thc aame itsclf implics (Gr. Lytis-dissolutioa

or brcatdo*a; soma=body), ttc tysmo es arc inrohrcd in'intraccllular digestion' of materids.

Stze and Shape

Shapc : Lyrocomcr wtrc. frst isdlated and ciprrcteriic4 W lhDuvt- Thc particlcs moasurc

bcnccn dZ to 0S pn Ttcy appcar as spfuicat or eylindrical particle,s in cytoplasm. Thc

particlcs arc fairly *ablc,.in tho'living cell, rnd tho contcne of tho particles, enclosed in a

irUtirrty .totrgh' mcmbranc adc not in touc.h with thc matcrials of tho cytoplasn.

33.1 f,\nctlons oflYsosomes ,

Phagocydmts: The lyroeome carry out thc function of ptagocytosis and in this connection

prpsent some structnrJ roaino,i*r. This k rcferred to as polymorphism of the lysosomes.

1. Tho prinary lysopmo is a sna$ody containiqg only otre euz,,trl9 type.The enzyEes of the

pd.aryfymsoug+celaboratedBthecndopffiicreticulumandtransfondinthefollowing
sequcnoq ;i :r
Endoplasnic rotieulum 

- 

Golgi oompicx 

- 

Lycosomcs

ltc sccondary phagocomc (h6crophagoeomc or digastivc rnorolQ is formed after

phgosocytosis.-if" pl.g"cytid nEtcria[ia surrounded by prinary llnosomcs to form the

sccondaryphagocme.

18

B R
 A

 O
 U



�@O�˚ 0��

Flg 35. Pr,occss of phagocytais,.{. Primary tcmntc oonUi;lirfi"onc typc of onrytnc: Er Ez Er Ee

UJS"-oo.ty prrag&ri'c it"So.rniu.d mattrlal (POr[) surrurnrtcd by scrcnl pnmary l]rcomce' 
,

3. The residual bodies result from incomplete digestion of thc material in the lysosome or

Amoeba eliminates such residual bodies by defaecation' . : ,

4. The autophalic racuole (cytolysosome or autophagosome) is a special body enclosing part of

the ccll itself for digestion.

phagocyto6is mentioned aboveis one form of endocytosis. Similarh pinocytosis is also a form

of 
'Jnaocytosis. The process of endocytosis is useful in nutr.iment supply in somc cases and

destruction of harmfrrl foreign bodies in other casos.

Cd[ gu16p,1qp, oi autolpis : Lysosomes are useful in digpsting and dcstroying parts of thb

cell or ttc nftote cell. This is termed autolpis or cell autophqgt In ths mctamorphcliis of

amphibians, many cells are des,troyed after which remodeling of tissues takes place; Such- cell

destruction is achiwed through autolysis. I l

34 CEN�ßuOLES

Centrioles arc particulate-filamentous organe[es locatod near the nucleu and rvtic] participate

in the formatim of mitotic spindle during cell division. Somc ccntriolcs are concerncd with

the organisation of cilia and flagella. Ig these situationq therc are named klnetqsomcs.

3.4.1 Stnrcture

Under light microscope, the interphase-cell show'centrioles as small particles in,the central

body, near nucleus. The centrioleslare surrounded by a substance the centrosphere. During
mitosis, the centrosphere disappears and the centrioles released move towards two'polesl to
organise the 'mitotic figure' or spindle figure'. In this stage, centrioles are star-like and are

named .agtcrs.

The centriole is a cylindrical structure measuring 0.2 un X 0.5 um' The cyliader is open at

both ends.

The centriole has an outer envelope, the centriolar membrane. In the matrix of the centrioles

nine groups of tubules are located in the periphery. Each group is made of 3 tubules. In tbc
preserce of the poripheral filaments the centriolc resembles the cilium. But tn the cilittp,
each tubule-grorrp is made of 2 tubules.,Additionally, the iilium shorys axial filamcnts wtich
arc abcent in the centriole.
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Flg 3,6. 'Astct' formation 1. C.ommon aster 2. Scparation of two asters 3. Traral (semicircular) of
onc of thc astcrs 4. Spindlc fiorrtr formation.

3.42 Origin of Centriole

Like mitoctrondrion" the centrioles are considered to be semiautonomus organelles. 'Daughter'
centrioles originate by the division of the old centrioles. The centrioles contain special type
of DNA and RNA. These support the concept of semiautonomous status of centrioles.

The centriole of mitotic ligure gives rise to the daughter centriole in the form of an annular
procentriole. This structure later lengthens to result in the fully grown daughter centriole.

3.43 Formation of Mitotic Spindle

The centrioles undergo replication in the interphase. At the beginning of prophase, the two
pairs of centrioles remain inside an 'aster' a,structure with short radiating microtubes, resembling

a star. One set of centrioles wiih one 'half of the aster remains in position. The second set

of centrioles with the other half of the lster mo]ves away taking a semicircular path and

ultimately the tryo set of centrioles come to be located in the antipodal positions, along with
the asters, which" by this time, are fully formed. Between the two asters, a special microtubular

s]rstem comes to be formed, which resembles a spindle. This provides the machinery for the

chromosomal movement into two poles in an'organised way (Fig.3.6).

Mitosis in which asters take part in spindle figure formation, is called astral or amphiastral

mitosis. This is found generally in animal cells. In plant cells, the centrioles and asters are

absent and thus in these cells 'anastral mitosis' occurs.

35 RIBOSOME

The ribosome is a particulate organelle of the cytoplasm. It is located in the rough or granular

cndoplasmic reticulum and participates in protein synthesis under direction from the nucleus.

$aes

Thc ribosomes are usually located on the membrane s)'stem of endoplasmic reticulum' Such

partides are named bound ribosomes. Others are free in the cytoplasmic matrix and are

naned frce ribosomes. Ofteq the ribosomes occur in closely located functionally related

clusters named polpibosomes or pol;rsomes. The relative proportion of free and bound
n
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Shape

The�R�c �MapproXimately spheroid�g �R
�ì �E���H�„ �˜

��
�ß�r �d

f�ü �h�Ø �æ�o�R�E�� �Ô hm JM�� +�A ���c d exccsiVely

(t00�_ �� �E tV70 ribOsomes�å �ßibhe to fOm a ttL

h the owiSatiOE Of�c meSSenF RNA CmRNAl commgLOm nudCus partidpates.

chemlcal compod�¡ om

å¶ L�æàÛ �ð �Ł
rhe ribOsomes are StronJy negatiVe,charged

lll:D(‘:�k çq �Ü �œm and it)‘1lsii‘�l dyes.

Blornesis OFJbsomes

h�� ro�\ Of OriginatiOn Of�c L direrent b�\ n prOkoOtic and eukaryotiC ccns.

In the b�í �fl �M eus Oroktt�˚ �¤ the ribosome�R rnerated under the drcdion of a single

‘operon9.But in the�A c�R�| p�ä lthe FhH"e�] genesis t a much more�� mplicated pr,cess.

The nudeolus L known to be responsible for the s�˚ �R�˚ S Or FRNA�¡�ach h tum partidpttes

in the orgastt of�¨ �æ �˚ �B

Functions oF�â bsome

The dm playS a key role h protein syn�˝ �R a�� mpliCated process and iS Carried

Out in the 4oplasmo h this process rRNA of ri�ı �� �æs,messenger RNA(mRNA)coming

�¡ om nucleus and soluble transfer RNA ttRNA)of c�g Oplasm partidPate.Protein synthcds is

the biochemid bain for�¡ L,slnc the pFOtein foms the maJor constituent of li�� ng substancc�B

3�B6 NUCLEUS

Nucleus is a spherical structure 66alaining c{romatin'' material which is charged with thc

frrnction of co,ntrolling ttc ccllular metabolism.

Structure

Tte nuclcar S"p", size and number per cell vary in different tlpes.of animal cclls. But a

rypical eukaryotic cell is found to contain a single nucleus.

Undsr light microscope, in the nucleuq atr outer envelope is easily recognisable, the nuclear

membrane or karyolemma. This envelope contains a fluid named karyoplasm or nucleoplasm.

ln this materiat" one can note the presence of a meshwork of iraterial, named chromatin

material or c,hroratin reticulum. Bcsides this mcshwor\ (me or two larger sphcrical bodies

also are present in the karyoplasm, named nucleoli (sing:nucleolu). p

Under electron microscope, the nuclear membrane shoum double membrane construction. The

nembrancs of .the nuclear envelope are constructed on the unit membrane plan. The nuclear

mcmbrane shovn several poreE the nuclear porcs. Thcso pores allow nucleo' cytoplasmic
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�í :�À �À àp h�� �ł    �e �g �× �X�Ó ØÜ
arrangements ded‘pore �¿�ï �“ �r �f WhiCh fom fam�æ ’around the nu�R �R pores.TL spac
endosed betv7een the twoàå �ß�flçü �¡ of the nudw envelope�R ded perinudeair space.
The chromatin reticulum�R cOndensed from chrOmOsOmes dwing d�¥.In�˚ e interphm
deowibonuclet acid oNAI which gOes into the consmctiOn Of�R om�� ‘FetiCulum�c
the variOus ce�U ular activitics.Durng�å �U di�O �Rn the chromatin mata�µ 1�˚ doubled and
divided equa�¡ y between‘daughter nuclei’.

Origin

Nucleus originates�¡ Om endOplasmiO reticulum.Evidene for this origin is available duFing

mitosis.At the telophx Of mitosis,clstemac fomed from endoplasmic reticulum surround

the chrOmosomes which reach the poLs.From th�¤ ‘�g ma syStem’the nuclear envelope F
orgamsed.

Function oFNudeus

Nudeus controls synthesis of prOtelns and various otheF SubStances.The organelle is o�¡ en
reLrred to as the metabolic controller of the c011.D�˚ �Ö mita�Ö the ChrOmath m�] �V
�—er condensation into chrOmosOmes(with du�� c�] 10�¡ Of chromatin meriall L divided equany

between two‘daughter�å Is�E .�¡ i fOrms the physid bttL of heredity and�� ntinutt of
race.On other word�A DN�Ö whiCh tt the basis for heredity and whin goes into the composition

of chromosomes,t equany�R �� ed between the daughter nudet for ensuring conthäF Ø[On Of

race.                                                                   �E

Ch�gkyour Pross                                �A

I  Match the fouowing

1. M�¡ ochondria     (  )

2.LysOsOmes    ( )

a. "an astral mitosis"

b. Protein Synthesis

3. Centriole ) c. Semiautonomus organelle

4. Ribosome ( ) d. autophagic vacuole

3�B7 SUMMARY

The mitochondria, the 'power plants' of the cell, are double- membraned structures ofvariable

size and shape.

The membranEs are of unit membrane construction.

The outer membrane is smooth and the inner membrane is throm into folds named

mitochondrial cristae.

The crests, the outer membrane and the'compartments'contain several enzlmes concerned

with'aerobid degradation of metabolites

Themitochondriagroup topthcrinintreccllular locations involvedinhigh metabolic activity.

The lposome in a mitochondrion-like particle without inner membrane or cristae (crests).

It contains hydrolases and is important io phagocytouis and autophagr or autolysis.

The centrioles are orgmclles with cilium-likc uhrastructurc.

�Q
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�X The�qØSformastersv�¡ ichare involved�� �X fomatiOn�Ü spindle�� �� �� �ß

ofaninal cen. �M     �M:�R �  ̄ �R

Thc ribmomes are spherical organcllcs locarcd in $oplasoicmatrir-in hcc statc'c bornd
to the rougb endoplasmic reticulum.

TheribosomesarecomposedofribosomalRNA(rRNA)spthesizedinnucloolru.-"3 
'"

The ribosomes are involved in protein spthesis.

The nucleus is located in the centre of endoplasm : , : l

The nucleus is involved in nucleocy.toplasmic interactims leadingtoprotcin rynthosia

3.8 CHECK YOUR PROGRESS�EMODEL AN�c

�P�P
�D

�Q

�¡

�¡

1. c 2. d 3. a4.b

3�B9 MODEL EXAMTNATION QUESTIoNS

Anrwn thc lollowlng ln about 30llnc:

1. Givc an acrount of thc structurc of mitochondrion.

?- Give thc functions of mitochondrioa.

3, Dcscribp thc structuc and functions of centriole.

4. Dcscribc the structure and functions of ribosomo.

Annwr thc lollovlng ln about l0llnes;

.1. Oddative phosphorylation

2. Structurc of nuclcus

3, Mitochondrion as a semi-autonomous organclle

�E
�{�@
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1.   1    1��
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Unit�] 4 CHROMOSOMIES

CCDntentS

�P

�Q

�R

�S

�S

�S

�S

�S

Objectives
Introduction
Chromosomal Morphology
Sp€cial Types of Chroaosornes
4.4.L Polytene chromosomes
4.4.2 Lampbrush c$omosomes
Summary

Check Your Progress - Model Answers

Model Examination Questions

�E

�T

�E
�U

�B
�V

�S

�S

�S

4.1 OBJECTIVES

This unit deals with the structural Variation shown by chromosomes. By the end of this unit

you will be able to :

a describe the ultra structure of chromosomes revealing the disposition of chromonemata.

o define special types of chromosomes viz., Polytene chromosomes and lampbrush chromosomes.

a explain the functions of chromosomes.

4.2 INTRODUCT10N

Chromosomes (chroma = colour; soma = body) are bodies that appear during cell divisipn.

These are the carriers of hereditary messages and also controllers of general metabolism of

the cell. The name 'chromosome' was coined by Waldeyer (1888)'

43 CHROMOSOMAl.MORPHOLOGY

During mitosis, the chromatin reticulum located in the nucleus is organised into compact

structures with a definite plan of construction' These are the chromosomes'

a) Appearance of chromosome: The chromosome shows a typical constriction or a narrow zone

somewhere along its length calted centromere and this is the point at which the chromosomes

is attached to thJ proteinaceous fiber of the spindle figure during nlifusis. Depending on t'he

location of the centromere one can recognize the following chro{hosome types:

1. Acrocentric 2. Telocentric 3. Submetacentric and 4. Metacentric

In the acrocentric chromosome, the centromere is located at one tip of the chromosome' In

the telecentric chromosome, the centromere is located just behind the tip. In the submetacentric

chromosome, the centromere is located towards the middle of the chromosome' This shows

two 'arms' of unequal size and therefore appears 'U shaped' In the metacentric chromosome'

the centromere is located exactly in the middle so that it shows two arms of eciual length.

The structure thus resembles the letter 'V' (Fig. 4'1)
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S�r 8ne damaerofthechromosomL.II�� �_�i n02�_
"�˚

 andthei�V �V�w
"�˚from O�B 5 to30�˚ .                                 �L

å¢ �r �| �I �v�u
�ò çW çS �ß �ß    �› �Æ�C�£ �§ ��
gamete is named‘genom�° .  .  :                     �]

4.l Chmmosome mes l.AcFOCent�vc2.Tel�¿
�g

ntric 3.Submet�� �� n�g

�g

4.MCtacentnc c.�ç t�c
a. am

ln man the ge�¡ ome t made of 23(�¯ +1)dh�` ä~ Omes.In Drsap�¡ tt the�] genome�à

composed of 4 chromosomls.In the roun�c �{ �_

"�g

�µ �ä �| �¿ the genom�g mde
Of i�� l ChrOttome�B

o Autosonles and sex chrottosoEneS:In the vertebrate karyome,the chromosomes calL be
divided into 2 dasses,the autosomes ad sex chromosomes.The autosomes are the somatic

chromosomes and the sex chr�� �˚ �� �i �Ìatt cmemed�� th the expression of sexuality.In

manandDrosophilathemaleorgamsmttowsthe(�˝ �° �b �� �@nesXandYassexch�_mosomes�B

Thc femdes of human and Drosophib pwulations shnitwo x chrOmosomes as the sex

chromosomes.

Thus the Karyotypc of an oFganISm tt man or DF"�N æ� my be exprtted as follows:

�Ø o�¡ e2n=2A+Sex Chromosomes
Karyome in males is:2A+XY

�� �Łp�l in females is:2A+XX
�E     �] if .�E

�¿ 11�v �� �} �ß s�æ �� �Ô IttT�ß �R �� lTT:�H
�w

�h �d �Õ �� �I

the genome:lA+Y.Thus the mal‘�˚ =man and DasoPr8�� ���¿ is thc hcterogametic stt The

female organisms glve risc tO gametes which are of the same plan of chromosome�� mpositicn:

lA+X.Thus the females Of these oFgamSms cOnstitute the homogamctic sex�B

In the intcrphase ce�U  of female Organ�� �‹ only one X chromosomc is active.The second X
chromosOme is converted into d�g

�g

�{ structuF�g Called Bar bodies.

Structutt orchromosome �¡ 1::    �� I.�¡ ||�¡

As noted above,the detailed structure of the chromosome can be made out only in�å �U

(ili,vii�y lill,1�¡ .                                                                                                                                                                                :

The chromosome shows peltte�� as the�] �� �Q �R �Õ InsidO this a�� �R �¤ located�B

Both penicle and the amorphous mattt are made of non�] genetic mtterial.

2l
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Dme a constriction is locatedo nis is.named

Dn to�” bi constFiCtiOnp the chromOsome shows

�¡ colnsmcdons ce�¡ �V ofth S�µ � ndary

Of ih�ß 1�g and the therefore caned nucledus

Some of the chromosomes shw at the ends of the arms rounded or wlindrical bodic�A ded
saLEElt�� or�� �R bodlese           ,

ça       1    �D �í�fl�Ł
�V ��brmosome(�‹ 40

h�Õ mere b uny�c i�d �i
�í �ì çWl�| �§ �£ �RChrm�@61�É �¥�Bh‘�v �R�° therei att mOre d

d�q Onipsomo�ß

Idlog1jn is thc diagrammrtir'''n frrrrorrtion of thc norphologcal foahrcs of all the

chromocomcs forming thc gonomc or Larrotype of an qrgllisn

Ultragtscturc of ChnomotmG

Un&r elpctron miceo5copc, thc frne s&ntsurc of thc efuonosome will bc visible. Thc finc

coiling of c,hromoncmata io ttc .*rrtf ryill ba. clcar. A cloacr cxambation of the chromonema

show! ib coilal-coil typc of consruction.

B

%

Ftt 4.2 A. Structurc of ctrpmaome 1. Pcltidc 2. Mrtdx 3. Chromatids 4. C.cntlomctt 5' Tclomrt

6. Srtcltitc body. B. C",fi"g "i.ii*,"i.".tr 
1.- Coil.d€il tyPc o-f orgmisation 2' Difiercncr in

oaFernc.i ot *ning r"&; C'q|;E *.Gg1fooor.cd tOfl ano iatcrehlonromcrcl (ICXtd)'
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Typically, the chromosqp shovr 2c.hrono.rc4r.'iq;ffchrcf its tun chrm*i&. R*'"qfei#
shou, trc types of coilhg in relation.to erg,.ffihefi.pl.eetgnrmr.l-Silhg-io;wh[q[,the;ffi
threadp aro intortwined closefy; and Dortncnlc qoilin0fo wldd inieqtwiniry of frbe-rs'iqrnbl$I,

Chroinomercs : The chromoncmata of a chnfitriffitthffii'smell tbdcs at defttrd effiftb
along their length.. The.se, arc called chromoncres. The intervals bctu,Een the su'ccessive

chromomeres are nam€d About the nature of chromomeres there are

different vilews:Of these According to white, thc

chromomeres and

Histochemistrl

Histochemically, the Chromonemata are compoced of two types of chromatin material:

material is typically stained by Feulgen

staining with Feulgen stain whereas

is fornd ncar thc centroflrsre
chromatin matcrials is'hetcrop!funsh'.

of chromosom$ suggost

aOd’)In assoclatlon

typcs of macromolcculcs togcthcr
form nucleoprotcins. Thcse compoundcd,fitffifi6lccules givc stability [o thc chromocomd
structure. Histone is onc protcin usually fffidssociation with DNA to forrr nucleohistones.

�Õ 1lF�q �g �„ �à1   �¶ �F�E�ô �N�i �›1��

�� S�ˇ

�D��

�g

�� � �̃Órarom�B3�i e     ~�V �c 1 ~:�\ �¡:=�C .

:.��  |  .   1      2   :��   :�E�E    �M1. .  : :�A

�RThe nu�N

�g
.cOntrOls the m�R �� sm d the�b �aand Parti�V mes h hd�¶

"�Ł
ltbro�X �� the

mediatbn of the ttrctt�_ �_m�g�B    .   : i t ,      ‘ :i

euchromatln and hetauchromatln. The
nucleal stain for DNA, Euchromatin
hctctochromatin shoun darker or dcnscr
and the telomerel This direrentu�R �¨

' 'jr r ., .-, r;, , i. . , .,:

In somc organismg sorrc.cclls under qtafoi,conditios rt$rv bpcciel,rtypcs.of clrromaomcs
which are charactsrisd by thcir large lLc rir ,igantiurr ttoc.rgient,,duor6mrtcc.lcad.to
proportbnEte increascs of thc sizcs of,tto;aucbus ano' the.rTtoplum..

rhe special type.s of chromoaomcs incrude &c pory&no grfiemtoFft,,rsp*dia]thc:drptc.e
lanac, especially in thc salivary glands; aad the lampbrush chnomosomcs found in ttc ooqncr

4.4.1 Pelytcne Chnimosomes :  :,

In the

!":t:.. , j -: ;ti 11.i iti .';,;16'.1i6,

h;' fr 0"rur ; irif, crbt', dti
. ':"i l.ri . . iil;- . i:' .. ,;l:

�I

Chcmlcal .orporltloo : Present
thc chromosome to be mainly
with this certain acid proteins are ritior
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Tb int ttnntixtat'$o*i ralritt lad].'ftlrf bu& (v'tsa slircd'*ith Fculgoe nuebal
strh) rrtict slol, rtnrfsli $ercntiirlil rcgutarity uficn t*o hoaolcfous ctrommoires
erc mpuGd (Hg,{3). ft& &do'cfixiiilosornos can be put to uee fur intcrprcGatioo of
al$rct gnuic rndpc preparsd,h *rliar gsnctici*s end cytogeneticists.

!ªà
�q �S�Ñ �ł å¥

=|.�ƒ
l�n �Ñ �¿ �M�� .T�c

�§�d �� �í �æªE k�Ò �ß �P ªJ�E �¿l�ƒ 9�µ �¡��

�Õ �í�u �fl�B�d�à �Ô �P�P �BlRttI�d �d�“��̋v�æ�º �çØÜ

�� ª� �Ù �Ô l�„ �E�µ �Ì�� ���� �M
1�E  .=�¡  :      �« :

Bulbs,Æe J�]
�\

�A =Th�E
�E�\ �E

�\
�† �M�ß �� ali inseus show the JŒi

Œa�����E�î���o�Û1�R\�� �N�¡���–�Ł�Ý
Pàhª� �ô � Ţ�ƒ �fi1�� �Õ �E

method of Working of ammæq �z
�E

h tttC031tFO1 0f�ˆ �¢ �¤ 108y attd mctamttm oftäF �Ł

�u

�¨ �ß .

�` F L-4�b �¨ �b�� ,::

In thc oocyte.s of somc sherks, *rpltLr., rcpiles anrl birds chromosomes resemb[ng
.lam$rush, arc fonnd. Thesc lampbnrsh chromosomcs tG,of &ignrtio sizo rcd can bc s*pn

with the nal3d cye in the latc diplonema stage of oocyte maturation.

I4. this , tlcre is an axis -"d"-{ 4 chroDatids. Thcsc :,1}.tyo at repo:itYc

intcivals' f"rfr ;hod' il lirg, dinbraioas. The ioops aic' nod prc-sont io tic ryEql. {,.S:
cearmcrp. ta the loop rcgion, thc axis is raa& of DNA rind aroiiad thb ads a 'natrit' is

.lor.t d. Ttis,titE$ t"af qlperra"ce to tb'hq Tbe loops twaFd all dmg tfc bqth of

tle &mcoac Sirc it thu,lenp hxl'litc rn'Porr8rec (Fry'**) " '
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F13�E 44 Lmp�� �R d�z �cmH� ä̀F 1.Ch�c 8�R 2L�� 93.Otromoooml mmæx (DNAl
. 4�B M�o�ç �� �� A�� ���� p�� �É b)�B               ^       .

�ß �F âî �Ù
ChrcDm�¡m�´ �S �¿ �� �g�@ham

àÛ �R �R of RNA ttns to take placc at the th end ofthe loop.The loopØS r�R supp09d

to be h a tt ofoo�� thuolls movemeâ˜ .The loop��
�g

out at the thin end nd�˚ Ł� Ø[r at

tb3�� �ˆ ŁI Alou ttb�E �p �r �R �� �b �� �ß �R 306 0n mtti�V �Y

"�E

�A1�� çWLtäF �| �ß �« �R

activity�¤ over,the RNA L ttm ou�] 1�¾ 1�ü å¥ à� h�S
�\

�] :  :
�› �¥ Yoor pFO�uS

, ,�u  
�M 1    1:     1  �]     i

:.    Derlne thc fol�Ì ng
)|               ’i   .       

�M

ao    chromoOm�] .:    f .

bo  metacentin            i��  .‘   f    �A

2. �� n�c h‘�« çW�_ ��
�g

sfound h the  ,1�� �� �¡ �†
�c

1�c äF iØÜ Œi�Rra�Õ

4�B5 SUMMARY

Thc chrmath rcticttuntr drmmcnsta of.interpha.gct mtdlacd e6d oqganised to
form chronrcsresr thc rchkJcs of heredity.

ltc chromosome typically shows a Gentromerc end arms. Dcpendiiry on thc location of the
entrosrcro along the length of the cironrmiome, dilfereat types of chronrosonres can bc
recogniscd:

1) Acrocentric 2) Tebcentric 3) Submetacentric 4) Metacpntric

The size and numbcr of chromosomes are variable.

The number of chromcorres in the vegetative cell of an organisms is the 'Ikqotype, and hatf
of this number, found in tte gamete is the ,genome'.

ln the Karyotlpc is omposed of a set of autosomes and a set of sex chromosomes.

TLc c,hromosome shows pellicle, oentromerg matrix md chrosnoncmata in ultrastructure. tt
also shour srteflitc bodtcq and telomerqs"

Thcc,troaoncma isof e coiled coil type of constructio.

Histoctcmirdly, thc chonosumc is made of 2 tyles of clrcoatin: cuchromatin and
hcterodircatin Thasc t*o chromatins show ditrcrcetid stainiirg vith Fculgen's nucbal
3tah.ttbb'hctcrop5tmis'. '
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g. The c,hromonemata arE qpically compoaed of deoxyribonucleic acid (DNA) and

10. The chromosome is thc rrchicle of hercdity. It oontrols various sptholi9 end other metabolic

11. Spe"ial t 'pcs of obmcom* of gfutic dfuacruid are aoted in organisms like Drosopilila
(polylene chromosomes in thc.srlivary gland cells) and in the oocytes, of fishes (lampbrush

46  CHECK YOUR PROGRESS �\  MODEL ANSWERS,

1. a. The chromonemata of achromosomc shows smallbodhs at dcfinitepointe alongtheir

, length. Thesc arc called chromomeres :. ' :

b. , In thc metaentric chromosomc, thg entromerc is located oractly inthc rniddlo so that
its shows too arns of cqual lcngth.

ir, - __.::.,,...

2- Qocytes. :

4‘7 MODEL E�\INAHON�]QUES�¡0/NS

I. Ansrerthc fottowlng la rbout30llnes cach:

1. Dcscribc the stnrcturc of a typical chromosome with a note on its chemical

composition.
I

2. Give an account of 2 types of giaat c,hromosomes studied byyol.

II. Amw.ttcfollmlryb,rlu*sllncecoch: "

1. Cbrmatin

2. Light mietoscqk, rppearehco of chromosome

3." lyperof chrolnocosre brscd on'centromore locntion
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Amitosis
Mitosis andcell cycle

5.4.1 Prophase

5.4.2 Prometaphase

5.43 Metaphase

5.4.4 AnaphaSe

5.4.5 Telophase

5.4.6 Significance of mitosis

Meiosis'
5.5.1 Significance of meiosis

Comparison Bstween Mitosis and Meiosis

Sumurary

Check Your Progress - Modcl Answers

Model Examination Questions

5.1 OBJECTIVES

In this unit we deal with the various types of all divisions and theh michanism registcrcd

among multicellular organisms. By the end of this unit you wilt be able to

a discuss the concept of grofih and development 6f an organism witf, reference to the

multinlication and enlargement of its cells.

52 INTRODUCTION

The division and replication of cells are the basis for both senral and asexual rcproduction
in most orgianisnrs. Even such primitive cell. types as bacteria erfiibit cell division; althottgh
the details of the lrooess are not always recognised. IVith the exception of such cc[q thc
mechanisur of cell replication are similar or identical in plants and animals. Thc orgianisns
gron, and repair themse,lves througb the medium of cell division. According to thc ccll theory
put for.ward by Schlelden and Schwann (Ua0) and confirmed by Vlrchov (1855) new cclls
originate from the division of pre- existing cells i.e., Onrnls Cellular Cellula.

Why cetl dlvtslon oocurs ln an organlsm? cell division is necessarily the aroidancc of apitrg.
Usually the cell replication results in the differentiation and specialization. Thiis in turn caurcs
adapfability and also a better prospect for survival. Finally cell division is essentially for tbc
perpctuation of the.speiies.

Three kinds of cell division have been distingrished in animals:

1. Direct cell division or amitosis,

2. Indirect cell division or mitosis,

-3. Reduction division or meiosis.
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53 AMITOSIS

It is rare and of little importance and occurs in asexual reproduction of some unicellular
oiganisms like bacteria and protozoans. In amitotic cell division the splitting of nucleus is
followbd by cytoplasmic constriction.

During amitosis the nucleus elongates first and assumes dumb-bell shaped appearance. The
constriction deepens further and ultimately divides the nucleus into trro bits. The division of
the nucleus is followed by the constriction of cytoplasm which divides the cell into two equal
or approximately similar halves. Thus simply without the occurrence of any nuclear changes

nro daughter cells are formed.

Fig 5.tr Diagrammatic reprcsentation of anritosis. 1. Animal cell for division 2. Cell with constriction

an-d AumUUil nucleus 3-. Division of nuclcus and cytoplasm 4. Daughter cells 5' Cytohinesis 6.

Nucleus 7. Cltoplasm.

5.4 MITOSIS AI{D CELL CYCLE

The multiplication of a somatic cell into two daughter cells of equal size and containing the

same number of chromosomes as the parent cell is called mitosis or somatic division' The

term .mitosis, was proposed by w. Flemming derived irorn Greek word for thread (mitos)

which refers to thread like appearance of chromosomcs early in rnitosis.

The basic outline of mitosis remains the sarne ill all living organisms' It includes four Phases

namely G1, Phase, S Phase GZ Phase and M Phase (rnitotic) which occur successively constituting

the cill-cycle. The Gr, S and G2 phases are collectively called the interphase' A typical

cell-cycle including interphase lasts from 20 to 24 hrs, and an individual cell passes through

following tr'*,o main Phases:

A. Interphase
B. Mitotic Phase

32

@

B R
 A

 O
 U



A- Interphase

The stage bctwEen the two mitotic divisions is called interphase (L., inter = behr&o& Gr,
phasis I 

"pp""r-ce). 
During interphase nucleus and cytoplasm remain metabolically acffib

and thus increasing the volume of nuclear and cytoplasmic substances. The interphase is the

longest phase of the mitotic cyclc (about 2 days) including fo[owing three sub phases.

1. Gr phase

2. S Phase

3. Gz phase

Gr Phase : It includes the qnthesis and organization of the substrate and en4mres neoessary

for DNA slnthesis. Therefore, Gr phase is indicated by active transcription of rRNA, mRNA
and synthesis of variety of proteins (Fig. 5.2)

S Phesc : It indudes repficatibn and duplication of chomosomal DNA molecules and total
DNA content doubles.

Gz phase : It is the p"{od following S and preeding mitosis (M), is often charact erircd by

an increased nuclear volLme. Mo.re significantly, Gz is the time during which certain uctabolic
and organisational erpnts occur as a prerequisite to mitosis. Thus during interphase the

following events occur:

1. Doubling of chromosomal oonstituents takes place.

2. Chromosomes exhibit a minimum degree of condensation and hence they appea,r as long and
less coiled chromatin fibres, comrnonly termed as rcllc coils.

3. Due to enhanced synthesis of ribosomal RNA (rRNA) and proteinq the nucleus as well as

nrrcleolus are @mparatively large in size.

4. The DNA amount beconps doubled-

5. A daughter centriole is originated near the originalcentriole leadingtothe initiation of mitotic
phase.

Fig' 5.2 The cell cycle of events in a mitotic cell GrPre-DNA synthctic phase: Gz Po6t DNA syntbctic
phasc M. Mitotic phase. S. Synthcsh of DNA. 1) Frotein and RIrIA s!trrrhcsis 2) DNA synrh6$. 3)
Chromosome movements.

B. Mitotic phase

No single eYent seems to be responsible for the initiation of mitosis. However, the recent
cytogenetical studies have shown that the preparatory process must be under genetic control.
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At the end of interphase a series of changes bcgins in the physical

of the ctuomosomes. The main mitotic cell diiBTon'oocurs duriag
includes following phases:

5.4.1 Prophase

Prophase (Gr: Pro = before) islusually the longcst mitotic stage lasting from onc to several

hours. During this phase following visiblc c.hangos tatc placc:

1. The cell becomes more spheroid and refractiw.

2. The nuclear envelopc starts to disintegrate.

g. Eac,h clromosome splits longitudinally consisting of two identicat chromatlds connected by

acentromerc.

As tlie prophase progressss thc chromatids become shortcD6d and thickened.
1

Disappearance of nuclpolus starts.

Coiling of two chromatids about each other is secn. Bcing twisted together they cannot be

scpara:ted easily. This kind of arrangcmcnt is callcd Plcctoncmlc colllng unlike that in meiosis

in which chromatids can be ccparated forming pamnemtc colllng (Ftg 5.3).

The two centrioles which were present above thc nuclcus move apart ftom eacrh othcr and

migratc towards the opposite polc of the cell. Thin fibres appear bctr*'een thcm as splndle.

Radiatingfibres calledastralrays ariscfromcachcentriole toforman aster. Thespindlc fibres

doagwith two astcrs constitute an amphlartcr.

Both the cfyomatids remain closely associated along their entirc length and begin to collect

inside the spindle fibres.

aird ctremical organisatioa
mitotic phase (M) which'

4.

5.

6.

7.

9�B

10. Besides the above physical changes there occur chemical changes as the RNA content of

chromosomes become increased. Another changc is the increase in their phosphotipbid

cootent.

5A2 PnometaPhase

In prome$phase (Gr., pro=before, mcta = aftcr, phasi = appearance) followittg events

oocur:

1. The nuclear envelope completely disintcgrates'

2. The nuclear membranedisappears totally'

3, A clcar zone kaorvn as the cquator appcars in betwpcn the mid' line of spindle and the nucleus'

4, Thc e;hromosomcs movc towards thc cquator'

5.43 MetaPhas

The mctaphase (Gr., meta = after) follo*t tha pronctaphase, which lasts for a very short

time from 6 to l:] -i*,".; and during tuit ph* fouowilg changes occur in the cell:

1. Each e,hromosome reaches to the cquator and all chromoeomes arrangp themselves radially'

at the PeriPherY ofthe sPindlc'

2. A mitotic apparatus is formed as the chromosomes lie at the equator of spindle with their

cen'o'eres to*rrdu th" 
"q*tor 

and thcir arms cxtending freely in cytoplasm. The ap.paratus

L org.oir"d into higbly orientod fibres with intcr molecular S-S links and Sulphur linkages

binding the Proteins together'
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3. Asarcsult of fnat'sfortcnirgof c;ftromomeftthocbromatidq bccomescparatcd&oqeach

othcr lying side bY sidc.

4. Flnilly thc ccotromcrc of caoh Ghromocomc rod rro Lnown as ths GhrorygonAl.lb.*t',

Certain othcr fibrcs of thc sphdle occtr bcnccn thc'c'homocmcs and arc called rs

lntcmhnouooonal [brts.
rr

5J.4 Anaphase

ID thc anaptasc (Gr., ana=up, phasis=appcarancc) wtfich is thc shortcst of all thc i'rtages ln'

thr rit"6.'cyctcio[orine duni* tale piace

1. ltc elron*ids of cach chromoeonc arc scparatcd md brd two sistcr chromosomcr'

D00

::2

0

t t3 $rjcr in #. f. Errly pmph.sc 2" Mid prcphc a Irtc Fo?h..c 4. Mclryhe 5.

al+? 6. E.trfiotq'tr Z_L,tl tglgphrsc S.D.Wtrt r Glllr 9. C6rfriol€r lO Astor 11. Nuclcous
12 lludeolul 11 $iqdlc ll, Chrurcomcr.
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2. Thc sistcr chromosomes bccme shorter mdthklsrmd uigrate tpnrards the opposite poles

of the cell.

3. Thcnigrationof sistcrchrornosomcstowardstheoppositepolesisachievedbythecontradion
of chromosomal fibres and stretching of interchromosomal fibres.

5.4S Telophase

Ihe teJophase (Gr., telo - end) is the find stage of mitosis and during this phase following

cvcnts occur in the cell.

l. Thechromosomeswhichfcaph at ths oppoeitcpoles of the cell nowbegin to uncoil,elongate,

and become thread-like.

2^ Thenucleolusreappeani.

3. The new nuclear envelope around the chromoaomes is formed from the endoplasmic

reticulum.

4. The spindle fibres of the aster and qhotic spfoidh break down and absorbed in the cytoplasm.

5. The two nuclei thns formpd due to karyokineeb at ttro pole.s denelop other structures.

6. The karyokinesis is followpd by cytokinesis. In this process thePlasma,merubrale constricts

in the mktdh funing a,cleavagefurrow u&ich deepensfwthoi into the cytoplas} to form

two daughtcr eEs. itrus afteithe telophase which lasts from 30 Pi"-'j3. to 3 hours two

daughteinuclci,are formed through karyokinesis. It is follon'ed b: the division of cytoplasm

""dd 
trc cytokinesis resulting in the formation of two daughter cells wbich resemble each

other and also the parent cell qualitatively and quantitatively.

5.4.6 Sigpiflcance of Mitosis

1. The mitosis is meant for the gfowth and development of organs and organ slatems of an

trEeusm.

2. Mitosis hetps the cell in maintaining its sizc'

3. ftrough mitosis the chromosomal number can be mai4tained constant'

4. Througtr mitotic proliferation of cells, the old decaying auO dead cclls are replaced by the new

OngS.

j. Inprimitirrc organisms it helps in the multiplicatien of species througb asexual reproduction'

6. Thc multiflication of sex cells from the gonads also takes place through mitosis'

55 MEIOSIS

ª� Œaå¥�Ü Œa
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"C diVIslon:The�¡

rst me10tic division is heterottpic in which d�g
�Rdd parent cen

divides into two daughter celk having hap10d(MOnOplo10 chr�g
nOsome number�B
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2, ' Ilmotyflc dlvlrlon': Thif is tbe sdaddc'diririx'ad boiuic'is:nilurc,l,ilae tw{,

heploid coils'fortrd as a resdt of My,pb,,&bfoa'divido oit*knlty im $&ar:& c.ch"
Thus from a single parent cell havfurg2x chromosmcs (diploid) arc pr#$urdnrghtet
cells havingx number of chromosomes.

Both the meiotic division take placc coneinuouslyyflrd cy,h includcs the usual si1Egs of thc
mitosis riz, prophase, metaphase, anaphasc and teloptrise. Thc srcecssive meiotic divisiotrs

cdr bc trprcscnted as fotlowsi

�£ e10sis

HcteromiC d�J �R)n

i) Prophasc I

�U. HomomiC�R �R�Y
"

�¤

�Ł

�O

�O

����

Leptorm 1)

7;WNGr,?)
Pachytene 3)
Diplotene 4)
Difinesis '

Propbasc tr
Meraphase U
Aaaphasc tr
Telophasc tr

:3 .Metaphasc I             _   �]

ini) Anaphasc I       :                       
��

�s) Telephasc I

First Melotic Heterotypic Di�� sion

The events that channal�å lls intO mebsis occur du�v ng the premtt G2’h�å nen dL
C,OmOSOmes are a�¡eady replicated.The DNA synmesis l=�� dded to the Siphv but

�M�í �� �ò �Ñ�I �' �í
Ø°�A�›R�c �I �c �cabsorbing water�¡ om the 90pl_�t �  �� Onb.

Aier these cvenes the cell cnters intO the irst ttage ofimst heiotic�R �z m�µ ProphN�c1.

Prophase l                                                             �¡ �]

�¡ �d the longest ttage ofthe meittc�› �—sbh�B�E �˛ �Mng�E this ste the’amount of DNA becomes
double. It hx�x udes Eve substages:

A.��
�V

":�V

,Iep"�É
iC�˚ �V �Achanac�vàp �fl the FOl10wingfeat�ä �]

1. ThevOlume OfnudeusbeginstOittica�� .     �E

2 
�I �í ��

�V �V
’qttdtt md�ƒ

�Y

�g

�n h�r �R appea�¿�å d�g �_ beads�U

3. DuFing late Lptotene,ch�_

�g

OsOmes dct10p several ttau�å Ø[�minteWeni.8�° �v

"i�M

.

4 The centrbL,duplicates and each Onc migrates tourds the opposite poles Oftt�p

�g

�¿.on
reaching the poLs cach centJole dupHcates again and thus cach pole has twO 

�¿�¡ tFiOlesi

B.Zxotene:�A �¤ the��

"timpOrtant nge��

mel�V prophase�g h the fouOwing c�� �z ��

�E 1çW�Ò�q �y �í �ò �¨ �I çW�R �g
and is referred tO as"Ø‰ �Pd.2��

pattem
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3;q'": ,ilflhare,hmcomos irg aiodcd with thcir oo end dirccted tourarda the sanp side of tha.
,x.,. r., {deus foralingbosct rna Uis plcticnhr *$s,of polrriza&E of ohromosomce is callcd
-..: *lquctrtTr. : .

4. ' After pairing coiling of chromosomes bcgins in parancmic coils.
,. , :,,

5.' NucleoSs incrcases id SDe and cenuiolcs migrate to initiate the spindlo formation.

C. Prcly&nc : It commence when the pairing of chromosomes is complcted. It is ono of the lgnger

stage of prophasc'I with the following features:

1. Thc ciromosoncs which are in spapsis now twist about one anothq as rational colls and

eachsplit uPintotwo.

2^ Ite chromosomes grow shorter and thiSker and at this stage crosslng orer occurs. The

chromatidwhichtnrrfr *tf"point wilt'unitewith the chromatid of othcr chroniosooc.Ite

breals and cx&engpsofpertuers dudng crcsingover produce a cros*hapod fgurc'qdlbdl

chlasma.

D. Dlplotcnc: 1. The chiasmata are very casily discernible in this-stage (Fig. 5'4)'

2;. Due to increased coiling thc chromosomes become shofier and thickor with an apparent

ropulsion between homologous chromosomes'

3. As the c,hromocomcs rcpc[ termlnallzatlon of the c'hiasnata oocurs causing the chromatids

to scParate.

E. Dhklncsb : 1. Druing diakinesis the birralcnts migrate to the periphery of the nuclers and are

very short and thich called strepslnema

L Thenrrcleohulcgiastodisappcar. ' : ''
\

t. Terninalization comPlctcd.Itt'\'uPr$w' 
, -L. 

'l- s'

4. . . Dieruption and'disappcaranpe of nnclear membrane and the appearance of sPtndle fibncs ' .

iodicate thc last evEnt of ProPhasc'I

Metaphasc- I

L,. . .Aftc: the disruptiOn of the nuclear cnvelopc thc chromosomes mffi to the equatorial rqgon

of thc ccll' 
.!-r!- --r--Lo.--r :o ^,,ir. .rifft.rent from that in oitotic2. ThcorientatbnofchromsomcrbncioticneqrDhry'l".qytditrerentfron$1i

octaphasc. i.e., Chromosomce lie neu thc equaior with thcir ceatfomerc towards the poles

and their arms towards the equator'

,3.The@ntromerealthoug!renainsfunctionallysindeitisstructrnaltydoublcattheendof

metaPhase-I

4. spindle fibres cfrended benueen the poles and are attached to oe ocntromeres of the

chromosomes.

AnsDhasc-I

1. The trio chromosomes (bivalents) .ootio opposite poles of the cell d'r'rng this stage'

2. ThE tetrads *aiainirrg four chromatids become scparated into dyads having two ch'romatids

eacL

.3. The conSpqpaaco of this qlagp 9f 
neiosii is a reduction of the chromosome by one half from

thc diPloid to thc haPloilauober
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Tclophase-

Th? o"",b of telophase are practically the salne in meiosis and mitosis.

1. Thc endoplasmic rcticulum forrns the nuclear onrrelope around thc chrmoeomcs.

2, Cbromosomesbcconreuncoiled.

