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Cytogenet!cs

Pre—Mendehan ideas about heredlty

’

. Introduction

G

' Inhel 1tance

V armtw n

_ Sfmntaneous Gencratlon

N

- Preformation : _ , '

enetlcs

: IBqteson 1906.. B - . o _ N

‘mattes. Such a de novo ongm of l1vm0 010amsm flom nonhvmg 'nate'}l

Cholke vaibbay Bhimwve; |

HISTORY AND,SCOPE OF GENETICS

] L e

Genetu:s is the sclence 01 mhentance and vanatlon Or genetics ma‘Jr be redeﬁned as
the science- that ‘deals: W1th the structure orgamzatmn transmwsxon( and function of

genes, and tl]&@ftgm_ef_varlahomn them The w01d genetlcq is a_ J:neek word Gen

*meaiing ‘to become’ or ‘to. grow into’ OF ‘to generate was used’ for ﬁr_st time by

[‘ I'all-meSSIOIl of character / traits from gene:atlon to generahon

4

Dltferences exhlbxted in progeh (Aq compare to parentq / ancesters) !

Branch of blology devoted to study of. valiousfaSpects of chromotomeq and thelr

effects on the development of characters of mrﬁamqms _ -

Ul,,\elsallv accepted. but almost neve; stated f‘l(‘tS of genetlcs thht an organism

originated jr om a pre-existing or, gamsm of similar kind. ‘Thus an oréamsm does not -
_ arise or originated d1recd.y from nonh-vmg matter. Many blOlOngt then behe\zed that

_mme primitive organism. ougmated from: non hvmg matter, e.g., demyu‘ OIEuTLC

al's 13 known as

l
spontaneous generation.

Redi (1662-1697) and Spallanzani (1729- 1799) presented expcrinp_cntal evidence -
; r

against spontaneous generation, hut argument was raised.
2 . \

ai Finally Pastore (1822-1893) and Tyndall- (1820-1895) conclusivciy proved that

microbes do nt ortamate sportancousty from organic matler

i Aristotle (350 B.C.) believed that the progeny derived their form from semieh, while

nutritizn was provided by the females. Latér fhis concepr in P zn.:u‘.} 13" centurics

i



Principles of Genetics

alled as animalculist. Heirvey‘(15787'1657) 'speculated that the progeny developed

from cges and that semen iOnl}; produce a stimulatory effect (called aura seminalis). ,

)

hlS suggestion was further elaborated by scientists called ovists. ' ~

"Ys

ii. tﬁer the discovery of eggs and sperms many blologxsts began a detarled study

. these gametes. In 1720-1793 Swammerdam and Bonnet examining human spemls g

N

=

1ought that he had seen a mmauue human ugure*tal[ea nwnunculus inside the

perm.

Ny Lez)

iii. A group of biologist (ammal—culzsts) clarmed that homuncuh were present in sperm, -

/hrle another group (ovzsts') belleved that homuncull were located in eggs. ie. -

.

accordmg to these smentrsts, new. human bemgs were alr.eady present in the gametes.
~ iv. Thus the development of progeny ifivolved only the growth of this preformed human -
b

' ei-ng This hypothetical phenom'enon is termed as preformation. _i-H"oWever this theory.

<

' 'Eplgeneﬁls Wolf (1738-1794)- | _ o
B %, L Slhowed that different adult structures of both plants and ammals aevelop from -
o upiform embryonic tissues... , C R ' o v
il Embryomc tissues are composed of snmlar cells progresswely dlfferentlate mto the :'_u
aFlult tissues and organs. ' . :

iii. Wolf belleved that adult tlssues ongmated completely de novo (afresh)
Civ. | qametes con.t in undifferentiated llvulg substances. -

Gametes fotmzlorgamzed body after fertlllzatnon

vl vbn Baer (1792 1876) prqposed that adult tlssues-develeped through a sequentlal

..'.._lf_odlﬁcatlon (differentiation). ot the embryonic tissues- themselves This concept is
hlvelsﬂ'ly accepted view of or1g1n of the adult organs and tlssues from zygotes.
Inherltax ce of acqmreu"hax acters
i. Ljamarck (1744- 1829) rroposed that chamctem acquired by individuals of one

l .
gcnuanon are transnuitted to Tig next gener ation, - ,

i, ltl’s alsn popularly known as ‘/amarch%m » Was originally suggested by Hippocrates -
| S _ _
al')t)ut 400 B.C.
i
P"O,