3. Itcaucleolusreappcars.

4. CYtokinssis is followed by KaqOkine-sis and two haploid daughter cells are forrred.

�[

l‘�R �O,

1�] ’

5

|

:t ^ti,tl*. i.T-:T.!pr. divirioa of Mciaie 1. r.cptorcnc L Z4g*rc 3. pacftcne 4. Dipromc
:^_"^ifi*. 6. Metaphrrc-I z &.phesc-I 8. Tclopi'rc-t c. N.;-r .^.r"p. l(). N.dcor,r 11.r.lnmorc ra (l:trtr-omerc l3..Chi8rmta 14. Otrcrnilid,

�Œ
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Sccond Mdottc Homotlaic Division

It is actrutty thc mitotic division which divides ca'ch haploid meiotic cell into two cells. It
includcs thc folhwing stagc$

PFoDtTra,II

1. Thc'arms of dyads remain separate with X-shaped figures of chromatids connectcd by
ccntromcre.

2^ The nuclear envulope and nucleolus disappear.

3. Appearance of spindle fibres indicates the end of this stage.

MGtrphrsc-II

1. Chromosomes get oriented on the cqu$or bf the spindle.

E& 55 Sregcc io booortrpic division of mcicis l. Daughtcr ce!!s ?. IroPasG'II 3. Metaphaec'Il

l.-eorym*:n.5. trtc tirLprasc r'ith cytokincsis 6. Daughtct cclls ?. Nuclcar cmrelopc E' Nucleur

9. CDrmrddc.

6
��
��
��
�¡
�V

�g
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2. Ihc ccntromerc divide into two and cach clrmcome produccs t*.o &ughter chromatids.

t. As soon as oach @ntronEre is fuacionally doubled the chronosomes begn noving to
opposite polcs.

Anaphase-II

Duc to coatraction of spindlc 6brcs and stretching of intcrchromosomal fibres the daughter
chroomtids morrc to oppoeitc polcs.

Tdophase-II

1. Thc polar tFoups of dar5htc,t6hromoaomcs uncoil.

2. TLe nucleolus reappears,.and a nuclcar envclolr forms around each group.

3. Aftcrkaryokincsiscachhaploidmciotic cclluodcrloescytotincsis toform fourhaploid cclts.

Thc rccult of thc t*o rcidic divirionr b thcrefore a quartct of oells (4), eac,h of which
contains thc haptoid number of c,Lronocoocs. thc frst mciotic division is rcductional with
rcsPc.t to thc nunbcr of chromosones and thc sccond mciotic division cquatlonal.

5.5.1 Significance of Meiois

1. trt maintains a constant numbcr of cbromosomcs in thc o,rganisp: 
.

2. Throua[ meiotic cyclc an orderly disuibution of ttc gcoctic materid occrrs from gcneration
to generation and pcrmits grcet gcuctic dircnity.

3. By croring ot Er, it helps for thc cxcuango of thc gmcs causing gcnctic variations among thc
spccics which inturn cmstitutc the rawmatcriah for cvolution.

5.6 COMPARISON BETWEEN MITOSIS AND MEIOSIS

Conparison between Mitosis and Mciorie

Mitosis Melosls
1. Mitosis occurs in the somatic celts L Meiosis (rccurs in the germ cells 'continuously during gametqgenesis.

2. Its duration compemtivcly of short z. It is of longest duratioo.
duration.

3' The whole proeess completas ia onc 3. Thc wholc prooess complctcs in twosequen@. successivc divisions.
kophase

1' It is of short duration without any 4, Prophase is of longer duration with 5substage. successive substagei viz, lcptotene,
zrgotcac, pachytene, diplotcne and
dirlrincsis.

5. No pairing of spapsis occu$. 5. pairing or spapsis ooclus between the
homolqgous c,hro,mossmes.

6. No croesing or,"' ud chirsna 6. cto6{ing ovcr takes place with c,hiasmaformetion. formation.
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Mltools

7. nxc,tange of genetic matcrial dqes not

take Place.

Metaphasc

8. The c,bromatids occur in the form of

dvads.

g. The centromeres of the Chromoaone

remain directed towtrds the equator

and arms directed towards the poles'

10. Centromeres do not divide onlY

partners of bivalens are set apart'

Anaphase

11. The chromosomcE arc having single

chromatid.

L2- The chromusomes arc long atd thin'

Tclophase

13. Karyokinesis is followed ry cytokincsis'

14. The chromosomal number in each

daugbter ccll remains thc sanc as thc

parert cell (diPloid)'

15. A diploid cell produccs- two daughtcr

cclls-which are similar in quality'

Mclosis

7. fxcnange of genetic material oocurs

bctwecn non-sister chromatids'

8. Tte c,hromatids oocur as tetrads'

11.

2

13.

14.

15�B

Arrangeooat is jrut reversc i'e',

centromerc lie towards poles and arms

towards the equator of cell.

Centrmeres divide in metaphase stage'

The chromosomes are having two

chrooatids rnd a single centromere'

ltqr arc short and thie}"

Karyokincsis nay or naY not be

follored bY cYtokinesis.

The chromosomc number is reduccd

to half (haploro in the daughter cells

rrnlikp the parcntal cell (diploid)'

A diploid gerninal ccll produccs four

h"ploid dauglter cells whic'h are not

simitar.

t.

Ctccl( ruur Progrcss

1. The stage between two mitotic divisions k callcd

2.Interphaseisthelargcstphaseofmitoticcycleilcludingfollo'wingthreesub.phases.
��
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s.7 SUMMARY

The development of multicellular organism from the u icellular Tygoteis ac'hieved by the cell

division and grouth'

rte as€xual and scxual roproduction of the organisms atso depend on the cell division'

The cell division is achicrad by nro integal activitie's such as Karyokinesis and cytokinesis'

Tte ascxualreproductioninunicollular orgatdsms isby direct cell division caltod arnitosis'

Tho multiplicatioo of ccll numbcr during and frrther grouth of an organism

tr;;dlil,Afi ti otL *utu occurs in the smatic colls
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6.: The reduction d�T ion as scen in the gametqe�R �J cw�g �\ reprodudion t due to

melosls�B                                                                                                                                                                       
�E

5�B3  CHECK YOUR PROGRESS�EMODEL ANWRS

1..Interphase

2. ao  Gl Phasc

bo  S Phase

co   G2 PhaSe

5’  MODEL EXAMINAION QUEST10NS

L Ansurerthcfollwlnglnabout30llncs:

1. Pooib" the mitotic division in a typical ccll. What is iU significancc

Z. Doscribe the meiosis or rcduction divisioowith suitEblc ekotchcs.

3. Mention the diffcreacc betwcco nitosis and neiosis

IL Ansrer the Iollowlng ln about l0llnes:

1. What is cell division ? Mcntion the changes which initiate thc cell divisiou

3. Describe the characteristic crrus of zygotcne and diphtenc stagee of meiotic dividqi.

4. Mention the events that occur during Homotypic or sccond meiotic division of i celt"
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Unit-6 G�c ETOGENESIS FERTILIZ�p�¡ ON;
PARTHENOGENESIS

Contents

6.1 Objectives
6.2 Gametogenesis
6.3 Spermatofenesis
6.4 Oqgenesis
6.5 Feltilizaliss
6.6 Parthenqgenesis

6.7 Summary

6.8 Check Your Progress - Model Answers
6,9 ModelExaminationQuestions
6.10 Glossary

6.1  0BJECTIVES

This unit deals with the process of gametes formation in sexually reproducing forms. By thc
end of this unit you will be able to:

o describe the mechanism of fertilization of female gametes, the ovum with the male gamete, the
spermatozoa.

o elucidate the peculiar mode of sexral reproduction through parthenogenesis registered in
different animal groups.

62  GttETOGENESIS

The gametogenesis(Gr"gamos=marriage,genesis=�V igiln)�M the prOcess by which gametes

are produced in the gonads.The germinal cells fqtti tL gonads,the testes and ovarLs in

�º �b �Q�� �` 1�Õ�w�º�ºl�í �§�É �æ�B
S�í �¾�æ�Ł�ì �Ô

gamete is known as ovum or egg which is produced by thc process of Oogenesis(Gr�B ,

oon=c�c ).Both the pr�å esses are�� mplicated with succcssive miotic and mciotic dittiOns.

63  SPERMATOGENESIS

It occurs in the male gonads or testes which contain several semi-niferous tubules. Thc gcrminal
epithelium lining these tubules undergO spermatogenesis'in two stages:

1. Formation of spermatids.

2. Spermiogenesis

Formation of Spermatids

The spermatids are produced from the diploid cells of male germinal cells of testeg called
spcrmatogonia. Each spermatogonium is diploid with 2( number of chromosomes. The formatim
of spermatids takes place in three stages.
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Muttiplication phasc : The primordial germ cells which contain chromatin-rich nuclei

undergo repeated mitotic divisions to produce a large number of spermatogonia'

Grox,th phase : Each spermatogonium becomes enlairged in size by absorbing nutrients and

acc.mulation chromatin material as well. Now eac,h fully grown spermatogonial cell is known

as prlmary sPermatotYta (Fig.6.1)

Maturation phasc : The primary spermatocytes undergo first meteoric or maturation

(homotypiQ division. The homologous chromosomal pairing (spopsrs) and splitting take

pt""" ,i.uttiog in the formation of tetrads. By chiasma formation crossing over occurs' Thus

Ly n rt meiotic division two secondary spematogttqs are produced with haploid (x) number

of chromosomes. Each secondary spermatocyte passes through the second meiotic or

maturation (heterotpiQ'division and produces two q,cnnattds' At the end of maturation

phase each diploid spcrmatogonium produces four |aploid spermatids which undergo

metamorphosis into sPermatozoa.

I

2e

2

Fig 6.1. Spcrmatogcncsis and Oogencsis. l. Spcrmatogcncsis 2. Oogcncsis A. Multiplication phasc

B. Grcwth phasc C. [laturation ptrrsc D. SFrmiogencsb la. Primary Sprm ell lb. Spcrmatogonium

lc. Prirnary spcrmatocytc ld. Scrondary spcmr.tocrte l.c. Spcnnari<k lf. Sperms 2a. Primary germ

cetl 2b. Oogonium 2c. Prirnary Oocyte 2d. Sccondary Oocytc 2c. Ootid 2f. Polar bodics.
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Spenniogenesis

The motamorphmis of spcrmatidq whie,h invohrcs spccific morphological and cytological changeE

is called . The following e,hangps occtr during spcrmiqgenesis:

1. Body of spcrmatids bccomcs elongatcd.

2. The cytoplasmic mass gets reduccd.

3. Centriole divides into trpo.lte distal centriolc changes into basal body and givec risc to an

axial filament of the spcrm. The prorimal oentriolc disappeari later.

4. Thc nucleus shrinlts and assumes different shapes in different animals, for example, in man

and bull it bcoomcs orci4 inbirds it is nristed.

5. Thc acrosome at the antcrior side of spcrm is forned by the Golgi compler

Mitoc,hondrias,hictr prwide etrerstarc more @lccntratcd at tho ccntriolc region.

7. The axial filament devclops an envelopc, thc axid sheath whic,h together constitute the tail.

The mature notile sperm thru consiss of a relatively large head composed of an elongated

nuclers, covered proximally with a conical acrosonc; a middle piece having two contrioles
and a tail considcrably longer conposed of an axial lilament with an axial sheath terminating
in a naked cnd piecc.

64 00GENESIS

The process of Oogencsis occurs in thc ovary of female animal. The germinal epithelium of
the orary Lnorm as primordial germinal cells undcrgo oogenasis in three successirt stages as

in spermatogenesis:

1. Multlptlcatlon pharc: Thc primordial germinal cells divide repeatedly through mitotic
divisions to form a largs number of oqgonia. Eac,h oogonium has diploid number (2X) of
chromosomes ufiich pass through the next phase.

2. Gruyth phrsc : During thb phase, the size of the oqgonium increases enormously with the

accumulation of fat and proteins in the form of yolk or desloplasm. The yolk is usually

conccntrated tonards lower portion of thc egg forming the vigetat pole. The portion of the

cytoplasm (Ooplasm) goalriningthe egg pronucleus remains towards thi upper side of the

eggforning the anlmal pote, The full-grown oogonium with enormous yolk is now termed as

prlmaryoogilc.

3. Maturadon phase : The primary oocyte undergoos first meiotic or maturation division. The

homologons chromosomcs cnhibit pairing or synopslE duplication (splitting), chiasma

formation and croosing owr. After Laryolinesis the unequal cytokinesis occurs resulting in

thr: formation of a largc haploid rccomdary oocXte and a small polar body (Fig 6.1).

The secondafy oocyte and first polar body pass through sccond maturation division of mitotic

naturg. As a rcsult the sccondary oocyte produces a larger mature ovum or egg and a small

second polar body. The fnst polar body also divides to produce two more polar bodies. Thus,

finally through the process of oogoresis a singlc nonrnotile haploid owm and three smaller

haploid polar bodias are formed.

Tte eg thrs produced becomes ready for fcrtilization haviog covered by the unit membrane.

In addi-tion to plasma ncmbranc thc eggp of moet aninah consists of primary, secondary and

tertiary membrancs. The rytoflaso of cgg b caltcd ooplasm in uttich the egg pronucleus is

sgspcndod. The nuuitivp yolk precant in thc ooplasn varies ftom species to species.
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65 FERTILIZAT10N

The sonld union of male ad female gametes�R �¸�¨ �v as�` �c htim or�� �æ�ƒ�Ł�B�˚ E�› �� �u

�ø �n1�r �� �¿�ö �ƒ�÷ �å �–�ï
of hatend side to fom a diplond 20te.            ,�u _�¡

�u�E

R�ô �Ł 3 0rFc�O ill�Õ Ø[on            ’         | ,:

h mechanism of the Lrtuiatt includes�� 7o su�� eSSIve s"�g :,     �]  �]
|

1. �¸ â˜ �¿ �ˇ the egg.

2  The Amphimixis.

Activation OFtheä¿ �‰               .
.The prooss of diVation of ett takes placc as foll�\

:

AŒi
�í �í �I �D �ò �I �� �D �� �Ø

dueblarge number dspermsandenomouslylarr tt dthe�c �B�¡ �RfOmd thatthe�q

contans a chemical substance known as fertilization whid�� �m�ß3 the suToundingid�‹

77ater ofthe tt and makesthe spem enw easy.

��    çW
:       �I

mspedeskgdsactivated.Theacrosomeeloutestofomlto75ulongagosomalmament
,  and the spem�R said to be activated for ttady penetration into the ovum�B �¡ c acrosomal

i  mmentpenetrates into cggje�¡ y and vitelline membranes�O h the help of dissolving attm

�‚ spemsins�B

Co MIvatOomorewandinsminattchin:Ass�� n astheacosomalalamenttounes�g �q �⁄ �R�å
i  the��

plasm produces a cone�] like pro�\ knova as the L�c �� ne m86�B2b,T�«

fert�r �å onconeengsthespem�B�¡ 9�u netration ofspem htothe cs�R d�O�Q�� asthe

an3mlnaaOnohmediatelya�¡ erttei�� �˝ �R�˚ mattmemhanchomacthe�Æ̧í�� �V�ï �]
mmbra�¡e�¤ fomed aromdthe�� �› �…I�¤ �¨ the�� �fl dfmu spmsinto�g ��

frt 62 Prcocss of fcrtilizadion. 1, Spcrm coming in contact wiih egg envclqr z SPctu,lenctnrtiolt
with thc fqrmation df acrccomal filamcnt 3. Frsion of plasml nembranc of cgg .ud rycro
4. Fcrtilization conc formtltion a. Acroeomc n, Nuclcur t. Tait.
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Amphimixis

It involves the fusion of trvo nuclei. During insemination the entire sperm may enter in the
eg or the tail of the sperm remains outside the egg. The nucleus of the sperm is knowu as
thp male pronuclans which swells up by absorbing water from the surrounding ooplasn. The
contriole of the sperm is surroundcd by the cetrtrosome and microtubules rvhich form aster
rays. The malc pronucleus ard tte aster murc towards the egg pronucleus (Flg 6.3).

As the two pronuclei come close to each other they firse with each other with the disruption
of their nuclear envelope. Then the nuclear contents of both the pronuclei ; t",;rdrglad
and this frrsed one is called Ty1ote nucleus. The endoplasmic reticulum forms new common
nuclear envelope around the diptoid zygote nucleus. fhis ltffi of mixing of male and femde
pro-nuclear material is termed as amphimixis.

DEF

Hg 6.3. Amphinixis in fertilizalion. .d Entry of sperm into the Owm B. Owm with matc and
fcmalc pronuclei and centriolc C. Amphiaster formation D. Migration of milc pronucleus tonards
fcmald pronuclcus E. Amphimixis or fusion of two nuclei F. Zygote, rcady for clcanage.

Post-fertilizatioir changes

After the fertilization the following changes t.rke place in the zygote:

1. Polarity of the owm is established afte , i'er,tilizatiorr.

The side where the sperm penet.'ates.rnto the egg is the future anterior and opposite
and is the posterior side of the ernbryo.

2, The metabolic rate of the zygote increases enormously.

3. Oxygen consumption of the zygote increases rapidly.

4. The protein synthesis is started.

5. The zygotebecomes readyfor cleavage and embroygenv.

Kinds of Fertilization

1. External fertllizatlon - If the fertilization occurs outside the body of organism as seea in some
invertebrates, fishes and amphibians.

I
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2. Intcrnrl fcililhrtlon - If thc fetilizatinn oocurE insirle the body of the orgadsm as found in

r€ptiloE birds aod mamnals.

3. nroocprrnlc ftddlhtdon - whcn @GrlPcttD cilGrs the cg aad fertilizes, it is call€d

DoDotpcrqy. It ir vary commn in noct rninda

4. Polyrpernlc eld[rrthr -wtcn nany spcml5 c,ttcr thc cgg the fertilization b knmm as

podecrovround in mouuscq selachians! urodelcg reptiles and birds.

5. Po[rudry - Whea two malc pronlclci unite with a female pronucleus the phenonenon is

callcd as polyaurlry c.g rat uid rna!'

6. Pol,,rmy- When two egg nuclci unite with singb na!-nronucleu' it is called as polgamy

* 
'".o 

in sca urchins, Polycheaeteg nematodcs and rotiferans.

7. ellopcOr-Whcn only,sperm ectivatcs &c cggbut it ncysr uniteswith the egg as found ia

planariansr ncdatodes an' I rodferans'

Slgnifi cance of Fcrtilization

1. Thc fertilization provides new genetic constitution to the zygote.

2, It activates the tygotefor the cleavage and embryogenesis'

3. It enhances the rate of protein synthesis sf,d tletabolic activity of the 4gote'

4. It ensui'es the usual diploidy of the organism by the fusion of haploid male and female

pronuclei.

5. It help6 in the transmissionof pelernrl and maternal genctic information to the zygote.

66  PARTHENOGENESIS

The development of an egg into an embryo without fertilization is called pailhenotes. Thc

phenomenon of parthenogenesh occuns frequently in ccrtain orders like Hymenopcrq Holoptera,

Coleoptera, Crustaceans and Rotifers.

The parthenogenesis is of trro types:

1. Natural parthenogenesis

2. Artificial parthenogenesis

Natural Parthenogenesis

In certain gtoups of animals the parthenogenesis occurs spontaneously, regularly, constantly,

and naturally in their life cycles is described as natural parthenogencsts. Through this

plcnomenon some insects tike bee6, wasps and ants ruaintain their existence from generation

to gcacration. It is of two types viz, complete ap6 incomplete.

l. Complete Parthenogenesis

Certain thipcts and rotifers. have no senral phase or malcs. They depend exclusively on

parthcnogenesis for the contiouity of race. ftit typ" is known as complete or obligatory

parthenogenesis. 49
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2. Incomplete Parthenogenesis-

The life cyclc of some insects includes senral generation and pirthenogcribtic generation, both
of which alternate to each sther, In suc.h carq tle diploid oggs nrodpcefenrles tad unfartilized
cggs produce miles. This type is knowa ar nartlal or clcltc prrtlBnosc[G0h

The complete and incompleto, tpe of oatur"al parthenqeaesis Eay h.o{ two typeg:

A) Haploid or Arrhenotokous parthenogenesis

B) Diploid or Thelytokous parthcnogenosis

A) Arrhenotolry or Haplotd Par{hcnogenecls

In some cases the haplgid egBF are pot fertilized ty Ue q)enna pd develop into haploid
male individuals. This phenomenon is called arrhenotog oi'naplotd parthenigenesls. It is
seel in bgesr laspq ticlsf Eites aad roffflro. Arrkooto[y is coslmon- ir :red *pider' where
male haploidy is common. Rotifers exhibit numerous rariations in their life. In'ono of the
rotiferan order Bdelloidos males are unknown and thelytoky is the only method of mirltiplication.
B) Thelyto$orDlploidParthenogenesls

In this type of parthenqgenesis females are produced from unfertilized diploid eggs. On the
basis of cytogenetic studies thelytoki, is of tno tlpes-meiotic and ameiotic
I. Melotlc Thelytolry

In thiq meiosis takes ptacc in the egg and the chromosomal ariunber is roduced. But this
reduction is compensated by doubli4g of cbrromosome number (diplosis) at some stage of life
cycle. This t,rpe is also called automlctlc partlrenogenesis which occurs by nro means:

F13�E 64.OJgin Of rrhe�¡ �Bk7by resdtution.1.PHmary Oo9e 2.Mondav Oo9e With in"�b plete  �L
division 3.Resdtution 4.Diploid Ovum.                    �E  ��      .

B7yI�� 3dtutton: Somet�� leS in prmlary oouc the karyokinest is not fonowed by the

�� dttletts:The chromosome�˜  ttst comotogether agalh in the middle of cell,as the arst

�q c division is actually omitt,�– This counting tOgether of chromosomes in d�ì bid
��
�  ndition�R ca�¡ edrestitutionCt:6�B �¤:Nownth the secondmlmration dMsion one�ƒ Æí

�� tid and a diploid polar body are formed.It occurs in parthenogenctic Lepidoptera and

Hpenoptera�B              1  ...| �E        .

���º :�� �� �H:Ø‘ �Õ R���–

�¤
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�� �¡�B�@�M
�R      �«

.4o
�«L�C

��             �«

Fig 65. Origin of Thclytof,y by auto fcrtilization. t. ?Amary oocytc 2' Sec.ndary oocytc 3' Sccond

1 ffar Uoey iusing with wum 4. Diploid owm 5' Polar body' 
::i

. lt) - AmelottcthctYtokY

6 this type dtring oogenesis, first meiotic or reduction division does not occur but second

meiotic Oridoo 
"*ul.; 

as usual. Suctr eggs contain diploid number of chromosomes and

;;""1"p il;" ioainiaoA, without fertilifrtior. This is also called apomictir- lnrthenogenesls

and seen in isopods, Mollusca, Hymenoptbra and Crustacea'

, Artilicial Parthenogenesis

in this procesq the eggs are made to undergo parthenogengtic 
-develop_m9nt 

by artificial means.

ft lS r..*rtty -air*r"EA process induced io i 
",ia" 

oti"ty of animals by various workers in

th" 
"ggF 

of most *"[ar, molluscs, echinoderms, amphipi-ans,-birds and even mammals. The

ftfiffi parthenogenesis may be enperihentally induced !ry different physical and chemical

means.

L Temperatue - The range of temperature may induce parthenogeaesis in the eggs. For

instance when the egg is transferred from 30oc to 10oc the parthenogenesis is induced.

2. Electrical shocks can cause parthenogenesis.

3, Ultraviolet light cao induce parthenogenesis.

4. Physical pricr.ing by the fine glass needles, the frog and sea urchin eggs may be stimulated to

undergo development

5. Chemicalslikechloroformandweaksolutionofstrychine;chloridesofK+5a+,Ca++,bod
Mg+ + 

; weak acid such as butyric acid, lactic acid, and fatty acids; solvents like toluenc, other,

benzee md acetone harre been found to cause parthenogenesis in normal eggs of various

animals.

_ G. Seawater- Loeb experimented extensively on the eggs of sep urchins and frogwith hypotonic

sea water and observed cleavage in them.
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7. Even shaking puncturing also induced artificial parthenogenesis. Only exceptionally do these
artificially induced parthenotes reach the stage of metamorphosis or sexual maturity.

Signilicance of Parthenogenesis

1. Parthenogenesis is tt e most simple and stable process of reproduction.

2. 11 sliminxtss variations from the population.

3. It eliminates non-adaptive combination of genes and ensourages the occurrence of
advantageous mutant chracters.

4. It acts as a device for rapid multiplication (aphids).

5. It serves as a means for the determination of sex in the honey bees, wasps etc.

6. The parthenogenesis also causes polyploidy in the organisms.

7. Darlington (1973) considers parthenogenesis as an escape from sterility, a sterility which
might be due to incompatibility of gametes.

CheckYour Progcss

1. The metamorphosis of spermatids, which involves specific morphological and cytological
changes is called

2.TheprocessofOogenisisoccursinthe-offemaIeanimal.

3. Define Parthenogenesis.

6.7  SUMMARY

1. The germinal cells produce the gametes by successive mitotic and meiotic divisions.

2. The gametes are of two types male spermatozoa and the female ovum.

3. The sperms are producedbyspermatogenesis and the ova byoogenesis.

4. Fertilization involves the union of haploid male and female gametes to form diploid zygote.

5. The process of fertilization is very specific and in0tudes two steps activation of gametes and

amphimixis.

6. Parthenogenesis is of two types-natural and artifiCial. The mechanism and the significance of
the said phenomena are discuSsed with examples.

6�B8  CHECK YOUR PROGRESS �\  MODEL ANSWERS

1. Spermatogenesis

2. Ovary

3. The development of an egg into an embryo without fertilization is called parthenogenesis.

6�B9  MODEL EXAMINATION QUESTIONS

I. Answer the following in about 30 lines each :

1. What is gametogenesis ? Describe the role of meiosis in the gametogenesis.

2. Describe the spermatogenesis in animals and explain how it differs from oogenesis.

3. What is fertilization ? Describe the mechanism and its sigrrificance.
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�ô �B AnurtheFdlowlngl�¡ about 10�¡ DeS eaCh,�¡ .,             :

1. Describe direrent phases found in the prOos Of 00genesis.

2. Mention difFerent type�Ì  OffenØ‰�j th fomd:in animals�B

3.  Whatis parthenogenesls?How is t aFtiØ[ �� lly indu�g d in va�� �Q animals.

4. Describe arrlenotOkyandthelytokyh animalswith reteFenCeto�r �� en�˜ �� �à

5�B  Whttareairere,t unds ofeggsfound htittrent aninml�� h respect to yolk?

6.10:.CLOSSARY

Acrosome        A cap like strudure tt the tip of sperm responsible for easy
penetration of the egg�B

Adive transport    The movement of mtterials acros the membrane by means of
a carrier,�¿

.perhaps an c_e.

Amitosis           Direct nuclear d�s islon in which separation of daughter

chromosomes never take place.              �]

Anaphase          The t�g ird phase of mitosis and melosis in which chromosomes

move frOm equator towards its pole.

A�v mal pole     The upper po19 9f the egg Which�¤ opposable to vegetal pole.

Aster          The radiating ttructure of the centriole and astral rays h the
carly prophase of�˚ tosis in the shape of a star�B

Bivalent  :        Thc homologous chromosomes pted durtt meio�R .

Centromcrc      The point Of spindle rlbre attachment in the prophasc of mitod�É ,

also called as kinetochore.

Chiasma  l   :   Forme�¡ by two of th�Ó �í ur chromatids of a bivalent brea7ging

a,d7osslng at the ena of pachytOne of mek�£ s.

Chromatid          A longltudinal half of the a chrottosOme formed dunng mm�� L
Chromation          Diffused chromosmal material in the nudcus.

Codon         Three bases which speci�� an aminO_add in protdn synthesis.

Crossing over             An exchangc of corresponding parts between two pn�E rs of

chromadds in pachytene stage�B

Aster           st,r shapcd structure formed from cent�¤ le is involved in spindle

rlgure f�B �j�����jation during animal cen di�O �� )n�B

AT           Adenosine triphosphate mdecuL

Autosome        compOnent chromosome of rnOme Or karyome other than the

�� �Achromosomc.

Cell             The structural and hnctional untt of lMng�å �� Ettm�E IS made

�� an enVelope

Cent�› oL                 Fllamentous organelle located ncar the nuleus. Is involved in

the fomation d spinde rlyc
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Centromere

, Chromatid

Chromosome

Complex, Golgi

Crista

Cytokinesis

Diakinesis

Diploid

Diplotene

Dyad

Gametogenesis

Gene

Haploid

Interphase

locus

Meiosis

Operon

Polar bodies

Pronuclei

Prophase

Protoplasm

Spindle fibre

Synapsis

Tetrad

Zygote

Cytologr

�N �í �µ ���ò �y:�� Ød
:

�¡ e thread�] like constituent of chromOsOme.

The structure that is fOrmed from chromath reticulum of nucleus

�Ñ �º �� �Ł

S�V�Ek�˚ C tthæo
,�˚

�v ��Omttd�† �E activi�fl

�\�Ü�v �¶nd6plisttt cisternal,microtubilar,JObilar syStem

�c

C�� n,Crl�¡
�‰

th S,7ettT�U lipOpr�� ein ttd JyC�� protein.

�ín=�ì �I �s�£�ß,�y ���ÌTl�« �  �`
Oth9r‘biOChemical stru9tureS’COn�å rned�� �V ��OrQbiCm9�ƒhl�R �‰:�A

The dMsiOn of ttOplasm fO110wed by KaryoMnes�R h cen
di�� s10�¡ .

Thetad dage �V �V�ł 11�g pF�� �æods

HaVill 19u�Ł e Set of�� FOT9,Ome,.         .

A stage in the pr,phatt Of m010sis when bivalents sput�B

10ne half Of each tetrad

Serics of changes by which gametes are formed.

A unit of heredlary factOr ii a chrOmosOme.

ä¿aving OJy a sing16�E set of thromosom�g 6 h gamet�°

A preparatory state of cell before�å 1l di�� sion�B  �L    �u

19Sili9n�A  gel,��
n the fhromosottc.

P�� �å

"9f F,��

CdOn d�V10n Of gCrm ce�a s of chrOmoso�� es.

T10 fu,Cti9�‰ a11lit 9f tra,scriptiOn.

Very smali non�] fundiOning cells produced during oogenesis.

:,Gia�¡ I ChFOmOSOmes h certaln somatic cells 9f Diptera.

.The nucleuS Of sperm and egg Which unite to form 780te.

IThe rlrst phas�� of cell di�� sion.

:Term used for the lMng substancc.

rterotubules which run frott cent6meres to the polcs of mitotic

spindle�B

CIosc associadon of homologous chromosomes in ear�Ł meiOSis.

A group Of fOur chromatids in a pair of bivalcnts after synapsis�B

The cell fOrmed by the union of mdc and female gametes

Branch Of bi010g deding�� th the ttrudures and fundions of

direrent organelles that gO into the construction of the cell.

The modern ceu biol�B �k�Ł inCludes in lS SCOpe the dassical

�P ol�Ł �B        i.:t
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Ehctron TrarsPort

Eodocytcis
I

Ghct, RBC

Lyrcorc

Plrsnl Mcnbrrne

Unit Mcmbranc

Micron (or) nicromcter

tUlcrccogc

Microvilli

[{itochooddm

NucJcic acid G)

Nuclaus

Organclle

Oxyd4tiw Phocphory'ation

. 
godoplasni,s rcticnlum

i (ER)
i
Xfrcmc
t.

Pairs of electrons transfcrred'to cytochromc bamerics 0ocatcd

on thc cristae mitoclrondriac) pess along thc battcry from iron

p.o*taic groups of onc"vytoc,hromc to thocc of thc succccding

cltochromc et scq.This is electron trmsPort'

The process of intake of foreign matcrid by thc ccll, for oward

agestion and destruction includes pinocltoois and phagocytoeir.

A spccial prcparation obtaincd by treatmcat of RBC

Gntitocyt"si UiU satt solution. The rcsultant crythrocltc ghf"
incal ;tpo."d of plasma mcmbrancs arc uscd in varbu

studics on ccll PhYstolory.

Mitochondrion'likc (but without doublc'mcmbrane plan

structurc) particlcs containfurg hydrolascs' Uscful for lysis

matcrial occuttng in phagocftosis and autolysis

The outer envtlop of rnimal. Ccll, forming a 'lcerned'-grte

controlling entry and cxit of materials from thc ccll. (Porforms

somc oth; funaions from the ccll). Performs somc othcr

funcions in certain cells and locations.

Ilrc plan of construction of Plasma mcmbranc as a three.laycred

structurc

Unit of micromcnsuration. A millionth part of a metcr (1&6m)

(metcr = m).

An opical physrcal instrumcnt useful for magnification of inagpc

of minutc organisms and prcparations. Uscful tool in cytohry'

Locatcd on thc cclls of intestinal mucosa/ncphric lumcn. Thcsc

microscopic fingcr like ottgrorths scrvc Purpoacs likc ahorption

and ncphric function.

Thc 'powcr housc' of thc cell, madc of doublc mcmb'ranc. Is

conccrncd with aerobic metabolism and gencration of ATP, thc

cellular enerst currency.

Thc nuclcic acidg Viz., deoxyribonuclcic (DNA) and ribonuclcic

acid (RNA), arc involved in thc cclntrol of cellular metabolism.

DNA is the major component of chrolnosomcs and RNA, of
thc ribosoncs.

The intra-cytoplasmic, porous, double-mcmbranc structurc
controlling interphasc metabolism and cyto-and karyokincsis

metabolism.

The functional component of the cell, chargcd with a spccific
function.

Thc phosphorylation ADP with Pi to from ATP, u,hich is couplcd

to thc rcrcrsible rcduction oxidation evcnts takiag plae dong
thc cytochrome battery during elcctron-transport.

ilhc micronrbular rcticular system of endoplasm, madc of rough
(granular) and smooth (agranular) regions.

Particulatc organellc location in rougb ER. Cootains RNA -
controls protein sylthcsis undcr tbc dirccion of thc nuelcus.

����

��
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Contcnts

7.1 Objcctivcs
72 Introductioa
73 Importancc of Gcactics

7,4 Branthcs of Genctics i,

7.5 Application of Genetics

73 Ce.ncticfoginccring
7.6;.L Artificial Synthesis of DNA
75.2 TransductioninGeneticEaginecriing
7.65 Genetic EngineeringStudics on Gene insoction inMamnalian Cclls.

7:l Sumnary
78 Chccl Your Progrcss'Model Answcrs

7.9 ModclEraminationQuestions

7�B 1 OBJECTIVES

This unit is about the historical aad developmen( of geneties. Fy the end of this

unit you wiU be in a position to exphin

o the development of genetics

o importanccofgencticsand i

o is applicationinvarious fields.

72 INTRODUCT10N

Today, the'science of Genetics is the most signifi<ant and'youngest branch o[ modern biolory
in comparisgn to other biological sciences. It originated in 1900 with the discovery of scientiEc
article'orlginatly published by Wltlam Bateson in 1906. It is derived from Greek' language
rvhich means the "Science of coming into beingi'.

It is an evident fact that oftprings always resemble their parents. Sexual reproduction is tfu
fundaocntal basis among all organisos to transfer this biological information of porenaial
geoeration to the new organi$ns via egg and sperm. Thus, sinilar typo of organism always
produces 1[s similat type. For eumple, human babies are always cast in hnman mold aod
resemble their parents'or siblings; the puppies alv*a]rs resemble their parents and nsver cats
or elephants. This inherent tendency of ofganisnn to resenble their parents is known as
r.Irertdrtf. Undoubtedly, the resemblances between parents and oftprings are close and nercr
exactly alike. Thus, like begets like, but no two organhns of the same specias are exactly
alike. The offsprings of a particular parent thus difrer from cach other aad from their parents
in many respects. But the degree of differencc is valiable. thtrs all thc living organisms of a
spccies have unique individuality. These characters c itroctural diffcrcncce rvhich pro,idc
itrdvi{udity to a species, arc kaown as variations
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The subitt v7hiCh de�R �� �R �c phenonletta�� hered�fl and Vari�g On ttd�� �—u�V J
lam pprning�R �z

�g

�Rs and�u �ł rence�ó �� g related organin laFgely h�˚ eir evOlutionary

�O �[ �µ �D �Ł�æ�R �r �À �� àu �� �I �I
role h development and such other things related to germph"h cOntain thesc genes�B

�¡ �° mOden genetics may be dettd as the science which cOntain these genes.Thus,mOden

�Q �å �y  
�g �� �ò �I

ive with decisive results�B

1çW �˘ d�—:�ð �� çW Æ� �ß �Ó :�R �˙ �y �fl �y �]�Ô
strong beLever Of particulate hypothesiso Hc could understand the heredity prObLms mOre

daly than anyOne in pad,becausc hi�Ì  apprOach was simple,lo�Ü �x and SCient�� .By h�¤
eperiments on pea plani he Omduded that the inhedtance is governed by ce�˚ Jtt factOrs,

�c

OCCur h the cells pf each parent.Hc thOught thtt cach parent has twO such fadors

in their bOdy ccus whiL ttett sex�E cells(spem Or pOnen and ovum or O�Õ )have On�µ �Bne
factor.Thus,Hs theory abOut the mechanism Of inheritance is al�˜ O referred to as the particulate

ineritance or factOr hypothesis.By perfoming ce�¡ ain hybridizadon experimen�g �� th pea
plant,he formulated certain indamental laws called laws of inheritance or heredity which

formed a sound basis for hrther genctic rescarch.In the present centtt the science Of

genetlcs has advaned�� th�� emendous speed duc to valuable�� ntributions Of many hybridis�g
"cyto10gists, geneticistsl physib10gists and biocheIItists. lrhe research works Of various

post�] mendelian workers have deep lEnpaCt over the development of modern genetics.To nanle

a Lv Flemming(18821,investigated the proccss of mitosis.oscar He�g �Mg(1857),disCOVered

that fertilisation in both animals and plants consists Of physicJ uniO�¡ of the twO nudei
contributed by the male and female parents.IRaux(1883),p6sttla�g d that the chromOsomes
uthin the nucleus arc the bearers of the heredity factors.

�¡ Boverl(18921,desCribed synapsis and mciosis in�z �– �ATschermaL de Vries,COrrens

(19009,rediSCOVered Mendel’s work and recOgnised its importance.dc V�Ü es(1901),adOpted

the tem ‘‘=nutation’’ to describe sudden, spontan30uS, drastic alteration in thc hereditary

matett of�Ł
‘"�˝

�J� �̇L�¿’C.Eo Meclung(1902p,des�° ibed the sex�\ chromosomeso WLS.Sutton

(lg�_ 2)advanCed the chr6mosome theory of heredity.

w.BamsOn(1902�]1909),intr�å hCed thc terms genetics,allelomorphs,homozygotc,heterozygote,

Fl F2 and epistatic genes.W.B�� 1Ø‰m and Rc�� �� ntt(1906),repOrted the�¡ rst case of

unkage in swcet peao L Johannsen(1909),�� ined thc words gcne,genotypO and phenotte

�¡ HoMo�Łn(19101,diSCOVcred white eye ttd scx linkage in DrasaFra�  �Õ udies and thuS

Dpsapr3rila genetics begano C.B.Bddges(1971�] 23),disCOVCred diffcrcnt mes of chromosom�� 1

abnormalities and aberrations. F. Hemstein discovered that the A B O blood groups are

determined by a s�ª �¥ of allelic genes HJo Mu�a ar(19271,repOrted the artindal indudion

of mutations in a�µ mals by X rayso S.Stern(1931),gaVe�Ł ological pr�� f of crossing over

hD�uosoPF�ð�E T�EHo MOrgan(1933),80t a noble prize for h�˜  developmcnt of the theory of

the gene.�r neSinger(1934),demOnstrated that the bacteriophgcs are composed of DNA

and protem�B

G.W.hdle lnd EoLTatum (1941),publiShed the�Þ dassi�¿ �ˇ studies on the biochemical

genctlcs of NttrasPara�E 0�E �¡ AveFy,co Mo Mc�z
"od and M.Mc Ca�g

y deSCribed the

pneumococcuS tanSfOrming princ�� le WhiCh suggested that h is DNA and not prOtein which

is the heredity material.Ho J.Muller got a nobel prize for his contribution in thc radiation

gcnetis.Eo Cha�° �˚�w(1950,demOnstrated that h DNA the number of adenine and thyminc
bases are always cqud and so are the number of guamc and cytosine bases.J.Do Wamon
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and Fo H.Ce Cnck�E �›1953bo propOSed a mo�E11�fl D N A comprising of tWO helicamy

intenined chains tied together by hydrogen bond��
ibetWeen the p�\ es and pyrimidines,S.

om�B3 and A Konbq (195".rmiVed a l

worked out the�� mplete genedc�� de and got

�v �i �d�r �R�Cæa �Ü �vf�B 1�SL�˝ �h
�V� �̧R�k �R

�� mher pttes d�˚ e�r �R ªó �ª

T�� �y �ß �� F=�� 1�í �q
ne and Cli�i (198�¸ ,inserted new gene of�� rd

epeih�g
�g

were�� nduCt�¶d�� th�x �à ariCr3� 

ynthalt insulh proteins.

73 IMPORTANCE OF GENETICS

The science olgenctics provcd worthy in removing the false concepts of man about inheritance,

and has made a great impact on the cultural evolution of man. it forms the basis for production

of better hybrid varieties of plants 6ad enim6ts which provide mankind its basic nesds food,

shelter and clothing. In the rnodern era genetics has revolutionised agriculture, horticulture,

animal husbandry, duity *n""rning sources and many other branches of science'

In the science of medicine, it has opened a new era because it helps in the understanding

of various inherited diseases such as haemophilia, colour-blindness, some types of diabetes,

anemia, alcaptonuria, etc. 
r

Branches 0f Gmetics

The modern geneticists have divided the science of genetks into many branches. The following

are some of the most important branches of geuetics:

1) Microblal genetlcs :'It deals with the genetics of micro' organisms.

2) Myco genetics : The genetics * @;
3) Ptantgenctics:Thegeneticsofplants.

4) Anlmrl pnetics : Thegenetics of animals.

5) Human genetics : Thc genetics of man.

6) . Cytogenetics : It deals with the cytological explanation of genetic principles.

7) Molecular genetics : It deals with genetical analysis in diagrrosing various hereditary diseases

in man and suggests the possible cures for therm.

8) Radiatton grnetics : It deats with the genetical effects of radiation on the living organisms.

9) 'Populatlon genetlcs : The genetics of the different populations of animal and plant species.

10) Ihvelopmentat geneths : It applies genetical knowhdge to the developmental biologr.

Application Genetics

Eventhough Genetics is one of the youngest branches of biological science it has helped the
lrra ia the iaipmrement of tis agricultural, hortioultural and dairy conoern resolrces and to

oopc with his vaious kin& of hereditary diseases"
58

B R
 A

 O
 U



1. Geneflcs and Agr{cultum By apptying sclectirrc brcoding ncthodg genetics has medc
valuable contributions in the improvcmcnt of foo4 ornamcntal and mcdicinallyusoful cropc
and domestic anirnals. Thc breeding 6f nnimsh and plaats for bcttcr hybrid itbased ptrrcly
oa the knowledge of geaetics. Incrcasc in the yield of oops likercora and rioer improrrcnent
inthe size and flavour, production ofdiseasc resistantplants, production ofgoedlessvarictics
of fruits and increase in the production of milk from cattle, egs from the ehhe6h, ooat fron
the swine are some of the most useful bcnefits to mankind furnished by genettcr. Broadty
speakin& the plant and animal production of toda/s India are tho chief outcones of
application of genetics to agriculture and animal breediag

2. Geneflcs and Eugenlcs: The suggestions for improving human genetic matcrial have como
under the name eugenics, a term proposed by Francls Galton. The eugenics may !6
considered as a serious attempt to diminish humen suffering from a number of dalcteriorrs
genes and improve the human gene pool. The development of all organisns including tho
human beilgs depends on both heredity and environmental factors. For better type of
development, both good heredity and suitable environment are necessary. Thc need of
eugenics is to increase the normal'and gifted population, and to decrease thc abnormal and
deficient populations. Thc principle of eugenics can be applied by adopting two mcthods
namely:

1. Positive eugenics
2. Negative eugenics

Positive eugenics is an approach towards the human betterment by conserving the desirable
variety of germplasm. This can be attained nainly by encouraging marriage betwcen fit
individual" by avoidiog germinal wastes and by enlarging human opportunity.

Negative eugenics ii a negative aspect of improving mankind by restricting the transmission

of poor germplasm. This restriction can be done by discouragiag the marriages benrecn
undcsirable persons, by isolating the defectirrc persons, by conuollitg immigration of persons

with undesirable germplasm.

The positive eugenics increases the frequency of beneficial traits, rather than merely decreasing

the frequency of deleterious genes. It is somehow possible by selective breeding methods.

Unfortunatety, many characteristics such as high intelligence, aesthetic sensitivity, good phpical
health and longevity are not caused by qingls genes that are easily identified, but complexes

of many genes acting together in appropriate environments. In such cases, the methods involve

various complicated selection schemes, based on selection of families and testing progeny

under controlled environmental conditions. fhe results of such experiments as discussed by

Leiner and other; improved certain complex'characters by some degree, but usually caused

deterioration of others. The means of selbction themselves a$iume paramount importance.in

man.

Muller and others, have proposed the utilisation of sperm banks containing the preserved

frozen sperm of outstanding creative individuals. This mrthod is'called germinal choice or

eutelegenesis. In this metho4 married women volunteers would choose to be artificially

inseminated by males that were long dead but had highly desirable characteristics. Muller
r proposed to extend these donor fertilizations by educating couples to desire a genetically

giftiA 
"hildren 

by this method. The other proposed eugenic methods involve direct manupulation

6f no-- DNA by "genetic ' which is discussed separately in brief in the coming

pages.

3. Genedcs and Medical Sclencq Genetics has great application in the medical field becausq

the genctical kaowledge helps the doctors lii quick and accurate diagnosis of heritable diseaSes
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UNIT-8 MENDEL’S LAWS OFINHERITANCtE

Conlents
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Objectives
Introduction
Mendel's Experiments
83.1 Monohybrid Experiments
8.32 Dihybrid Experiments
MendefsLa*s
8.4.1 l,awof Dominance
8.4.2 Law of Segregation
8.43 Law of Independence Assortment
Excepions to Mendel's Laws
Multiple alleles
Summary

Check your Progress - Model Answers
Model F-xanination Questions

tl O&IECTTVES

This unit is to familiarize the students clearly with Mendel's laws of inheritance. By the end

of this unit you will be able to:

a defineMendal'slaws

a dcscribe the exceptions of Mendel's laws.

"
INTRODUC�¡ON

lte foundation stone for modern genetics has beeh laid by Gregor Johann Mendel He was

tbe pioneer of classical genetics. To undeistand clearly the mechanism of heredity, Mendel

conducted sope historic experiments on Pisum sativum (garden pea plant) which made him

the 'Father of Genetics'. t

Johann Mcndel was born in July 22, IAZ ir1:Hein endorf in Austrian Silesia. He graduated

frcXa the Gymnasium in 1840. In 1&43, was"admitted to the Augustinian monastery at Brunn

in Moravia (a Czechoelavakian town), where he took a monastic title Gregor by which name

he was thereafter known. During 185+1858. Mendel taught phypics and natural.sciences in a

higher secondary school of Brunn. Besides teaching he performed certain hybridization

ofotir"otr oo ho*"rr, vegetableq ftuit in the 'Annual Proceedings of the Natural History

Sociey of Brunn. But uniortunately his v.aluable piece of work remained unattended and

unappreciated by the then scientists upto 19fi). Probably, they were unable to understand his

$atltical approach. It was in the beginning of the 20th century that, three botanists namely,

Hugo devirts of Holland (working on'oenothem), Kari comens of Germany (working cin

Xenia, 171aize, and Peas). Eric Von Teschennak of Austria (working on various flowering

plants), had drawn independently, the sa:me conclusions'like Mendel. In 1900 they rediscorcted

ilAendet,s papers already published at Brunn's library. They proclaimed its importance to the

present modlrn world. In honour of Mendel they named it. as, 'Mendel's LanA of Inheritance'.
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fhe term gcmfic.ctrgioccriEg neass th do&of arti6cful synthesl of new genes and their

subccqlest t A"rpo-ad;to jf,g guoot" of agEni54 by molecular biolggical teshahUes'

KorenbrgandhisassociatcsspthesiscdasiirrgesrandedtacteriophageDNAinvitrowhile
Klrorana sy,nttesisea double stranded DNA for yeast alanine transter'

M6rcolq, Stabgtn Brownc qnd Clin€ i""U*toa ** goae of viral origin into bone marrow cells

of mice (Science'lB: 1()33-5, 1981)'

surpqGoe4de&.GrryUlrfotdiseqlErod'nrrclqo.tidosgquen,coofh.umanp.reproinsulin
complementary DNA (Science 2B:57'9, 1980)'

fUlrr"irtiOstudieiotllyoclooef (SciemifrcAmerican **,]'_ 
._r_.^.

GoGddEt and othcrs condrStcd clonal expqiments with-Eshcheichia coli to produce

**yqd"Ot humar insulin proteins (Sdcnce 215ft7-8'1982)"

9�B

11lD�B

11.

1.

73 cHH YOUR R�å �V SOM�� �§ �RANSWERS

Mimialgenetics,Mycornetics,

�Œ :

Molulttn�ª �ð:Popdatim ttnct�g

And developmentJ genetlcs�E       :   .   :

�b�Ô �~�fl ���í 1�v �Ł�ß�‘�¨
Own genome

7, MODEL EXAMINAT10N QUES�¡ONS

Anw"the Followang m abOut30 1ines:

1. Why�R the dudy ofgencticsimportant for human society7

2�B  Wriic an�\ yOn genett engineei�° ?

�VI�V �Vol�� ng�V abOut16�¡ �¡ |

1.�\ DäP �� �Einttnd�z �B  ._�c

2. Role of�ˆ Ø‰thh agFimtture�B     �Œ

3. B�u riments on gene h�ł �—im into mammttan"�a st

�g

B R
 A

 O
 U



riruses are gene' specific'Fot cmnplo, somo &rivrtivcr.of lailbda bmcriophages aro-lnonn
to transduce thc lac operon in baceria. Utilisitrg thir hct vcry roccatly J. Sh.plrr rod his
co-workers isolated eome of the lac aperon pa* inuiraing pronoter, elrcrator and one o?
the structural genes nancln Beta galactosidase. It was for thc first time, O. Mlllcr and &
Beatty (1969) in Tritunrs had been isolated internationally and trandcrred from cell to cell.
Thug after isolation of gcnes usng spcdalised yinrscs thc normal gpncs-.cm bo introduced.
into the cells of mutant individuals.

3. Genetic Engineerlng studtbs on Gc-ne Inseqtton;ln Mamme[an cclls

Various scientists havc condu$ed eryerincns on thc inscrtion of gcncs into rdamnalian cclls
using similar mechanism applied for bacteria. Thcy uscd purified-DNA as a vEctor for gene
transfer and had a little suooess. In somc eiEcrincnts for examplg a mutant linc of Eouse
ce\ incapable of synthesiziag the enzlme thpidiac Hmsc has been €xposed to thc herbes
simplex virus. This vinu conains a gcnc codi:ng for this e,nzyw,. The mouse cells treated ia
this way appear to havp acquhcd ths eepodty to ghceize this cnzymc. Later, Boadrcr
and Caali S.forza Oylq, conducted sinitar e,xperimcnts with the DNA on several canoer
causing viruses such as polyoma vinrs (a mouse riirus and S V ,10 (a monkey vinrs). The
DNA of these vinrses is capable of integrating into human c,hromos@es. F'urtlerr" F,p+e"netic
engineering studies of sureq Goedde[ Gray, Ullrich (1m), in discovering nucleotidi'iequence
of human preproinsulin complementary DNd studfo:s of Merqole, Stang Browlp and Cline
(1981), on the insertion of new gcne of viral origitr into bone narros cells bf mige, Milstein
studies on monodonal antibodiaX exporiments of Goeddel and others (L%z),vith Eshchqithia
coli to produce biosynthetic human insulin proteinq formed I v€ry good,additive information
in eapandng the field of genetic enginccrin& '

ChochYour Progrcag

1. What are the branches of Genetis?

2. Transduction in genetic cngineering

2.

7.7 SUMMARY

The subject which deals with the phenomenon of heredity and variation and law governmg

similarities and differcnce among individua;s by ilescent is knom as genetics. Now a days the

moderngenetics may alsobe defined as the science which deahwith tho studyof germplasm.

Mendelwas the first investigator to layfoundation stone [o moderngonetics and to understand

the exact mechanism of heredity. He forwarded factors hypothesis or particulate hypothesis.

His factors are now known as genies. He is called "Fathcr of Geneties"

During the present century much progress has been made in the field of genetics. Morgan,

Bridges, Muller, Sturtevant Sutton, Boveri, Beadle, Tatum, Watson, Ochoa, Nirenberg and

Khoianaare some of the several scientists inseparablyassociatedwiththe progress of modern

genetics.

Genetics formed the main basis for the production of bettq hybrid varieties of plants and

animals, and helped in undcrstanding variou genetic diseases like Haemophili4

colourblindnesg alkaponuia etc.

Genetics is divided into rarious branc,hes lilc plant geneticg animal gsnstics, human genetics

etc., for the sake of conwnience of study.

63

B R
 A

 O
 U



�O �µ
=ØÜ

çW1     1�·
Me�i 1�Ü

i"�� �j:.�� ��

�g

�†s�æ ection or�P åNà£�æ �˚=�� �ß�E�g �ˇ �� �–i��
Mendelps�� �V b�† :material was not a mere r�\ à  �z �¡ H��

"L�n
�g

�� ul�@�� �¿ 1�E:�¤

�¡�u  :�¡  �¡ �¡   �¡ .:�]  �E �æi  :�– i’1�¡ il�¡  ��1,

accomt of�à u�| �R��
.anantap:  I.::�¡

�] _�M �¡ =�E
.           �E �¡ 11�E iit   �¡ .=   : �E�¡ �¡ :�¡   =:   =ij l�� :

1.�� plant can be selfpolh�R �z

2. There�¤ �� nttan�Ł OfchttactershthepeapØS �° _i�M i=i�M :|�O  �¡  1�¡ �¡ ä¿l�A F�E  1.�c

a The hybrid,�� �Rel:"70SSes�A�Rthe�r
�º �] �V �] �� �' l._.,.�] _�A

4.  It tt aniannual plant with shOrt�Q 9des so,�R at.o3og�ô |�g �ï �]�‰�Rd�c �¨ i3

,ShOFt FiOd�E :  l  F�] = �\  �\   �¡ �¡ �] �R�¡ ::~:�† :�M
�E =�]

�� ær �º �ß �� l�ç
1��

�V �V �V
l�V

�c

11�„ F�v
�V �\ �¥ 1:11�×

�u

�`

�¡  :     :    1 1               :         �� :   ’1�L   :  |:  : l l   .  : :1 ,�¡   1.: �M�¡ :11�¡ :��

=' Traltg, :: ".'

1. Shape of thc seed

2. Colour of the seed
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Dodnanf rud Rcccsslrc, In a hetero46ous individual only one gene of a pair is ablc to
exprcss its datacter while the other is rbt able to exprass its claracter. The gene whie,h
ct$ryTes is known as dominant gene, and that which is unable to express is known as,
rGDcssive.
Gag$lc rnd Phcnotpc-: Genotype refers to the entire assemblage of genes possessed by
the individual This includes both dominant and recessive genes.-PhenJtlpe refer* to the
aggregate of etrernally visible characters of an individuals.

83 MENDEL’S EXPERIMENTS

For his eryerimentq Mendel first selected homozygous plants. The plants involved in the
crq$Gs utrc calbd, parentd plants and this generation is denoted by 'P'. The dominant
character was represented by capital letters and re$,ssive character by small letters. The
Sgnetation of hybrids r.e$ilting flom a cross between parents was called, the first filial generation
and wis denoted by Fr. The second generation of hybrids arising from the Fr. Tf,e second
generation of hybrids arising from Fr generation by self or cross fertilization was called, tf,e
second {ilial generation and was donoted by Fz. Likewise the subsequent generations were
termed Fg, Fl and so on.

E3.l MonohybridExperiments

The croeses where parents differ in onb trait or one pairs of alternative characters is known
as monohybrid crosses and hybrids thus produced are known as monohybrids. Now, let us

TALL PLANT DWARF PLANT

Pi

CAMETES

�s

�m

�^

�s

�_
�Ö

�¡/

FERT:LlZAT10N
�—

�R
���R�M�M

t�¡
�¡ r

T��

TALL

Tt

TALL

Tt
TA LL

tt

DWARF

�ï YBRID RAT10�¡3 TALL:l DWARF
Fi3&l Mendel�R Monourid Cros be�\ n a Tall and a�c PCa Plant

F2
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take the length of pea plant as a trait and study the monohybrid crosses conducted by Mendel'

Length of the pea plant may be either tall or short' he crossed homozygous tall plant with

nomozygous short plant. He denoted the factor for tallness by 'T' and the factor for shortness

by't'. During fertilization in a cross between a tall anrl a short plant, the tall plant contributes

gametes, each containing a single'T' and the sh,ort plant centributes gametes, each containing

a single 't'. After fertilization Fr off springs will trave both these fac"ors T, and t' In appearance'

these plants are tall because 'T' is dominant and 't'. i-s recessive. Mendel spoke of the character

which appeared in the F1 generation as tlonrina:nt and that which did not appear as recessive'

Mendel allowed these hybrids to self-fertilisation (because same results could be reached by

cross-fertilisation within the Fi generation)-

During self-fertilisation to give rise to the Ft geineration, F1 plants having Tt produce gametes

of two types in equal numbers, one type with "I' and thb other type with 't" If the union of

these Fi g"-",". is at random he assumed, we will obtain tall and short plants on the ratio

e:1. This ratio is known as Monohy'brid ratio. Ivlendel's monohybridcross between a tall and

a short plant can be represented in the figure as follows:

To determine the possible results of various crosses. for convenience of study, Chi-squares or

checker boards are used. T'hese are also known as punnet squares because these are introduced

by R.C.Punnet (1906).

E3.2 Dihybrid Experirnents

The crosses where the parents differ in tu,o traits or two pairs or alternative characters are

known as, dihybrid crosses and the hybrids thus produccd are known as dihybrids. In these

experiments, Mendel selected two traits of pea plant. Now, for example, taking the shape of

the seed and colour of the seed as two traits, let us study dihybrid crosses conducted by

Mendel. the shape of the seed mav be eithcr round or wrinkled, the colour of the seed may

be either yellow or green. The gene t'or roundrress was denoted as 'R', for wrinkled as 'r',

for yellow colour by'Y' and green colour by 'Y'" The round seed is dominant over wrinkled

seed and the yellow colour is dominant cvcr green. A plant with round yellow seeds was

crossed with a plant with wrinkled secds. All the Fr plants sirowed round and yellow seeds.

These were allowed to produce the Fz generation plants with all the four possible varieties

of speds namely, 1) round-yellow, 2) rcrund-green 3) rvrinkled-yellow, 4) wrinkled- green of
. the 1.6 possible combinations, four varietics

Round vellow

Round green

Wrinkled yellow

Wrinkled green

This iatio 9:3:3:l is callcd dihyllrid ratio.In this dih57brid Cross,all thc four pOssible phcnOtypcs

appeared in the n gcneratiOn b�¶ causc thc tt h,�  rid prOduccs four typcs of gamctcs�B

Mandels’s cxpcriment on dih�� ridS has bccn summcd up in thc igurc givcn bclow.

�m
�¶
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MENDEL’S LAWS

On the basis of thp result of his

1) Law of dominance 2)

experiments, Mendel formulated the following three laws:

Law of Segregation 3) Law of [ndependent Assortment

67

R�\

Fl

B R
 A

 O
 U



:.:1  _1.:,, �A   : 
�E  |.   : ��  �M 11.1 . �E :�‹ �M �Ł

�g

:1�E fb�ß
"�d

�� �� ’1 �]  .
: :�¡ 1�u :�¡ ::   i tl’1�E F�¡ T’I:

�� çW�R ��    Ø}�¿ itti the Fl�œ 1�@Ø[
"�R�Eded�Eby Menc

whin�c d:�ƒ �b ,S�g �M ded tt r�ô �x �� ’�¡ �M .thellaW Of�\ �� �f �Mtb4

�gin a FII�ß ª…�¡ dtt Or hpF�˚ .OF"teF07gOte.�» O�RfactoF Kgeneliin a�M �@ .EDay�z _gipFeu

the epFeSS10n of the other".For httance,in M�� ndd mOnobprid�g �¢ �´ �R �ß d be�\

çW çW lM�o   �e�M�v�Ü å¥

çW�í lh�� �Ó �� �O�E�Łatty�Ó �£ �O
showed that the law of dominancc had a wide�¡ �` �� �� ��6n�B �¡  : �u �c�¡ F �] :

:  �B       �E    ::  .�E   1�– _ 1    1
842 Law oFSegregation          �]  �L          =

�¡  �M .  :�A  ~   , . : 1    �R  .    ::�] 1: ‘i��   . = |: �¡ , :�O �� :il�u �¡ �� = :�‰
This lavJ L most populy knownŁk ‘vtts�b

�g

.principlel.of her�g �ˇ ..It ittat�¡ tb44t��

two factors or genes of,aCh Characteri scg�ï �ß ,,(Separate).�� �@ la�fi

�u

�ï )Of a
character h each gamete durmg gametes’fomation:Mendel’s monohybrid�] �J,1-en,�Ü

ŁV�fl�Ł�] �� �oI�ç 1�k l�� �æ l�ç ç� åö�H]çW�Õ �� �� �Õ ��
‘t’�� .During cross�] fertnization the‘T’�� �g gametes of one sex f�ß �ò �“ t’�¡ ype gametOs�˛

OtheFiSeLiandiåY

�g

�A TP genome are
Fl generation produce e�V J number oF�a �� d
the gametes f�˚ �� �Õ on and the retel pr�B
gamete tt never a hnid.and he�Ü �å ,1�R �g

Lw of seFegation holds good fot�¡ �R unæm

_of seFegation�A that deles in,a�¡ prid never�• ney pass.on3 �Ytted��
"the_�¡ on gmeration to rneF�c :à£ �R �� t udOrgoing tt sort’Of�c i00�] in the,�µ �µ �F :

8‘i�] �¡ |�B ri�– �ª

�g

dttltt�˜

‘rtm�g
�u

�M�E   �L
�u |�] _1:�E �v::ifi 11::�æ =�æ ��

_.�R T�¡ .:. , : ,:.        �E  ’   �¡ �E :�E  �¡ , �¡ .  ,   1 �A.�E�E :�¡ �¡:Fl:1=�¡ ::�¡  �� 1

This law was an oäF �¿�z�� :ol MenddPs dihpFid CFOS�] �� t alsO.known as Mb�� �æL:å¥
principle of heFed="�� �z �£ recau mmdeFs_D�f�œ Ø[ crOSS COn�R�Zled:h plan�ä �� �� �Õ �Y�ı �KryeçÖ �W

round sced plant,green wrinkled sced plant.This law states that�] ‘‘the rmors:�� àV �� Ø‰
"�Ùpairs oficOntrasting charactersinssort httndent Of �V .anOther dllFing�Ù �� t�a �d �z

L�� the Fl geDeratt an the phts Lve yeh and round sec�¥ :�� tt be�B ØS�E�R�¶:�R �| �� �u
for both the charaders unda consideFadOn are thttmL Then in,the L�Ü �Q�˚ b all�]

�R�K�flLT�Ô �«�RIF�� 1�í �à �o �o �˚ �í �R�� �O|

for therttt of seed colourl J�@ �˛ in the’"�R Of 12 1 4�] 3:lI Sinil�Ł 1�« ‘�� �c �C
winkled(the tWO dtematives for tte trai�� Of�æ �R�R �¢ appear h the ratio of�� �¡4�¡
3:�� �R�à ,‘�V  Of the�¥ 2 p�V s Or arnative characters namely yellow�] geen��

"��

fpr

co10ur d�ì

�g

Łkd FOund�] wrinkled pair br�R

�w àY �˝     �Q �Õ çü �íms nis means that d�] ing gamete formatio

�� �� F�Õ �í �Û�ß1�RçW �E��
q�ł �� �Ú Æí

.�Ù
�â ŁJ�˚ �í�Eduring the earmer,æ⁄

�¡

__  1�v

B R
 A

 O
 U



of this aentury rcvEaled that thme alleles which are located in diiEermt handogo$s pairs of
c'hromcomes assort indepcndcntly drning meiosis. Lue,kily the alleles considerJ by'lvtendetin Prn"t,/t stiwtm are pr€s€nt in seven different homologo-us pairs of chromosoures. Thls theFr h$,rid for plhw and round sccds is capable of proaucing foru tlpes of garnetes namety
ltR, Yr, YR, Yr shqyiqg the independent aqsortmeot clearly.

If the alleles for difrcrent charaGers are present in homologous pair of chromosomes, they

T ry}{ by th" phenomcnon of linkage which you will study in the n€xr unit. Thus in
vicry of the late.* cytdogcal knmrledge, the Law of Independent Assortmetrt can be modificd
'as follws. Thc :afieles prcsent on different homotogous pairs of chromosomes will assort
iodcpcodcnttn nrhereas the alleles prescnt on same homologous pair of chromosomes never
ascort but follo,w a phenomcoon called linkage.

83 EXCEPrIONS TO MENDEL’S LAWS

The exceptions to Mendel's Laws mainly fall under two categories:

1. Exceptions to Mendel's l-aw of Ddminance

2. Exceptions to Mendel's Law of Independent Assortment

The exceptions to Mendel's Law of dominance constitutes a Phenomenon called incomplete
dominance. The exception to Mendel's law of independent assortment constitutes a Pherromenon
called ffntage about to nrhich you will study in a separate lesson. Now, let us study incomplete
dominance in brief.

Incomplete l)ominance

In case of Mendel's elperiments the Fr hybrids showed one of the pareqtal characters clearly.
But after Mendel, several cases have been recorrered by various post Mendelian workers where
the Fr hybrid showed a blending 9f characters. That is! they showed intermediate characters
betwcen the two parents. So, this phenomenon is also knonm as intermediate inheritance or
blcaded inheritance.

this pharomenon is because of the fact that neither a gene of the allelomorphic pair is
doninant nor recesshrc and each express itself partially. Such genes are called intermediate
genes. For this purposq the experiments conducted on Andal,usian fo*,I and 4'O' clock plant
can be takcn as an example.

In Andalusian fow[ a cross between its pure black and white varieties result in blue hybrids.

Thc6o bluc hybrids one crctds- fertilization within the Ft generation yield offsprinp in the
ratio of 1 blac*. 2. Blue; 1 white instEad of 3 : 1 ratio, as seen in the case of complete
dominane obsenrcd by Mendel.

Mitsbitis talopa (4 'O' clock plant), gives another excellent example of incomplete dominance.

A cross between is nro varieties, pure for red (RR), and white flowers (rr), result in pink

fu6s (Rr) in F1 pneration. These pink hybrids on self- fertilization produce red, pink and

whiteoffspringpinthe.ratioofl:2:lrespectively.ThisL:2:Lratioofincomplete
doninance in facq is a modificati<m of the 3 : 1 ratio seen in case of complete dominance.

Thc heteroz56ous indviduals show the dominant df complete dominance and interrnediate

character in casc of incomplete dominancc.

86 MULTIPLE ALLELES

So far tt has bon sand that a Jvm phenOmic trlt of an indi�� dud depcnds on a sinJe

"  p"Of rnes.these genes ocupy a specinc Portion caned the gCne locus on a hom�Ł
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chrommome. Moreover, a particular gene for i character occurs in two alterndtive formS'

Such different forms of the same gene for a character occurs in two alternative formsi Such

different forms length of the same gene are refereed to as alleles. For exampl", 'Tr' alleles

for length of pea plant considered by Mendel where 'T' for tallness and 't' for dwarfness.

Some gines, besidei occuring in trro alternative forms or alleles may occur in severa! alternatiw

formsL albles..Thus, when any of the thrce or more allelic forms of the gene occupy the

sasre locus in a given pair alleles called multiple alleles. That is, all mutan forms (recessive

gene) of a single normal type allele constitute a series of multiple alleles.

Characters of Multiple Alleles

The following ard the important characteristics of multiple alleles :

1. The multiple alleles of a series alwap occupy the same locus in the chromosome.

2. No crossingover occurs withinthe alleles of a same multiple allelic series, because all multiple
'allelic series occupy same locus in chromosome.

3. The multiple aLU ahays influence the same characters.

4. The normal allele is always dominant. But the other mutant alleles in the series may show

dominance or intermediate effect.

5. When a cross is involved between two mutuant multiple alleles the phenotype is mutuant and
not the normal type.

Symbolism for Multiple AIIeles

A capital letter'is commonly used to designate the alleles which is dominant to all other
alleles in the series. The corresponding small letter desigrrates the allele which is recessive to
all others in the series. Other alleles which are intermediate in their degree of dominance
between these two extremes are usually assigned the small lefter with some suitable super
script.

Examples for Multiple Allelism

The best examples are the coat colour of rabbit and blood groups in man.

a. Coat Colour in Rabbits : The coat colour in rabbit exists in four colours namely (1) Agouti
(2) Chinchilla (3) Himalayan and (a) Abino.

L. Agouti : It is the normal coat colour which is alio knriwn as full colour in which individuals
have banned hairs. The portion nearest the skin belng succeeded by a yeliow banrl and finally
a black tip. Because it is a dominant character it is represented by capital letter.C,.

2' Chinchitla : The coat in this case lacks yellow pigment and due to optical effect cf black and
grey hairs, it appears as silvery grey. The gene for chinchilla is represented as 6flt.

3' Himalalan : In this type the coat colour is uilrite excepr for black extremiiies like nose ears,
feet and tail. The eyes are pigmented. The gene is represented by ch.

4' Albino : In this tlpe the coat colour completely lacls pigment including e1es. The gene is
rdpresented by c.

When closses are made between individual with different coat colours. It is revealed that the
lgo,|i (C) ;" dominant, to all others and albino (c) p recessive to all others. r*"wi.". 

-"[
found dominant to allele c but recessive to C and Ch. rurther tn" Jr"r"-lrr 

-cf,i""rriilu'"A

is found recessive to allele 'C'but dominant to ch and c. the d;-i;;;-;"irur"uyl* tu
coat colour of rabbit may be thus represented as follows :
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The possible pheno�…�Cs and genomes for ttul�g ple aneles foF�å �B,CO10ur in rabbit"giwn
below

Pheno�{ �ôrS                 CenO�å �ôàYS

l.  Fun colour(Agouti)     cc,ccCh,Cch,Cc    _

2. Chinchina        cCh,cch,cch,c�· h         i

3. HimJayan         ch,ch,cch               :

4.    Albino                     �å                        :

b.A B O Blood Groups in Man

The A B O blood�w oup system of man also prO�Y des an excellent example of multiple allel�A .

ML Kana hndstemer(19�� )diSCOVered the bl�� d groups in hu�� on belnF.He fgrouped
blood under four categories on the basis of the"e Of proteinous substancc known as antigen

found on the surLce of the red blood�� rpuscles.AnttenCS are of two tpesinameL‘A’

type and‘B’type.If A type antigen�A preS,nt,the blood grQup is teFme‘,:A’,r B tpe

andgen t present,he �\�� d�woup�R termed‘B’.If both t�¡ antige,S are prT,1:�Ü ,9b100d
is caned AB. If neither antlgens is present the blood group is termed ‘�k )’.

The inheritancc_of thesc groups is COntrolled by a set of three multiple al191�¢ �BAfter the

name of the discoverer Landsterner thesc aneles for blood groups are named as LKa, Lb

and Lo.The allele Lb contains B antlgen.The allcles La and Lb are�E completely dommant

_  to Lo which coltains no antigen.ThO d9minancc hOirTchy fOr h�� �� an b100d grOup is reprosc,ted

as follows:

(LA=LB) > O            i  : =

The possible genotypes for four phenotype of blood gFoups are given be10v�‰    ’

Cenotypes                  Phenotypes

LA LA,LA Lo     A

LB LB,LB Lo         B

LA LB           AB               .i

Lo Lo           0               1

ch�� �ZYour Preress

Derlne the fo1lowlng: �L

1.   First rllial geieration

2.   Back cross

3.     Allcles

8.7  SUMMARY

1. GregorJohann Mendel conducted his historical elperiments on"Pfsry nt sotiv:ltnt" 
lpju 

pto?,

to urrderstand clearlythe mechanism of inheritaacewhicn made him the'Father of Genetics"'

2. Mendel selected seven traits for his hybfidization e4periments from garden pea plant' I{d

considered two alternative characters in cac,h trait of which one showed dominant character
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7.

andotheiwas receiriri.ttecharacterwhichippearcAiofr generationwasciliJdiiUcaaii

asdolqinanq'andtieonewhich'diirafpearcdwascalleqrece$sive. : 'i- - 'i''' :'r

In'his mono\firidcx?erimerts, hc ctossed two plmts diffedng in onlymc trait anffi
monohybrid ratio.

h his dihybrid e,:rperiments Mendel crossed trro plants ditrering in trro traig or two pairs of

altermtive characters and obtained dihybrid ratio (9 :3:3: 1)' '

Basing on the e:rperiments conducted Mendel explained the phenomenon of dmiirance aad

derived his first and second principles. The first principle is knmn as the 'Iaw of Scgrcgation'

and the second principle is knorva as the'Law of Indepenfent {sso1maf, '

The Law of Segregation is unive,rsally accepted and it forms thc bulk of Mcndol't lavish

dLcovery�B

Afterwards post-Mendelian workers shourcd exceptionsto Mendel'sLaw of Dminale and

Law of Indipendent Assortment. Thc exceptions to thc former. is- kndm as iriompl*c
dominance and the exception to the latter, is kno*l as linkage. �u

�] �R::

8.�A ThecharactersconslderedbyMendelwere�� ntronedbyOnlytwoaltemtivettorgenes�§

Post�] Nb�˚ dan workers showed thatthe genest�î �ˇ
�g

o�\ mg ln two altemative Foms or

âï �B 1�£ �� ���æ�� �o �£ �] I�V �¢

8.8 CHECK YOUR PRoGRESS�EMoDEL ANSWm

Fhtamalge�gntloEl:The rneratiO�Ü �Zf�¢ åNL reSulting�¡ om a mssbereen parents�i
caned the Ftrst mlial generation and denoted byFl.   �c     :1 �E =.:

Back cross:A cross ofFl individual�� �R either Ofthe tto parents L�µ utt as�E �Eback"�Õ ’.

�R    �]      F

AILEes:Aneles,the abbreinted fom ofthe te�ß 1�g anelomorhs"indicatts altemativefoms

ofthe same gene.

8.9 MODEL ttINAT10N QUESlªŁONS

�Q

�@

�R

1. Give an account or 'Mendel,s Laws of Hereditf
e:rperiments. 

r-

Write an essay on exceptions to Mandel's Lau6 ?

What�¤meant by incOmplete dominance?E�Ù pL�¢h�� �Q �æ�Ó�…�'�R�\�É �Ó�âh�� 1�� çı�†

4. what are multiplc alleles? Eryilain thcm with oae erymple yorr hara smdi{.

Ansuar the foflowing in l0llnes

1. Define and explain Mendel,s Law of Segregation ?

�Ü  �R�¤

�g

v�g dd�A�–p�g �ß the�� �q nd�c �† �P�� hnidi4ioni&�� Ø°��
a G�g a�� �¥esk�å

�g
6fMendeland�V�V �V�b �V

�g�c

�V�V��c�m

and explain ihcm

. I.
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UNIT-9 LINKAGE AND CROSSING OVER

Con"nts

�E
�P

�@

�E
�Q

�X

�X
Objectives

Linkage
gZL Linkagegroups
92.2 $pesof t;ntagrE

923 Theories of Linkage
9.2.4 Significance of Linkage
Crossing over
93.1 Types of crossiqg over
93.2 Signilicance of crossing over
Summary

Check Your Prqgress - Model Answers
Model Examination Questions.
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9�B 1 OBJECIIT/ES

This unit is about the phenomenae of "Linkage" and "crossing over" and to show its importance
among organisms. By the end of this unit you will be able to:

o e,rylain various er.periments conducted to confirm these phenonenae.

o describe different tlpes and various theories that had been formulated.

92 HNKAGE

It is an exception to Mendel's l-aw of Independent Assortment. The alleles for the seven

pairs of characters studied by Mendle in Pisturt satiwun are present in seven different

homologous pairs of chromosomes as it was later on shown cytologically, Thus, Mendel was

luely enougb in formulating his I-aw of Independent Assortment. But later on post-Mendelian

workcrs discovered that the genes present on the same chromosome do not undcrgo random

assortment but are inherited together. This type of co-existence of two or more genes in the

sane chromosome is tnown as linkage. The linkage can also be defined as the tendency of

gencs to remain together during the process of inheritance. This phenomena of linkage was

discorrered by T. H. Morgnn in 1911, who won Nobel Prize in Medicine h 1933'

Experimentswith Sweet Pea Plant

The first exception to Mendefs Law of Indopendent Assortment was rePorted in 1906 by

WJateson and R. C. hrnnet. Ttey worked on sweet pea Lathyrus odoratus' In this plant,

they crossed a variety pure for blue flower colour and long pollen grains (BBLL) with one

pure for red flower colour and round pollen glains (bbll).

The bluc flower colour is dominant (B) over red (b) and Iong pollen grains (L) is dominant

crrcr round 0). As it is a dih,ftrid cross.on the basis of Law of Independent Assortment, it

was cryected to produco 4 gametes. By tast cross it was orpected to- produce 4 phenotypes

in Fz gpnccation ,rntety Blue long; Blue round, Red long Red round in the ratio of 1:1 1:1

rGspocdvdy.
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BLUE LONG

�ç

�u
|�a [t�� �Q:T CROSSED

PI

P10AMETES

Fl

ENERAT10N

X bbu

BbLt Bb1 bbLl bbtt

BLUE BL1IE RED RED

iT; 
,RoriND , 

,oluo , 
ror),

Fig. 9.1. Crosses made in betwcen Blue long and Rcd round characters in sveet pea by Bateson
and Punnet.

But it did not actually happen in this cross. Quite unexppected results were obtained. The
four phenotlpes namely Blue-long, Blue-red, RedJong red-round were actually produced in
the ratio of 7:!:\:7. This case clearly indicated that there was tendency in the dominant alleles
and recesssive alleles to remain together. The two original parental phenotypes namely, blue
loag and red round were dominating the ratio seven times than the two new combinations
namely, blue round and red long. With this experiment, Bateson and Punnet concluded that
alleles which come from the seme parent tend to enter the same gametes which they called
'coupling and white those coming from differeat parents tend to enter different gametes which
they called repulsion. The theory thus formulated by them is known as coupling and repulsion
theory' Bateson and Punnet could not explain the reasons for coupling and replusion and it
was, Morgan who while performing experiments vtith Drosophila in l9L0 conclude that coupling
and repulsion are two aspects of a singld phenomena which he called linkage. actually, this
phenomenon of linkage was predicted clearly by Sutton (1903) of Columbia University. But
unfortunately he could not prove this prediction experimentally.

Experiments with Drosophila

T. II. Moryan conducted e4periments with Drosophila crossing grey body and long winged
yatety with the one having black body and vestegiar *iogr. air irre rr inaviauat "nao feyb-ody and long wings because the gene for thesJ two claracters are dominant over their
allcles. A test cross between a F1 male and the double recessive parental female resulted inn Fz generation in which, individuals with grey body and long wings and black Uoav 

""avestegid.wings werc 5o!o each. That is equal t9.r:1 rispectiveryl rfru[ we find that the grey

YfLT 4"1f4 tosettrer.with long wings and black Uiuy is inherited with vestegial *[gs.
AII these details are clearly shonm in the figure,

Bb
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As it is a complete linkage there was no possibility for non-parental characters and the
test-coss ratio of Mendel,s dihybrridization i : 1 : 1 :1 is changed to 1 : 1

92.1 Linkage Group

The genes which are present on the same chromosome linked with one other constitute a
liokage goup. Thus, the linkage groups in an animal or plant is equal to the number of pairs
of chromosomes present in its cells. This idea was proved by e:rperimena on Drcsaphila
malotqaster by T. H. Morgan and his associates. Thus, for example, the 4 pairs of chromosomes
of. Drusophila meloaogaster corresponds to 4 linkage groups, 7 chromosome pairs of pisum
satiwm corresponds to 7 linkage groups. 10 chromosome pairs of maize correspond to 10
linlrage gfoups and so on.

922 ffies of Linkage

There are two tlpes of linkages. namely, complete linkage and incomplete linkage.

Qomplete Linkage

It is a phenomena where the parental combinations of characters appear together for two or
more generations in a continuous and regular manner. This happens when a chromosome

does not undergo any brekage by accident or during gametogenesis. Eg: All the ganes of
male Drcsophila remain completely linked.

MALE FEMALE
BLACK,VESTEG:AL

GAMETES

F:

GRE�RLONG

1

BLACK,VESTEO:AL

1

Ytg ).2 Cross showinp complete linkage ia Dresophlla in betwecn grey loi'6 and Black vestegial

��

BLACK�WESTCG:AL

�‰
�u

� 

�R

�X

�@

�k

GRE�ALONG
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Ireomplctc Unkage :

Thc lioked genes wbich are widely located in chromoeqnrcs and havc. chaaccs of sepqr*iq

by crossing o"er, .re .Af"O i"*rpfrtely linked gencs and thc phcnomcnoo of thcir inhcritUoo

is known as incomplete linkage.

Eg: I! has been in pea tomato female Drosqhill micc, man, poultry, ctc

g23 Theories of Linkage

Two theories were put forward tg explain the phenomenon of linkage:

(1) DifferentialMutdpflcaionlheorlolLlnkage

This theory was given by Bateson in 1930. According to thi, theory after the segpgatlon of
charaefofs dgriqg-gametes formation, the set of gametd-hving parcntal conbinadoas. nultiplb
more rapidly th- tf" set having nonparental combinations. At- a rcsult of^tht8'.8f.i$
number Lf gametes, apd thts the-offsprings with parortal combinations wiU bc-forn{ mL
tteory comtHe! lacks the cytologi.rf Urtit and has beea scrqgly coadcmncd.. ,|s -pq F
prescnt toowlodg" of gametqgc*.i. rft"r scgcgation only a single divisioo ooctta bcforc thG

gametos are found.

(2) Chrumosome lheory of Unkage

Moryan along with Castle, formulated the chromosome thoory. According to this' tho gEocs

which sbow the phenomenon of [nkage arc situarcd in the srime chronocomca arid thcec

linked genes usually remain bounded by the chromosomal matcrial, so that, they ca11ot bc

soparat;d during the process of inhcritance. The cxtoat of gcncs is corrchtod lith thc

distance between the genes in the chromosomes-cloaer thc gones, stroogor thc Hntage and

vico vcrsa. Thc genes are arrangod in a linor fashion in the chromosomcs. Thie,thoory findr

full support from cytologists and is unirersally accetcd.

9.2,4 Signillcance of Linkage

The phcnome,non of linkagc has greatcr sipificane for living organisos for it rcdrrce tho

possibility of variability in gametes unless crossing over occurs.

93 CROSSING OVER

In the proceoding part, we har,e studied complete and inconplcte liakagu. thc omplctc
linkage is of rare oocuranoe. Dnring meiosis breakaga of chiomosomes oceurs accompmid
by interchange of correspooding parts bctc/een chromotids of homologous chrq,Eosgpclr
Morgan termed this phenomenon as crossing over. This phenomenon can bc dcfined as a
precoss that produces riew combinations (re-combinations) of gcnes by intertLarying'ol
corresponding segments betrreen non-sister chromatids of homologous chromosomes.

E}anple of Crossing Over .

We have already s99n that a test-cross between ihe male Fr hybrid having gr.cy body'and
loag wings and a double recessive Drosophila having black body and vestegial wiry resllrc{
in the aprearaace in equal numbers of original parental combinations in the F2 gonerifioir:

Ftx.the samo charactors if the sex is reserved ia crms i.e. if a femal @id (Ggrl) b boot
creod with fuUe reoessivc nale (gg[) the results,obtainod in thc Fz gencratirm uc difiprcot
Trrc w conb&ntions nanely groy.body vcstogiat whgs (Cgf,) and blac* body.@ riq!
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(ggU) arp seen in the F2 generation because the Fr female produces four tlpes of gametes.
Out of these, two qipes are normal non-crossovers (GL ad d) which are 83Vo ard the other
two types (GL and gL) which include the remaining ltlVo are produced as a result of
crossing-over.

Stage of Occurrance and Mechanism

Duting the 4rgotene stage of the first prophase of meiosis homologous chromosomes pair up.
This is called the two strand stage (diad). During phachytene stage each chromosome becomes
twisted into nvo chromotids. This is knoum as the four-strand stage (tetrad). It is at this stage
crossing over takes place. The same.was proved by David Stadler in Neuroqnm cna$ta

ascopores by Lindsay Olive in Sordoria asoopores by beautiful photographs.

The chromatids of four strand stage (tetrad) get spirally twined fslming one or more points
of contact. These points of contact are known as chiasmata. Only two chromatids participate
in the formation of chiasma. Each of the two chromotids forming a chiasma belonge to a
different member of'the homologous pair of chromosomes. During the diplotene stage the
chromatids at chiasmata may break and then rejoin in such a rrunn", that Lomologous parts
are intercharged berween them. As a result, new chromatids acquire a changed genetic
constitution. The process of chiasmata formation was clearly observed by Jansenns (1909).

But what actually initiates breakage and re-union of chromatids is not yet known.

93.f Tlpes of Crossing Over

Depending upon the number of chiasmata formed, crossing onver may be of 3 tlpes:

1. Stngle crossing over: In this type only one chiasma is formed resulting in the formation of
single cross-over gametes. This occurs most frequently.

2. Double crossing-oven In this tlpe two chiasmata are formed. Both the chiasmata may be

between the same chroinatids. Thus, double cross over gametes are produced in this t1pe.

This occurs less frequently.

3. Multple cross oven In this t,?e more than two chiasmata are formed Basing on the number

of chiasmata formed it is called triple (three chiasmata) quadruple (4 chiasmata) so on. It
occurs very rarely.

Cytological Evldence of Crossing Over

Stern's experiment:

The first cytological e:rperimental evidence to establish the occurance of crossing over beyond

doubt, was given by Curt Stern in1931.

For his experiment Stern obtained a mutant stain of Drosophila which was one mutant dominant

gene Bar (B) for riarrow eyes, and one mutant recessive gnne carnation (c) for light red eyes

on its 'X'chromosome. The wild type female Drosophita has one recessive gene for round

eyes (b) and one dominant gene (C) ior red eyes on each of its rod shaped 'X' chromosomes.

By crossing these two stains Stern obtained a dihybrid having c and B. genes on one ')(
chromoso4e and normal genes (C,b) on other 'X' chromosome. Then he made both of the

C chromosomes of this heterozygote female aberrant by treating such files with X-rays. The

X chromosome having gnes c and B was broken into two segments, one fragment having both

the genes co sidered by Stern in his experiment and other X chromosome having a fragment

of the Y chromosome attached to it and contained normal alleles (C,b). Thus, this female

was ideal for studying crossing over because it has a pair of 'X'chromosomes with cytologically

detectable structural differences. Such a female was crossed with a normal male having X
chromosome with C and b alleles. Four classes of eggs of which two gpes of eggs with
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crcs(wers and two types of eggs with noo-oossovers were produced which by fertilizatiolt

produced four kinds of females as shown in the figure'

Thus flies with crossover was indicted phenotypicaly showed microscopic evidence of exchangbs

bctrreen homologous chromosomes. The physical or cytotogical basis of crossing over was

thus established by Stern. The same was proued by Crelghton and Mc clintock also by thcir

e,:rperiments conducted on maize.

Frequency and the Fac{ors Affecting the Frcquenclry

'Ite freuency with which crossing over occurs between two genes is knolw ag frequency of

crossing """i. ft 
is expresed in tel-s of percentage of crossinSover' Generally, 1le.ryrcentaee

of crossing over is directly proportional to the diSt*o between two ggnes which has been

confirmed cytologicafly. Ii ti" distance is high the percentage is more and vice versa' Thus'

the percentage of crossing over behreen ttro genei indicates the distance between the two

ge;. Ihis-fact is of grJat significance because it helps in constructing cbromosomal maps

ef animals and plants. 
-ln 

ttooout of Morgan the unit of crossing over is known as Morgan

(the distance between two genes).
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Fig 9.3 Stern's cytlogical demonstration of Crossing over.

Thre are various factors controlling the frequency of crossing over. Plough showed that the

high 6d low temperatures increase the frequency of crossing over. Muller demonstrated

that the X- rap increase the frequency. Hanson showed that the irradiations by radium

increase frequoncy. Gene mutations are known to decrease the frequencyt. Thc chiasma
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I

fonrtio at one polnt Aiocomgos the ch'asma formation in vicinity. This phenomenon is
called Intafcreuce uthich also dccreases thc frcquency. The inversions of chromosomcc are
alro knmn to supprcss oossing orrer. In gcned the factors which affect aossing over affcct
linlr-8. inverscly.

g32 Stgnificance of Crossing Over

Ibc crocsing orrcr has great significance in genetics. It gives us a direct evide-nce that
c,hr{mosomcs are arranged in a linear fashion on chromosomes. The crossing over hefix in
costructing chronosome maps which are very useful in the study of genetics to cstablish
lin&agc groups among variou organisms. This phenomcnon is also more useful to organisnrs
becuascr it causes ncw combinations of genes which results in variations of offsprings. The
rariations in turq arc very essential for the evolution of new species.

ChodrYgtrrPrrryrra:

1. The tcndency of gencs to remain together during the process of inheritance is known as.

What is thc main significancc of "Crossing over,,.

a

94 SUMMARY

The tendency of genes to remain together during the process of inheritance is known as
Linkqge and this forms an exception to Mendel's Law of Independent Assortment.

Expcrincnts conductcd ot Latlrynu odotutus by til.Bateson anci RC.Punnet and on
Drosophila mclanogasur C.B.Bridgesand T.H.Morgan formed main basis to prove the

of linkago.

Lintagc cdsts in either of the phases namely coupling or repulsion. The alleles which come
from thc same parcnt tcnd to entcr the same gametes while those coming from different
parcnts tcnd to entcr differoot gamctcs. The former is known as coupling and the latter is
&aowu a rcpulsion.

It was prored by Moryau byc4periments that the linkage groups in an animal is equal to the
rumber of pairs of chromosomes present in its cells becuase the genes present on the same

c,bromosomc constitute a linkage goup.

lf,g lintagc is said to be complete if the allels present on the same chromosome continue for
norc genorations without any break or exchange of chromosomal segnents. The linkage is

callcd incomplete if ttc chromosomes undergo breakage interfering with the linkage of the
genoE. This constitutcs another phenomenon called crossing over.

Iho c,hromosomal theory of linkagc proposed by Morgan finds full suport by various

cytblogists according to which the genes are found in a linear fashion on chromosomes. The
more the distance between the genes, the stror.ger the linkage and vice versa.

Gocsing over can be defined as a process that produces oew combinations of genes by
inrcrchanging of corresponding segments between non-sister chromatids of homologous

e.hrooosomes.

thc cryerinenB of Davld Sadle nNerwspomcrosso proved that the crossing over takes plac€

during four-strand stage (tetraQ of meiosis (pachytene) stage.

Duriag:coesing orcr, the chromosomes at the point of contact (chiasma) break, and the
bmeos dogecoB htu rojoin iri suc,h a mamsr tlat the e;hromosomal pars ara intcrchrnged
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95 CHECK YOUR PROGRESS�]:I�“ 00EL ANSWERS

Linkage

The main significance of crossing over is it carses new combinations of geocs'rvhiCh rosults in'

rrari*ions of offsprinp. The rariations in turn are essential for $9 evolutio:r 9t ryy species'

96 MODEL EXAMINATION QUESTToNS

Answer the fo110Mttn3 in 30 1lnes m8,    
�] ’        �]            �]     i�� : :     .�u

1.D�� melin‘�¡ mrate the phenomenon with�å �Vlableexample..: l.: )

2�B  What�� elhk�«

"�Ü

6ul�˜ ?Discuss the important theories of�� :�] li  �E
�K

3.5�M C�¸ i�g M‘�RPslaw6fidepenlentAs�Ì tttmtttltheå¥ 111�Ó : I�j

4. blain CrOssing over with Sutable exampLo What are its direrett kind�u
  ~~

15.liVetta�i m�g4ologicaleVid�¡

�g

fOrttossingoVelandl�¡ I�V II�V �V �V ll

Ansiver the fo[onfng tn i0llnei eaci:

1., Mechanism of crossing ovcr

2. Factors qffectiqg the frequency of crossing over'
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Gpandromorphism
Summary

Chech Your Progress-Model Answers
Model Examination Questions

10�B1 0BJECTIVES

This unit is about the mechanism of sex-determination among different types of organisms.
After completing this unit you wil be in a position to:

o e4plain that, each tlpe of organisms has different mechanism of sex-determination.

o justify the impact of hormones and environment etc., on determining the sex,

10.2 1NTRODUCTION

The plroblem of predicting the sex of the unborn child has been the idle curiosity of the
parent as much as the enigma for the bioloist, inspite of the rapid advances in genetics.
Before studying the various views and mechanisms involved regarding sex- determination let
us first know about the importance of sex. In biological terminology sex is a comparison of
the characteristics among the organaisms in which sperm producing organisms differ from ova
producing organisms. It also refers to the aggregate the qualities of an individual which are

recognised as maleness and femaleness. The sexually reproducing organisms are classified into
two'types namely, 1) Hermaphrodite organisms, 2) Unisexual organisms. In hermaphroditism

the same individual produces both eggs as well as sperms. In these organisms the genetic

features of the gametes only determine the sex and the morphological variations among

individuals should not be taken into consideration. But in unisexual animals the sexuality

relates to the aggregate of genetic, somatic (morphological), physiologial and psychological

contrasts between males and females. Reproduction is the primary biological function of sex.

Reproduction without sex is kno-um as asexual reproduction which is seen in several lower
plants and animals. But the main dit'ference between the asexual and sexual reporudction is

that in the sexual reproduction there is a 'genetic mingling of nuclear material from two
'differpnt cd.lls' which are lacking in a sexual reproduction. As a result of this, the primary

function and the secondary function namely, genetic variety within the species is provided to
ensure evolutionary success. Wthout sexual reproduction it is not possible. Thus sex has

such a great importance.
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Modern gencticists have studied many different mechanisms of determination 1f sex.iin,:h9'

organisms. Now, let us study some of the important and common mechanisms of sex'detCrninati'on

among various animals.

103 CHROMOSOMAL MECHANISMS OF SEX DETERMINAT10N

H.Honking (1891), working on the bug Phynhocoies described the role of chromocomqs

during gametogenesiS and 
-discovered 

the 'X''chromosomes in sex-determination was clarified

later by vyilson and ste*ns (1905). Because of their importance these wcrc callcd scx

chromosomes and all others were called autosomgs by wilson and Stevens

Futher researches in Drosophila melanogoster by Bridges and in Glpsynoth by R'B'Gold

Schmiilt revealed that chromosomes are responsibie for sex determination' All these diloreries

led to the formulation of the modern concept of chromosomal mechanisms of sex detcroination'

By further investigatiOn it was revealed that the X chromosomee shov a wido rangO of

variations in different animals and each variation is asociated with a charactelstic. m:c+aoisn

of sex- deterririnatin. We can study the various chromosomal mechanisms rrnder the fouollhg

heads:

103.1 Theory of Heterogamesis

According to this theory one of the sexes produces two gpes of gametes (Heterogametcs)'

Each type of gamete on fertilization determines a different sex. This may be again dividcd

into 4 types.

A. XO male - XX female type: In certain insects of Hemiptera and Orthoptera the fcmslcs

have two XX chromo.o*".1h"n"" referred as XX), and hence called homognnetic and thc

males have only one 'X' chromosome (hence referred as XO) and hence, callcd hcterogancti0'

The male produced 2 types of sperms half with X chromosome and half with$3lX'thromosome'

The sex o1 the offspring depends upon the sperm that fertilizes the egg. (tKrt! the eqgs carry
.X chromosomes) Fertilization of a sperm with 'X' chromosome resulB in a female and a

sperm without X chromosome results in malc. It is clearly shown in the figure 10'1'

MALE FEMALE

9

TWO
TYPE5 0

SPERMS
RESULTED BY
ME10SIS

SEx CHROTOSO}IES

lMlLAR TVPEOF
OVA RESULTED EV

MEIOSIS

FEMALE (xx) MALE(xo)

22+Xx 221X0

Fig 10.1.XO Male�] XX Fcmale type of sa�] dcternlination is PyorrlloC�Ü s.
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LS tWo XX,while the female las only one‘x’

pes of ova,one with‘x’dlromosome and the

the irst type cwith‘X’),results in males,whue

in femaleo lt is the rarest type seen in sOme

MALE FEMALE

AUTOSOMES

SEx
CHROMO
SOMES

SEX DETERMINED BV TYPE

OF SPERM ENTERING THE ECG

Fig.lo.2.XO Male�E Xx Female spe of�M �]detemination.

Ce XY�EXX �fl�h _:In man and in sOme insccts like Drasaprti�� �¿,the female p�å
�g

ses twO
hOmOmOrphic X chromosOmes in their bOdy ceHs and prOduces silnilar types of Ovao The

male pOcesses heteromorphic sex chromo�˜ Omes producing twO types Of sperms,half�A �ƒth x
chromOsOmes(g�ß Osperm)and half with Y chromOsOme(Androsperm).FertilizatiOn by a

�r OSperm produces a female and fertilization by androsperm produces male,as shown in

the rngure 10�¡

Do ZW�EZZ�¡ ThiS System is found in certain insects,�¡ shes,reptiles and dOmedic chick�µ n.

In th�g �ßpe the male pOsssesscs single‘z’chromosOme in its body cells(hence referred to

aS ZWh and it is heterOgametic prOducing twO kinds Of sPcrms half�� th‘Z’and half with
‘W’chromosomeo The male possesscs twO‘Z’chromOsOmcs.The male being homogametic

(ZZp,prOduces two types Of werms,cach with a single‘Z’chromosome.The sex of the
ottnism depends On the kind of egg as shown in the rlgure lo.4.

This is also known as xY Female�] XX Male type: In ordeF tO aVOid confusion with thOse
where male t XY,and female XX the X and Y are deslgnated as Z and w respestively�B

SIM ILAR
TYPEs oF ovATYPES OF

sPERMS
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9
TRIPLOID

INTERsEX

:NTER sEx

F38�E 105V�� Jh�g q�ß �¡1�|
"��

tained�fl B�gäPS Shml�¡ 8 direrent chromosomal�� nngumtions

�› Ph�g �æ �~ �BAn interesttt JOup Of Fave mes of offsp�v ng was obtJned.They are l)Super
hJL�Ì Fmales�Ì Intersexso Malesand 5)Supemales.In each organism,the chFOmOSOmal

�b d�fi �Q �˚ Ø[L Vas direrent as shOwn in the rlgure 10.5.                �E

nc Oppane Ofinte�g exes and supersexes madc BHdges to unde�g tand that‘Y’chOmOsOme
does not phy any rOle"�� determination b�å ausc,it conta,s a genetta�a y inert matcdJ

�c
�ø thC heterochromatin with few genes,This L alsO revealcd�¡ Om Xo type ofthales Of

�c

nere they Lhaved enctly the XY type of male.kcOrding to him,te genes for

fmm charadeFS are pFeSent on‘X’chromosOmes and for male charactcrs on autosomcs,

�V �u �R�� �° all�M �� �ˇ �Q �¡

�g
:,in each sexl the pO�É ntiaH�Ł br Other sex t present.

L�˚ �¤ the inter�g �í �› bmeen the�¤ two sets of genes that deterEnine the sex Of individual.

�Rht�R the rttb Of the numbeF Of X ChrOmosomes and the number 6f haploid sets Of

autosomes�\  the scL �¡ us it is the quantitative balance betwecn X chrOmosOmcs

md a�R�� �æ
"Hapbid set means one chromosOme iom each of the hOmologous PJ�K

 Of

atomosom.�B �¡ �� �� a diploid orFnism�� ntains a tHplond 3 haploid scts of autosOmes and

80m�¡ �œ �� m mes of sexes and theL chromosomal conrlngurations obtained by Bridges

à˛
�\

ed Cable 10.1).

fbUG 10.1 I'Lblc rhol$gr.mfios aetcrmintng sex in Dmsopftrrz.
SNo�B ŁJ Number of 'X'

Chromosomes
Number of Haploid (A) Sets of

Autosomes
L Super Female XXX=3 2
2 �´ pl�g Female XXX=3 3

3. Diplond Femalc XX OR XXY=2 2
4

�c

OR XXY=2XX 3
5�B Male XY�‹ 1 2
6. Super Male XY=1 3
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If the sex determining ratio ()(/A) value is 1, the sex will be femala In males' the value of

the sex determining ,"tio i, d.S. If the ratio is betrreezr 0'5 and 1' the result is intersexesi

The intersexes show intermediate chracters between males and females and are sterile'

Supersexes show minor-diff"r"no, fro* th" .o*al females and males and the case may be'

and they are also sterile. Thus according io Bridges, it is the quantitative balance berreen

the chromosomes (X 
"rJ "*."**l -J;;; ;; genes contained in them that determines

the sex in Drosophila. Hence, this is t""*^ ", "n'oio'o,,," 
Uufuoc" theory or genic balance

theory.
i - ' ' i 'r: ': 'i'::i l'ii. :'lii;

R.B.Goldschmidt while working on Gypsym oth, Lymantria {oardescibed 
the role of

chromosoems in ,"* deter.inatiJn. I. thi. #;;;ii"r" *" several well recogrrised geographical

races. There t, " *"li-;;Jei ,e*"1 air"tbrtf, within :. 
'*g"phi"{ 

t"*:. The sex

chromosome coortitutioo for this insect is XX for nogmal diploid fernales' If the oating ocsurs

among the individuals of the same grosupni"- tegi'on it- 
'esults 

in normal sexed males and

females, as it has been observed. If the -utiog J""*t benn'ee1 the individuals of different

geographical regions, it results in- 
_diproid 

i";;-, for example a cross benreen strains of

Europe and Japan or between Northern and SOurthern Japan' But these interscxesx arc

fertile. These e:rperiments made Goldsct miaito conclude that the sex determining factors for

male are carried i.;;;;;;"some and i* r".g in cytoplasm. Aocording 1s him' these

factors are of different strength in individuals of differnet geographic localities' For cxample

the factors ur" *euk L-in ip"* strafuE and strong in rapanese strains. Now, the sex catr

be determined by the interaciion between these factors' For example if a European female

(with weak factors) is crossed with Japanese male (strong); the offspring which are males are

normal, while those which shoulO oo'',,irv Ut r"tares,ryio1",-T::t":i:-llt!t9 cross is

L"JHh.T",#"t.:**T;;;".;;;-;;t.ru,"tarotatedinthetable'10'2'
l-1

If the crosses occur between the strongest and the weakest factors, the sex reversal occurs'

That is XX for females and XY males'

To explain the diploid intersexuallity in insects, Gotdschmidt put forward a hypothcsis called

turning point hypothesis. Accordini to this, itt. ioai"iarAt develop as males or fcmales till

a particular stage, called turning pJint after which, development proceeds in the direction of

opposite sexualitY.

103.4 Role of Parthenogenesis.Male Haplodidy and Haplodiplotdy Meehanism'

The male haploidy or haplodiploidy or arrhenotokous parthenogenesis is com-on in

hlmrenopterous insects namely, wasps, ants, bees etc. In these insects, the haploid eggs if

fertilized, develop into femals *a n not fertilized develop into fertile males parthenogenetically'

In this e:rperiments, it haO been found that the quantity and the quality of food- available to

the diploid larva determines where the female will become a sterile worker or a fertile $tee&

Thus, the parthenogesis also plays an important role in fts dstslmination of seJL

Role of Metabotism in Sex Determining Mechanism

According to some workers, metabolism to some extent plays a role in the determination of

sex. A.F. Shull and whltney have shown that by'increasing metaboilic rate in rotifers the

rauti ro.z raute se*Ctefiination in
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oocuranoe of male individuals increases than females. In the same way Riddh found that in
piggons and doves the increased rate of metabolism developed the male potency, while the
dccreased rate of metabolism caused female potency.

Scx lhtfrmination in Man

In man, hke Drosophilc XX-XY Type of sex -determination occurs.But here the y chromosome
coniains potent male- determining genes rvhich can completely overeomo the feminingf action
of the rest of the genetype. The evidence that Y chromoso*r i, 

" 
deiterminer of fertility and

sex of male individual came from,following sources :

1) !{uryn syndromes(abnormal sexes):For example,Turner's syndromes with XOare sterile
female individuals with abnormalities like short stature 

"ong.n-itol 
malformation,pronounccd,

weddingof the nech,colour blindness etc.In the r"*" o,ay in Klinefeelter,s sfrdrome the
pcrsoos with XXarc males despite the presence oi t*o X chromosomes disptay
hcrmaphroditism having both ovarian and tcsticular tissues in their genitalia.In mas ttrg
'X'clrom(Nome.

2) Barr bodles: first discovered by M.LBaE(1949)in the nerve cells of female cat and named' after him. It was absent in the male. It is a deeply stained chromatin body (i.e. a
chromocentre),found in females,also known *.r* 

"nrolatin. 
I-ater,such a body i., Ur"i

obscrvedinmostof thebodycetlsof man'sskincel\oralepithelial cells,bloodcells etc.iuman
. females have Barr body in the nuclei of their bodycells in higher proportion tt 

"n 
r.t.r,.nJ

hence calledassglchromatinpositive and the human males ar-e calied sexchromatio negative.
In thc aeutrophil leucocyte of female Barr body appears as a small rod called thc drum stick.

104 HORMONALLY CONTROLLED SEX DETERMINING MECHANISM

I! higLcr enin4ls it has bcen observed that sexual differentiation is controlled by hormoncs.

F,xampler

1. Hqrmoncr and lheemartn:Aclassical example of hormonal controt of sex-determination in
cattle was dcssibcd by F.R.Llllle (1917).In cattle twins occur frequently. If the twins are of
t[e same scx,zlgotically of different se:g that is, if one is male and the other is female,then the
dcvelopment of female is not normal. It is because the male gonads differentiate precaciusly
beforc the fcmdc gonads have differentiated. Thc mate sex harmone of male gonads through
ommorblood vessel rcach the other embryo which has so far been developing as a femalc.
Nw, thc dcvelopment of female comes under the influence of the male sex hormones and it
is shiftGd towards malencss. As a result, sterile intersex with external genitalia of fsmale and
internd sterilc gonads of males formed such an organism is called freemartin.

L S.r.ncvcrsat ln Xenopur lanrae It is studied by chang and WtschlJf the genetically male
tadpolcs of Xcnopus animal are reared in aquarium water containing esterogenic hormones
(fonalc scx.hormone),they derrelop into orrary bearing females.But the females rctain their
siginal Eatc c.hromosomc complcment namelylX chromosomal constitution.

ROIE OF ENVIRONMENTlIN THE SEX DETERMINING
ME�\ ISM

b rmc burcr orgroisn$thc cnviroomcat determines the phenotlpc of the individual. This
uitmLm hel bcco rcportcd in a varicty of organisp-s.I*t us study its role in two orgianisos
moerlocfir rod Gcpiduta.

10S
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Sex ln Bonellla: The mode of sex determination in Bonellia viridis was described by F'Baltzer

(lg3i,.Itisamarineechiuroidworm.rntt,iso,ganism,thereisawclldefinedsexual
dimorphisin. rn" .u1", Ii" ;oUi,,,"n,uty and microscopic (like protozoan) and lie in the uterus

of female. The female is half an inch loog unJ *"U a"uAopld organism' The larva which

;;;;6ft". the gggs are sexually undifferentiated'

Those larvae which settle on the proboscis of an adult female develop into male while

thoselarvaewhichsettleonsomeothersubstratumawayfromfemaledevelopsas
females.Further,iftheincompletelya*rop"a''ureisdetachedfromtheproboscisof
female; it becomes ; i.*r":*. Thus, it ir'th" 

"rruironment 
where the larvae develop

il#tuiA;ai-t" .t . ri is probably u""uu'" a hormone like secretion from the

female which encourages the developement of larvae towards maleness'

SqinCrtpiilula:ItwasdemonstratedbyCoe(1943).Italso.Jormsanothergoodexample.
The young larv 

^, 
,f c;;;;;iu .*iD _o,ni* "* 

r"*"llv ,ndifferentiated, if rared in isolation

from females they develop into femal".. guiif allowed in close contact with females they

develop as males. This is also because of ,o*"io""one-like secretion of the adult female'

10.6 GYNAT'IDROMORPHISM

It is a phenomcnon where an organism shows phenotpically male and female parts, (Gr.

Gyno=Femab ; enaro=Male ; illorpl"=-folrr;l int itTi-tt"morphs breed rarely' These

are describe d n Drcsophita ardsilk m9t! uviffi rta"rg"l, c-B.trtidges and R'B'Goldschmidt'

Depcn,ring on the Jf,il porlrl* of the *" pr,"ioivpes tle Smandromorphs are divided

into 3 tYPes:

�Œ�¡ Bllateral GYnandromorphs

ThescarediscoveredbyMorga!aldB1id.ses.Inthese.sT"19':-orohsthemalecharacters
are on one lateral side of tt " 

Uoay and filale characieis on the other side e'g' silkworrh

larvac, DrosoPhila

b. Antero'Posterior Gynandromorphs

In this type the male characters are on anterior side, the female characters are on posterior

side and vice vers4 e.g. Lucantts-c.Eg$'

G. Sex Piebalds

In this type the individual is mainly either a male or a female with patches of tissue of the

other sei.scattered on it. e.g Drosophila'

Origin Of GYnandromorPhs

Various views have been put forward to explain the cauies of gynandromorphism of which

thc following are the two important views:

1) Non'distinctlon of X' chmmosomes

rnis was e:rplained by T.H.Morgan and c.B.Brtdges to explain the development of

;;;;;#h"iiiirpnar. Acc.Irding to them, a Drosophita g5mander beginsdevelopment

wi& trro X chromosomes. But during the cleavage of the fertilized egg. one X chromosome

is lost by somc of the cells druir,g anaphase of liist mitosis due to nondisjunction' Thus' those

ellr containiry a singlc X dovelop male character, while those containing XX develop female

p.tt 
"f 

tUe UodV which results in bilateral garander' 88
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�EF�µ lQ6 VaFiOuS mes of 
�WnandrOmorphs A.�Elatttl ttnandet B.Antem�] POste�vOr C.M_piebald.

�Ò   RetentiOn oFpolarnudeusin the��

It was eplained by Goldschmidt and lmtsuk

�Q �ª ‘Y’chromOsOmeo such an egg.r fert�n Ed by two sper�Q ,cach fertilizing One ett nuclcus

�r çW �o �v

�‰pmett Jmde ad ttmale parts J tte bO�Õ �M �M  �Ktt h merO_pOst�R

CheckYour Progrtss:

1. Super females have 

-- 
X Chromosomes and

What is Glmandromorphism.

10�B7 SUMMARY

In biological terminologr sex is a comparison of the characteristics in which cgg producing
organism differs from sperm producingorganism.

In hermaphrodites (containing male and female sex-organs in the same individual), the sex
relates only to the genetic features of gametes, whereas in unisenral it ioles not
only to genetic features but also to outer factors like morhological, phpiological factors etc.

In the 19th century the role of chromosomes in the determination of sexwas established by
stevens, YYilson Goldsmith, Bridges, Henkingh and others and the chromosomg. rheory or
sex- determination was formulated.

The various chromosomal mechanisms fall under heterogamesis. parthenogenesis; genic
balance theory etc.

Sets ofautossnies.
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5. In addition to thc role of chromosomes other factors like hormones, environment, metabolism

also played an important role in the determination of sex.

6. F.RLiltie's eryrcriments on cattle twins support fully the hormonal theory of

sex-determination. Freemartins, the organisms in cattle with external genetalia of female but

yith intcrnal male gonads are as a result of hormonal role in them.

7. In case of human beings X and Y chromosomes, occurance of Barr bodies play a crucial role

in sex-determination.

8. Abnormal sexes like g5mandromorphs are also seen in certain organisms like Drosophila and

silkworm. Gynandromorphism means the occurance of phenotypically male and femalc parts

in the same individual.

10.8 CHECK YOUR PORGRESS�]MODEL ANSWERS

L. 3,2

Z. Gynandromorphism is a phenomenon where an organism shows phcnotypically male and

female parts.

10.9 MODEL EXAMINATION QUESTIONS

I. Ansncr the following in about 30 lines:

1. Describe with suitable examples the chromosomal mechanisrtrs of sex-determination.

2. Describe the role of hormones in the determination of sex.

3. Describe the rolc of Parthenogenesis and cnvironment in the dctermination of sex.

II. Answer the fellowing in about l0lines

1. Free martin

2. Gynandromorphs

3. Geneic balance theory of Bridges.

4. Sex-determinationin g5pqymoth.

5. Sex-determination in man.

,
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UNIT�] 1l SEX HNKED INHERITANCE

Contents

11.1 Objectives
lL.z Introduction
ll.3 Tlpes of Sex-Linkage

L1.3.1 Heterogametic Male-Homogameticfemale tlpe
11,.3.2 HeterogameticFemale-Homogameticmaletlpe

LL.4 Dominant Sex-Linked Genes
11.5 gslT imitso Genes
11.6 Sex Inlluenced Genes
17.7 Summary
11.8 CheckYourProgress-ModelAnswers
11.9 Model Examination Questions

11�B1 0BJECTIVES

This unit is about the various sex-linked traits found in different tlpes of orgaaisms. Aftcr
going thro 'gh this unit you witl be .in a position to describe:

a the different types of sex-linkages

o sex-linked traits in man and other organisms.

11�B2 1NTRODUCTION

There are two tlpes of sex chromosomes. They are 'X' and 'Y' These chromosornes in
addition to the genes responsible for sex- determination, bears many genes for such c,haracters
which have no relation with the sex. But, being on the same chromosome these arb linked
to the sex-determining genes and hence to the sex of the organism. On the genetical grounds
both X and Y chromosomes have many differenc:s. .Some portion of both tlpes of chromosomos
has identical genes. So it is called homologous region. Remaining reglons of X aad Y
chromosomes have differential regions. The crossing.over always remains rcetricted to thc
homologous regions of X and Y chromosomes. So the geues which are prcsent in homologoru
regions of X and Y chromosome do not always inherit along with other genes of their
respective chromosome because crossing over separates then from others. Such genes are
called partially or incompletely sex-linked. The genes present in the non-homologous regions
of 'X' and 'Y chromosomes always inherit together according to the inheritance of theii
respective c,hromosomes. Because ttrese genes never undergo crossing over., Such gpneg are
cafied completely sex- linked genes. The completely sex-linked genos are of two typcs.

I. Holandric genes

Those genes which are confined to differential region of 'Ychromosome are allcd holandric
or Y linked genes. The inheritance of such gcnes is known as Y-linked inhoritancc or
holandric inheritance. These genes are inherited along with Y c,hromosome and phenotypically
orpressed only in male sex.
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ThiswasdiscoveredbyT.H.Iltorylninlgl0inDrosophila. ltewildtype(dominant) Drusophila

las re! efs. Thc mutant GocEssive) has white eycs. Thc single pair of alleles controlling
these characters are prosent on the X chromosomq and the Y chromosome does not contaih
ary Sene for this charactcr. As sho*u ia the figurc, the rvtite eyed male was mated with.a
hlmo4rgous red eyed female. Lct the gene for red eye be 'R' and for white eye be .f. All
the Fr individuals were red eyed. The iemales were heteroz5gous (nr), urhhe thc males
were homozSgous with a single allele (R) for the trait. These Fr individuals n&cn: inbred
(sclf-bred), produced thc males and females Fz generation as follouns.

Males: Red eycd (R)
White eyed: (r)
Females : Homo4gous red eyed-(RR)

Heteroz5gous red eycd-(Rr)

�ƒ
�ƒ
�ƒ
�ƒ

It is very clear from the cross that the male transmits its x chromosome to the daughters
only, while the female transmits its chiomosome to both sons and daughters. Thc recessivc
sex-linked trait of malc thug Basses oa to fiVo of his grandsons through his daughter and
trever to his grand daughtets through his sons. The sex-linkcd trait in this case being
re11s-rrc(r), is not enpressed in the heteru5gors condition in the grand daughters. This t,,peof inheritance of the recessire sex-linked char"cte, from Frcale to Fz male through F1
fcmale is knowu as cr{sc'cnoss pattcrn ol lnherltaoe. It is also termed dlgsntc llpka&.
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when a homozygous white eyed female (rr) is nat{ with a red-cycd "1" 
(T) in thc Fr

gcneration, only the t -,1", are ,eA .V"O dO *ffi -rl"-11es. 
arc whi'tc (r) clrc4 on mating

. ii frf.f*, aad iemales the Fz g"o"r"tioo produced the following types:

Male: Red eYed E) = fiVo
White eyed (r) = 50Vo

Females: Red eYed (Rr) - fiVo

(heterozYgous)

Whitc eYed (rr) = fiVo

homorygous)

In addition to the e:rpected progeny as derived above, Bridgas also obtaincd somc whitc cyed

females and red-eyed males in F1 gene-railtt. 1.ntt i'* pt-oU"Uty bccause of non-disjunctioa

of O" two X chromosomes of Pr flmale'

B) Sex.tinked Inheritance in Man

Colour-blindness and Haemophilia are important examples. of this typc of inLorit6ce' Lct tu

study the inheritance of colour blindness in mar\ in detail'

Colour blinilness

This genetic disease refers to the inability of patient to distingrish bctncc-n rcd and grecn

colours. The singlc pair of controlling &is character are present in thc X c;hromeoncs' Thc

y chromosome does not contair any gsne for this charactir. Thc rctina of man's Gy-Es contaitr

certain sensitive cells *hich are necessary for tho distinction of red and grecn coloru' Thc

gene controlling this dcfect is recessiye to the one controlling normal vision which is &ninant'

The heterozygous female apparently looks normal but actually carrics a gcnc for thc dcfcct

which can tr-r.it it to her offsprings. Such a female is knonm ae carricr'

The inhcritance of this genetic disease can be studied in the follouring typcs of narriagc:

1. Notnal fsmals-colour blind Male

2. Colourblindfemale-NormalMale

3. Carrier female-Colour blind male

4. Carrier female-Normal male.

1) Marriage between normal female and colour blinrl male As a regult of this marriagc thc

normal visioned male and female individuals will be produced'

2) Marrlrgc betrveen colour blind femate and norrnal male This rcsults in thc pmduction of

colour blitd sons and normal visioned carrier daughters.

3) Marriage betnaen colour blind male and carrier fenralq This results in thc productioo of

colour blind daughter colourblind sons, normal som or normal visioned carricr daughters.

From the above crosses we san derive the following facs:

1) Colourblindness is more common in males than in females. This is bccsusc oac gcoc in malcs

and two genes in females are necessary to produce this defect'

2, All the females are carriers. Males are never carricrs.

3) Women with normal colour vision but who had colour-blind fathcrs produe normal aad

colourblind sons in approximately the same ratio.

4) Colour blind Women always have colourblind fathers and always produco colourbliod soas.

5) Colour blind'lilomen produce colour.blind daughtcrs only whcn thcir hrfbends ere abo

, colour blind. 94
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Flg 11.3 ClosscE showing colourbtind scx.tintcd inhcritancc in man.

6) When both the husband aad wife are colour-blind all the children carry rhe defect.

Haemophllla is also arothcr geoetic disease found in man, These patients lack a clotting
fador in blood as a result x gmall injury to the body will lead to contintous bleeding which
could be fatal. Hence it is also known as bleeder,s dlsmse. This defect is also inherited in
the samc pattern as colour-blindness.

ll 3 2 Heterogametic female.Homogametic male tlae

In this tlpe of sex-linkage, the female is Z\il or ZOand produces two types of eggs namcly,
'Z'type and 'W' type (O), and'hence the female is heterogametic. The male being homogametic
(ZZ), produces similar tlpe of spenns each carrying 'Z-. This type of linkage is just the
reciprocal of the first type. firis is seen in case of butterflies, moths nnd chicten. The
inheritance of coloured (black and red) feathers in plymouth rock chicken can be taken as
a good example for this tlpe of inheritance.

In pllmorrth rock chicken the gene for barred feathers is iominant and the gene for blac*
or rcd unbared feathers is recessive. Both these genes are 'Z lnrlke/,.'W' chromosomes caly
no genes for this character. Let the gene for barred be 'B' and the non- bared bc,.b'. Whcn
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tte barred male,with the'genes BB is crossed with unbarred female containing single recessfue

gene .b, in its.z, "tro.oIo*" 
produce only barred males and Tb"i:d l"Tales 

in Fr' When

inbred these Fr individ;h proio.t the foilowing offsprings in F2 (Figtt'a)'

=   551%
=  m%
=  50%
=  m%

Here the male transmits its 'X or 'Z chromosomes to both sons and dauglters rvhile the

female transmit het 'X, or lZ chro.osome oofy to her sons' It is just the reverse'of the

cross soctr io, Dtosophila. This is tcrmed as dlandric scxJlnkage'

In a reciprocal croSs When the barred hens aid non-bared cocks are crosse{ the Fr will

havc half$arred melcs and non-barred females. These when inbred produce half$arred males

-iril-J* -a n"u non-barred males and females in F2 generation'

Males:  HOmoagous�]barred Ob)

Hctero7gOuS barred(Bb)

Females: Barred O)
Non�]btted O

OARRED 9

9    9
NON BARRED   BARRED

NOI.FBARRED 6

NON BARRED   OARR�ó

Fig.11.4. Scx-linkcd inhcritancc in Poultry (plumage Pattcrn)

114. DOMINANT SEX�]LINKED GENES

Thc sc,x-linked gcnes for white eye colour b Drcsophila and colour blindness in man described

earlicr, arE rcccssivc characters. Bcing recessivc, they expressed more frequently in male than

in female. Some dominant gcncs are ilso noticed in man, for eg. genes for defectivc tooth

eaamcl. This geno being dominant e,npressss itself even in hetero4gous condition. Naturally
96’
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women have twice as many chancqs. a men of receiving thir genc. That is, the women p6s6s
this defect almost twice as frequently as men. In case of rpce.sive gons, men possess the
defect ahnost twice as frequently as womea.

11.5. SEX�] LIMITED GENES

The type of autosomal genes which can sxpress in one sex and cannot cryrcs{r in other sex
because of differences in the internal hormonal environnent or because of anatomical
dissimilar.itiss are calle4 sqr-limilsd genes.

lte best example for sex-limited geucs is plumage pattern or feathering in domcstic fout of
Ieghorn breed. Males have long pointed curved, fringed feathers on tail and ncct<, but
feathers of female are shorter, roundd straighter and without frioge. Thuq malcs are
cock-feathered and females are hen feathered. By crosses it has beea shown that hen-feathcring
result from a single gene '[t' and cock feathering from it allelc "h'. The orpression of genc
'H' and 'h' depends upon the sex-hormones. The 'H' gene produccs hen feathering in the
presence of either sex hormone (male or fCmale sex hormoncs), and cock feathering in the
absence of any hormone. The'h' geac produces cock feattcring if fcmale hormone is absc,nt
and hen feathering if female hormone is present. The various gcne t)?es for these phenotypes
are tabulated below:

Genotypes Phenorypes

Males Females

HH Hen feathering Hen feathering

Hh Hen feathering Hen feathering

hh Cock feathering Hen feathering

11.6. SEX�E INFLUENCED GENES

The type of autosomal or sex-linked gene$ whose phenotypic expression will be either as a
dsminant if the individual is male, or as a recessive if the individual is female, are kuown as

sex-influence9 genes. The best example is inhcritance of bladness in man.

In man, in some families baldness is found to be inherited. In such inherited baldness, the
hairs of a young man in his twenties or early thirties slowly become thin on the crown of
the head leaving finally a fringe of hairs low on the peripheral part of the head. Such baldness

is known a pattern baldness. The gene 'S' for baldness is found to be dominant in males

and recessive in females. In heterozygous condition it e:rpresses itself only in the presence of
male androgenic hormone (in male sex). The inheritance of gene 'B' for baldness and 'b' for
non-baldness in man and women are tabulated below:

Genotypes Phenotypcs

Man Woman

BB Bald Bald

Bb Bald Non�] bald

bb Non�] bald Non�] bald
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.,''
ChcckYour Progrtss:

1. The genes which are confined to differential re&n of 'Y qTryry,3T, ""lLd
or Y linked genes' Thcse gencs are inherited along with Y

ffiically exPressed onlY inr.

L Give two important examptes for sex linked inheritance'

3. The patients of lack a clotting fagtor in-blood' as a result a small iniury

to th;bodywilli."d; *rtfio* bleedingwhich cqddbe fatal. 
.

11.7�B  SUMMARY

l. The inheritance of genes and on differential portion f scx or ')( chromqsomcs is knwu as

sex-linted inheritance.

z. Dependingon rhe modeof sex-determination thclinkage is dividedintotwo typcsnamcly (a)

Heterozygous Male type and Homozygous Female type and (b) H*erey'gors fenalc type

and HomozYgous Male tYPe'

3. Inheriranee of eyc colour in Drosophila and inheritance of colour-blindncss of Haemophilia

in man are taken as best examples for the first type of linkage'

4. Colour-blindness is a genetic disease in wtrich a paticnt fails to distinguish between red and

green colours. Haemophilia patients lack a factoi essential for dotting of blood as a result of

*t i"t 
" 

small injury 
"rur", 

a continuogs bleeding of blood lcading to the fatality of man'

5. In heterozygous male and homozygous female type of linkagc males are never caniers' All thc

fe.males are carriers. A carrier is one which carries rccessive pnes in the heteroz5gOUs

condition but unable to express the character'

6. Plumage pattern in poultry is taken as an example for heterozygour Female and homozygous

Male type of sex'linkage.

7. Scx-limited genes are those genes which can express in one scx and can not exPress in other

sex because of thc difference in the internal hormonal enrironment or becausc of anatomical

dissimilarities.

Eg: Inheritance of feathering in Leghorn fowl.

8. Sex-influenccd genes are those genes whose phenotypic expression will be either as a dminant

if the individual is male or as a recessivc if the individual is female.

Eg: Inheritance of pattern baldness in man.

11.8 CHECK YOUR PROGRESS:MODEL ANSWERS

1. Holandric, male

2. Haemophilia, colour blindness

3. Haemophilia
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11.9 MODERN EXAMINATION QUESTIONS

L Ansr{eq the fotlowlng ln about 30 lines:

1. \I/hat is a recessive sex-linkcd trait Explain it clearly taking an example you have
studied.

2. Whatissex'linked inhei'itance? Describe the digenicand diandrictypes ofsex-linkages.

II. Ansurer the following ln about 10 lines.

1. Dominant sexJinked genes.

2. Y-linked genes

t. ScxJimited and sex-influenced genes

4. Colour-blindness

5. Haemophilia
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UNF�ß12 CHROMOSOMAL ABERRATIONS
GENE MUTATIONS

Conteds

12.L Objectives
12.2 Introduction
123 Classificati,on of Mutations

123.L ChrsmosomalAberrations

72.6 SuinmarY '

12.7 Check Your Progress - Model Answt'rs

L2.8 ModelE:raminaitonQuestions

�Ù
�I

L23.2 VariationsinChromosomeNumber
1233 variations in number and arrangement of genes within a chromosome

Significance of Chromosomal Aberations

GeneMutations
L2.5.1 Nature of Gene mutations

t252 Significance of Gene Mutaitons

L2.53 InducedMutations

12,1 0BJECTWES

fti. *it,giy"s an account of certain structural variations in the chromosomes which produce

;h;$#[ c,hanges in an organism. By the end of this unit you will be able to:

o describe the structural variations in the chromosomes which will lead to phenotypic changes in

the organisms.

, o discuss about the sudden changes in the individual genes'

''t'. 
"r,pl"io 

about th9 artiticially induced mutations and mutagenic agents.

:12åi : INTRODUCTION

In a species rrariations may be caused by changes in the elvironment, by alterations in the

Uiru6ty constitution o, .oi" commonly by a co.bination of both. If a variation appears only

*na tf," envitonment is changed ana disappears when it is restored, it is not heritable. These

ari'pftootypic variations kn-own * .odifications. If, however, clranges occur which are

ioa"fi""a"o['of envirohmnt and heritable, they produce permanent changes in- thc genome of

"o 
iiaiuruoa. Hugo Devries was the nrsi trydriitist who used^the term 'mutation' to describe

the heritable pheiotlpic changes of the errening primrose, Oenotlrcra lamarckiona. The first

scientific study of mutation wls started in Dfdwhen Moragan started his work on fruitfly,

Drosophila mil*og*tu, and reported white eyed males- lmong the red eyed maleindividuals.

Laler'oq seleral c-ases of mutaiions have been reported in a vhriety of microorganisms,. plants

and aniqals, i.e., rodents, fowls and man. etc.

123 CLASSIFICATION OF MUTATIONS

Mutations arise spontaneously or they can also be induced with different mutageaic agents.

The rate of spontaneous mutations is Yery low. The mutatigns are of two types:
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1.   ChromosOmal mutations Or chromosOmal abcrrations.

2.    Gcne mutation Or point mutations.

12.3.l Chromosomal aberrations

ChrOmOsOmes arc thc structures with dcinite organisatiOn carr�� ng gencs in a delnite lincar
order.(3eneraHy the chromOsOmcs rcmain unchanged but under ccrtain natural or artirlcial

adversc circumstancc certain structural changes mali Occur in the chromosomes�B �urhis rcsults
in changc in thc positiOn  O[genc Or loss Of sOmc gencs. These structural alterati6ns arect

the phenotyp��  Of an individual in differcnt degrees, and cOnectivleL are called chromosomal

mutations.Tllc sl:ldy�˜ )f chrOmOsome morph01ogy has claborated our infOr�˚ atiOn abOut certaln
forms Of chrOmosOmOl aberrations likc trans10cations. The various types of chromOsOnlal

aberrations can be broadly grOupcd under two categorics:

1.  Variationsin chromosOme numbcr.

2.    Variati(lnsinthcarrangemen10fgenesOrthctotalnumberofgenesunthinachromOsOme.

12.3�B 2 VariatiOnsin ChromosOme Number

VariatiOn in it�� nOrmal diplcid(2X)chrOmOsOmJ number is termed as plol(�� P10idy is OF
thrcc wpcs,V17.liapiO:dy,polyp101dy and heterOplold17.

1.    Hap101dy

Whcn thc t(�A tai numbcr of chrOmOsOmes in an Organism is rOpresented by One number frOm

cach hl)ll101()g�k �l�–s pair Of the normal diploid(2X)specics,the condition is known as haplold

�Œ Jlonopldd(X).For examplc,thc cOrn plant has 20 pairs Of chrOmosomes but haplonds

�� th oniy �¯  chrOmosOmcs frcqucntly appcar.Haploidy is rare among animals.Among bees

and wasps males arc hap10id, while fcmales are diploid. Thc haploids are smaller than thc

normal diploids.

2.     POll�� ��10idy

Whcn thc chrOmosOmcs numbcr cxcccds thc diploid numbcr(2X)and iS a multiple of haploid

numb9r(x),thC condtiOn�Ô t�v rmcd as p01yp10idy.For cxample,tripld�� (3X),tetrap10idy
(4X),pentaPIoidJ(5X,,hcXaploidy(6X),octOploidy(8X)etco Several cultivated varietics Of
plants suc�E h as pears,�µ luc berrics,black berries,cherrics,cramberries,wheat,�µ

�u
apeS,apples

etc.,ar�¶ 1)(1lypl()ids.Polyploidy in animals is very rare.Howe17er,triploid Drasaprltt and
rab�\ :s,havc bccn prOduccd by treating eggs with chemicals iuSt befOre trtilization.

An instancc of Polyp10idy in man is als0 0n record.A highly abnormal boy wtt found to

haVc 69 chromOsOmes instead of thc nOrmal diploid numbcr(46).This Was Obviously a case

of triploidy.His chromosOme complimcnt was XXY.He was a male with abnormal cerebral

dcvclopincnt and s"dactly(fuSed digits)Of handS and feet.The individual sumved only foetal

lifc and dicd aL birth.

3.      Heteroploidy

lt inv01vcs changcs in the chrOmosOmc numbcr of a single haploid sct of chrOmosOmeso Such

changcs arc brOught about by thc phcnOmenon of non�] di�k junction discovered by Bridges in

Dras‘�Õ �˝���m�¿�E Non�] dittunctiOn is thc failurc of two homolo80us chromosomes to segrcgate

du�Ü ng ccH d�� jon.Whcnevcr t�� Occurs in sOmatic cclls,two typcs of daughter ceus are

prOduccd, Onc typc with 2X + l chrOmosomcs and thc daughtcr cclls are prOduced, 6nc

typc with 2X�] l chromosomcs,Non�c dittunctiOn during gamctogencsis rcsults in the formation

Of twO typcs of gamctes onc type with X+l and thc Other typc with X�] l chromosomes.
101
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Non-disjunction of scx chromosomes may give rise to the XXY sex chromosome complement

in man. Such individuals are called Klinefelter's syndromes'

Such a syndrome is outwardly man, but sterile ttuc to undcrdcveloped testes' and-shows

tendencyio*ards female breast. The 2X+l condition is also known to result in XXX femalc'

Such female have underdeveloped repoductive organs an<! secondary sexual characters but

may be fertile.

12.33 Variations in number and arrangement oi gcne: within a Chromosome

When aberrations remain confinerJ to a single chromosome of a homologous pair with variations

in number of genes and their arrangement within a chromosome, they are described as

irrl.rachromosomal aberrations. They are produced by the tbllowing metliods:

1. Deletion
2. Duplication.

3. lnversion.
4. Translocation

1. Deletions or DeliciencY

Refers to the missing of a chromosomal segment bearing one or more gene loci' Deletion is

thus mutation effecting the phenotypic changes pertaining to the missing gene or genes' A

dcletion may be terminal or lntercalary depending upon its occurence at the tips or between

the two ends of the chromosome (Fig 1.2.1). During pairing a bulging out as an unpaired

loop, by the portion of the normal chromosome homologous to the deficient segment takes

place. Such loops are called deficiency loops and observable during meiotic prophase'

B

2

OD
3

�R                  C

ng.2.lD�� gram show�n1lg diffcrent�Ł pcS OF dc!ctions.A.Interstitial deletion B.Terminal deletio�¡ .

C. Fonleation oF an acentric rod and delction ring D. Ccntronlerc.

To account for thc�a notchcd"condition of wing margin in somc fruitnics,Bridges and Mohr

(1945)suseSted a loss or delction of small scgment in the X�] Chromosomc.It has been shown

thatf h�— mu�X�� u�Ì  dd�¶ 10ns hfc l�v thal.Dcletions can be induccd by ultraviolct and X�] Rays:
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2. Duplication

The doubling or addition of a chromosomal segment is called duplication. This exra-chromosomal
segment may be a free fragment with a centromere or a chromosgmal segme4t of the normal
oomplement forps a loop to maximize the juxraposition of homologo;;;; ilLr*,to the deficiency loop, the dupliciton toop ii formed by the Juplicated segqent. pairing and
crossing over in inverted and displaced duplications leads to diffeient chrorn-osonal,aU"rrutio*
such as reciprocal translocations, inversions, rings, acentric and dicentri. "n.ii,ig..- .

1      2

�C�� �Ì �F .�I Æ�ª� �Ł�Ü�÷�µ ttLMttLr�L �Ó �à�u
�N�Q

This Phenomenon of duplication was dscovered by MOrrn and sm�� �dnt�¡ 192.The best
mmpL of duplication is Bar eyed mutant in DrosophHa.DuplicttOns cause dfferent

abnomalities in the pheno�¡ O bu�' lheir effects are less deleterious thn those Of deletion�˜ �B

3�B      Inverslons:

An inversiOn is an intrachromOsomal aberration in which a segment ls mverted 180 degrecs.

For example,if a chrOmosome has segments in the order Of l�] 2�] �¤4�N 5�E6 and breaks occur in

reglons 2�] 3 and 5�] 6 and the broken piece 3�] 4�] 5�R reinserted in,c�g rse order,then the inverted

chromosomeØDhave sepents m order of l�] 2�] 5�] 4�] 3�] 6�� shown h the rlgure 123.The
inversiOns are of two typeSD:pericentric and i�l paraCentJ�¿    i
l)   PeHcentrEc inversions:

When the inverted segment of chromOsOme contains centromere, then such invers10ns are

cared pericentric inversions(F�] ig 12.3Ap.If crossing over occurs wlthin the loop of a pericent�Ü c

inversiOn,the resulted chromatids indude har of the chromatids with duplicadons and

derlcicndes forming non�] hnction.The other har of the chromatids brm hndional gametes.

:D   PanCentrlc inversions

When thc inverted segment includes�¡ o centromers and the centromere remtts located ou6�g

the segment.(It.123�¡ )then Such�Ł

�u

of inVersbn�¤ caned Pa�] �b E�� �� inrrSion_CrttBg
lo3

�‘

�a

�b

�c

�d

B R
 A

 O
 U



over within the lILVeFted Segne�� of a paracentrid inversion Produces an acentric and dicentrnc

chromosomeo The acentric Chromosome,as�¡ lacks the centromere,fdS tO mOVe to Cither

pl�Ô ,and so L nOt included in the meiotic Products.The dicentric chromosomes��
ntain

two centromeres and fOm a �\ dge�¡ Om one pole to another during the ird melott

anaphaseo When anaphase chromOStt�_S Separtte towards pdeS,this bddge breaks resulting

h the�¡ apent�� th dupliCatiott or deidencies.

1234567 89

1 2 3 + 5 6 7 89

iii
t654327s9

Ft& 123 Diagnmmatic reprcscntation of typcs of inversions. A. Paragentric B. Pericentric i) Bcfoie

inversion. ii) Brcahagc and inversion iii) After inrrcrsion.

4. Translocation

Translocaiton also referretl to as reciprocal transtocation' is an interchange of segments

bctween non-homologous chromosomes. It is thus different from crossing-over' whihc involves

an interchangd between homologous chromosomes. The reciprocal translocaiton may be of

the following tlpes:

D Homo4gotic translocation: In homozygotic translocation normal meiosis occurs and cannot

be detected cytologically. Genetically they are marked by altered linkage group by the fact
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that a gene with new neighbours may produca a some what different effect in its new tocation(position effect)

ii) Heterozygotic translocation: Irr this type a considerable degree of meiotic irregularity occurs.
During meiosis, an individual which is hcterozygous for a reciprocal translocation must form
a cross shaped configuration in order to aifect pairing of homologous segments.

Translocations were first discurcred by Bridges 
.in .7923. They harre been throughly studied in

*t_T,:ifo, primnrose and maize. 'rlrrough "radiations 
it Ir i,r..iure to induce rranslocationsrn malze.

�P

�@

�Q

�R

�@

�S

12.4 SICNIFICANCE OF CHROMOsoMAL ABERRATIoNS

Haploidy, polyploidy and heteroploidy producc scverol phenotypic canges in the organisms.

Deletions aller phcnotvpic traits pertaining to the missing gene loci. Homozygous deletions
aro [cthal.

Duplications cause various grhenotypic abnormalities like barred eyes in Drosophita

Inversions and translocations only bring about chromosomal rearrangcmcnts and they 4o oot
produce signifi cant visible eifecrs.

Thc phenotlpic changcs produceci rlue to spontancous or induced chromosomal mutaitons
may resulL in the ftrrmation o[ uc'rv varieties of a specie. or new specir:s itself.

12.5 GENE II{UTATIONS

Disorders during $1e lsrplication of gcnc" Icail iu gene mutations. These mutations are also
called point mutations. The earliest record of point mutations dates back to 1971 when
Sewal lffright noticed a lamb with cxceptionally short legs in his flock of sheep. Visualising
the economic importance of this short-legged sheep, he produced a flock, eactr- having short
Iegs, by employing artificial breeding techniques. The short legged sheep were known as Ancon
Breed. Later on, the trait of short legs was found to result from a recessive mutation.

When heritable alterations occur in a very small segment of DNA molecule, then this type
of mutations are described as point mutations. The point mutations may occur due to following
types of nucleotide changes in the DNA.

I. Deletion

The point mutaiton which is caused due to loss or deletion of some portion in a tripht
condon of a cistorn or gene is calied deletion. This kind of mutations have been frequently
reported in some bacreriophages.

2. Insertions

These are gene mutations where one or more additional nucleotide bases are inserted into
the DNA molecule. The insertion mutations can be artilicially induced by certain mutagens.
Both deletion and insertion alter the code words and cause radical changes in the rest of
the message. This can result in the production of an inactive protein and can lead to the
death of the cell.

3. Substitution

A point mutation in which a nucleotide of a triplet isreplaced by another nucleotide is called
substitution mutation. It affects only a particular triplet codon. Such an alterqd triplet codon
may designate a different amino acid and rcsul,-s in the production of j protein wiih a single

5.
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�i acid subsdtution.This khd of substituti�Ô �Ü �� LL�P0�Y arC Of grett gentiC Signi�u Icance

as they alter the phe�¡ otylDe Of an organism.The subttitutiOns are of two ttpe�Ł

�l
�r �fl �˙ �Õ �£�E�Ł�í �c�˜ �� ;�Õ �� �q�` �Fl�F �ß
base Cegitthe)then such a kind ofsubstiltution is callcd transition.

�ß
�£ �P �Æ I�� �ß lllT�Ü �g

��� å"hd�g �—���c �n�—�æ�g�R
�å,

calicd transVersion.It is extremcly difrlcult t�B

recomtransvers�_
�g

gettiCal�Ł �EHOWever,theycanberecogntdonwbyanalysisofamino

�× substitutilons m proteins.

125�Bl Nature ofGene Mutatons

ThOu�x most genOs arc hi�v 1ly stable,gcncs m�Ł tate in di genetican�¡ cxami�¡ cd organlsms,

frOm ViFus t,�g an,but di�Ł �¶rcnt raics dcp,ndi18 0�¡ lCir rclativc chemical stability:Somc

genes muFate Oncc in a fcw thoª¯ alld c,1l dioiSiois whilc others oncc in millions of ce�U

di�¡ isions.Some gcnes arc knom to incrcttse the mutatio�¡ rate of gencs:Somc ge,es in cortaln

bacteria are known to increase thc mutatio�¡  �Ìcqucncv of other genes in the organism. Such

genes are caned mutator genes.A particular gene at di�Ł crent tiines,may mutate at different

rates�E  depending upon tllc tissues and thc stage of dcvelopmcnt of the organism.

A mutant genc may con�� 1�¡ o mutatins h dttrent�g recdOns Oausing diverse eFFects,T�m e

direction of mutation is,�í owtrcr,prctFClltittl i.c.,it 3ccurs mOrc frcquclltly in"mc dircdiOns

than h others.A gene mutaØS ng ln dttrcnL dircctions forms multiple a�a eles whi�¡ m�Ł

efFect differcnt charactcrs or thc samc�˚ aractcr in di�å �µ
=Gnt dCgrees.

A Inutant gene may even mutate back to its normal origlnal formo This is k�¡ own as reversc

mutation�B  �¡ o occuFenCe Of back mutation indicates that mutation involves only a chemical

changc in a gcnc and not a loss.of a gene.

12.5.2 Signirlcance ofGene n�Ú utations

l.    The gcr.c nttltation is usually ncgligible or has�¡ o visual effects.

2�B    Some mutations like iisertiOns alld deletions h()wcver,produce malor effects,which arc

generally harmful,and occasiollally lethal,causillg dcath J thc organism.

3.    L homo7gous condition icthal gcnes ha17c d,lctcrious cflccts on thc organism and cattc

death�B

In heterozygous condition they are mostly recessive end hence remain inexpressed

The vast majority of gene mutations are delcteriorrs to the organism and are kept at low
frequency in the population by natural selection.

12.53 Induced Mutations

Factors which induce mutations artificially are called mutation agents or rnutagcns. The
following are the most well known mutagens in order of signifrcance.

f. High EnergrRadiation

Most of the naturat mutations are caused by, cosmic rays from outer space anrl radiations
from radioactive elements. Mutaitons can be induced in organisms by exposing them to ionzing
radiations like X-rays, gama rays, ultraviolet light and beta particles. Such mutaitorrs are known
as induced metations. Now a days useful mutations are being induced and perpetuated in
plants and animals.
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H. J. Muller was the first to demonstrate that radiations cause mutations. For this he won
the 1946 Nobel Prize for medicine and physiologr.

Nuclear bomb explosions result in the disposal of radioactive vapours through the atmosphere
which effect the life-processes. The effects of radiation are cumulative over long periods of
time. For example 0.1R per day for 10 years is eno+gh to increase the mutation rate to about
150 percent of the spontaneous level.

As the radiation dose increases the number of breals increases and "aberrant' fusions become
more and more likely. In man double or multiple chromosomal breaks are induced by acute
elposures (eg.heavy medical irradiations,nuclear accidents in nuclear warfare),whereas single
breaks are produced at low doses. Chromosomal aberrations have been observed in blood
cultures of humans who have had radiation treatments or injections of radioactive substances.The
genetic effect of radiation has been studied in space flighti also. Atomic bombing of Hiroshima
and Nagasaki (Japan)during Ilworld war,has produced several mutations among the Japanese
people. Such induced mutations will only amplify the human agony. A new branch, Radiogenetics
has developed recently to deal with radiation effects on heredity as we are in the threatened
nuclear age at present.

2. Chemical mutagens

Robson and Auerbach (19a| pioneered investigations on the mutagenic effects of some
chemicals. Important mutagenic chemicals are mustard gas, nitrogen mustards, sulphur mustards,
phenol, ethyl urethane, formaldehyde, nitrous acid, peroxide, permanganate, caffeine, ben4pyrine
etc. Certain chemical mutagens affect pNe directly and DNA replication will become defective.
Certain chemical compounds called base analogues like amino purine,5-bromouracil etc.Which
closely resemble DNA bases are incorporated by DNA in the place of normal DNA bases

which interfere with the integrity of DNA and its replication. i
3. Temperature

It has been proved that temperature increase can enhance the rate mutation. Muller and

Attenbery observed that Drosophita raised at 29o C underwent mutational changes 3.2times

more than those raised at 16oC. High temperatures are known to increase mutations in'man
and other animals also.

Thus by induction of mutations quantitatively and qualitatively improved plant and animal

progeny can be produced. An awareness can be created better amongst people about induced

genetic disorders due to nuclear wars and other mutage^ric agents.

CheckYour progness:

L Define the following terms

1. Haploidy

2. Deletion

3. . Translocation

12.7 SUMMARY

Mutations are sudden changes in genoqpe involving qualitative or quantitative alterations in

the genetic material itself.

There are nno kinds of mutations -chromosomal and gene mutations.
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t. chromosomal mutations or aberrations matlreiult in alterations in the amormt or position of

genetic material.

4. Gene or point utUtations, result in permanent heritable changes within a gene'

5. The frequency of occurrence of these mutations in man and other organisms and their

nechanism is elucidated.

6. The induccd mutations through ionizing radiations, chemicals and temperature and

significance of mutations are also discussed'

12�B8 CHECK YOUR PROGRESS�]MODEL ANSWERS.

Haplotd : when the total number of chromosomes in an organism is represented by one

numbr from each homologous air of the normal diploid (2x) species, the condition is known

as Haploid

Deletion: Deletion refers to the missing of a chromosomal segment bearing one or more gene

loci.

Translocatlon: Translocation is an interchange of segments between fion'homologous

chromospmes.

l2.E MODEL EXAMINATION 0UESTIoNS

L What are mutation? Give an account of gcne mutations.

2, Explain different types of structural chrnges that cause ohromosomal aberrations,

mention their signilicance.

3. What is meant by induced mutation? Etrylain differcnt mutagens and their effect.

II. fuiswer the followlng ln about 10 llnes:

1. What is polyploidy? How does it help in mutation?

2, How does mutation help in species formation?

3. Distinguish between deletion and duplication with reference to chromosomal
mutation.

4. Why are chromosomal aberrations are considered to have less significance than gene
mutations?

5. What is the difference between pericentric and paracentric inversrons.
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UNIT�] 13 CHEMICAL BASIS OF HEREDITY‘
NUCLEIC ACIDS

Contents

1"3.1 Objectives
L3.2 Introduction
13.-j Chemical Structure of DNA
L3.4 Replication of DNA
13.5 RNA

13.5.f , Strucl.ure of RNA
13.5.2 Types of RNA

L3.6 Genetic Codc
13.7 Protein Synthcsis

13.8 Summarv

13.9 Check Your Progrcss - Model Answers

13.L0 Model Exrrnination Qucstions

13�B 1 0BJECTIVES

This unit deals witl. thc chcnrical basis o[ heredity in terms of DNA and

four bases of DNA as a genetic codc and role o[ messengcr RNA. By the

you will be able to:

o describe watson and crick's model of DNA, and its rcplication;

o structure and different types of RNA

a Mechanism o[ protein synthesis.

the scquence of
end o[ this unit

13.2 1NTRODUCTION

Deoryribonucleic acid (DNA) and ribonucleic acid (RNA), the principal gcncLic nratcrials

of living organism, are chemically called nucleic acids. These arc large tnole:culcs containing

crrUon, orygen, hydrogen, nitrogen and phosphorus' The nucleic acids rvcrc lirst isolatcd by

Miescher io fg68 from the nuclei of pus cclls and gained their name lrorn tact that they

were acidic and were identified in nuclei'

13.3 CHEMICAL STRUCTURE OF DNA

Deoxyribonucleic Acid (DNA)

Cytochemical studies on micro-organisms have cstablished beyond doubt that DNA is the

primary genetic material ,"rpo*ibl" flr hereclity. DNA occurs universally in all animal and

ptarrt cetts with the excepdo; of a few viruses in which RNA is known to be the genetic

material. Almost the entire DNA complement of a cell lies. in its nucleus fonning a major

component of the chtomosomes,
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E)NA as a Genetic material                                  �E :�L  �E

TOtd DNA content is the salne in an thc dipldd(2�´ ceuS Of Organisms of the same species

which functions as the primary genetic material‘Mitosis facilitates an equal distributio�¡
of

DNA to daughter ceus.Thc haploid gametes(X)COntJn har the amount of DNA and in

polypbid cens it ingeases proportionatc�µ ,DNA is capable of selforeplication with utmost

�' �� �í �� F�ß�� �r ml:�fl �R1lf�R �� �¿�¿C�� fC�� 1�� hg

Stralcture ofDNA

DNA moLttL�R�˚ c hrtt of known naturJ"�¢ erS�¡ has a mOLcular ttighl��

"��
�‚

per molecul�B .

Thc molecular.structure of DNA has two aspectst                l l

l.    lts chenlical subunits.

2. The wtt in which these chemical subunits are arranged to form a long�˚ ain molecule, (

The sccond aspect is very important as thc attpted DNA modci should be suchithat it

eplains biochemically the various act�s itics of a gene,ioc.,the capadty for FeplimtiOn,the

capacity to store yttt hereditary information in coded form.It should alsO be metabdlically

stable.

Io    Chelmical sub�] units

Chcmical analysis has shown that E�t NA is compOsed of three types of chemical substances:

a. NitrOgen base�Ł Thesc arc offourtypcs,viz�B ,adedne,gua�v ne,c�� Osinc andtttminc Adenine

and guanine are the pu�g ne base�Ó �BWhJe cytodne and t�f �˚ ne are the ttmidine bases�B
.Thc

pu�Ones have adOu�\ e ringofcarbOn(C)an�v tr�c  (N)atomS.Thepyrimidineshave asingle
ring offOur c and two N atom3,and thus smaller molecules than the purines(Fig�B 13.2)�B

b.  Deowibose:Itis a pentosc of 5�] carbon sugar.  |

c. PhosphoFEc acids lt Occurs as a phosphatc group h cOmbinad,P with de��

"bOse sugar�B2.    Nucleotides

The threc types of chemimi subslanceS al.c jOined tOgether intO a larger sub�]
unit called

nuclcOtides.Each ibclcotidcs is made up of a phOsphate grOup joined to a nucleosideo A

nudeoside is madc up of a deoF�\ ribOSe sugar and any one Of bases. Further,since the bases

are of fOur typcs, fOur types of nude6tides arc fOnned.

3�B    POlynucleotides strand

Scvcral nudcOtides are iOined end tO cnd to fOrm a 10ng pOlynudeotide strandi The strand

�ì i�Ł �� ªµ�w�ÌttCI�x :�R :llyI�Ł ind ph��

Sphac o mdecd�å ,�� ��a bttc o
)f the fOur types of nucleOtides is nOt regular

and varies frOm Onc scction of the DNA moleCule to the other. Thc number Of nucleotides

in"rpOratel in a sittic DNA molcculc L alsO variable�E
The number is usuauy largc uptO

2oo:ulo or cven mOre in sOmc cases.

� �̌XŒa�¾�I �a��fØDŒ⁄�ı l�� �Ó�h
its  thread�] like appearancc.
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X-Ray Crystallographic evidence for DNA

The first person to give any thought to the three dimensional structure of DNA was Astbury
(1940) who carried out X-Ray crystallographic studies on DNA molecule. Later Wlkins and
Franklin obtained a superior X-Ray diffraction photograph of DNA with the following
observations:

1. DNA from different species give identical X-Ray patterns.

2. DNA molecules are long and thin with a length greater than 30,000 and Z)Ao thickness.

3. DNA has a repeating structure for every 34Ao.

Watson and Crick's model of DNA

In 1953. J.D.Watson and F.H.Crlck proposed a model of the structure of DNA molecule
based on the X-Ray diffraction data of Wilkins and Franklin which has since been confirmed
by several workers. They have constructed a double hellx model for the molecular structure
of DNA molscule based on th€ following facts:

1. Electron micrographs show that a DNA molecule is about 20Ao wide. Since a single
polynucleotide strand is only about 10Ao wide, it follows that DNA is'made up of two
polynucleotide strands lying side by side in chemical union.

:�E

Fig. 13,1 warson-crick nrodcl c.f DNA. S. Pcntose sugar. P. Phosphatc group. A. Adenine

Guaninc. T. Thyminc. C. (-!tosinr:
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21�� �ö �]m�sà� �ô �o�J�qH�ì �ß 3�Q1�Q:�µ �Ł�´
.,are hydrophobieLc"they are repened by Water9 while sugar and PhOsphttc arc hydFOphilic

ioc�B ,readily fortt bondS With water mOlecules.

3.  These clues indicate that the two polynucleotide strands are so oriented that they impart a

htt�u like appearance.The sugar�E phOsphe chain form the�¡ ame lying ou�g ide�� the

hdderttL thebasses ofthe two strands,unltedbyhydrogen bond�A form the ritts(,tepS)Of

i the�t �BThiS plan maybe broadly dapided�g fonows:

To be mole predse,adenlne(A)alwayS pah�Ì �� th thwine(T)and th�v re are tWO hyd,ogen

bonds between the�R (A=T),and guanine(G)alwayS pairs wit�m cytoSine(C)and ther,4re threc

hydrogen bonds ibetWeen the�b (G=IC).The cvidence for this pattern of p�V ing COmes�¡o,

chavrs ttEcs.

These are l    i            ,

1. Inacenthe amount ofadenineis equdtothe amount ofthPine and that ofguame L equ4

tO cytosine.

2..,�n DNA molecule contains equal amounts ofpurines and pyrimidines ioc�B ,A tt G�§ T+C.

�¡  �E�¡ t relatitt percentage of these bases in somoorganisms and the ratio A+T/G+C differ

tom cens Of one specles to another species.                    :
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134 REPLICATION OF DNA

Replication or duplication of the genetic material (DNA) is an essential feature of cell division.
Doubli4g of DNA takes place during interphase i.e., S-period (synthetic phase) of the cell-
cycle (Goodenouglr and Levene, 1979). The doubte helix model of ONa molecule of Watson
and Crlck beautifully embodibd a built in template system for self-replication. Thus, each
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chain of the double helix can serve as template tbr the synthesis of the other. The constituents
of DNA viz, phosphates' sugar molecules and bases are synthesized within the nucleus. These
substances pair up to form the nucleotides ready to be incorporated into new DNA molecules
during replication.

Watson and Crick (1953) proposed a mechanism of replication on the basis of their model
which involves the disruption of hydrogen bonds followed by a rotation and separation of the
two polynucleotide strands. The separation occurs in a manner resembling the unzipping of
zip. The hydrogen bonds that held together the bases of the opposite strands being weak,
easily permit the separation.

Each strand as it separates attracts a complementa4r or daughter strand. Thus unzipping
of the parent strands from one end to the other is almost simultaneously by their replication
or duplication. The pairing of the bases being specific (A:T,G:C), the sequence of base
on the complementary strand can be predetermined by the sequence of base on the parent
strand. Thus, each base of the parent strand attracts its complementary i.e., adenine attracts
thymine, cytosine attracts Guanine and vice versa Fig. (13.3.)

Each daughter molecule conserves one polynucleotide strand from the parent molecule and

one newly assembled strand. This method of DNA replication is often described as

semi-conservative. Watson and Crick model of DNA replication later on verified by several

workers like Messelson and Stahl (1962), Taylor (L964), Hubrcman (L976) and it was found

to be correct.

Fig. 13.3. Diagranrmmatic representation of repliiation of DNA 1. DNA molecule 2. DNA polymcrasc

3.Buildingunitso[rrucleosidetr.iphosphate4.Template(oldstrand)5.Phosphatc6.NcwDNA
srand. A-. Adenine G. Guanile T. Thyrnine C' Cytosine
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What causes the parent strands to unzip is nqt ytt clearly known. However, it is known that

the amount of energy qeeded to break Jown hydrirgen bonds is equal to the amount of energ/

needed for the ."purulion of the polynucleotide itrands of the DNA molecule' 
l

k^ 1956 Arthur Korenberg successfulty achieved the actual synthesis of a pcrfect copy of

bacteriophage DNA polymerase. In May, 1970, Har Govind Khorana reported the artilicial

synthesis of gene (double stranded DNA)'

13�B5 RIBONUCLEIC ACID(RN�˛

�Æ�^ �ı�R�{ �Ò
al�‰

.�í �ÑWT�Ø1�Ò �Vr�° �[�E
Inza�� rus,foot and mouth�� rus,Was,sarcoma

virus, poliomyclites�� rus etc., and bacteriophages liLc MS2 aS thCir gcnctic matcrial.

135.l Structure ofRNA

RNA moleculc has the samc structural plan aS D�M A.RNA is polymeric nucicic acid of four

monomcric riboncleotidcs.  Each ribOnuclcotidc oontains threc typcs of chCnlical substances

��40a"�' �ìew�B�Ì�¡b�å �¤D a ph�g �R�I�Ł�] �u�ß�´ �ŁVà� :�Ñ �O
Thc nitrogOn 3ascs of RNA arc two purines,adl

and uracil.ThCSC nuclcoddcS arc inturn lin�m cd tO fOrm a polynucicotide strand.The fOur

ribonudeotidcs also occur frccly in nuclcoplasm in thelform of triphosphates of ribonuclcosides

such as adcnosinc triphosphatc(ATP),guanOsinc triphosphate(GTP),Cytidine triphosphate

(CTP),and uridinc triphosphatc(UTP)�E

Molccular structurc of iNA �Vrougi�¶ �]RAy diffraction studies shoWed that it is a singlc or

double stranded cnti"lbut hOt hclical likc DNA molecule.Singlc strandcd RNA occuFS aS:

gonetic material in plant viruscs(TMV,TYM)’animal�� ruses(innucnza�� ruscs,Poliomyelitis,

�� ruses,foot and mouth�� ruscs)and baCtCnophagcs(MS2)�B ThC dOuble Stranded but not

hclical RNA occurs as thc gcnctic matcrial in some piant viruscs(reO�]
viruscs).

13.5�B 2 Types oF RNA:

1.   Genetic RNA

In mpst plant viruscs and many bacteriophagcs DNA does not occur.In thcm RNA performs

the gcnetic functiOns Of DNA. This typc of RNA knowh as CenctiC RNA o�w Viral RNA is

single stranded as in TMV(TobaCCO mosaic virus).

2.    Non�E Genetic RNA:

RNA is non,gcnetic and conccrncd niainly with protein synthcsis.  It is the casc ih mO�˜ t

organisms wherc DNA acts as a gcnetic matcrial.The non�\ gcnctic RNA is of thrcc types:

i)  MeSSengr RNA(m�ERNA):It cOnstitutcs Only 5%ofthe total RNA contCnt of a ce�a �B1l L

synthesizcd ii tht nucicus along onc strand of DNA.Thc synthcsis(transcription)is alded

byan cn�¯ mecallCd RNA polymerase.In thc prcscnce ofthis enI�Ł me a portion ofDNA double

hclix opens up and attracts a complcmcntary strand with a predetermined base�g ,cquCnce as

in rephcation.Howevcr this strand possesses uracil instead olthyminc(Fig.13.4)�B As RNA

p�B1�¤ �Berase movcs along the DNA molccule,the complementarystrand grows and eventually

separates as,�] RNA.Thc m�]RNA mducuLs thcn leave the nudeus through the ncclear

pOrts�Ó d reach the cytoplasm,whcre they got associated�� th ribosomes.The sequence of

bascs on m�] RNA is dctcrmined by the DNA molecule on which itis synthesized,the latter is

thercfore refericd to as a template.
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13.6 GENETIC CODE

we lnow that DNA.is the primary genetic matoriat which carries information from generatioir
lo,Uencration. If so, in what manner does the genetic information exist in the DNA molecule?

' Is occurs in the language of codes what is th.e-nature of ttre genetic code? The.basic problemof such a genctic code is to indicate how information in a-four Ietter language (4bases ofDNA) can be translated intb twenty two letter language (amino acids of proteins). The groupof nucleotides that specifies one amino acid is u .oa. word or code. The simplest possiblecodc is a slngle code in which the. nucleotide c"d;; f"; ;"; imino acid. A dobtet codc is
also inadequate as it could specifi, only sixteen (4X4) amino acids, whereas triplet codecottld spccify si:cy four amino acids. Therefore, it is ril.Jry n"iir,"." ;"; ;; A Jpi", 

"oa".for 2, amino acids.

Thc sequence in which the four bases of DNA and therefore of mRNA are arranged determine
the type of protein to be synthesized. Thus, the sequence of the bases function-like a genetic
cndrt carrying genetic information which determines the spccific traits. [n recent years, severalattacls wcrc madc on genetic code witfi a view to declphbr it, i.e., to find.out which sequenceof basis syathcsizcs vht"h protein. By 1961, crlck and others had discovered that the codef91y amino acid. Accordiag to inis triplct system, the four bases can (mathematicallycodcd) have 64 codes (Table rS.r).
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The work of Khorana and others has established the follorving important facts about the

genetic code:
�Œ

�P

Tbe code iS a$pnel1|te Le., more than onc cqlon may Code for a particular amino acid' EiqhT

thefirst two or tr,. r".t iiro bases of all the codons coaing for thc samc'amino acid are usualy

thc same,

sometimes amino acicls that are structurally and metobolicaly similar havc similar,codons' r

Nolrscnse codons::Sogre cod.ons such as UAA, UAG, UGG do no code for any amino acid'

Srrch,tonserse codgnstrfall aI rhe end of a gene culing for u protrin. Thcy play a role' in

terminating a genetic mcssage and arc callcrrl Erminttor codons'

Starting codons: In bactcria the first codon in all cistrons is AU(i' Such a codon is called a

starting codon.

Commaless:'The gene*ic code hes been'found +o be univcrsal bccausc codqn is rgscrved for

punctuations

�P

�@

�@

�R

116

� �̄£11tåN �° 1Ø[I�S
�¡�–36�� �ƒ���Éf:�ß t:åN

Æ…�T�] i�P �Ú �I�⁄ �ø�§1�fi 1�R
�Ü�…t�g �g

for a s"�˚ C

�µ ����S�d
111�R[�\ �� �R

�Ù I�¿ Œi�� �ü æE �J�å �� �N�b l

�Q�Elª� �å�M�Q�Ô �| �� �Æ�` �–�Ł�Ù
w�ß lew sign�� �]�,̃ar au lh,threc tt Nttd pi,S br thdr WOrk�B      �uB R

 A
 O

 U



6. Universalitt Thgonc�N Codo�¡Sb"n found tQ�� �� lver�ƒ 1:"Cautt tiottm�– cOde applLs.
in an kinds of H�� lg systems.                                 _

_  1�] �E  �E  ,

13.7 PROTEIN SYNTHESIS

The mechanism of protein synthcsis is complex but is very accurate. The process of synthesis
of protein involves one of thc central rlrryma of molecular biolg5r, which postulates that genetrc
information flows tiom nuclcicacids to protcins (Crick, ross;. nre first step of this 

"cent.al

dogma is known as transcription and does not involve-a change of code .since DNA and
mRNA are complementarv. the second step invohcs a change of codc from nucleotide sequence
to amino acid sequence and is called translation. It can be illustrated as follows:

Transcription Transfation
DuplicatiOn of DNA_RNA             Protcins

CompOnent5 ofProteinªk�_the�˜ is Machinery

l.  Amino�� aCilS:A�a naturally Occu�� ng prt)tcin�A Of living organisms hndamcntally arc the

polymcrcs 01 about 22 2inlino acids.Thcsc anlino acids()ccur in thc nlatrix k)rnting�g
AInino

acid pool",and arc rcad�a y avctlilittl�l Ic ftDr prOtcin synthcsis.

2.  DNA�E Tllc chr()n10sonlal�» ind mitOchOndrial DNA is thc mastcr molccuic which dctcrmincs

thc kind 01 prOtcin�A vhich ccH has 10 manulicturc.In Othcr�A vOrds ihc prOccss or prOtcin
�Ayntllcsis is initiatcd guidcd,rcglll�k ttcclitnd cOhtrOncd by DNA rnooicculc.

3.  RNA:AH thrcc kinds Of RNA,1.c.,rRNA,mRNA aandtRNA takc an��
cti�A c Part in prOtOl,

synthcsis,nlRNA cttrrics codcd inbrmatiOns,10m DNA lo thc sitc Of synthcsis,.tRNAs

tr(inspOrtttcthatcd anlinO acids liOm thc poo!10 ribOsOmct and rRNA hasilgohcralfuncti�à
n

to pcrform.

4.    Ribsomes: RibosOmcs nl�¶ diatc cOdOn�\ anticodOn recognitbn events happ�µ ning bc�¡ �Wccn thc
tRI�U A molcculc and I)�¶ rnlil thc�b �Armation()f peptide bOnds.structura�a y th�¶ ribOsomc arc
small,lcnsC,COmpact,granular cyt�k )plasmic Partides ofrRNA and ribOpr()tcins.

Mechanism oF Protein Synthesis

The mcchanism Of prOtcin s�\ nthcsL may bc cxplained on thc�p �aolving stcps:

1.     Transcript10n

DNA transcribcs a mOlcculc 01 mcsscngcr RNA to start with.In thc prcscncc Of RNA

p01ymcrasc,mRNA is formcd atcOrding lo thc triplct cOdc�Ì  Of DNA by transcription process.
As soon as thc mRNA is it)rmCd it icavcs thc nucleus and rcaches thc cytoplasm by carrying

thc triplct cOndOns fOr thc synthcsis()f thc prOtcins.

2.     �W�ßigratio�¡ Of mRNA

nlRI�S A supplicd�A vith thc ntccssary instructiOn Or code in the form Of a specirlc base scqucnce

for thc kind Of protcin tO bc svnthcsizcd icavcs thc nudeus through thc nuclear porcs and

migratcs into thc cytoplasm(Fig�B 13.5)�B whcrc it scttles on a riosomc.It is i,l fact that rRNA

that binds mRNA to thcribOsOmc.

3.     Transnier OrAmino acids

Anlino acids arc transfcrrcd frOm the intracc�a ular aminO acid pool 10 thc ribosOmcs by thc
AtRNA.This takcs placc in twO stcps:
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r) Activation of aminoac' Each of 20-22 amino acids oocur,ln thq ey&oplEsrl binactiw
state. Eacn amino acid bctore its attachement with its spacific tRNA'is activated by a spcgific

,', crdlmo knoum as aminoacyl synthetase and ATP. This results in the,fsrmation of amlnno rcid
, adenylic acld compound (AA.AMP) and release to pyrophosphate (PP) as sl'CIwn beftm

AA + ATP ) (A.l-AMP) + PP .,,.

b) Attachement of activated amino acid to tRNA: the AA-AMP compount react with tRNi to' 
pass on the amino acid to the letter as shown below:

(AA--AMP) + IRNA-) (A,r{-tRNA) + AMP. , ..

The IRNA then transports the amino acid to a ribosome. It is important to note that a
specific amino acid is hctivated by a specific activating enzyrne and can be transported by a
spgcific type of tRNA . 

.l

4. Formation of Polpeptide

Ai the IRNA mol;rcule carrying a specific amino acid approach a ribosorni,,ths tnXe
moiecule arranges them in a specific'sequence. This sequence is detcrmined by the'code on

the mRNA. This code is of triplet nature and each triplet condon on mRNA attracts its

complementary triplet.code (or anticodon) on tRNA.'For example thc condon UUC witt

attract anticodon AAG, the codon GGU will attract anti codon CCA, and srr:s1' Thi's results

in the arrangement of different IRNA, and hence aminio acids in a .spccific scquencc. thc

amino acids then link'p by peptide bonds to form a polypeptide.

5. Elongation of Polypeptide

The elongation process of polypeptide involves the synthesis of a peptidc bond by a reaction

of an enzyme peptidal transferase between the free amino group of tlre incoming: amino acid

and earbor"vl group of fnst amino acid, which is esterifies by IRNA.

Linkage between the codon and anticodon is a temporary nature. After IRNA has added its
amino acid to the growing polypeptide chain, this linking is lost and the IRNA molecule

leaves the ribosomes. lt gets recharged with a new amino acid molecule for further reaction.

Fig 135 Diagrammatic rcIrrcscntation of diffcrent statgcs in protcin synthesis. LmRNA 2. Codon 3.
enticodon 4. IRNA approaching mRNA 5. amino acid 6. Potlpcptidc chain undcr oonstnrtion 7.

IRNA lceving mRN.{.

{
\r--t. f
UGC AU "
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�¸ �n �Eumin49F�A��

�g

�º presentiin thc mRNA interact,with one oft�¡ �_ i�b �â �í protel�¡ factors

can�B4:�g ��

�g
�n famrs,whichi effectivley block:further chain ielongadon l�� �¡ �Rethkage is

broken by hydrol�g the tRNA is ie�¡ �¡ec,anl t�m uS releasing polypeptides�¡ om the ribOsOmes.

The reLased polypeptide,.�� �B
�g

�¤rm htol,,C119�A Prlt�� 11,_

�N�l �� �Õ �µ :�˝ �x �B�ì [�L I:1�L :�� �¤t�Q ��T�� :�R �V��
DNA molecule�B

CheckYour ProrSS

:  �R     _[              :                �]

1�B �u.�A The ni=ogen base Thy�x �v�˜ 9fPN4 iS rOpla"d by_in RNA    :�]
t�E _.12 �]lThettstand second steps ofCentrJ dotta as follows.    Ittplic31:on ofDNA

RNA Proteins

ittB�]
~suMMARY

,1, , Chromosomes are compo.sed of two types of nucleic acids-DNA. and. RNA.. . . ,. : I

z DNA is the horditary material cxercising the main genetic control. . : i

3.'RNAplaysacomplenrentaryroleinthisprocessleadingtoproteinsynthesis.'

4. The genetic information flows from nucleinc acids to proteins thqough genetic code which
de.ermines the kind of protein synthesized.

�æ3’:iCHECK YOUR�œŒ⁄OGRESS�EMoDEL ANSWERS

11 t Uracil  _

2:‘: :Tra�R �j �aption TranSlation

13.10 MODEL EXAMINAT10N QUESTIONS

1.Anttrthe bllowlig�q �� J130�a
ne�ß

1. Give a�‡
�x ailed�p �Ó nt�à fthe smctuFe OfDNA.   :�u  i

2. DistingØ[ �� betWan:aDN^and RNA.       �E

3, ExpJh tte�V �Van�¤m oFprpta,syntteds,   I

II.  Answer the fo1lowlngli nout l):�¢ es8

1�B  "DNA is the active genetic matOrial responsible for heredit�v �¸ sCuss.

2.  Give an accOunlofdtterent � p̄eS OfRNA in a�å �a.           ,

3.   Explain Watson and Crick mOdel of DNA.

4._Describeithe mechaniSm ofDNA Fephcaiton and mOntion tts signiica�Û

�g

�B

5�B  What L geietic code?MentiOn the work ofHar Gobind Khorana o�¡ rnetiC�� de.
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UNIT-!4 FrNE srnuctuRn oF GENE; GENE

ACTION Ah[D OPERON CONCEPT

Contents

14.1 Objectives

14.2 Introduction
14.3 Natqre of Genes

t4A ClassicalConcePt of Gene

14.5 ClasicaldefinitionofGene l

14.6 Modern definition of Gene

L43 Finestructure of the Gcne

14.8 GeneAction
14.9 OPeron HYPothesis

14.10 SummarY

14.11 Check Your Priryress - Model Answers

14.12 Model Examination Questions

14.1 0BJEC�÷nttS

In this unit, we deal with the fine structure of Gene, classical and modern definition of gene'

By the end of this unit you will be able to:

o define Cistron, Muton and Recon'

o describe one gene one enr:yme,one gene one polypetide-chain, one gene one trait hypotheses

14.2 1NTRODUCT10N

During the second decade of the present oentury, many fundamental concepts of genetics

wereestablishedbyMorganandhisstudents,especiallystructevant'BridgesandMuller'
Their finding agreed Jit lrr" gene hypothesis of'sution staiing that chromosontes are composed

of unit of genes which are Jarriers of trereditary characters' The term gene was coined by

IVJohannesen in 1909 to replace Mendel's factor or determiner'

A gene is the fundamental biological unit of inheritance' the hereditary units which are

transmitted from one generation to the next generation are called genes

A .gene is the fundamental biological unit of inheritance' the hereditary units which arc

transmitted from one generation to ttre next generation are called genes

14�B3 NATURE OF GENES

�| �� �£ �@ 1�fi
ær�u �Ø�æ�Ł�Q �ì���o �r

�å absen�å theoryo A�å �ådtt �_���t�¡nal�§ �[ tr�÷ �í 1�B�Õ Ft�Ł �O
has a deteminer while the recesS�s e character has no suCh determiner.Morgan later prOposed 120
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ll�Ł 1�⁄ �˜ sªJ å¢ �Q�æ l�˘ ��
�–

�g
C�� rptta�à �i �‡

�g

ha�„ �i �P �Ò n
d to bc.�ł rer�¡ l hm Jl:othc�g .  :

At prcsent ttiS IhttyæÛ
�¿

ely,CCO�“ C‘ald.(u�˜ �Ì

"d�fl �˜ dogiCJ�A 9bscrvadon3

14.4 CLASSICAL CONCEPTOF GENE

A lot of information about the nature of gene was estahlished during' 1930s an4 a classicconcept was devcloped which can be summcd up as frrllows: Inheritance inVolves thetransmission of genes from parenrs to offspring. There are. atxrur 40,{J0{} g;;;. 
-io 

l, ,r.,,runcell which conrains 23 pairs of chrrrmosonrcs. A singie gene nray ,*r, r,i]""., ir,,r.rrr,forms dorninftnl and recessive. Somc qr,ncs hauc n rr.c i]u,n trvo alleles known as irr,:lliJlL.alleles' Freque^tiy a gcne may show sutitlen t:hangc frr-inr (,nu forn, t., anort ", irrr,r,,gr,mutations' Thr':refirre beftirc' defining ai gcnc. it is berrc' r:r r:'rrsitlcr both rhe classical anclmodern dr:iiiriticr;i of a gcnc. .

14.5 CLASSIc�× �� DE�uINITloN OF GENE

�F .�œ
�R çp C�Ö �H �b ’��

C dCrlnith J�m
�c

m"CttmJ mc hs�å �œ æÒ w

(1) A gcllc is a uni1 0f phyŒi 010gical Function tllat Occupics�¡ dcllllitc 16cus in tic�† h�u (lnll�˘ �BInc

i�æ �D �E TB�R
�w

�Ł �Ł

C�UmttC�R �˙ �N �E E�Ó V�fl uJ�å bng�˚ �] �Ak�Ł I�r

(�¢

 �Ü
�E

�d I�� 111llj�d
�M

Ii�º 1�T lil:i�fl
�� J�R �V �¡ �o �µ�à�] c�æ�� f�A c�Ü cs�“ c‘�z Jt�a �‘ :=�e

�E�¸
�_�g1,11:lI:�‚ �Ł�ô T,IIŁk

by �Õmm�j�c �
1̌�¢

i�a �q ���E�¢�ł�¡�¡��

�§ 1,Tll:IIII�` t�æ i�‚

�† J mdtthr�� �˚ �R å¶ l�R �Ô �| ØÜ ��
�c

�¡ �fl �A

14.6 1�¡ /1()�y )ER�R DE�uINI.1�E lc)�R OF GENE

Altcr thc discorcrr cl' DNA as ir n-,aitir coml]oneni
nrost of thr ipol*cuiar [_rlidn,rrrrr_-n;r ir-i thi cxpre.ssion
t!!,,finu:d ts ir:liitr{.;;;

I. Cistron

of a gcnu. and proJrei irurlcrsiirrrlir:g ,,t

"rl'a phontlt_vpic trlrir. ir:i. {,,rn{" llr-r ;iui;.

�Erllc porti�� I1 0! I)N.�Ö  sPcciltri.g �¡ sil�A �B|(�R

�u
�–:yl�l Cptidc chain is tcrlllcd a ‘ristroll �A|:ich i�A  �¡

sylllonyln 10r tLc tcrln, 11lc g�˜ ,1lc t,1 11111Si‘’:()3ical FunctirDll.   Thc term cistr�� 11 hit,�m ���” l cOi"til
by S,y�¯ �¡Oul�E  Bcl12er, Hacmo31obitl i), =�A ttnII)iC)�M vOllid i�E c:qlllic i�A ��O tli�R t rti‘. 1(l.t i�A  1:,()�g ��

‘protcLl iacti(in;1)nc c�k tch(k)r thc all�A ha J�g dl)ct�k i chai�Ý �A Ac’sll t,11 lt�l I‘il,114.c�æ :�M 1,lilcttsI
1413=423 nuc�~0�Ü dcs and thc j�R 0�¡ �§i thc beta chain i4ol_�R =4�¡ �¡tilc�O :�A ,�¡ ,

2:  �E �� luton

Thcrc arc ill.11ly Sitcs within a =istrOn �Ahcrc rnutati()ns can occur dli�B  �ŏ �A�¶vcrai Fac�_ rs.
1.llcrcfOrc, lh�¶ g�¡ nt as a unit()r ttltitatioll l�A  smallcr i.c., it c01lsists Of fc�A vt)r nucicOticlcs�¡ llall

a cistron. Bcnzcr cOincd thc tcrrrt l�¡ u10n t0 111�k :t�A initlicst icllgth o1 0NA car)(lblC()i ntl�E �Etatioll�� !
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change. Thus, a' rhutbh ,can be defined as the smallest unit of genetic maleri{.$!1-.wten

cfrartea or rirutated produces a phenotypic effect'. A muton 
-may 

thus be'delitiiited to' a

singli nucleotide or: some part of a nucleotide. Different forrns of a mutationally'delined gUhe

are called homoalleles. For example, in bacteria miton may be a nucleotide pair and'in

cistron for haemoglobin, lhc muton may be a singlc nucleotide.

�[

3. Recon

��
‘�N

�´ �{ �a���I r�Ł ’Intt kt�I 111�r lLttLY�÷ �Ü :�å �£
of DNA capablc 6f FCCOmbination.ThC SCparabic forms of a cistron through rccOmbinalio,

are ch�a cd hctcro ancies.

Somc_ECneticists ttrc not iin agrccmcnt with thcsc dcAnitit)ns of gcnc;and hcnce thc f01lounng

dcrlniti()n of gcnc nlay scr�A
lc Our purposc in gcncral.

"Thc�E gcnci�Æf function is that scqucncc of nucicotidcs with numcrous sitcs for mutation and

recombination which speci�u les thc amino acid sequcncC Or a specillc polypcptidc chai�Ü
."

Fine struCture Ofthe Cene

�I �ˆ��̀`Fl�ð Œ⁄��la�Q �y��l�` �†�˙
hr�N

�¿�� �º� �̂› �Ü�Õ�ô �¢

�BtF�M�æ�N�P�e��� �̂h�d�§ �Õ �h �|
gcncrabn to gcncratk)n.Thcrcforc,the mo�É CuLI structure of a gene t studied inlterrFIS Of

DNA

Tli DNA(3onc’ha�A Purinc hasc�A l th,ndCnhc and�Ù anhc and the py�a midinc,aSCt,lit

tyttthc �Vd il�V �ŒC idn.J cnd�¢ ond�¢ brm a bng po�Ł nudeOtde urand.Thc strand h,s

�· chtin tif allcl�E niti�� l�h att�� �¡ t a suttar(3)And Ph()sphatc(P)rn0100ules.     .

1111953,tA�� atson tltld Crick prt),o�M �¶d a ml)�†
=l of thc structuFC(J DNA molccul��

in�R the form

OF a doubic heli�A r�„ �Acmbling a spiritl�A ttlirca�A �¶�˜Vcly rccently thc dollblc hclical structuFe tf

DNA nl(lccult hi�A a:5o l)ccn c()nttrmcd by actuol X�] R3y (littictic9n photograph�˜
�MIwith‘the

hclp of clcctron nlicrosct,pc.Thc tluplic�¡ itol1 9r replicakon 9f tht g=nctic nlatcrial(DNA)is

�� csscmd feæ⁄

‘:�˜

or ccH�å �S�⁄ on,Du�÷ ng rt�@ �É Jon cach DNA mttcu�É �Ag�s cs ttse to t�å

DNA�] �� ol�¶ �†llic idc�¡ lica1 lo(�¡ �r:�A �R�Ath{�l r as wcll as to the parcnt m�� lcculc. 
�E

(lcne in terl�¡ sof DNA                                   �R

At tllis�m :�k igt it i�A dcsirablc tt,intcrpret thc gcnc in terms oF DNA structuC.Broadly�E �Ü g�¶ ne’

is that p()rtic�R nt’a DNA nic,ictuic thal producCS a tral.It is thu�A ��

�g

ncit‘)nal unit,l DN�î .

�¡  |
Cene Action

’1�]
ht lllltitir�R 1(:�¡ (1:11l c.1 ��3�] itiatiorlship bc�¡ v�å n gcnes and phenotype of an organlsm requires

C�R

’nSitif ral,1�A
r irllk)ri�E litli�£ n gaill,d on no�u inal gcnc action. Sevcral bypothcses tvere advocated

10 0X�u iaill thc gcn�¶  1lci()n.                                                          :

1.    One gene one enaylno hypotllesis

Beadle,�¡ atum and olhcr gcnct�‰ isis had 8ot modern understanding of genc adion by performing

txperiments(1,N‘�g ���Ò s�u

’�˘

�� and D�� osoPF�¾ �Ù .Thcy found that mutational changes of genes can

bc rclated to loss or spccirtc cnzymcs. This conccpt was �Y�⁄dcly k�¡ own as "one gene�¡ ��ne

enz�A �¡ne hypotliesis’,
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|~~~

�n biOSpthedO pathway o�¡ en requires mOre�M than two en�¯ mes and each ene�¤ sI"‘�� ��
by l:sin�v ��:geneo r there�B �å urs any mutation�� ih any gene,then dther the producthn of
normal e_e wi�U  use or a defective e_e�M u be producedo Tht results in 6mtabOIL
u�å �� ,�B

2�B     One gene�E one polypeptide.(Chain hypothesis

�‹i�Û � �̂r �Ô�i 1å� .TttCa�Ü
�¤�g�ap hS�˚ ækm b�Yl�� �m̨�Ł h�N

various e�Y dences in man and other Orga,i�Ì �Ós

�ß�]�ó
tttinl�Ł

�˛ ::�i �›
e�v ndn mde�Ve mn�g ���—dLd"�N �å

nt a shJe gene COntrok the prOductb�¡ of a
single polypeptide chain of prOtein mOlecules.TherefOre,the cOncept of one gene�]

One en�¯ me,
now is termed as the cOncept Of One gene�E one pOlypeptide and it is prOved by the f0110�ƒ �nng
example:

TL respiratory pigment,hacmOlglobin(Hb)of human red blood celis t cOniugated protcin

containing our separate polypeptide chains�� z.,Alpha,Bcta,Gamma and Tchta and four
irOn cOntaining hacm grOups.In 1949,Pauling rcported the fOrmatiOn Of abnormal hacmOgiobin

(Hb‘S’)wh�‰h diffcred[om normJ haemOglo�\ n(Hb‘A’)by cauJng hcrcditary�˘ �Rcase
RBC Of such individuals undcrgO a reversible

plasma falis slighlly attd thcy tt�Ì sume �–10nLate

traits iater On fOind tO be cntr011ed by two

�ls that i,the casc Of hacmOglobin atlcast twO

lgle protein.

3�B     Oh�Þ �T ne�] one trait hypothesis

�Ú Li�ä �Ô 1�Q FP�ì ���v�Ñ �ß �_e�Ł�R�� l�§ �æL:��
r=�}

il
all kind�Ì  Of inheritancc. Beteson later stated that a single gene may in�¡ uence the expressiOn
of inore than one�� sible trhit. on the other hand,mOre than onc gene, Inultiple genes, may

hteract�E to in�fi uence the expressiOn Of a singic �� sible trait�B

R�ï �» latiOn OfGene Act�s ity

ThO studies in molecuhr genetics ind�‰ atl that nOt a�a genes act by ditermining the structure

of a given enl�ß le or pr9tein or pOlypeptidc chain.SOme are able to‘regulate’the actiOn of

other genes and thcsc arc caHcd �i �alatOry genes. The concet of gene regulatiOn has come

�¡ om the studies on lac�] operon of tt cari by JacOb and MOnOd(1%1)�B

Operon Hypothesis

To explain the regulating nlechanism Of actiOn Of regulated genes at transcription icvel,Jacob

and Monod,thc Noble priz�¶ uanners Of 1965,forwarded a hypothcsis caHed(�l peron hypothesis.

According to a re�å nt verslo�¡ of Operon hypothesis the genetic regulation in bacteriophages

�R perfomed by the fol10wing rlve key element�Ł                   ,,
1.Ope,on 2.PromOter genc 3.OperatOr gene 4.Rcgulator genc and 5�B EIcctor Or
lnducer gene.

Openrn

In bacteria and bacteriophages different genes concerned with the sarne trait are often found
clustered to gether in a group known as an operon. For example, the genes in a bacterial
operon detemine structure of those enzymatic proteins which controt sequential metabolic
steps of a biochemical rdacton. A bacterial operon always consisrs of two or more distinct
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lpocs. 'IXc brctcriel qpGq@s Posccss thc foltouingSa9d'c fcatueof-. .i-' .-;:,;':ir::

fI

�ß1�G�z �ç t�F �à�í �Ł
~t,lm�v

(�] R:’�� "1lTC I

4.�] The phenotypic expressions of component genes of an oeron is regulated by promotOr,

operator and rerator genes.                       _  ^

2.     Promotergnes

i
protems kntt as regulator proteins or repl

regulator genes.

3.    Opent6F gen�†

An operator gene also FepreSents a sequence of bases that interacts With a prot�v
in.  The

�D �] i�Æ�Ù �ı �| �[ �˘�M �Ł�u
�_operttor and a promotor t that ttc opettr�§ �Ł1�y �{ �ºhrlF�� �R�N��
RNA polPcrase.

1   1     :=.:                  :

4.  �¥ �^ latOW gene

�E �V �\ ��
�E and prottot6:�à f ai 6perOn art under the COitrO1 0f yct anoticr seFent Of

�¶ �Õ �‚ �ß �Ú �Q�I �Ø �Ò �ª i�� ��
�c i�I �˚ erected by an additional factor called erectOr rne.

:

�R �\ �¡

�R�E  �R

�]
�v
�Dä¿

�U
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Effector molecule

An induccr or cRctOr moLcuic is a.sman molecule,,a sugr,dtt ammo acid OF 4�]
�¡uCleotide

�| �s�Ù �Eå£�\ �ö I�Ù
�R�Õ� �̀[�Ù �I�r

elltttOr i�Ì  hOt pres�v it. Thus, OperOn cOncept
cxplains hOw genes inttuence the ttOplasm and cy10plasn exerts a feed ba4 ina.ence On

gcncs fOr swliching them l’On’’ and ilofF’.

Checkttur PrOgress

1' The hereditary units which are transmitecJ from one generatior to the ncfi generation 1re
called

Define Cistron.

14�B10 SUMMARY

�P
�D
�@

�Q
�D

�R

�@

�@

�S

A gene is the fundamental biological unir of heredity.

classically, a Sene was assumed to be a genetic unit of physiological function, segrigation and
mutation.

Based on the fine stucture ofa gene it has been defined as cistron, muton and recon

One gene one enirymc und one gene-one polypeptide hlpotheses are verified in terms of gcne
action.

In operon hypthesis the regulation of gene action is elucidated.

CHECK YOUR PROGRESS.MoDEL ANS�Y�wà˛ S�B
14.11

�P

�@

�@

�Q

Genes

The porr.ion of DNA specitl"ing a singre porypeptide chain is termed as cistron.

14�B 12 MODEL EXAMINAT10N QUESi�UONS

Answer the following in nbout 30 lines:

1. Discuss the classical concept of gene and give the classical definition of gene.

Discuss the current concept of gene based on the modern definition of gene.

Distinguish between Muton and Recon.

�Q

�@

�@

�@

�R

��
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UNIT�ß 15 HUMIAN GENEIICS fi�j

Contents

15.1 Objectives
15.2 Introduction
153 Some Gcnetic Traits and their Inheritance

15.4 Some of the Common Human Syndromes

15.5 Inborn Errors of Metabolism

15.6 Summarv

L5.1 Chec} Your Progress - Model Ansurcrs

15.8 Model Examination Questions ,

15.9 GlossarY

15�B1 0BJECTIVES

This unit t to maloguc �_ me Of the intercsting genetiC"aits Of man and thCI��
�ª

:�«

inhcritance. By the end of this unit you win be able 10                     .�¡
�R

f�¡

a describe sex chromosome abnormalities in human syndromes'

a common in born errors of metabolism

152 1NTRODUCT10N

Man is naturally more interested in his own inheritance than in that of Dros@tila ltau!ry*'

and other animals and plants. Genetic i"fo;;;i* about man, in earlier daln' was o11dncd

from the study of pedigree histories. Th9 studl of a particular character in family membat

given a clue to the nat-ure of the inheritance of tbat gen€ rcsponsible for'tte character' QIt

thorough survey oe fro-u, population, about 200 hereditary traits haw lEeq rcpOmed fui m-L

Different kinds of genetic traits in man are given telow:

L PhYsical Traits

Skln

2.

Piebald kin

Epidennolysis

Albinism

Colour of hair

Hlpotrichosh

Hypertrichosis

Baldness

Hair form

Skin with White spots.

Blistered skin.

Skin,hair and retina deV6id of Figmen�g .

��i�˝ �bi brown or red.

Hairlessness On the head and body.

Excessivc groWth Of hair on the�ï .

Hairlessness On the hcadr           
�E

straight or curly.
:�E :�c b
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æm �� �N�u �¿�˚ Ø[

�M     Chuooma

�ï �'

CoEouF�d

4  LE

�� lobe
il  i:     :  :1�¡

1     .

: Opacity of lcns.

Su'elling of cye ball.

Inabilig to scc in din tght.

Inability to distinguish,,bctsaEh rcd rsd gfEffi.cohts.

i : . -t r,

i i.. ..FreeorattachO*-,-, .:..:. .,,j ..:;.., t.. .,

Normal or deaf mutism. :': - "' i

,]

Extre digis.

Fused digits.

Lack of one joint in digts.

Mrscilar atrophy.

Abnormdl drrarfism.

�Ö B,AB,0�B      _

Rh posi�Ù �å negative.

Non�] stop bleeding�B

Sugar in urine�B

n_ive urination causing thirst�B

Mental i�V catiOn.

�� �» �V�V�@ ty.  :

With very 10v7 1Q .:   .
127

�ü �� ��10ur    : �Kl�] �‹�h�m�“

'$rnduay1y

Brrc$dmyly

G Mrldcr

Gowrns discasc

7;. DeQ $rhtr
':.i, , . .'. t _:

,[iht*t .:

,rf,r;k "'ihillolithlr ftdii
l. thod

Blood groups

Rh factor

Hacmophilia

2. Ercrctim

Diabctcs mellitrs

Diabetes insipidus

tll. tllcrlrl Trrtlr

HuntiOon corea

F�M�¿�R�zkrs di�\

�c
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153 SOME GENETIC TRAITS AND THEIR INHERITANCE

�v
�u

  r ri::f_. =1�]  =:_1  _:�¡  , i.   .:              =  :|    .�E ==;

L i�æ L�Þ ooleJr and TttFe�¡ �A �Œ �] 1            �E �E  :
:    �¡                            �E�E

�PJ�x �í � �̄F �Ù �V �í�vl�� �ß �æ�OFtti�Õ �P�r �£ �º

�NtttL�Ó �Ł �dl�Ł �Ł �x
andy:red,hatr and wHte peFS6nS Often hat

dominant over Straght hair�B

:2::i,�V

�c

S�]   �E       :   ’   �\           i~�E   :
�M
::�]          i :          �]   .�]  �]

l   l�]   �å �@
,aitl�\ �] �–1 .=: =   : ,    ~  ;
�¡  Eye colour        : :

Colour L hparted to the eyes as plpen�R on the[Lo The hu�� �Ò L�F �� ��
�E

b�¶ browni �\ aCk

:�p
:�� �� �| T�� �Ô W�ô�@�Q�í �]��sttd�Õ �� �Õ

�V

Fe i.IMght�� 1’��
�M

’’I::   :      :   1     .Another genedc trait which iS very�� mmon,t the Jght bli�Ü �Þntst�] (XerOphthalmia).pef�Ì Ons

�í ���` �ß �� �r WT�£�£�E�Ł�£ �æ�º�[ ,W�d���� �Ý
�n

�g

llarge aEELOunS to alperSOn who t"ngenitany:�¡ ight blind brings�¡ liet   I

’��   Clil161lbl�V lllS,. ,        __
Red�] green colour blindness is hherled as a sex�] �¿nked recesslve genetic trait.There appe�N

to be threc kinds of colour�] sensitive cones which aFe sensitive to r�g ,grttn and blue respedive�Ł �B

�f �í ���í L�Q�dHttk�µ �Ó �æ
d�]

�w
em �\�QnessP causes�� nhsim�E J��

"
ssential for the selecti6�¡ of drivers foF mOtor

�í �¿�[ � �ø�£ �I �Ł�' �«��10ci but4:�@ 4 Jlu9 1l the CO101r�] �\ ind ge

�¡ the10�Vl�ï S,have poor"l�' aptitude�£ IIn 191l WE�m on 6signed,he �V �V lge"br

11�� �å �Û CO10ur blncness to the rx,chrOmOsQ�˜ .Th�R genetic u�¡ t�˚ �\ pre"ed in l�ß �¡ 0�‰

but in females it�R only O.5%�B This is becausc males have only X�] chromosome and�g�° efOre

only one allele fOr tls gene.
�]     �\

    �â �E
 �\        ~

6.  Polydactyly_1�M  t li �R�¡ 1 �¡ :�� : �� 1�¡ ,=      :_

�à�W�ŁWttj�˛ �÷ �‰ �WT�¾ �ì
one with variable cxpressivelyo Some persons I

�⁄�¨CC �c�˙�o a            t
�P
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7. Syndactyly : i

In some families there is a fusion of the skin, and sometimes of the bone also between some
of the fingers or toes, usually the second are third. This condition is called as syndactyly. Iir
some families this trait shows sex-linked inheritance.

E. Haemophilia 
.

It is also known as bleeder's disease. The haemophilic patient lac.k one of the ten knowu
substances ne@ssary for the clotting of blood. Thus bleeding once started does not stop and
can qruse the death of the person. Haemophila is a sex linked recessive trait. The lines of
ancestry (Pedigree) of several families are on record. The royal family of Europe is a
well-known haemophilia family, where the disease has been traced out up to qrEen Victorh
(Carrier) in whom it appeared as mutant.

Haemophilia is also inherited by an X-linked recessive gene. The disease is iransmitted by
females but is expressed in males. A few cases of haemophilia in females are due to homoz56ous
condition. A haemophilic male, married to a normal female produces daughters ufro-are
apparently normal but are carriers of the recessive trait. These daughters transmit the diseasb
to half of their sons, while their daughters are carriers.

9. Diabetes mellitus

It is one of the common diseases which result from an endocrine disturbance. Large numbers
of pedigrees of lamilies which show this diseases have been collected and the influencc of
heredity upon it is not to be questioned. A predisposition to become diabetic seems to be
inherited as a recessive, but the development o[ the disease may be avoided if the intake of
carbohydrate foods is moderate.

f0. Intelliger,ceandFeeble-mindedness

The mental capacities of individuals like intelligence are now believed to be inheritable. The
psychologists measure the mental capacity in terms of IQ. i.e., Intelligence quotient which
can be calculated by a formula based on tests of memory, logic, recqgnition etc.,

r n Mental age x 100r'v = 6ffi6ei age

I.Q. of average persons is from 90 to 110. A person with I.Q. above 110 is intelligent, while
one with I.Q. above 130 is a genius. Those with I.Q. below 90 are dull or feeble minded.
He may be an idiot, an imbecile or a monon. An idiot has I.Q. belo-rv 20.

Studies on twins have revealed that inteiligence and feeble mindedness are inheritable mental
traits. Identical twins posses the same degree of intelligence or feeble mindedness, while
fraternal twins differ considerably. Harrison Hund (1968) said that five pairs of genes determined
intelligence.

15.4 SOME OF THE COMMON HUMAN SYNDROMES

There are some of the most common abnormalities found in sex chromosomes together with
the clinical syndromes based gn the sex chromatin. The most important aberrations of this
type are noted below:
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I  KlineFelter’s Syndrollle(�R 0                .  ’
Siu 1942 geneddttS and physidans had beOn�¸

m�a� ŗ with hu�g an abnormJhy of seX k�¡ OWn

as�· m�R �R �˛ ’s Syndrome.About one male child o�¡
Of eVery"�� WhO are born eD�\

i�å �� �O �| ª� �fi
GFmb Of�@�] d Mr reSme what�† �t �a

�g
�� Wa S��

:�[ FlttTl��
there by resdting in�� mplete derility.About 25%Of them

retardation.

nese individuals have a pOStth SCX Chromain and 47 chromoso�˚
Os(44 autoSomes+�V ��

Males With 48 chromoSOmes(44 htOSOmes+�›��
and tWO Barr�� rluSCles have dso�g em

described.These individuals have feattres of�a
hefelter’s syndrome and are mentally Fetard�g

�B

L�fi Æ' wlth 49thromOSOme t44 autOSOmes+�Ł
har JSO beeh Feportedt They�� �V l"

:meD�\ SkaetJ ab.ormaltiesi cxtremc hypogenitalism and seVere mental deFlcien�Ł
�B1~

2. Tuner’s Syndrome�� 0

�� �v ��
�ó 1�Pl�I LçW�R

��hm stature9�ƒ

J�O OVarh dsr�g �� ,�b �I �Ł :111�¶ �r �R �Ô

nOt developo PCrsOns amicted With TurnerS Syndrome arC als

Only about 4 feet,10 inches in stature.They onen show mental retaidation.About 6he Out

Of every 3�À �_ female births reSultS in a child With this ab�¡
ormality.       :

The karyotype shOWS 45 chromoSOmes(44 autOSomcs+�¤
and thesc�R �¡o sel chrom�˚ �¡ 11

�j
��I�� EU’Lttill:�� 11�w:�v :s:�a :::L�a �¿�a�R1�h

��mC and�E0-ChFOmosome.h

. Fcmalcs with triplc ttcOhStitulII:�Ø
ill�a ;:I111�a lllilFi:

autosOmes �\ �G X)WaS detccted in phcnotypically ncar��
Ormal Lmalcs.A numttr of thc"

females are mentally subnorma1 0r pSychotic and sOme Of thent menstura�g
.A fcW SCVCralW

retarded patients With 48�˚ romoSOmcs(44 autoS�Rmcs�\ ��
pOo ha�K becn bund.Thew perso�Q

are caned metafemales.

3�B    =�R 9�Ł Syndrome�B

�R haVing�N �� �� mOSOmeS have bem�« �˚ �M h�x

�Ü �‡ �v�÷ �ª
institutions.It Was proposed that such ind�s

iduals had a stro

behaViOur and aggressiono Morc recently, w individuals h

population h a prop�Þ �â�¡ Of l 10 650 mat hhnts suggesting that the correlatio�ß
With

�V �V �˜ �ƒ ,��

"�°

�l FOt as waS previoudy thought.

4�B  Down’s syndrOmetMOngOlism)

It�m  the mOst important of autosomal aberratiOns charadcrized by multiple malfOrmio�]

PcisOns arected with thisi syndromc havc mcntal  rctardation and ttrkedly defective

development of the�å ntrJ ttr�¤ us syStem.It Was discovered that mongoloi4 has�]
c�¯ �R

mOmosomeI Pair 21 �˜  trisomic instead of normal.ThiS aberratiOn probably odJmtes tOm

nOndisiunctiOn Of pair 21 durhg melods.

The phenome Of mongoloid is re�� gniable at birth.ThC facc of such patient�R munt uth

inccased"p"�Ø on bctWeen tL C"�R and a sttn dd�]

�� �I L�˝ 1�¾ �� �Ł lk��
nse L nattened,the mouth�M COnstant�fl opcn and the,o�¡

moC c�\ m congenital disorder present in morc than O.1%of births. 130
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155 INBORN ERRORS oF METABOHtt�I

���Ô �d �� Œa
L�¥ �� çW �£ �À

l. Phenytketonuria

�P

�¡

�E
�°
�M

�|
=��

�N :�Ô �æ�Õ �v:

�¿
�¶�m�M�� �� dL tt pheuJttne may�§ �ï �� �� �� �å p:�o ,�� �� �æ

�u �¡ 1�E

1�E .1 1�N rpO�˚ ted ht6 cell�ß �ð pptans                    i ,
�¡�E  Converted tO phenipyrttcac�a

i�E ’cotttited�§ tyrodle.=           =       :

T can be prevented by a spld�B l dtt’that’ls

2�¡  �¡æà h�VOnuria                    i l�u
1

�¾ �� �Æ��T�P�Õ �ì t:�D �ô �� �` �[ �fi

B R
 A

 O
 U



Of homogenetisic acid into water and carbon dioxidc does not occur' This'rcsuls in 'thc

accgmulation of large amounts of homogcntisic acid in the blood which is arcrcted in thc

utri; wtic,h'turns.blac* upon exposurc to air. Pcrsons with such phenotypic abnormalitics

are said to have alkaPtonuris.

3. I}T osinosis

Tte recessive genett' in its homozygous condition, blocks the conversion of phydro:ry

pheuylpynrvate-into 2, 5 . Ainyaro*y il;*/py1*ate. Tfis leads to the accumulatiol of tyrooinc'

exoess of which is excreted.-This-condiiion i. *ff"a ryrosinosis' It is reported in only few

individuals and causes no harmful effect'
i

4. Goitrous cretinism

Ttc.:vith,.,tE?.{pryqpe lit1o.nroalce 
the enzyDe which is required for the conversion

of tyrooine iSq th,oxine and triodothyroniie fror.oio in their thyroid glands' This condition

,is callcd goitrous criticism which is 
"."orp-rc{ 

uv a considerable degree of physical and

mental relardation and hypertrophy of thyroid glaod'

5. Albinism

The persons with recessive 'aa' genotype lack tyrosinas e enzyme system which is required for

the conversion of DoPA into melanin pi;; i"siae- t1e melanocytes' In an albino patient

melanocytes are present a *T{ n .b", but they lack melanin pigment' For this reaSgtrr

the skin, hair and the wbole body appear colourless' A persorr with this defect is referred to

as albino. In albinos iris is devoid'oi pigment and'hence appears pinkish. They can not stand

brrglt ligbt andirsually resort to the use of sun- glasses'

To sum up the possible genetic blocks in the metabolism of phenylalannino and tyrosine in

hgmans leading to the froduction of 
"Uo* 

t"ntioned genetic syndromes al'E representcd as

follorvs:

Tissuo protein

|

Adrenaline, Noradre'
naline

�“
P,T�\

�…

�˚ n�\
�o �í :ThS  :��

4�E D�� �wOxv

�“     JattT(POl� �̊G�Õ �¿ �£ �É

Piillllivai          n�B
=====�v

l:!�u IP��

PA,�\�\�\�Œ�\�a
1

l�]

�i ØÜ
�� �¸

�{ :‘�E
�� SC�‚

=�«�P .II�V

�É
�ı �hi�g

Hom� o�� sic ac3d

Alkaptonurla �Û

�æ:�P a�ª J�«

�ˇ
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CteckYour Progress

1' Patients having severe mental disorder, excreting an abnormal compound, the pheny[yric
acids in the urine. The disease is called

2  h albino patient mdanottes are present h nOrmd     but��
eylack

3. What is "Goitrous Cretinism"?

15.6 SUMMARY

1' There are various hereditary traits which are broadly categorised intq thrqE typas; ph,,4slcalphysiological and mental traits.

2' Thephpical traits likeskincolour, nature of hair, eyecolour, nightblindness, colourblindness,blood groups and phpiological traits such u. ir"u'nopiilia, Diabetes meltites etc., treinherited. 
- --r-----, urvurrw! el

3' Abnormalities in the sex chromosomes may result in certain inheritable human diseasesyndrome likc Mongolism, Klinefelter,s and Turner,s syndromes.

4' Genetic disorders in protein or enzyme synthesis may lead to inborn errors gf metabolism lileAlkaptonuria, Klinefelterk and Tyrosinosis.

11.7 cHECK YOUR PROGRESS_MoDEL 
�q

1. Phenylketonuria

2. Melanin pigment

3' The person with. 'cc'genotype fail to produce the enzyme which is reguired for the conversidn
of tyrosinc into thyroxine and triotlothronine hormones in their thyroidglands. This condition
is called "Goitrous Critenism,.

15.8 MODEL EXAMTNATTON QUESTTONS.

I. Answer the foltowing in about 30lines:

1. -Give 
an account of different genetic traits found in man.

2' Describe the common human syndrornes with reference to sex chromosomal
aberrations.

3. What are the inborn errors of metabolism? Explain with suitable examples.

II. Answer the following in about l0 lines:

1. Explain any two physiological inheritable traits of man

2. Mention the karyotype ancr symptoms of klinefelter,s syndrome.

3' E4plain how the metabolic block of phenylalanine results in several inborn errors.
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15.9 GLOSSARY

Acr6ceritrit A Chromosome with centromere at'one end.

Adenine A puri,,preSenC in�A NA and DNA which pairs nomaly

whh thya�Ó hc.

Albino An individual characterised by the absence of pigment'

Anele One pair out of a pair of alternative genes situated .at:!hc
same locus in homologous chromosomes.

AntiCOd6�Ü A triplet of nucleotides specific to each I-RNA

corresponding to the triplet codon of m-RNA'

Autosomc Any chrompso�˚e pther than a seX chrOmosome.

Back cioss Any cross between a hybrid and a parent type.

Barr boly A mass o[ chromatin iir the nucleus of resting cells resuhing

tiom inactivation of an X-chromosome.

Carrier an individual carrying' a recessive g€ne that is unexpressed

tlue to heteroirygous condition.

Chiasma The cross o�K r bCtWOch two chrOæÛ �] ids secn during     .

pr,P�m asc_l of melosis.

Chromatid --__-...--:.i:One of the two identical,tongitudinal halves of a chromosomc'

Chromatin The readily'stainable nuclear miterial composing the

chroinosome

Chromosomal
aberritions

Karyotypic alterations involving whole chromosome or

portions of ,them. ' i I

Cistron The genetic unit of tjiochemical functions.

Congcnital defect A dcfcct preselt at bir,�m :

Cytosine A pyra�˚ idinc bas,picsent ll’NA,pairs with 8ualiei

Dihybrid An indi{'iduat heterozrygous for two pairs of aileibi.

Diploid An organism tvith two sets of chromosOmes ind heice two~
�Lgenomcs.

Dominant Ability of a gene to express itself in homo46ous as well hs

hcteroir.lrgtius conditions.

Eugenic.s Branch.of genetics dealing with impiovement of heredity .

traits of fulurc generations of the human race.

Gene..Pool A total of all genes in a population.

Genetic code Tbe code rvhich rranslates information frum DNA in protein
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A purine base present in RNA and DNA pairs ngrmallv
with cytosine.

A sex mosaic,an indi�� dual,th 9nC half Of the bOdy"ale
and the Other half female.

A cell with only one complete set of chromosomes.

A condition in which only one gene out of a pair of alleles
is present.

An individual of a sex producing unlike gemetes.

A condition in which only one g"o" or, of a pairs of alles is

A�Ü �VdividbJ oF a sd pr6ducit iå£ 31�e�� �Ò

A conditions in which both the genes present for a trait
represent the same alternative of the trait.

Hetero46ous individuat of hombzygous parent.

A sexJinked disorder characterised by free bleeding from
even slight wounds.

Inherited diseases that can be orplained as genetic brocr* in
specified metabolic pathways.

An individual showing secondary sorual characters
intermediate between those shown by the two sexes.

Tendency of genes to be inherited together

A fixed position of a gene in a chromosome.

A particular kind Of RNA which provndes a template fOr

prOtein synthesis,

A old term used for Down,s syndrome.

An individual homozyugous for one pair of alleles.

A cross between two parents that differ in onry one heritabre.
character.

Three or,more alternative conditions of a single gene
producing different phenotlpes.

A sudden, stable, inheritable change in a gene having no
relation to the individuals ancestry.

The smallest segment of DNA, sub-unit of ciStron which
brings about mutation.

Portion of a DNA or RNA molecule composed of one
deo:ryribose phosphate unit (in DNA) o, oo" ribose
phosphate unit (in RNA) plus purine or a pyramidiae.

A syntem of cistrons, operator and promotor sites.

Inborn errors of
netabolism

Monohybrid

Monohybrid cross

�¿
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The ancestral history o[ an individual'

A chcnlical bond linking anlino acid rcsiducs togothCr in a

Externally visiblc traits.

Nffi. b"* occuring in DNA and RNA-adenine and

io forrn replicates for the synthesis of new DNA from

Reccssive genes The genes that are eXpre�œ  0,ly When homo7.ygOus.

A unit of DNA capable of recombination'

Seputarion of parental and maternal chromosomes and hence'

alleles during meiosis.

Chromosomes (X,Y) concerned with the determination of sex'

Back cross to a recessive parent'

A nvramidine basc prese�O �S
�u

DNA,plirs with adenihe.A pyramidine basc Present i

Formation of m'RNA strand complementary to one strand of

The transfer of genetic information (DNA) from one

bacterial strand to another, mediated by a phage. That kills

the DNA donor and carries some of its DNA to a recipient

cell, which is not killed by the phage'

ihe'forrution of polypeptide chain based on the information

present in RNA.

The shift of a portion of a chromosome to another part of

the same chromosome or the different one'

A pyramidine base Preseht in RNA'
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4. De Robortis, Nowinski & Sacz, (1981) Cell Biolog5t

5. Majupuria, T.C (1933) : Modern concepts of cytologr'

6. Khanna" S.S : Genetics and evolution

7. Cbristine Birkette : Heredity, Development and Evolution'
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UNITI.116:=ORIGIN OF LIFE"ORGANIC
EVOLUT10Nt’THEORIES AND
EVIDENCES
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-'16.4.X. kmarkism
L6.4.2. Darvinism
L6.4.3, MutationTheorY

16.5 Eviden�g s ofEvolution
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Summary

Che* your Progass - Model Answers

Model E:ramination Questions

1�� 11_OBJECTIVES
;

This unit deals with the beginiring of life on earth. By the end of this unit you will be able

to:

Explain how variety of animals on the surface of earth show differences in form and structure

through all have a sommon ancestry.

describe how differeut groups of animals evolved from other groups of animals'

162 1mODUCT10N

"ed�B

_not know exad�° hoW the life began on the e�ß �� Though life origiha"d more than

three binion years ago�¡ did not leave a dear indication of the way of events in any fossil

re�� ra The best that the sdentinc world can do is to pomt o�V  What might havc happenet

eversmce the begiming of re�� rd llistory man has speculated tt the O�Ü gin of life:In anctent

times,�¡ was g�v nerllly believed thtt aninals were generated spontaneouJy�¡ o�� nonliving

iatterr�¡ �Üs the ancicnt lndians be�Ü eved that iogs came tom the rocks()i ram water,Ith’

a�Û ���Ü t tttianS beLeved thl sn�V Ct arose�¡ om mud and the anclent Grecks believed that

ra�¤ came ttom garbage.In 17th&18th centurts l was widely Louis PaStur diSproved.

onl�Æi.�¡ thi�V hOO�b�Epe maln,t"�V �b�UPaSteur’s"erimem o,bomed nuttent b�ª ��

�O T�@�‚ �£ .�g t�@
�E�E �Ł�] e scen very �V�V deVeloped

easoned th�¡ mCroorganlsms had extcnded tho

Lsk,Om th amospÆØ̊¸but they bccamc trappe1 0n the wan of curved tl�r and SO failed

tQireach the brotho This has established the�g d Of biOgenesis thtt liVing things�� m10nly
137
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frOm Othcr li�� ng things.From this grew thc idea that aH life comes frOm pre�]
epasting Lfe.

But the qucstiOn cOmes whcr�v  did a�a  life cOmc frOm pre�] c�˛ sting life. But the questiOn
comcs where did aH the parents Of animals and Plants Originally arOse by spontancOus

gencration,thOugh thc process appears�¡ Ot tO be rcpeated today. Even if it Occur and today

as Darwin pOintcd Out multitudcs Of e�˛ sting organisms wOuld destroy the new protOplasm�B

3 MilliOn ycars ago thcrc was�¡ Ot evcn a bacterium tO harm the newly arising life substances

and hencc has had a chancc Of survival.

1�í �r �p t�ª �E �� �Ø �å
�D�wª� �ß �Ł

J�Õ
l�I �£ l�w

tttyttt�M �£[�P i��was too hOt hcncc it wOuld have cOmbined

oxides Of thcsc arc fOund in thc crust of carth.Thc sOurce for water vapour is belicved tO

havc bcen fOrmed mainly frOm vOlcanic activity sincc erupted matcrial cOntains lo9�Ø
�Bf l�W ater.

Thc stage was then sct fOr synthctic rcactions to Jve rise t0 0rganic molecdcs(the aminO

�s1�Bs�e �Ô�‚
=�v

�¾�] �� �D
�‰�å �] �a �� �‡Œ⁄1radiatiOn by Sun’ by lightning Or eicctrical disc

�Wt�  �E��åK�� i�î �Ù �� l�¸
[1�I :�[ i�Ý �¢�ä �I|

he car�Ł eartho When the�� ntents Of nask
were examincd many aminO acids, fatty acids, sugars and Other simple organic cOmpounds

�N�Œl�° �ˆ �‹�� �â leF�N
�R i�s

163 0RGANIC EVOLUT10N

The next crucial step is the development of cells, the first actual living units. The plausible
assumption is that somehow or other, certain of the organic 

"o*poir-nd. 
ca1r1" togethe, to

form the first living organisms. They must have combine in a manner that the chemical
system thus formed is stable and is capable to release energy and replicate itself. Dismissing
various unanswerable questions involved in this, we Gan ,ufily *rurrre that this system must
have developed along the shores in microscopic sand pockets. [t was possible to develop a
surface film resembling the cell membrane. Since theie was no orygen gas, the respiration
of this simple first organism must have been anaerobic to obtain 

"n"rgy 
on the available

organic matters in water by some simple mechanism of diffusion. at this early stage of
evolution reproduction must have been a simple asexual process involving the replication of
proteins (macromolecules). Thus once when a system can reproduce itself from the raw
materials of the environment, we can say that the first living organism originated on the earth.
From such reproducing organisms rapid evolution would be eapected to huu" produced more
complex and bettcr adapted forms. It is reasonable to ruppor" that naturli selection (See
Darwinism) began to operate. The systems that were best organised and most stable in
primitive organisms according to Darwin, would shorv transmissible variations. In other words
replication of its macromolecules would show deviation. This must have lead to the formation
of various microorganisms. All though the evidence for this is still incor,clusive, it sugge$s138
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that more than a billion years the dominance and perhaps the only forms of life on earth

were microscopic organisms such as algae, bacteria and moulds' Our knorvledge of gene

mutations helps us to understand how present variations may have come' It is believed that

selnral reproduction which arise at a very early stage would result in further possible variation

as observed in'bacieria.

16.4 THEORIES OF EVOLUTION

15.4.1. Lamarckism:

Jean Baptiste Lamarck (l\M - 188), aFrench biologist formulated a theory of evolution

for the first tine too*n as Lamarckism which he explainid in his publication, the "Philosophie

ilGil. Lrur.k,. theory as told by him briefly, is as follows: 'The environment affects

,L rf]pl'61d organisation oi animals; frequent contin,ous u-se develops and enlarges ary

organ. while by permanent disuse it weakerrs until it fually disappears; 3l aceuis!]G at
losses brought through'influence of 

"nnironroent 
an he.nce thr;ugh u;; and disuse are preservOd

Iy,"pi"a"Lior. rfu. lurnur"k', theory is based on iou, parts: (1) The environment influePcts

an organism whereby an organ or structure involved is iither developed to emirynce if fu1

to use or gradually degenerated if not used. (2) Better developed organs a" degengrated

org,i* ur"-pr"r"ru"O iI a generation. (3) Such pieserved-characters, otherwise knowo as

acquired chlracters, are tralnsmitted to the offspriig. An existing individual is the sum total

of characters, are transmitted to the offspring. en existing individual is the 
.sum. 

total of

characters acquired by its forefathers in the preceeding 1au'y g"o"'ations, therefore' tlie'

present generation took strikingly different from its ancestors' And so this generations has

become a new species-

Lamarck supported his views by citing the following examples: :

(1) The shortnecked ancestors of modern giraffe came to live in dry African deserts where there

was little vegetation available on ground (environment)' The animal therdore' made

continuous effort to browse on the leaves stretching up its neck and forelimbs (use of organs

due to environmental effect). Consequently this led to slight elongation of neck and forelimbs

(acquired characters). This increase in length was passed on to its offspring which became

naturally better suited,(transmission). This better character was further advanced through

,*y gin".utions for over a very long period until the present form was achieved' Thus the

modern giraffe forms a ne* speiies whln compared with its very old ancestors having a short

neck and forelegs.

(Z) The lizard-like ancestors of modern snakes were with well developed paired limbs. To protect

themselves from the attack of mammals they started crawling through narrow crevices in the

.thick jungle environment, stretching their bodies all along. In this process the body was

elongated but the disuse of limbs in crawling mov€ments caused their gradual degeneration

and ultimately the legs were lost. Thus the present snakes without limbs have become new

species.

As for the first part of the lamarckian theory concerning to the effect of environment on the

aoimal and use and disuse of organs, there is no dispute but his conclusion that the a3ur1e-d

characters were heritable was challenged by a German biologist, Augustein Weismdnn' He

practically demonstrated that cutting off tn" tails of newly born rats for over 80- generations

did not lead to any degeneration of tails in succeeding offsprings' He quoted the observed

facts that powerful ,orr"l". developed by blacksmith or a well built body of urestler are not

transmissible to the offsPring.
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16A2 Darwinism

Ctar-les Darwln, (1809-1882), a British biologist propounded the theory of Naturat Selectonfor the organic evolution. He publisheo nr *ok L an epoch making uo<* entitted tne
origia of species by Natural Selectionn. In 1859. Darwin's theory can be ,"ry uri"ny summariscd
as following:

Flrst .in every living species there are many differences among the individuals. Breading
e'xperiments show that these individual diffeiences are inherited. semd, it is,€r,i;;-.th;
cach generation produces larger number of individuals than the one before. one .ilntoeba
TT"l{,.qrides to produce two and these two divide, the nefi gr;;;;-b-"t"s-rr*'d;;
thue will be 8, 16, 32 and so on. Sexually reproducing orgi... can qurtilry erren EorE

f:TT:"* A doubring per-generation is knovm *-g"oi"tric pr"s.iri";:idil,hi
rncrease w.ere to go unchecked the number of individuali of any ,prao-*oha'.o* iJgriil.than the avaitabte food and space on rhe earth, Fourth ir ir-;;; h;;";;;h"-iil-ioo".r"
is checked. The sizes.of mosi populations ,"r. . ."*io ;r*lr;;;:"il ffi;;ffimany other members do die ,ouqg. For this 

leason ?ry, rho,rgil ,rr., ,n"r, ,* ; d;;for surviva[ a competition .-o"gl"rnunr or a species for food-ani;il.1;ffiJ-l*6uoo
individuals with. cenain valuabte characteristics more ot"o ,rJua than those which do not
Fl-: u*' Hence tn each gen'eration we should "-p; ; Jignt in"r""se in the number ofindividuals that do possess varuabre characteristio .ni d""*;;T; ;;ffifi;; ffi;dsuc;h qualities. The whole.ptT".s involving atl the f;"; ;;;;rr.n.a above trerween nwipners,
and "loscrs" of the strrrggre, Darwin ca[J Naturur ,J""ti*. ;;;;il;il1;;;;;;""rd;
of organism becomes tullv adjusted (adapted) to its narural 

"";;;;.Til"#thro.ghthe process of natural selection characteristics that i",pro".-L";; 
"?-*I,r*r ."areproduction

1643 Mutation theory

Hrrye dc vrlcE (184&rraD,- a Dutch Botanist, perGormed e4periments on the eveni4g prinrose(ocndlau lamockiou), observed that a few lnai"ia*t ir a sp"cies differed .*fJS, ao.
othcrs in several and that they brcd true. on the basis or tno" and other rr,p"i.*t
he forndged his mutation thoory. .rccsding to this theory new species arisc nof by smal
rariations but by sudden changes catled mutations. ltese .a"ogolr"v a&ct a ouru", ot
c'haraders which are inherited. Thus a new species ."y oi."'in a singte geaeratioa notgradully as a result of selection operating for a long p"rioA.

165 EVIDENCES OF EVOLUTION

Embryologicat

?hc Eain a'idence in support of the doctrine of organic evolution is embryological. The
similarity in the early development of animals is so doJe that it would be logical to-conclude
that narious ariimals are related to one another. It is remarkable-to note that all metazoa

:Trt T: fr.o- 
" ""g1"-Tl 

wiich undergoes de'elopmen.""a p"*L ,hr;"*h br;,Gffi
(diPlobldig, -d triplobla*ic stagas. In mann formation of coelom *a a"f,r"tior;ffi;*l
layers are similar. Due to oornmon e,hordate ancestry divergent forms like f"h, *l;aG;
Yzar4 chie*, rabbit 

1nd.ma1so closely resemble one another rn ,n"-*ri, ffi".rt"ffi
that it is diEcult to distinguish betneen tlem.

l140
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mammals like rabbit, chimpanzee, baboon, monkey, dog pig and man indicate a much greater
kinship between the blood proteins of man and chimpanzee than between man and monkoy.
Hormone reactions also reveal the relationship of diversp vertebrate membcrs, as belonging
to a common fraternity. The .action of thyroid gland secretions is simiiar" in all groups of
vertebrates. The thpoxine deficiency in man can be compensated by the thyroid &tract of
cattle. The digestive enzymes also are similar in alt animals. Proteolytic eazqe,like trypsin,
is found from protozoa to Mammalia. These similarities can be orplained on the basis that
all animals have been gradually evolved fronr similar substances.

Checkyour Progress

1. theorystatesthat, theenvironment influencesaq,organismwheiebyanorgan or
structure involved is either developed to eminence if put to tse or gradually degenerate if not
used.

Charles Darwin a British Biologist, propounded the theory of
the organic evolution.

for

L6.6 SUMMARY

It is very difficult and impossible to understand how livingsubstance has come into existence
first. Therefore our knowledge is based mostly on indirect assumptions.

According to the rate of coo-ling of earth several elements, gaseg minerals etc., haw evolned
as inorganic molecules.

142
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3. 'These 
molecules gradually syntheiised into simple organic mo-lee{es tar"dis in!3'more

omplex aniiuo aciils which must have produced organic macromolocules' They form tbe bash

of the life.

4. After the life took some form it graduatly evolved from a simple form into existing complex

forms which is described as errolutbn'

5. Many scientists attempted to explain how organisms evolved in their own way'

6. Lamarck,s theory of evolution is based on the inhcritance of the characters acquired by an

animalduringitslifetimeundertheinfluenceofenvironment.

7. Darwin's theory explains that natural selection p,rocesses the animals and selects suitable

species which is capable to survive and reproducewithstanding all competitive factors'

8. Contrary to Darwin, de Vries mutation theory propounds that changes in characters of a

species are brought about att of a suddec. Therefore new forms arise by mut'ation'

9. The scientific evidences in support of evolution are s€en in comparative embryolggl' '

phlaeontology, physiologl and biochemistry'

16�B7 CHECK YOUR PROGRESS�]MODEL ANSWERS‘

1. Lamark's

2. Natural Selection

16.E MODEL EXAITINATION QUESTIONS

I Ansrrers the following in about 30 lines each:

1. Describe the origin of life.

2. . Discuss how chemical erolution has lead to biological erCIlution'

3. What experiments have lead to conclude that life has originated out o[ inorganic

ehments?

. 4- Discuss the merits and demerits of Lamarc*'s thcory.

5. Describe in detain Natural Selection.

6. ln what respects Darwinism and Lamarckism agree or differ? l

II. Ansr+tr the following in about l0lines each:

1. Biogenesis

?- louis Pasteur's experiment

t. Inheritance of Acquired characters

4. Survival of the fittest

5. Describe in detail Natural Selection

6. Palaeontological evidenccsi
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UNIT�† 17 SttN�b �UETE.THEORY OF EVOLUT10N
�cMVl�˜ T10NS,GENET:c.DRI�u

,

NATURAL SELECT10N AND
ISOLAT10N

Conttts        i

æS �Q �Õ
:

1713  MutatiOns

174 Genetic R�c �\ n�˚ ons

17.5 Cenetic Drift

17.6 Namralsd�¿ �˛ �Bn

17.7 Reproductive ls�N |  �E 1 :
17.8  Summary

17.9 check Your PrOgre"�] MOdel Answers
17.10 MOdel BmminatiOn outttims�B

1�¡ 1 0BJEC�\ s

Erolution is thc gradual changc of organisms through timc. V.grigils e-uslisg g-Iga4isns ars
dcriwd from those that had lived in the past. By th. rnd i,r tnis unii you-"iu[T" ,J
explain:

o the divcrsity of animal wold by'combining various cvolutionary pr*l*, mouldud iato
synthetic rheory,

172 1NT110DUCTIoN

Tlrc way in wt ich evolution takes place, thc factors whie,h are irynlwd to ilotcrmine thc rate
of cvolution an I how these thctors dircct the evolution are the complex multifaped problems.
To thcsc evoluiionary biotbgists of recpnt times harrc taken into recount all relevant factors
conccrning to Palaeontologgi Biochemistry Gencticg,Ecologr, aad sptcmqtirs, Tlpy hate
pic*cd up all rcrrelatiw lacts from almost evcry sector 

-of 
Uiotogl. SLce the prcscnt

aolutionary thc,rry rcprcscnts a sector of biologr. Sincc the ptesent evolutionary theory
raPr'escrts a spthcsis of basic facts and ideas from above said ruany different fields of science,
it is rcferred to as the Spthetic Theory of Evolution. Particular credit gocs to cminent
scicn&ts who devclopcd this theory namely J.B.S. Ilaldancr Stebblnsr lilrlghi and Map.

173 MUTAT10NS

A cnango in the gcne which is heritable is called a mutatbn and the possessing animal as
mutant. It is obscrved in nature that mutations are rarc and their elpr.ession in succcssirrc
gcnerations is random. At bpst only minor deviations,arc caused by them from a normal statc.
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17‘ �uGENETIC RECOMBINAT10NS

According to Mendel's sccond law, the I-aw of lndepcndent Assortment, the alleles of differcnt

g*o ,tJ"rrorted independently of each other during gamete formation' Gametes are haploid'

;rifu their formation chromosomal crossing over takes place' Consequently the genss

ffiGi"rrr;ilreshuffle and form many-varieties'of series. Thus none of the millions

;-#;o|" that diploid males produces are likely to be genetically identical. The same

is truc of the ova prod'uced by dipioid females. From this it is clear that the offspring of.a

gr"i O* of animals will be gencticatty different. Diploidy and sexual reproduction thus allow

Iiit"iir"a population ro possess enormous stock of genetic variation This variation provides

raw rhirtcrials' for potential genetic adaptations'

PATH OF EV0

Flg117.l Dia"mmatic representation oF modem concept oF evolutiOna,changes in organisms.
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175 GENEIC DRIFr

F'roqucnt appearance of any given gene when compared to the appearencc of all its other

, rnnnasting g*"r (alleles) is known as the gene frequency. In a small population, bychance,

, ooor of tUe infividuals reproduce a particular gene. The result will be that a gene may be

lost altogether from a population as a result of pure chance. Thus in a small population

due to this loss it is quite likely that a sigrificant drop is brought about in the gene frequency.

Such rariations in gene frequency are known as genetic drift. But the chances of this

happening become lesser in larger populations. Thus genetic drift can only be expected to

produce significant changes in small populations.

176 NATURAL SELECTION

Thc idca of aatural selection was first clearly undorstood by Charles Dan*'in. Though he

hsd ao knoudedge of modern Genetics, he percoived that Natural selcction dependcd on

hcritability. An effective fussion of Mendelian Genetics an Darwinian Natural selection was

started fifty years back and continues today.
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The present interpretation of natural setection is more concerned with the perpetuation orelimination of the genes carried by individuals. Any process that encourages the transmission
of favourable genes and blocks the transmission of uifavourable genes can be said to contribute
towards evolutionary progress. An animal wjth unfavourable glenes ir ;;"";;;l'io-ir""a uynature' It is as well the genes are prevented to pass on to th-e next generation. It does notmean that bad genes are weeded out of popuration by naturar selection.

There is always an interaction between expressive characters of an individual and the environment.AII of ecolog5r and other aspects of billog5r are involvei in this. c"rr, ,".** ,n" abilityto increase or control the effectiveness due to which an animal adjusts itself to its biologicatenvironment' This capacity will be under the influence of natural selection to such an exentthat it will be contributed to the next generation. This capacity is said to ue uauptati*. loother words adaptive characters enable an organism to survive adverse conditions of environmentand enhance its capacities to obtain food, avoid predators and obtain a mate to pioar""more offsprings' All characters are favoured by selection. Any capacity that enhancesadaptation will in a lon-g run be favoured by selectioi and capacity that decreases the adaptationwill not be selected' we have many evidences of such natural selection in action. Biochemicalresistance to DDT in flies and mosquitoes, to Penicillin in bacteria and to the toxin warfarinin rats is observed to spread rapidly through their r"rp"r,iu" populations by natural selection.Recent investigations indicate thit certain gr-u..". subjected to industrial outflows have developedtolerance to heavy materials like copper, zinc and lead.

17�B7 REPRODUCTIvE IsoLAT10N

Prevention of interbreeding between individual animals is called as the reproductive isolation.An animal population splits up into two. or more separate groups with their own geneticmakeup' These groups must be isolated from one another b"Lus" if interbreeding betweenth"t i: allowed, they will have as one population. If they are completety isuaiJmutation
and selection can take place independenily-in those split op populutions ani each can developinto a distinct species.

Mutation, recombination, Genetic drift and Natural Selection as described above are the chief
processes which account for diversity of animals. If all these processes are combined withreproductive isolation, then these populations quali$ u. ,"pu*," series since there is no
effective gene exchange between them.

Check your progness:

Define the following:

1. Genetic Drift

2. Mutations

17�B8  SUMMARY

Sudden change in a gene of an animal known as genetic mutation supplies raw materials to
some e)fient for evolution since it is heritable.

Mendal discussed in his laws of heridity that genes, during the process of gamete formation,
independently separate and combine to give rise to a new serial order of g"rr".. During
gametic fusion only a few genes unite therefore express variations in.the offspring.
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in smatlcr population som6times by chance some genes are lost due io which that partiSul!'r

character is permanently lost. Thus genetic drift occurs I

Natural selectiori works on the caphcity of the genes which favour organisms to m&t averse

enviionmental conditions adequately.

When animal populations split and migrate they become isolated' Then evolutionary

processes act independently in thbm leading to distinct species which become incapablc to

interbreed.

1. Genetic Drift A gene may be lost altogether from a poprrlation as a result of pure'chance'

Thus in a smalt pipuratioi due ro this 6ss it is quite likely that a sipificant dron l brouglt

about i, tr," g"o;ii"q*n"v. Such variations in lene frequency are tnown as gcnaic drift'

2. Mutations: A change in the gcne which is heritable is called a muurtbn'

17�B9 CHECK YOUR PROGRESS �E MODEL ANSWERS

17.10 MoDEL EXAMINATION QUESTIONS

Ansrttr the foltorring in about 30lines each:

1. Explain chief processes involved in Synthetic theory'

2. What do you mean by synthetic theory?

3. Briefly er<plain the role of Natural Selection according to Synthetic theory of Erolution

4. What is Mendel's contribution to the variation'

II. Ansner the fotlorring in a6out 10 lines each:

1. Reproductive Isolation

2. Natural Selection

3. Genetic Recombination.
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18�Bl oBJECTIVES

�˜ �� �ß ittIP’ed in ttS m�E
�¡ �¡ em�V�¡�V T�g h�N Td�@ØSd�N.

��  You �Ylll be able tO shOw hOwvarious kinds Ofanimals cOme in c10te contact fOr their su�W
�s al.

18�B2 1NTRODUCTIoN

Every organism shouns certain structural and functional characteristics which fit them successfully
in their particular environment. Such features are called as adaptations. An animal must 69
adapted in such a uay that it can reproduce its kind, depend itself from the attack of its
cnemies' It must compete successfully for food and other necessities. It must also respond
e$cigntly and quickly to enviroilment changes so as to maintarn all those fundarnental processes
of lifc which have been stated above.

On thc basis of habits and habitats most important adaptation seen in animals of diverse
environemnts are aquatic desert and volent or aerial adaptations.

183 AQUATIC ADAPTAITONS

11 alrimals which live in water medium permanently like fishes or partially like reptiles or
mammals modify their structures so as to fit them to aquatic life.

In these animals, the shape of the body is streamlined without any elevations over the body
so that thcy move swiftly thro'gh waters. Locomotory organs like fins (fishes), or paddles
(whalcs, turks) develop to the end.

Flshes arc true aquatic aninals bestowed with gi[ and air bladder for, respiration and hydrostatic
funcion respectively. Some air breathing terrestrial animals under adverse circumstances,M8
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�g
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�g
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),W�¡ �z �° dOlphins,

�V and fund�V l m��
diEcaitons a,,fOnOws:=

sizc enhrgeswhencompared t,the�Þ rdatives on

eryhrfFl�„ e�� ��an�g �B    1   .:

�O

�O

b) Neck t shortened and cerdcalvenebrac are f�N ed ttin whales and sea lizards.

O Tail region WhiCh �Ô �§ ms�à �B�–Omes laterally�� mpreSssed,

limbs change ion. Digits are webbed and eYes

�M:’�u �^ 1�æ.

�º å¥�� �L�æ:�‘ �g
aØD�R

�u �g
m�gm�VC�ï �¿��

Loss of hair, cutansous glands (sweat and oil glands) and reduction of teeth are usual' Lois

of hair in whales i, co.ftr,sat"a o,itn a fauy layer (blubber) under the skin (Fig' 18'1)'

Fig.18.l Animals sha�� ng aquatic adaptations.A.Fish l.Dorsal Fin 2.Caudal rln 3.Anal rlF 4.

Pcctoral�g �¡ 51 Pcl�� c�g n6.S�“ nouS dOrsal in.B.TJonyx chrtle).1.Paddle 2.Webbed hind limb

C.Whde l.Do�\ l�¡ �¡ 2.�– �V �à r3.Gudal ttn     �E

18‘ �uDEttRT ADAPFAT10NS

Due to scarcity of almost all�� tal necessities of life ih desertsj like water,d�M �L�–iCond�g ns

��f lemperaturt tnd u,prO,9�¡ l�V ,the fOuowing adaptations are obsOM�o :  �¡  1

a)C010ur�¡ 10n Of skin,usual�fl matching to their en�Y ronment and a thick.sp�� ooVering�R

prottt,oL m00S,CF,a pQiSOnOus lizard with ycilow black Stipes and ott�¿ �ß �R (gey and

brown colours. These are potective devices.

b) Moloch, the desert lizard has a porous and spiny skin which absorbs water. �Œ�h

are�� th�v

Most marineanimals
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�O

�O
watcr conservation is made by filling water cells in the nrmcn of stomach (camoh).

Protection from the driftingsand is done by scales hanging orcr thc eycs (burrwing snalcs)
or by long eye lashes (Camels).

Poison fa4gs present in many snakes (Rattre snake) and lizards (Gila monster).

B
nq 

-te] 
Animals shoring dcscrr.adaPtations. A. Molach B. Ratrlc snakc.postcrior cnd. 1. caudatcld 2" Ranlc

IS5 VOT.^ANT ADAPTATIONS

ln order to escape themselves quickly from enemies and to travel speedily to distant places
in search of food and abode, many animats have adapted ro aerial [f;. Thei may simply glide
or leap from a higher to a lower point or they may hy in the air. They express the following
important traits: ' 

'-

T: -gfi9* develop folds of skin, the patagia (patagium singular) as in flying lizard, the Dmco
ytich develop laterally and are supporred by ribs. In a fish ih" &nnars, pectorar lins enrarge
like wings. The flyrng ftq, Rhacophonrq lives on tress possesses webbed digits in fore and
hind limbs, each digit ends in an adhesive pad which heip in clingrng fast to branches when
il glides.

In flying animals +he following structural modifications are very characteristic :

1. In birds fore-limbs modified into wings. They are covered by feathers, expanded network of
epidermal parts. In bats (Mammals) skin stretches between the forelimbs, more so forms inter
digital membtane. Wings are the powerful organs of flight.tnsecrs also developed wings by
expanding the chitinous body wall.

2. Most of the bones are hollow and contain air filling cavities as seen in pneumatic bones of
birds.

3. Strongpectoral muscles and air sacs around the viscera increase propulsion in air and reduce
weight respectively in the birds thar fly. (Fig.3)

C)
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A        3
�fi �¡ 3 Animts ttng Volant adaptatmms.A.mCOphou B D�ß

�� 1.Web 2.Pa�� Jum.

Usuelly animals form groups or come in close association with one another' These associations

6"*; spccialiscd in it at ihe reladonship betrvcen them is generalli closer.anc more pcfimnent

tf,1n iB .rUl""ry situations. Three types of such associations are recogniscd :

lE.6.l Commensalism

As it lircrally mcans associated animals eat at the same table' Two animals one of whkt is

a omocfucel gains white the other one the host neither gains nor loscs' Thc suc*cr fth'

fr"" t*lf ; , fuing shark by is modified dorsallin which acts like a sucker' Now and

thcn it dctaches aod fids and again rides the shark. No benefit is gaincd to the hct, sharlt

(ris. l8.s)

1�t  ANIMAL ASSOCIA’HON

A

F181�g�E���M Jb�g 6)and"t(B)�E

1E.62 Symbiosis and Mutualism

As this association is mutually beneficial and keeps the participants the symbiont and host

living togotherr. A common orample is thc sea anemone fr:red on the molluscan shell occupfo:d

by a crpstaccan hcrmit crab. As a syrrbiont sea anemone derives benefit by receiving free

transportation. In turn the crab k prevented from being eatern by predaceous fiShcs &f fo

thc prcscnce of stinging cells in sea anemone. There is no sharp dividing line bet*?co qtEbiocb

end nutualisn (Fig. 1E.6).
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By�‘ �» å� the co10uF Of ttt Or Otler mOre prQtOctive being3.aninabi escapei�R
�R te�c

‘Tht surround��
�ô adP�¡ iOn�M Caled as�E �� 19ul�N 10n.1l sO�g sittatiOns an mmall�� �æ ��by adapting Or cOp�W

�Ö

"rta,ch�¨
aCteis 6f inot�m er a�v mal tO avoid Predaors The fOrmer

�¤known�§ cdOura�g on and the htter k termed Mimlry�E Thes�· twOl adaptad6ns m�� b�–

�MTTC.atheI Si�Õ :T�� T’in,|�� :    : .            | 
�u .  I      i

Tb�] e re.O�I �˛ c c910urs which�� �ƒ o4the�Ü ��imJ�¡ �Bm ibe enemy,tO such a�¡ ttent.�R �]
�Ô �ð om�g �˛ the�N �E is nOt l�‹ �˝ �V �Ù �ó �˚ �@ i�g lackrOundo ett grasshopper tt greengtt tirr with is sttts in a grott Qf tan grass.

Fig f8J Suckcr fish l. Mouth 2. Suctorial ditc.

fE.63 Parasitism

derives benem�� �¡
�g

par�Ô d�� �R���i äå Ø‰:�‡
~�˚ �]

M�E�• �Ó
�E

�l
�æ
�[ :F�`

hacas ttd6partttes ltt I�� ,L:�†
�N
�� �Ñ

‘L�q
�Ô

ectoparasltes(HCad 10use),"
p.,0.:.�n . _.... L�¡  ‘_____�¡ ___ ��      o   .�E   _�A               �L

fffi*._lflff^ jtlf ty(mosquito,L;h)o,p",.*io;(i;,,,h.";i;.;J;ffi 
tfj

foOd iOm the’1�g t’It th�† �„ st llttI:�B

18.7 CoLOURAT10N_AND MIMIcRY

: �� �Ô�˜ )i�×
::�Ó �¾ ���÷ml.t�˘ �í �� e�«

1�fl �F�Æy�Õ
:�í :�u

�VI�\ �…�E�¡
Structura1 4odiFlcations(mimicryJ HOng�� �R co10uFatiOn�A are foud in AustFanian sm hOm.

�E�r �b��
�u

(�– �µ ,18�B �´ :E�E to ntmerous Outgrowths on the body t resemble,h mlour and

shape�� �R the sca v7eed.Thus it becomes inconspicuous,Simuar t the cas�† �Oth�c �˚ �µ
mtt K8:mma Which copics a deadleaf h colour and shapc.
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CC               D
18.7 Mimic,and�� 10uFatiOn.A.K�¡ 111�' ,the lndian icaf butterny,which,when is�� nF aFe
Folded,remarMbly,semble a leal B.Lartt OF geontet�v d moth in colouFed g�h en and resemble a

thin stem C.Viceroy buteerny D.Australinn sel ho�\ .

Mimicry is described as Batcshn and Mullertan. Mimic is thc anind uftich imitrt* thc modcl
another ammal. T\vo Brazilian butterflies (Monarch, Viceroy) fly together to avoid insectivorous

birds. The viceroy butterflies are eaten by the bitds, contrary Monarch butterflies ire unpleasant.
Thus the Viceroy butterflies by mimicking the warning colouration of their mode[ Monarch
butterflies, are savEd from predation.

When two or more inedible or unpleasant species resemble each orher botb the mimic and
the model appear to be protected. This mimicry is of advantages to both species as abserved
in a moth which mimics a wasp. Both are inedible.

Check Your Progrcss

Thc assOdation between two admals h which One ofthe par�' ��es u�g s in�† �i ithehOst and

der�s es benents is k.�B wn as

Define commensalism

18�B3 SUMMARY

Anint show�å rtain mOd�� �� tions in their geneFal plan OfbOdywhich enable themto�¿ ��

�⁄ �‹ attusted�� thin thott natural envlronment.Such modincations are caned as adpta�N �Q.  
�L
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2.A�v maL whch live h watcr have the advantagc ofthe water pressure to supportthcir bOdy

hcncc we And morphdOgicaladaptadons h thdr dze,shape,limbs and physio10gical changes

in respiratOry and encrgy conscrvation mcchanisms.

3.    Due to lack Ofwater,cxtremc climatic cOnditiOns,non�]
avallability offood,lack ofprotectiOn

etc.,bcstOw the organism with descrt adaptations.

4. Gliding and �fi��ng adaptations arc characteristt of animals adapted tO acrial liL.Patagi�¡

wings,strOng pectOrJ muscics and di thOsc adaptadons which make such animJs iighte�¿

sunfter and inore cnergetic are included.

5�B  AnimaLofsOmespedesOrdfferentspedeslivetogether�V
variOusmanne�g.These may bc

more or less intimate:According to the degrec of relatiOnship9 these of the assOdatiOns are

said tO be commensalism,symbiosis,mutualism and parasitism�B

6�B     C010uratiOn and minlicFy arC nature’s gifts fOr the aniinals since these prOtect,cscape,and

prevent thc attack Of their predators.

18�B9 CHECK YOUR PROGRESS_MoDEL ANSWERS

1. Parasitism

2. Twoanimalsoneofwhichisacommensalgainswhiletheother one neittrer qains nss [sses.

18.10 MoDEL EXAMINATION QUEST10NS

I. Answer the lbllowing in about 30lines :

1. Describe aquatic Adaptations in animals.

2. Write a short essay on Volant Adaptation.

3- What are the conditions in a desert. How these conditions aiu met by the desert
animals?

4. Distinguish desert and aquatic adaptations.

5. What are the adaptive differences you come across between a bird and reptile?

6. How animals are related to tbrm asscrciatioes

7. Distinguish clearly between Commensaiism, Symbiosis and Parasitism.

8. What are the advantages of Colouration and lvlimicry to animals? Explain with suirable
examples.

il. Answer the following in about l0 lines each:

t. Enumerate most important aquatic adaptations.

2.. Meaning of adaptation with examples.

' 3. Any three desert adaptations.

4. Explain dif{'ercnces tretwcen wing and patagium.

:;. .:i :',._r;.;.iifi iLirnz-rlensalism atid Symbiosis.

6, Advantages of colouration in animals.
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UNIT�] 19 EVOLUT10N OF M[AN AND HORSE

Contents

19.1 Objectives.

L9.2 Evolution of man

19.2.1 Introduction
Lg.22 Changes undergone during evolution from apes to Humans'

Lg.2.3Inwhatwaydidmanlooseandgainduringhisevolution?
19.2.4 Evolutionary stages of Human being

L9.3 Evolution of House

L9.3.1 The EvolutionarY Stages

L9.4 SummarY

19.5 Check Your Progress - Model Answers

L9.6 Model Examination Questions

19�B 1  0BJECTIVES

This unit is about the evcllution of Man and Horse. At
to explain.

o the various aspects of human evolution

a the history of horse and its various evolutionary stages.

the end of this unit you will be able

19�B2 EVOLUT10N OF I�YAN

19.2.l lntroduction

Man is undoubtcdly a prOduct of manlmaliah cvolution. His is onc of thc many lines of

evoluti6n that chara�¶ tcriscd th�v  cenozoic agc. As the cvolution of horsc, elephant, camel and

so many othcr dffcrcnt hnes arc prOgrcsdng,the evdutbn Of man is also procccding through

various initial stagcs of primatc evolution, tttc culmination of which is the appearance of

modern man.

Thc cvolutionary thinking ccrtainly irnplicd that man has no spccial status as far as his

biological cvolution is cOnccrncd and that hc has cvolvcd from prehman, apc Lke  primate

ancestors ovcr milliOns Of vears.

�WIan and Apes

TherC arc scvcral anatomical and physiological similaritics bctwccn man and apcs.Thcy arc
as fol10ws:

1.  Though thcir brains arc smaller(Gorilla 500 cc,Chimpanzcc 400 cc.Man 1500 cc),thC brahs

of apcs arc quite wcn dcvclopCd.Thcy have samc patterns of conv01utions as in thc human

brain,though in a simplirlcd form.In details al,o thc similaritics arc surprisingly predse.

2.  Thcsc anatomical rcscmblanccs in thc brain are correlatcd with physiological similarities.
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7.

8.

9.

10.

Many features of the skull and other parts of the skeleton of the large apes and man (both
extrnct and living species)'are very approximate. This is in part related to the erect po.trr",
which is being established in the Gorilla and Chimpanzee.

In their dentition also theapes show similarities to human pattern.

The arrangement of muscles in apes and man have similar disposition.

The various abdominal organs are situated in a common pattern in apes and man. Even the
microscopic details are quite similar in structure.

Thephysiological aspects that maybe stressed to showthe phylogeneticrelationship areblood
groups, parasitic infestation susceptibility to certain diseases, immunological responses and
so on.

The just born child of human possesses a sort of thick set hair reminiscent of the ancestral
arrangement. This hair however drops mostly later.

The legs and hands of a young baby rise above, rather than stretch lengthwise along the trunk
as in an adult. This is because the muscles and bones are set in a quadrupedal fashion.

The young humans have to learn to walk on two legs about the age of an year or so. Earlier
the baby walks on all fours like a quadruped. The iegs would nolh.u. acquired tt e stature
required for bipedal progression by that age.

The behaviour of fingers and toes is noteworthy. The young baby clutches with its fingers any
object that comes handy. This is reminiscent of the younjof monkeys and apes..They holi
tightly to the bodies of their mothers which move on all fours on treei jumping or otherwise.
The toes, especially the big toe-move constantly in the baby. This indicate. th" Ir". movement
of the toes in the ancestors for holding objects, which facility is lost in the course of human
evolution due to bipedal motion.

19.2.2 changes undergone during evolution from apes to humans

The evolution of man from the earlier prehuman forms took place rather in a hurried way,
as these things are understood on a geological scale. In other words that could have taken
several millions of years was achieved in a few lakhs of years. Man rather hurried himself in
the course of this evolution.Consequently there are several advantages as well as disadvantages
in this process. Let us observe some of these aspects:

1. The hind limbs norv carry lhe entire weight and hence they became stronger. In apes both are
more 0r less similar.

Thc tbot has an arch likc curve at the bottom. This is convenient for running and walking but
the toes have become shorter and quite similar in length.This is inconvenie nt for grasping.Apes
have porver to grasp rvith thcir feet also-in fact more with them.

The human hand has the best evolved utility structure in spite of its basic primitiveness. The
fingers move delicately and indepcndently.Without moving the upper arms,the lower arm can
be twisted by 180 o.The hand played a vital role in the evolution of man acting in unison with
the specialisation of brain

The face has become very nice to look at. The sight is now directed straight forwards.The
projecting snout of the previous forms receeded leaving only the prominent nose and a chin.
The edges of the ears are rimmed.The delicate mucous membraneof the lips rolles out forming
the attractive lips.

The hair is reduced vastly both in area as well as in thickness.

4.

5�B
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�¡ �Z �ô spm�R�¨ ty nOw incrcases for the peMC glrdL.This t a very lmportant reglon wherc

thetwottNæÛ the main body.Thusit be�� mesweak havingt�¿ttthe entirewetht On its
m.

�–çW �í�R ŒG�V �I .�˜ 1’I�Q �y1å¶
hat tobe contained ttc�Z .�� e nium becomesbowlshapc to providc thcm a shelter.The

isatumcomestotboi�\ b�VØDscatttL��

�g

ngadttep�Q :�µ nfOrWardandforms

an arch�R �� �ª �� �� hthettbaby�R bomwhL comingoutfOrthe�¡ rsttime intothisworid.

7.

BI  A
Fi3�E 1�¡ 2 Pctt b�\ �APF ape�˜

�£)and man(3), 1.miunt 2.Acetabu:ool1 3.Ischiun 4.Pub�¤

The orFns�¡ thC abdomen are now located h thc pel�� s�B ln thc q�Ł �¾ rupCd,lform thCy hang

tom the venebrJ��

�g

mn byltamentS and had a deFlnite advantager.�» �u
Weight runs nOw

par�¡ itothevertebraCOlumn instead ofperpendcda�‚
�LnCeth�fl pOSSib�aky ofher�v a is

there h humm H�˜

As man stands erect thc hean�R taken upward along wath the chest.ThC heart has to work

hrderto pump the�� �æ .The Veins�E of limbs become swollen causing varicosc veins.Pilcs

ak�� areicausd�Ł �o

�y theenlargementoFthebrainhaSitSdeFlniteadvantages,ithassomedisadVantagesalso�B

Theheadbecomes heavler and largerandthe orlttnal neck lnuscles arc unablc to supportthe

hcadhthechildoMoFeOVOrthed,�Ł Vttrm"lfbecomcaproblem�¡
theheadtlar�Ü r.Frequenl

Su�b �¿ :�n JStance�R
"�ô

v�Ł �� 1l�µ
parat�§ �µ eaSerdelivery.

�¡
"�å

Und number Ofutth in mammalS�M
66.Out ofWhiCh the grinding tecth numbcr�§

�r �§�� :�l �P� �̋v�� �ƒ :�› �í �� �ƒ:�Q �˘ �Õ �å �÷
çq �› �˚ started depending upon.The s�¡ out has 10St eplistence and With k the number and

�› �Ý ofttc teeth tt�_ .There isa crOWdingPoftecthand hence overlapping Occaslonallyoccurs.

�¡ Lh�Õ çp olar knwEn aS Wisdon tooth Somctimes fails to break.

Œ⁄�` �Ô çW �' �À �I l�@�D ��
theiaWSinalmOst a drcular fashion.
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Fig f93 Conrparison of the'uppcr jaw of apc (A) and man (B).

Fig 19.4 Comparison of the Jaws (mandible) of apc (A) and man (B)

In apes again to support the powerful canines and molars there is a simian shelf in the lower
jaw.With the loss of importance of these teeth in man, the simian shelf iC also lost. This enabled
the tongue to movr: frecly making possible developrnent of ppeech. l

The apes have powerlbl nuchal crests and supraorbital ridges.The various muscles ofjauns are
attached there. Man no longer needs these powerful m.uscles as the food became deticate and
easily manageable. Hence both the nuchal crests an supraorbital ridges are reduced.

There is some significance in the retention of nose and chin while the snout is reduced.
Ori;inally both of them are part of the snout: But with reduction of snout the nose also. should
have lost its height. This did not happen because the air that enters into the lungs during
respiration needs removal of dust and preheating which is achierred by the enormous mucous
membrane within the nasal cavities. The chin oft"rr.upport to teeth. H""*,fr" *"o,*"
along with the chin below are left behind. 

- --- --rr--
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Ramapithecus

It is certain that none of the
beings. At some stage in the

present apes or monkeys are the direct ancestors.of Human.
main line of evolution ape-cum-man like beings split into nno
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l�w
l.:�I :1’lyWhen,w��

�lre
�] :�L       :   �U

Ø}Øò�å     �Õ �î
aws and teeth a�g smaI�vªdo the canhe toOth

�_ �q ��
Œt

ræk �V �V e primate�^ ��
=�F �r �T �Ì�j �› rttr

Th tt J �Vs 6�V �¥h�I �†�¡ �˝ �P
�vmS�¶�h�� �ô 1�Ù �Õ �ø yF��

are referred to as BIahmapithecu�˜ .�E During thc

�Õ i�r �Ł�¶�Ł�ari�ß �v�� �P�Ł�B�˛�Pr�� �Õ �ó
� �̌adt�g äFd�ß

�r
i�¶

:[�a lttWnttnttl�v �í �Ô it�j �P�P:�I �B�d�Ô�� �Ù
was about the da of Gibbon,but�¿ |�fl thm�nustrdOphh9cus whiCh y,abo�V  l metFe.

Australopithecus

L�´ [�â �h�§ �Ó �� :�e r�í �ß�y l�˘ �ç�[ttP�• �⁄
other fossiL named as PrasirJ:rra�@ Æeçq�t

�g

�£ �¤ and later aiOthei called as Pararlrrl�� PIlsPbl‘stts.

Several other Fossils were found in swartkans, South Africa. �E

The austrJo�“ thcdne skdl has the,loWing Lature=

(1)SmaH cranial capadty�B                 _        _

(a Large sagittal crest.
�A          :   :| �¡

.    ^..       :

(3)M�J

�g

prdecting i�B �¢ �B _               ;     �]  :

(4)hge m01ar and premOlar tecth but small incisors aid canines.

6)PelViS and limb tts cOnstructed on hominid�] plan but�‘ �»iflCantly different pattern.

�ø
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�É �Ñ �ø �X �£ �x 1�‚ �æ �ˆ
1��

�‚ �£ i�ô Æ˚ �K �×
�w
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pation ofØD �F tal�� ndylhthe back ward bulge of the head,and the shap�� of�] the mandible.

11:�¤ icertdn thtt thtt�_  forms walked ered lke Hon�_ ,�A the�a mb.bones hid pelvis bdng
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It was called then as Zinzanthropus, but later found to be, not quite distinct froq the. other

African human fossils which were also named by ilifferent genetic names. At best, all of them

are to be regarded as one genus Australopithecus.

In 1960, another discovery was made-below the lalcrs of Zinzanthropus. The sides of the

skull, clavicle, hhnd bones and the bones of foot are found besides several stone tools. Ttis
discovery was assigred to not only a new species but a new genus as well" called as Hwno
habilis. But this claim of separate nature is serioqsly disputed though this material ii gacile
when compared to the other human fossils which'are very robust.

In fact there is some confusion regarding the ta:ronomical status of various human fossils
found in African continent during the past sixty years, since the ongrnal discovery of Taung's
child: Whether there are two species A; africanus and A. robustus, whether they belong to
only one species, the difference being of sexual naturq, or whether the robust"material is to
be assigred to a genus Paranthropus and the gracile material to the genus A. Homo (Homo
africanirs). It is not clear yet. A fourth view would regard the existence of two genera.
Ausbalopitltear and Honto. According to this view Australopithecus has no direct ancesry
to the modern human species and it diverged quite early. It regards .both spccies,coexisting
for a quite a long period. 

i : :., .:

Homo erectus

,ln. 
th: ycar 1S1, a 

-skutl 
cap and a femur bone were discovered in Trinil Java by Dutch

Scientist Eugene Dubois. In L907 at Maueq Gerniany a massive chin less lower jaw was
unearthed. ln LW a molar tooth and in l!29 a cranium' were found in ch,rw hori'thn nehr
Pecking. These were called pitheconthropt$ erectus. Ironto trciiiuafi,tsis.- inatn olius
pekhnnensis. This is not the 'cnd' of the story. Telattthmpus in S.Afr[a,' .alanttiropii in
Algeria, Australopitltear (as noted) and several other genera and species were discorrcred
and nFed.

Fig19.6Re$torationofhcad,andskuttofHomocrcctus.

Now it is universally agreed that all of them beJong tc a singte species Horno erecrus andat best they may be assigned the status of 
.varietyl 

ioiri ,'opi,rs is perhaps one to threelakhs year old. H.erecdrs lived between 15 rakhs y*, ;; iid years ago.

:r e,ecttls 's well placed to have been the direct ancestor of H.sapiens. He is nodern mantimmedhte predecesor. But where and how tt" trunJtiun aor. pr"" is doubtfrrr.

For nearly 1(x) years, fossils have been coming to light and every one of them was regardedas quite distinct from the others. The minor differences are given undue importanee. yct oacsclrool of opinion regards Austmlopithect$ or Paronthropus ai earlier genus, having given riseto H.erectus which in tura g.r" ,i." to the modern mdh.

Thc skulls of. H. crcaus show a serics of distinctive fcatures;
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l. Thcbrain casc is lowsith sides that taper uprvards:

Z Thc boocs of the cranium are rhick.

3. Ttcre are heary messire supraorbital ridges.

a. A thk* sheffof bone is present on the hind end of skull.

5. Therc is a recodiry forc{rcad.

6. The front part of the cranlum inrmediately behind the supraorbital ridge is constricted from
si& to si&. -,-

7. The noce is wide.

E The jaur and palarc are broad, some what prominent.

9. The tecthontbcwholearelargerthanthose of H.sopiarcg(butsmallerttanAus@lqithecusi).

lO. Throrryh sore primitiw features are fotmd in the dentition, it is one the whole more hofidnid

than poogd (apc lite).

Bcheviour of H. erectus

H. was liwd in caves Though in Olduval Gorge and Trinil, the bones are found in the

opcn. At chol kot tin the fossils are found in caves along with charted anhtal bones Micating

tt" ..ht.r"ot of mastely of fire. With thi$ hc was able to keep himself warm and thus

tpgired inro cold parts of the world. With the cooking of food and rheieby reducing the u,ork

on f[g part of teeth-hss critting and tearing. The teeth. got redu.ced in size and promincnce.

Choeefing tools were made from split pebbles. Stone flakes and bone artifacts are found.

Th*r are called al chou kou tien as 'Chopper chopping+ools'. At Ternifine a totalty diffCtent

kind of stone implements are found. They are known as bifaced hand axes and scrapers

(echeulean). H. erectus thus associated with chopper chopping trx)l tradition in some parts

and at othcr parts Acheuban bifacerl hand exes industry. This indicates llat there is no

@onectioo betrreen the ana-tomy of a human species and the cultural manifestation of tool

indrstry. H.awas hd considerable"versatality'

There is no indication that H.erucfru believed in super natural things. No-burials were found

u srch and thcrc was no indication of rituals. But one indication iras there that he was a

crnnlbal. Atl the fossils were only of Heads-about 40 of them are discovcred' But other animal

bucs are discovered. Further the base of the cranium has been mlssiag consistently in all of

31sn rro,nd the region of forpinen magnum seems to be a deliberate act probably to sooop

urt the sontents within.

LS3. l+aky (r903-1t 2) regarded H.erectus too spegialised 
-to 

be the ancestor of modern

men He regarded A. niUUi of Olduvai Gorge as. to be in the direct line of modern man's

anestry H.erccets did not contribute to the i]volution of modern man and bec6me e:rtinct'

But the modern view is quite contrary. H.erecttts is a potytypic specigslraring a number of

varients bch in time and spaoe. Sevcral authors wen deny the separate status for

AnSrabpithecines as indicated below. H.habilis of Leaky was only a variant of H'erccdts

accoraing to the modern view.

Ncmderthel Men

D.nin proposcd his Evolution theory in 1859. Earlier'in 1848 in Gibraltor' in 1856 in Neander

r,alby certain human skulls were discorered which missed the recognition of Scientific world'

Darsin * ,"."rking still that human fossils wouid be found in due course' In 1886 two
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sinilar skulls vuerc found with implements of chippcd stone and animal bonrxs" Tlrese anirEeh

(with ufi.sc bones also the implements xrcre t"i"l are c*inct now' Starting'froar tlfs land

marh in 100 years (;; exactl se*,er"r ror" iuian tossils were found, to piece togsther

"rot*ioo"ry 
hirto.y of modern man on a sound basis' 

,.:

ng.�� I Rc�V
ØS�s

�N 1äF
ad and SkJ:JN�g ndcnha mai=   ’       �¡

,

�� �R�F:�ß �r �Y1
in dental tt skuli morpholog�A fom ttcttCn�� .

�u

OH�˝

�c

.                             ’        �R

The name ttscFirr3S�g Fart�  �¾ �É � �̇�� �̇��Ł�Þ was�vven in 1864 and now h t reFrded as a J�} �B h

Of mOdem nlan J�qSapJolS�g car8dcprrtclc,lsi�¡

�£
this man ls reSponsible for their ettinctio�¾ or

the h�¶ r gladal age,disea"or alty other caus

atleatt in part the Neandenhal man’s genes intermin�v ed�¡ ith the genes of moen C�\

man.

Cro�EMapon Mian

ln 18�g ,har�å k shelter at Cromagnon,DordOgne in France,scVeral preh�z �⁄ �‰ �R |�g �m

�g
6f modern type of man were discovered which were�g lled as CromapOn man�ß �E�í�E�R�R.

The age of thttE skeletons is tixed to be abour 25,O�_ O BC�B

The fouowing charactcrs are distinguishable in ihesc skeletons:

1.�E skun t a bng asscen�¡ om above�� th a pentagond outi�Œ .        
�]

2�B   �¡ 6 parictal bones havc an outward bulging�B                             .

3. The forehead L straight and vertical,                   �\  .

4 Thc brow ridges are on�fl Slight�fl prdeding.        :     ,1 1

5�B   The crantum is nattened and t without nuchal�Ü dges�� �– ttal o�� �¤.        �M

6.  The �¿�“ �“d�U)�¡ ,pFOieCtS backwards�B

7.  �]
"�c

�RdcapadtyiSlarge being about 1600 CC�B

�Ù
8�B   �¡ �x fac t shon and wide.
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9.

10�B

11.

12.

13.

14.

�v115�B

16�B

Th: "I sockets are, Iather square.

The nasal iperture is narrow and projects prominently dovm wards.
The chin is very prominent.

The dentition is nearty, identical to that of modern man. However most of the teeth especiallythe last molar is largerthan in the modern man.-

The skeleton is ro[ut. The fore arm and the thigh are relatively long.

::::111*eton 
is rarge wi-th short nngers

The fmt has a prominent heel.

Normal height is about 1.7 m.

Fig, f9.8 Rcsrordtion of head and skull of Cro-Magnon man.

Cromagnon man is considered to be ancient version of Homosapiens. The queition of thE
relationships of Cromagnon man to the modern man is not quite settled. Even before the
appearance of Cromagnon man, several instances of human populations with moderi human
traitc qrcre located in middle pleistocene i.e., between 5 to t lakh years.

In 1933 at Steinheim in West Germany a human skull was found. The features of the skuli
are mixed. The frontal and facial portions seem to be rather Neanderthal, while the back
portion is more modern. This is said to be about 2 1\2 lakh years old.

Similarly at Swanscomba, Kent, Engtand another skull was discovered in 1935 and later. This
is similar in age to Steinheim skull. the skull is generally accepted to be a representative of
early Homo sapiens though there are Neanderthal features as well.

In 1965, Vertesszollos, Hungary, skulls resembling modern man were discovered. Their age is

estimated to be about 3 lakh years. This man is supposed to be at the root of the modern
man evolution. There are several modern human features along with some Neanderthal features.
The skull capacity is about 1400 cc almost of modern human proportion.

The criteria for a modern man as distinct from Hono erectus man are as follows:

A mean cranial capacity of both 1350

CC with a high ma:rimum breadth.
cranial capacity being about

10CXI CC.Cranial wau thick(10 nm)

and m�Ô mum skum breadth.

An approximately vertical fore head.
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3. A founded occipital part of the skull
with a smaller area behind for the

attachment of neck muscles.

3. Occipital part projects behind with
larger area for the attachment of
muscles.

4. Jaw and teeth are reduced in size and

the facial region.

4: The facial reglon is largero Jaw and

teeth larger.

5. Small canine teeth of spatulate form. 5. Larger canines.

6�B The presence of pointed projectrng
chin and prominent nose.

6�B No chin and no,pEominent nose

The Cromagnon man is later genetically absorbed slowly into the later European population.

There are still some populations, who are said to be basically of Cromagron rype.rn Canary

islands.

Culturally Cromagnon man is quite advanced. There are different types of stone and bone

implements, blades, scrapers, chisels, spear heads etc. The culture is referred to as Aurigpacion

culture which succeeded the Mousteian culture of Neanderthal man. He lived a fairly settled
type of life. They were successful hunters having subjugated bison,horse, rein-deer.and erren

marnmoth. They were individual and collective hunters, though their hunring methods are not
knorrn. But however they must be quite effective.

They buried their dead with elaborate rituals. Many were artists and sculptors. Some of their
paintiags resenfe to be kept in the present day art museums.

The chart below gives an idea of modern thinking in the taxonomy of man:

Single Europe N.Africa

Algeria

Kenya

E.AMca
S, Andca

�d�B�‘�������� S.E.Asia

CaVa)

5�B Homo
sapiens

Vcrtcsszollos

Hungary

4. H. erectus
solensis

3 H. erectus
heidelber-
gensis

Germany

H. erectus
mauritanicus

Ho crectus

bonsei Leaky

Ho erectus

pekinensis

Black

H. erectus

2 H.erectus

erectus

Dubons

1 Ho erectus

habilis

Lcaky

H. erectus
capensis

Dark Brown

H.
erectus
lantianensis

H. erectus -

madjocartensis
Koenigs-
world

193 EVOLUTION OF HORSE

Horse has been one of man's best friends from prehistoric times. The evolution of this mammal
has been largely traced by collection of fossils Ly P,rgr, Mamh, and later by H.F.Osbort. Thc
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cvolution of horse has been qainry directed towards mcchanism of food gathcring and aaainiry
greater and greater speed. The evolution and specialisaton is such that scienrists consider that
the entire body mechanism is highly specialised lacking in basic primitive features. The modern
horsc in called E4rars calabus. The evolutionary tendencies of horse during sourse of about
6 to 7 ctrores of years can be summarised as follows:

1) Increaseinsizcandheight.

2) Lengtheningoflimbs.

3) Reduction in ulna and frbula, thereby limiting the range of movement.

4, Perfection of unguligrade from the original Plantigrade posture.

5) toss of digls to the middle toe.

6) Increase in the height of teeth along with complexity in pattern.

7) Premolars asatnngmolaiformcharacters.

Horse is one of the best tiving machines that attained a great sutained speed. This is achievpd

by among other things by the perfection of hody contour by removing a[ an$ilar projcctio.n

reducing the air resistance. While runniug the body as a wholg including head neck as$unros

a perfectly symmetrical form almost like a bird or fish. The muscles of the limb ars conoentrated

at the snlulier and thigh, only the slender tendons passing downwards.

The horse walks or runs on the tip of the middle digit. The primitive plantigrade gart where

atl the digits with metatarsals and metacarpals touch the ground, has been gradually shifted

to unguligrade type of garte there by increasing the height of limbs. Bcsides, the various bones

of thi timbs also tengtneneA rnor" giring progressioely greater herght during the course of

crdution.

Corresponding ro this the ulna and fibula bones reduced. This limits the freedom of rotatory

movement but at the same time in that limited range greatly increases thc freedoo of

movement. All the limb joints are of tongue and grove variety.

While the height is increased by the lengthening of limbs, there is an absolute need for similar

lengthening of neck and head in order to reach the ground.

In general there is what is known as "speed index' in all the running forms. Thit I TdiTq9
Uy ine ratio of length to the diamater of the limb bones. This is also coupled with the skull'

vertebrae, ribs and so on. What is more important here is the fact that the horse has attained

the ma:rimum possible perfectign for speed. The hoof is a marvel of adaption. This ii equivalent

to our middte digit in iitfrer timb. [f we realise that while galloping the horse touches ground

only with these front hoofs and thus withstands such a shock only through these two fingers,

we can appreciate the perfection it achieved and reached'

The Bkull is very elongated with a long face" The eyes in effect are above the ground to

io"r""." the range of vision. The orbits are comptetely surrounded by bone' There is lot of

,ooor, prorided t the laws for the perfection of deep crowned grinding teeth' 
-Because 

of

this elonption the other teeth the 
"arrio"s 

and incisors are separated ftom the grinding teeth

by a g3f caled diastema. Though this is not the intention of the nature, this gap is used by

man to subjugate the horse by placrng the "bit".

In the dentition, the Erst premolar is reduced and is knoum as kolf tooth" and is often shed.

ThC canines are mostly 
"b."ot 

in female but present in a simpliiieil form in males. The

incisors are long crowned and possess a pit like deprgssion which later becomes worn way.

This gives an indication to the age of the horse.
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There are three prm01arS and bchind them 3 molars in each har of each iaw.They a"

�ß �ˇ �å �Ì �Ł�� 1à£1�ß
�Ł:�R �ø��Wt�ˆ ll�¶ �d�ç

�À Œt�Q�N�R�í1

�I �w�fi�� �q�Ł�� 1�I �v�wl�o �Rl
the troubl1 0r e�Y )n dCath.B�� We�˚ust reme

mcans Of defence for the ho�¤ e.It has kcen�– �î �˜ ��f hearing Sut as wc�a as smem�B

193.l The Evolutionary Stages

hmntth�q ,�ì 11�� �e�Œ�� ���� �d:�a æn�Ó �Rc�` �R�Fh�Q

Thero art i�˙ n mportant starS�u �å Ordeo�¡ Om Eocene,01igocene,MioCeic,Pliocene,Hc��
OCene

to recent.Tl�¾ ttn stagcs staFting from Eocne arc as follows:

�¸

�¯
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�h

�@
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�@

�ß

�h

�P�O

Erchippus

Orohippus
Epihippus

Mesohippus
Miohippus

Parahippus

Merychippus

Eocene

Oligocene

Miocene

Pliohippus
Plesippus Pliocene

Equus.

"�Ô
�\ J�ß �å �\ �å SJ�˚ s�ß �µ ær h�¤ a tttfttiª�

�Q t�· �í �I �~ t�÷ �D
HyraCOtherium arc found in Europcan contincl

line, they having bccomc  cxtinct.

The fo�a Olving orc lhc�Ł ,�v ,ChattCtCrS Of the ten cvolutionary stagcs of h9rSC i

Eohippus

This is four toed horse,aboui 30’cm in hcight somcthing ttke a big cat or a malrtt T��

hcad and neck are short. Liinbs aFC Of mOderatc l�– ngth.The ttx�¡  are digitigrade. The�E hand

has four complctc digits with hoof likc nJL.Thcre is no trace of the irst digit l The fod

�q�' �Ł::1�o cŒ��‡�Rl�Ü �Py�º �ç�•�Ł:�H i�§ �ß �ç�d��tiril��
a"tttding tO"COme mOlanform.

Orohippus

�P�Ó �RFl�à ���ì Œ��ç�Dt�v �r
ä¿Rh�c�E�E ,0�æ �Vn�L r�� �A�b �¡

)ieascd.ThO third and fOurth prem‘�V r,hat

�à

‘�g

�i c al�Ó �Bst ttolarifOrm.Thc hcight incrcased by 4�] 6re Cm(abOut 34�] 35�' .  :l �R
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�E�œ�v
Fig 19.9 Diagrammatic rcprcscntation of thc ancestry of horsc.

Eplhlppus (Upper Eocene)

The third and fourth premolars are now completely molariform. The digits of the hand are
still four the outer most still functional, though reduced further.

Thc foot has three digits with the middle digit attaining functional superioriry. Only fragmentary
fossils of the horse are available. No astimates of the height are possible. Morevoer tl* migni
not have led directly to the oligocene horses to be described presently.

Mesohlppus

This is of the size of a large wolf or an Alsation Dog (about 4.5 cm to 6G cm). Both hand,
and foot'have three functionU aigit.. the fifth on" *.y-b" still present in the hand as a small
splint. The niddle digit has attained greater responsibility in bearing the weight of the anirrral
rclieving the lateral digits much of this burclen. Ulna and fibula are still piesent but much
slender. It is evident that the horse has already attained considerable rp""a. The premolar
tccth are fully molariform with the cxception of small simprc firrt prr.otur.
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Mtohippus (Upper Oligocene) l

This is almost similar to the earlier form Mesohippus except that there is an increase in

height in MiohiPPus.

Parahlppus (tourcr Mloccne) 
:

This is a classical example of step by step evolution. The earlier form of this species are

;;r; ilil; ii" pr""iu* br,go""* horse Miohippui' while the later form are

indistinguishable from the future horse species the Merychifpus' For the fiist time the gaps

between the crowns of teeth become filled up with cement. The amount increases gradually

with the progrcss of the species. The lateral toes vary greatly. In some they are as well

developed as-in Miohippus where as in others they are much reduced'

Merychlppus (Mlddle Mlocene)

This is the transitional form between the earlier forms with short crowned and fully, c€mented'

This type of change in teeth is required to adapt to harsh vegetation of the plains' fhe young

of these forms have short crowns without 
"rrnint 

while the adult teeth are heavily cemented

and intermediate in height prophetic of the future'

Incidentally this is one of the most remarkable instances ol ontogenetic evidence of evolution

among horses.

Pltohlppus (pllocene)

, This is the first one toecl horse. In somc forms the lateral toes may still oe present. This is

about 100 cm in height. One peculiar character of this genus is the presence of pit in front

of the orbit which might have lodged a scent gland.

Ptestppus (pllocene)

This is quite large, attaining the size of a modern horse. The teeth are of grcater height, an

advance over.those of Pliohippus. There is no trace of the lateral toes. Skt:ll is Equus like.

The facial pits are absent.

Equus

This is the culmination of horse evolution and is the final or the 10th stage.-The feet are

one,toed. Well developed splints of 2nd and 4th digits are still remaining eithet free or fused

to the cannon bone. The teeth are long and columnar with a very intricate enamel pattern.

Maximum height is reached in some breeds (180 cm). They attained region. North and South

America. They were taken to the American continent again by man during hisuoric times.

CheckYour Progress

L. Answer the following:

1. Steinheim skull

2. Wolf tooth

3. Zinganthropus

4. Speedindex

194 SUMMARY

' 1. Man is the modern product resulted by the prima," 
"uotr,ion 

among the mammals.
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2. With refere nce to this evolution, fossils are being obtained as evidence from the earth,s crust.

3' Apart from [hem, even within the anatomical aspects also these evidences are available.

4' In a similar way with regard to the evolution o[ horse during the past 6,7 crores of years, it,s
fossil history is treasured nicely within the earth's layers.

19�B5 CHECK YOUR PROGRESS_MoDEL ANSWERS

1' In 1933 at stoinheim in west Germany a human skull was found. The features of the skull are
mixed. the frontal and facial portions seem to be rather meanderthal, while the back portion
is more modern. This is said to be about 2ll2lakhyears otd.

2' In evolution of Horse, in the dentition, the first promotar is reduced and is known as ,'Wolf
tooth".

3' In 1959, for the first time a homonid fossil was found in the African continent outside South
Africa. L.S.B. Leaky found the cranium and uppcr jaw of homonid in olduwai Gorge (Kenya).
It was called rhen as Zinganthropus.

4. The "Speed index" is indicated by the ratio of length to the diameter of the limb bones.

19.6 MODEL EXAMTNATTON QUESTTONS

I. Answer the lbllowing in about 30 tines:

1. Describe the various features that show links between apes and men.

2. Wrile an essay on Homo efectus.

3. Describe the various leatures of Cro-Magnon man.

4. What are thc 10 stages in the evolution of modern horse? Briefly describe each in about
3lines.

5. What are the various evolutionary changes brought about during the evolution of man?

II. Answer the lbllorving in about 10 lines:

1. Ice age.

2. Ramapithecus

3, Modern viervs of man's ancestry

4. Primate characteristics.
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Unit�] 20 ZOOGEOGRAPHICAL REALMS WITH

SPECItt REFERENCE T0 0RIENTAL
FAUNA
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m.6 NeotroPicalRegion
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20.8 Oriental Region

n.9 AntarticRegion
20.10 Island Fauna

Z).11 Discontinupus Distrilrution

20.12 Suopary
20.13 Cbeck Your Progress - Model Answers

20.14 Model Examinati'on QuestionL

20.15 Glossary (Evolution of Zoogeography)

20�B 1 OBJECTIVES

To know the peculiarities of distribution of various animals in different parts of the world'

At the end of this unit You will

O understand the reasons behind such a peculiar distribution'of animals.

20�B2 1NTRODUCTION

Th�v  earth is populated,a Varicty of li�Q �Œbeingso concentrating our atentiOn on,L

vertebrates espedany mammals and birds(and even reptiles amphibians),we�{ ld there is a

glarmg disparlty in the distribution of the above for,s in varlo�¡ parts of world.The reason

�” I�R �Ô �� �„ �fl �æ �ß 1�Ô l:r�Ł �Æ

i�w
�ä �ó �y �� u�Õ �º �æ ��

�V �R�| I�› �T�� �] =ª�
r�R �Ø �Õ�æ�R

h�À ecOmes sucCes�Ìful and increascs in numbers

it spreads to wider arcaS(due tO populatio�S �íressur�v )and gCtS dispersed.But this di,perS01

�RnOt universal because any animal has limitcd capadty t6 migrate g�s en its pOWer of

locomotion.It gets obstructed by Some sort of bolndry known as barrier.For example land

anirnals can nOt croS�Ì  Wide areas Of watcr liko sca.Forost dwcning forms can not cross deserts

and so on,Thus the ammals ultimately get conined to wlthin certam bolndaries and cannot

spread through out t,c wOrld,This is�¤ dation.           .
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This distribution of the animals is partly influenced by the occasional changes (in fact change
which continue to take place though quite imperceptibly) that take place on the physical face
of the earth. The land areas become isolated by development of water passagis, or water
recedes and land bridges are established. In recent and historic times, man has also contributed
largely in this dispersal carrying horses, rabbits, mongoose and so on.

Various naturalists become interested in the study of the distribution of these animals and
attempted to divide the world into various regions based on othei distribution. Apart from
individual objectives considerations, attention given to particular animal groups also gives rise
to certain discrepencies. But by and large there is a broad agreement in this regard and the
following scheme is universally accepted for Text book purposes:

1. Palaearctic region: (Region is also called as realm)

Subregion: i) Europe ii) Mediterranean iii)Siberia iv) Manchuria.

2. Ethiopian region:

Subregion: i)East Africa ii) West Africa iii)South Africa iv)Malagasy (Madagascar).

3. Oriental region:

Subregion: i)Indian subcontinent ii) Sri Lanka iii) Indo-China region iv) Indo-Malay.

4. Australian region:

Subregion: i) Austro-Malayan island ii) Australia iii) polynesia iv) Newzealind.

5. Neotropical region:

Subregion: i) Chile ii) Brazil iii) Mexico iv) Antilles

6. Nearctic region:

Subregion: i) California ii) Rocky Mountain iii) Alleghany iv) Canada.

Flg.1.Z�� ogeopphical regilolls of the wond.1.NeaFCtiC 2.N�� tropica1 3.Ethiopian 4.Palacarctic

5�B ()rienta1 6.Austmlian

203 PALAEARCTIC REG10N

This is the largest of the six regions. It embraces the whole of Eurasian continent excluding
Indian subcontinent below Himalayas, but including Parsia (iran), Afghanistan, Africa north
of Sahara, Great Britain and Japan. It also includes various contineital islands.

Regar.ling the physical features, there is a wide range of temperature, greater fluctuation in
the amount of rainfall and diversity of physical features.
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There are certain similarities found between the Palaearctic and Nearctic regions which

;;pt; the clubbing them together into huge Holarctic region'

The palaearctic region possesses 135 families of terrestrial vertebrates' Among them are Birds

(68), Mammals (33), i;;iil"' tz+ Atdib;; (10)' rwo families of Rodentia are quite

;;il, to this region. ih" folo*iog are characterstic to the region:

Mrmmals: 1) Talpidae (Moles) 2) Castoridae (Beavers)

Birds:1)Regulidae(Goldcrests)2)Colymbidae(Divers)3)Tetraonidae(Grouse)

Amphibians: 1.) Proteid ae Qtroteus) 2) Salamandridae (salamanders) 3) Amphiumidae (fish

like'salamander), Alytes, Bttfu, Racopttorus' Hyla' Rarru'

Some of the important forms of thc region arc as follows:

Reptiles z Testudo, Tliottlx, Aligaror, Geckos, Cltonrclcotts, Vatanl$, Typhlops, sand boas and

so on.

Birds : Grebes, I,ons, Hawks, Herons, Stroks, Cygtttts ciconia ardea, Ducks, Cuckoos,

Kingfishers, Swifts, wood peckers, swallows etc''

Mammals ; Erilruceus (Hedgehog), Talpa europea (Mole), shrew (Sorex), Pandas' Horses'

figs, Cattle, Squirrels, Moles' Rais, Macaca' Equus cabalhts' Bos' Canis'

l:ig 20' l (iiant Parrda

It is to be noted that Palaearctic reptiles are related to African and Oriental forms' Palaearctic

birds and mammals are related to the Nearctic forms'

Generally speaking the Palaearctic region is less rich than Ethiopian and Oriental regions

with regard to the vertebrae fauna. however in the wamrcr qreas of the zone there is

considerable richness in fauna.

?.0.4 ETHIOPIAN RE,GION

Africa south of Sahara but including much of the desert, Madagascar, Southern Arabia'

Sahara forms the greatest barrier being the largest in the world' The Ethiopian region is

provided with luxuriant vegetation 
".p""iully 

in the eastern, western regions and almost uniform

condition prevail in the region. ln general it is a warm region'
173
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Most of the animals living in the region appear to be pec,liar to this region. Howeversimilarities exist with the fauna belonging to Palaearctic and oriental regions. It is an indicationthat at one. time these region. *"r"-un-it"d together.

The fauna of this region is one of the most varied and of rich type. There are L6L terrestrialvertebrate families and a good number of them are not rouna outsiae this region.

Fig. ?1t.3 A. Z*bra B. Giraffe

Mammals: chairomyida: (1y: Aye), chrysochloridae (Golden moles), Artortruluidae (Flying
squirrels), Giraffidae (Giraffe) Hippopotamidae (Hippopota*us;, orycteropidae (Aard wark).
A list of the important amphibious mammals are as follows:

Felis leo, Felis cortcoler, Felis pardus, Achtonyx jtbafits, Hyaena hygern, Goilla goillq Baboort,
Chimpaniee, Mandill, Macaca sylvana (Monkey), Cercopithectts (Monkey), Diceros bico,tis(Rlinoceros), Equus burchelli (zebra), canrchts dromedarius (cantels), Ibox, several kinds ofAntelopes, Loxodonta africana (Elephant), Hystrix cistata lporcttpine), Manis (Scaty q,teater),
Mirtolophus (Bats) and sevetar tvoes of cats, squirek, Rais, Fixes, Erepharts, shrews;.

Birds: serpentaridae (Socretarv birds). Numiclidae (Guinea Fowls), Mrrsophagidae (plantain
eaters), Aerochaildac (Hclmet birds) are peculiar to this region. There are 67 families ol'birds' 17 of thenr peculiar to this area. The main birds or t[is region are satultio canrclo
(Ostrich), Sarcogtps (Vulture), Bubo (owl), Eudynantous (Koel), orioles, psittacula (parrots),
Crocopus (pigeons), Ciconia (Strok), Herons, Halcyon (King fisher), Larks, Swallows. Horn
Bills, Bec eaters, Weaver Birds.

Reptiles: Chelonio, Amyda trilunguis lmarine turtle), Tesntdo pordalis, Tesntdo oculifura (Fresh
water), CrocoQhts cataphractus, Crocodyhts niloticus in Congo and Nile riverc, fftlon sebse,
fothort reglus, Stenodactyus peffel (Flyrng Geckos), Varant6, Micrcsaura pumila (Chaemeleon),
Lqcefia lepida, Anganru steltio, Cordyhts cordyltts (Lizards), Naja, noja (Cobra), Bitis aietat$,
Ceraster (Elapids) are present. Typhlops, Sand Boa are non poisonous snakes.

emphibians: Caecilians, Salanrundra salanwndra and frogs of genera Ranq Bufo, Rhacophorotts,
Triclnbatracluts are found here, which are also in general found outside thls region. Clawed
toad (Dacrylethridae) is peculiar ro rhis region.

Fishes: Ganoid fish, Polytenrs, protopterus (Lung fish) are peculiar to this region.

The fresh water fishes, birds and mammals show strong similarities to the oriental region.
Antpltibians and reptiles are also less distinctive. The two regions share many families of, L74
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vertebrates. However there, are certain fishes, mammats which are endemic to Africa and not

foundoutside.Thcfaunaisverydiversifiedinthetropicalregions.

20.5 NEARCTIC REGION

North ,4Drcn?a Greenland, New Foundland are included in this-region. The regt9l presents

a great variety. Greenlancl being Arctic with thick ice, grass lands in the middle region

Northern region (Tundra) being coniferous and eastern part being deciduous in thc nature

of their forests. Western region has mountains'

Fauna: The Nearctic fauna shows similarities to Palaearctic region' Heilprin thus included

both of them in the Holarctic region'

Amphlbians: Salamanders, Pelobati{s, Toads, Bttfo, Hyla, Rana are the ampttibians hete'

Among salamanders Antblystonru, C$ptabruncltt$, Nectun s, Siren, Axolotl are the common

forms. They are mostly similar to the common forms. They are mostly similar to the Palaerctic

region.

Reptiles: The reptiles herc are similar to those found in Neotropical as well as Palaearctic

region. Alligator (crocodiles) Altyda, TtiottlX clrclydru, Pseudentos' Tetapitts (Chetonians)'

Helodentn (poisonous lizard), pit vipcrs, Ratile ,nakls (crctahts), BotltoPs, Atrcistrodott viperq

are rhe vipers found here. Laclrcsrs nrrrrrrs is the biggest viper in ihe world found hbre'

Typhlops is also found here. Coral snake s Etaps is a1i9 represente<l' Among lizards skirilq

Antpltisbaettids, Attgttids are distributed. Severat are similar to Palaearctic region'

Blrds: Hawl<s, Vulrures, Slrokes, Hetotts, Flantingos, Cmnes, fandpipen' 
Kttgftstun' Stofl<s:

pelicans, Woodpeckers, Swifts, Swallows o,v foundl Therc arc 49 species of birds antong which

so,rrc corne ottly durirry sturttnbr, Grebes, Tttrkeys, Pelecanus, cttcttltts' lvtilwts tnigrans'

Ettdyuttrus (Cuckoo).

(Deer) Urcus honibilis, lJnus ameicanus (Bears), Bos bison

(.oyott), Felis conalor (pupa), pslis nrca Loptts arctians'
Mammals: Rangifet, Blastoceros

(American bison), Canis htPtts,

F'ig. 20.4 A. Amcricdn Bison B. Grcat ant catcr
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G.!1uconus. Flyrng squirrers, oreamnos, (Goat), Hapcceros (mountain goat), ovis ornn on(sheep), Desntodtts (vampire bats), Didclphys chitonictbs (opossums), Armadilo, porcupine,
cavia poacelht's (gttinea pigs), Moles, scitops (ltuttping nticej, Badger (Taxidea). The badger,bisort' rttoutttailt goat, webfooted nnle (scalops) are peculiar to this region as also grouse andturkies.

Though there are similarities in several of the above general between Nearctic and pabearctic,
there are several exclusive forms. All in all, the fauna present here is not rich.

20�B6 NEOTROPIcAL REGION

This region is composed of south and central America, besides southern Mexico and theadjoining west Indian islands. This is one of the three *uio ,"gions and is called as Neogaea.
This is a tropical ttqg1 but as one progresses south ward the temperature gets reduced.Amazon region has thick forests. savannahs grass lands, and deserts in the *I.t.ro regionare present' The Neotropical and Nearctic regions arc separared fo. ;;; il6. glbingopportunity for independent evolutionary centers. Andes is the importrnt ,ouituin range inthe region.

l'auna: There is a great rvealth ol' pcculiar fauna as wcll as large number of spccial types.Apes arc absent and m<tnkeys arc vcrv peculiar, known as Ncw world monkey or platyrrhini.The bats are very pcculiar. Insectivores arc not rcpresented wcll. Thcre are species of carnivoreswhich are very peculiar. unguliates are quitc remarkable. They are represented by peculiartypes of deerc, pigs, canrcls, antelopes, slrceps, goats, cqttle.

Amphibians: Dendrobates (poisonous ftog), pipa papa, Bufo, Leptodactyrus, psatdis paruaaxa
are some of the frogs. Besides sipponops *niton ilc^eciiian), cryptobranchus (salamandcr)
are found here.

Reptites: Turtles are reprcrsented by Teslttdo, ct'ocotliles (crocodyhs acuttts), caintors, tizaidsrepresentcd by igvona lgnono, Helodenna st$pcttmr, Pltynosonta suspecttun (Horned toad).Amphisbaena (lcgless lizard) Bipes canalictilinu (also a legJess lizard), gying geckos are
available. Among snakes, Typhtops, coral snakes (Elaps coralrit"ttts), pit vipers, Boa, constictorcortstictor are found here.

Birds: Rftea anrcicana, Tinanrcus, are peculiar. Besides the other birds present are corws,
Towcott' Acidottrcrus (Mynah), Arthotontus (Tailor hird), Plosrtts (Weaver Bird), Brachypterus
(wood packer), Psittacula krameri (parrot), cucuius (K;l), coltunbus (Loon) are distributed
here' There are no cranes and ducks. The region is famous for birds having about 67 families
of birds,

Mammals: These inclu de cqettolesle.r (opossums) and bee eaters, two characteristic Simian
families' Llamas Pigs. Sloths, Armadillos, Debr, Rabbits, Caels, Tapir, pocket gophers, pocket
mice, porcupines, Ateles (Spider monkey). The monkeys represent a parallel case of evolution.
Edentatcs are no less spcctacular than the Australian marsupials. wctlves, fttxes, jagtnr., ptolq,
bearc among carnivores.

Out of a total of 155 families of terrestrial vertebrates 39 are confined to this region. Cebidae,
callitrichidae are the two families of monkeys. The other families of mammals are chinhchillidae
(Chinchilla), Dasyproctidae (Agouti), Bradlpodidae(Sloths), Myrmecophagidae (Anteaters)
cavidae (cavies), Dendrobates (Solid chested tree frogs) are peculiar. 

-Mud 
terrapin among

reptiles are also peculiar.

Neotropical biids are quite extensive and many of them belong to families exclusive to south
American continent. The vertebrate fauna is regarded * ,"-r,*t, of the older Tertiary fauna.176
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20�B7 AUSTRALIAN REG10N

Fauna:Higher mammalS are unreprcscnted.

FIshes:N�˘ �Œ
‘rar�˝

a‘s is thc pcculiar being ttsh Of the region iS Qucensland area.OSteOgloSSid

rlshes are also peculiar to thiS rcgiOn.

�£�I :�d �Q�D�øRT�£�E 1"ab btt k R"�¿
�› �ç�fia�ß"S

a primitiVe frog.

çWrL�{ �� r�å �í l�í :sttattit"Z�ß �a�ÞI�Ñ �T�çI:1�l ŒG ��
are represented,PythonS are in North EastCrn reglon.

nca into a bizarre bird fauna.
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mJ�‰��m mammtt Ms�u�˚
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d�Ü �gm�wh�\ y

3�¶  of placcntals.

B

Fig ?0.5 A. ldlying oPosunr B' Kangaroo'
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5, Kangar00s(MacrOpus)and rat kangar00s.

There are 134 famles Of tcrrestHJ vertcbratcs O�¡
of wh�‰h30 arc qute pecuHar(8 mammalS,

17 birds,3 reptilcs,2 amphibian hmilics).

20�B8 0RIENTAL REG10N

Included in this region are Indian subcontinuent including India, and other countries, southern
.China, Srilanka, Borneo, Sumatra, Java, Bali Formosa,- philippines and other islands. The
eastern parts are considerably wet while the western regions *r ory. on the r.Iortr,"* ii^ii.are the climate is conductive and forests, grass lands abound. The features vary considerably.Rich fauna is found in the forest areas.

The Southern Indian continent is provided with Eastern and western Ghats with accompanying
thick forests and varied forms of vertebrates. sri Lanka, Indo-china, Borneo, Malaya etc.,
also have similar forest reglons.

Fauna: The oriental fauna shows consiclerablc similarities to lhc Ethiopian, rather than the
Palaearctic region. That at one time early, the Intlirrn and African ruu*"ii* ,;;;;; tog"trre,
united (Gondwana Land) and Indian and Ascian continents were separate. The 

-present

arrangement is only due to the continental drift.

Flshes:' Scoliodott, Ptistis, Rlthwbalis, lll4oboris, Sphynu, Zlgaena are tho cartilagenous fishes
in the Indian ocean.,Among the bony lishes in the Indian'5.ron are Eclrctteis fsr.r.rr i.iiMasucenbohts orTrun$ (Eel), Chclnroa and Chaerodtnt (Butterfly fishes), euoir.ur-e.ro.
fish), Hippocot,rptts (sea horsc), Exocuctus (Flying [ish),Badus, Mlstus, ontpok (catfishes),
lpn.ops (Lantern fish), Anabas, Peiophthhntu, ophioceplnhts, Heteioptret$tes are the fresh
water fishes. Most of the fresh rvater fishes in Indian Subcontinent are also found in Sri
Lanka, Sumatra and Borneo. But Celebes, a nearby island to Borneo, does not contain them
and hence this is regarded as belonging to Australian region. Bali has in addition putttius
atd Rosboia cyprirtid tistrcs. There are no primitive fresh water fishes in oriental region.

Amphlbla: These include caecilians, a few salamanders, Rhacopho rids, Rana, Hyla, and
Breviciptids. Ichthlnphis, Gcganophis, Ba*udia ilwilois (Visakhapatnam) among ihe snake
like Caeciliaas, Salamandra in Indo-china, Rana, Hyla, Bufo, Rhacophorous throughout the

:egron. 
Megaphrys (Pelobatid) is present in the eastern islands of the region. Javi Borneo

have no Caecilions.

Reptlles: Marine Turtles include dermochelys, Catetta coretta, Clrclone nrydas. Among the fresh
water Tortoises are Geomyda tijuga, Kachuga, Tiony, Tesrudo clegans and so o--n. arong
the Lizards ate Hemidactylus, wall lizard, pink tailed lizard. Mabuya, Clruntaeleolies
(Chamaeleon), Calotes, Garden lizard, Flying lizard, Druco. 

'vqanus, (Jtonustix and so on.
Among the Crocodile Gavialis gangeticti,s in Ganga, Brahmaputra, Godavari, Crocodilts potosu;,
Crocodilul polusuis are found in the subcontinent. They are of great wild life imporrance.
Arnong the snakes thi most important are Naja naja-,(Cobra), Ophiophagus (kin! cobra),
Vipem russelli, Echis carinatus (Vipers), Triluresureus (pit viper), Dryophk, eru,rgo,ru-1osciafits.
Bungants cocruleus (Iftaits) and several non-poisonous snakes like Lycodon, ryjntopi, frtho4,
Eryx johni aad several others. Enhydrina" Hydnphis are the marinq poi.onou. 5,nukrr.178
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Birds: Several birds belonging to other reqions are found in this region also' There are about

66 families of birds. fhreJ of thern are found in Africa also and five are found in Australia

also.

The following are the birds:

corws (crow), Passer donrcstics (Sparrow), Acidotheres (Mynah), Dicrurus nnuocercus (King

crows), Sadcoloides (Robins), Oioius otiolts, Ortltotottttts, Dryobates (Wood pecker)' Columba

livio, ctycoprrs (Pigeons), Psittocttla eupalia (Parrots), Pavo cistattrs (Peacock)' cuanlus'

Ettdytuttttts, (Koels), Anas, Anset', CyguTs (Ducks' geese)' Mylws migrans (kites)' Psandogps

(Vulture). Kempa. (Owlesj, ,n.t gr"ui Indian bustaid. There are no flightless birds' Darters'

pelicans, Hoopes (uppa epops) are some of the birds found in Australian regions also'

Irig. 20.6 Great lndian bustard

Sibr.:rian crane (Gnrs leucolgerunus) is a migratory bird on the verge of extinction. Black necked

crane Gnls nigicollis and another Great lndian Bustard (Cltotiotis ttigticttos) is a bird of

grcatwil<tlifeimportanceonvergeofextinctionprgsentinAndhraPradesh,Rajasthanetc.'
(irey Pelicans, Peleconces pltillippens..

Manrmals: Mainly Hedgehogs, Shrews Flying Lemur, Catarrhini (Monkeys), Tarsiers, Cats,

Bcars, Elephant,'Tapir, Rhinoceros, Rabbits, Giddons, Orangutan, Varied tlped of bats are

found in this region.

In its totality the region is note worthy for the mammals. Elephw mmi,nus (Elephant), Felil

leo (Liott), Felis uncia (Leopard) in the Himalayana region knon'n as snow leopard whictt is

Fig. 20.7 A. Rhinoccros B. Black lruck

17CJ
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Sumatra and Borneo), Blue Buck, Nilgai and the Black Buck in India' There are three

species of pangolin reiated to Ethiopian region lorises, 20 species of tree shrews mainly from

Malaysia and PhiliPPines.

The oriental region is famous for various kinds of Wood peckers' Babblers and pheasants

and also for a small number of parrots when compared to Notogae and Neogae where they

are in large numbers.

It is recognised that Sumatra, Borneo and Java are continental Islands and hence had several

opportunities to unite or separate during.pleistocene' They are seperated now and then via

a continental sheet, known as Sunda Sfretf' gence, there were repeated opportunities for

isolation alternating with union. This gave rise to ample opportunities for speciation and

forming ample faunal richness.

Fig.20.8. Representation of course ot wallacc line l. Malaya 2. Philippines 3'Ilornco 4 Surnatra

5. Java 6.Celsbes 7. Bali S.Lombok 9. Timyr 10. Moluccas 1l' wallace line 12' New guinea'

The border of Sunda shelf was considered by Wallace as forming the border of oriental

,"gioo. The line running between Bali and Lombok,northward between Borneo and Celebes

and South-of phflffinis beside Mindanao island is known as Wallace line (see discussion

above). The islands east of this line lack Minnows, Wild cats, Dogs, and Deer' There is

however an admixture of Australian fauna here, like Bandicoots, Phalanger, Cuckatoos and

Birds of paradise increasing as one proceeds east words.

The border of Australia's continental shelf (Sahul Shelf) runs west of New Guinea and the

papuan Islands of Waigeo and others. This is known as Lydekker's line. Ttre islands between

the Wallace line and iydekker's line like Celebes, Moluccas from a famous Zoogeographical

transitional area. There is also what is known as Weber's line running West of Moluccas and

the kei islands. This denotes the places w'here there is 50-50 distribution of Australian and

Oriental fauna. Celebes has dwarf Buffalo, Babirusa, two species of monkeys, Tarsier, Squirrels,

Civet. It even had an elephant during the plestocene age. Thus it was on the most changing

areas of the World.

20�B9 ANTARCTICA REG10N

At present this is thickly coverer with ice sheets. During earlier geological ages rich animal

life was present. Permian showed fossil insects. Triassic showed a Labyrinthodonty Jurassic

sfuowed a beetle. At present the fauna is such it warrants the creation of a separate region.
181
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Mites' ticks, springtails of rvlrich 90o/, arc conlincd [o this region. penguins, Albatrosscg pc6,,chand Seals arc the main animal groups. Skua is both like a 
-vulture 

and Falcon. The Lcqnn{ ,

seal is active both on land and sea and depends upon penguins.

Throughout the wdrld distributed in the oceans and seas, there are a number of islands botb

lTffi::[.*all, 
isolated or in groups nearer to the main lands or farther away fron largn

There are mainly two types of islands. The continental and oceanic islands. The fauna ofeither of them offers a fascinating chapter in the study of Zoogcography.

contlnental lslands are those which have been connected to the main land nearby durirgsometime in thb geologic past' on several occasions the sea level falls by several kilometcrsby raising of the continents. Hence land bridges will be establistred via the continental shclvesburried in the sea' Thus sutficient similarity cxists betwesn thc tauna of these islands andnearby main lands. Thc clillcrcncc that cxiits is dirccuy profortionat ro the time gap thatclapsed since their scparation. For oxamplc (ircat tsritian'is a young continentat island andFormt)sa' sri Lanka are oldcr contincnlal iilantls. Howevcr rrg.rdiig Madagascar the separationis very old and it is not ccrtain whetherit is connectecl u, .-ny time to the main land Africa.If the time gap is long say several crores of years, there is a two way opportunity for thediscreoency' Though at the time of separation both have similar fauna, later the new speciesthat arise do not have thc opportunities to enter the island. So also the limited environment
in. the island that gives rise to new forms cannot enter main land and the volution proceeds
fairly on two different lines.

oceanlc lstands are those that never had an- opportunity of physical contact with many ofthe main land masses and so also to the free \..* or ine diological migration. They may
have a volcanic oiigin or by building of corat rcefs and occasionally by r combination of
both' They are far removed from the main lancl. The fauna nere will 6, ,"ry poor , if at all
present' The large land animals invariably will be absent. By the wind or ..o turrrnt, bringing
drifted bodies, the islands will be populatcd.ln otherworis the animals will be of chance,
assemblage of heterogenious nature. Amphibians being fresh water will be always absent. So
also fresb water fishes. Since there will be no severe competition, absence Lf predators,

20.10�B IsLAND FAUNA(Insuhr Fauna)

Fl8 20.9 Diagran reprcscntio3 occanic sub-conrinental islands. 1. Oceanic islands 2. Contincntal
,irhnds 3, 1000 Fathom line
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flightless birds like do on Maritius tend to evtllve. when the group of islands themselves vary

a local adaptive radiation is possible. Further since competeiion is SCorc€; the'same species

or genus tends to evolve into: different types of forms adapted for different types of diet as

io 6r"puoid Birds of Hawai or Finches of Gdlapogos islands'

Itmayalsobementionedherethatthecharactersofislandsarenotalwayseasytodistinguish
because of overlapping of the above characters. For example Galapogos islands are regarded

as oceanic islands Uy 
"Cnarte, Darwin who made an q6ensive study and survey of them' But

recent studies show that they are continental islands some of the more important continental

islands are Britain. Borneo, Java, sumitra, Philippines, Formosl, .Jlpu', 
Sri Lanka'-New 

-Guinea'
Trinidad, New Foundland, Green land, Tasiania, Falkland islands, West Indies' Celebes'

Madagascar,'Newzealand and so on'

The oceanic islands are Hawai, Galapagos, Bermuda, Azores, Andaman, Nicobar' Laksha

Dweep, Maldives and so on.

Newzealand, Madagascar ue regarded in general as ancient islands, which seem to have

separated from the mainland quite early in the geologic history'

20.1l DISCONTINUOUS DISTRIBUT10N

From the above account one might have noted a peculiarity in the nature of distribution of

certain animals. The lung fishes are present in Australia (Neoceratodus), Africa (Protopterus)

and South America 1 dpidosiren;. Simitarty Tapir is present in Malaya as well as in the far

off region in South america. The case of-carnels also can be cited, they being present in

Arabia and Central Asia and South America (In the form of Llama and Alpaca)'

All these cases of distribution are referred to as discontinuous distribution. The peculiarity

here is they are not found in continuous regions but only in regions which have one connection

to each otler and are separated by wide areas of land and sea.

It is explained that at one time the animals belonging to this group are distributed widely

but later on during the geologic past, the populations became extinct due to local adverse

conditions in the intervenlng regions leaving them in pockets in widely separated areas'

Check your progress:

The animals ultimatelY get

throughout the world. This is
confined to within certain boundaries and canrtot sproad

runs between Bali-Lombok, up through Makassar straits between Celebes

(Sulamesi now) and Beeneo(Kalimantan now).
2.

20�B12 SUMMARY

All the animals are not found in all parts of the wold though the physical and climatic

conditions may be the same in any two given parts of continents.

The geographical nature of the earth's land masses is not alw4ys the same and is subject to

constant drift, however imperceptible and slow the change maybe.

This continental drift may create landbridges where theywere not existing or cut of two land

masses which were originally connected.

1831
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4' Thus' the origin, increasc in populations, migration, barriers for migration, isolation are someof the important factors which explain lhe-present state of affairs i.e., the reasons for theprescnce or absence'of any particular spccies or group of animars on any rand mass.
5' These various factort are also contributory causes for the acceleration or otherwise of thecourse of organic evolution.

20�B13 CHECK YOUR PROGRESS_MoDEL ANSWERS

1.    Isolation

2.    wallace Line

20�B14 MoDEL EXAMINATION QuESTIoNS

I Ansnrcr the fo[owing in about 30 lines each:

1' Give an account of the history and factors leading to the division of earth into various
zoogeographical regions. Briefly mention the various regions and their subdivisions.

2. Give an account of the Ethiopian region.

3. Give an account Neotropicat region.

4' Briet'ly describe the relationship between Oriental and Australian regions.

5. Describe the various features of the island fauna.

II. Answer the following in about l0 lines each:

1. Madagascar

2. Mammals in Australian region.

3. Discontinuous distribution.

4. Wallace line.

5. Continental and Oceanic islands.

184
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AI{DHRA PRADESH OPEN UNITIERSIIY
SYLI.ABUS.PAPER-III

GENERAL ZOOLOGY
(CYTOLOGY, GENETICS, EVOLUTION'

ZooGEOGRAPIIY, ECOLOGY & ANIMAL PHYSIOLOGY)

THEORY

CYTOLOGY

o Historical a@ount of c,ltolog5r : Methods of study : ultra structure of the cell'

O Structure and functiot of cell organelles : Plasma membrane : Endoplasmic reticulum : Golgt

Complex

o structure and function of cell organelles; Mitochondria; Lysosomes; centrioles; Ribosomes;

Nucleus.

a Chromosomes; Morphologt, Ultra structure, Molecular compOunds and Special types of

chromosomes.

o Celldivision: Amitosis, Mitosis, Meiosis, Cell cycle

o Fertilization; Gametogenesis; Parthenogenesis

CI"ASISICAL GENETICS

o Historical account; Importance of Genetics and is application.

o Mendal's laws of inheritance.

o LinkageandCrossingover

o Sex determination

o Sexlinkedinheritance.

O Chromosomal abberrations, Gene mutations : Spontaneous and induced.

o DNA,ReplicationofDNA,RNA;GeneticCode,ElementaryknowledgeaboutProteinslmthesis

a Fine structure of gene; Classical definition, Modern definition; Cistron, Muton and Recon and

Operon Concept:

a Human genetics : Gentic traits in matr, Human sysndromes, Inborn errors of metabolism

EVOLUTION

o Orig" of Life (brief account); Organic evolution : Theories (Darwinism, Lamarcism, Mutation

theory) : Evidences (Embryologica, Palaeontdogc", Phpicological and biochemical).

o Spthetic theory of Evolution - Mutations, Genetic recombinations, Genetic drift, Natural

selection and Isolation.

o Adaptations : Aqustig Deser! Volant adaptions; Comrnensalism; Mutalism : Symbiosig
Parasitism; Colouration and Mimicry

o Evolution of Man (briefly) and horse.

ZOOGEOGRAPIIY

a Zoogeographical reatrs with special reference to Oriental fauna
ECOIOGY

o Introduction of Ecolog6 Various branches and is relation to other scienceg Fundamental
. concepts of Ecosystem taking terrestrial, Pond and Estuarine as examples, Food chains, Energt

flow, Trophic levels.

o Ecological factorsl phpical factors - temperature, ligh1, Water; their effccts on organisms;

Adaptations of organisms; Adaptions of organisms to thesc factors.
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o Crnmunitystructnre andEoological suoiession

' PopulatioaEcoloS6 Population characteristics andfactors detorminingpopulationgrofih
o Environdlental Pollution (-ajor concepts); Radiation hazards
o \[ildUfeConsenation

AI{IMAL PEIISrcI{)GY

o rbmentary Knowledge on chemistry anrt metabolism of carbohydrates, proteins and fats;
Geological oxidation.

o Nutrition requirements; Balanced diet; Vitamins; Enrymes (a brief account); A brief account
on gastrointestinal hormoncs.

o Osmucgulation : Principles of osmotic and ionic regulation; water balance in acqua6c and
terristrial animals.

o Respiration : Blood pigments; Transport of Oz and COz. O:r1,gen dissociation curvg Bobr effect,
Chloride shift.

a Ciroilatory systen; Blood goups; Blood coagulation; Orign, conduction and regulation of
heart; cardiac cycle.

o Nervous s)6tem; Spaptic transmission : Neurotransmitters
o Muscle contraction : Ultra structure of skeletal muscle; Physiology of contraction.
a Physiologr of reproduction in mammals; Endocrinologcal *ood of testicular ard orariaol

functions; Female reproductive cycle; Elementary idea of implementation, gestation and birth
o BiologicalRhythns

o ImmunologicalRcsponses
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AI{DHRA PRADESH OPEN UNTVERSITY
. Faculty of Science

T,OOtOGY

COURSIE . III'
(Cltology, Genetlcs, Evolution, Zoogeography'

P.rfogY and Anlmal PhYslologt)

N.B.

ASSIGNMENr�E1

1. Do not copy thc arswer dircctly from any of the books'

2. As far as possiUf try to a[swgr the qgestions independently in your oqn words'

3. If it is necessary to quote from any source give the correct reference.

4. Use your orm foolscape pages for rvriting the assignmens'

5. Leave sufficient margins for the comments of the evaluator.

6. Completion of this assignment should not tahe more than two hours time.

L Ansurcr thc followlng quesdons ln about 30 llnes.

l. Give an aoeount of the structurb of mitoc,hondrion and mention its important functions.

2. Briefly describe the relationship benreen Oriental and Australian regions.

3. What is Osmosis? E:rplain various mechanisms of Osmoregualtion in hlpotonic medium with

examples?

n. Ansrrcr the fotlowlng qucstlons ln about l0llnes.

1. Components of Golgi Compler

2. Role of genetics in agriculture.

3. Mention the importance of iodine in the metabolism.
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ANDHRA PRADESH OPEN UttRSIW
Faculty of Science

ZOoLOGY

COURSE�]�UI

(cyoltty,Genetics,Evolution,Z�� ç� ogttphy9

Ecolos and Anhd PhysibloJ

ASSIGNMENT�]2

N.B.

1. Do l�_ t copy the answer directlyØ‰ om any ofthe books.

2. As far as possible try to answer the questionsindependently in your owII words.

3.  Ifitis necessary to quotc froln any source glve the�� rrect reference.

4. Use your own foolscape pages for wnting the asslgnments�B

5�B  hve sflcient margins for the cOmments ofthe evaluator.

6. Compledonofthis Nttmentshouldnottakemore than�¡ o hourstime.

I
r I. Ansntr the following quesfions in about 30lines:
I
r 1. De{ine linkage. Illustrate the phenomenon with a suitable example?
I. 2. Write an essay on the environmental pollution and its control methods.
I
; 3. Describe the structure of neuromuscular jucntion? Add a note on neurotransmitters.

i U. Answrr the following questions in about l0lines:

' 1. Describe Myofibril.

, L Define and oplain Mendel,s Law of Segregation?
I
r 3. Describe the significance of ionic regulation in animals.
I
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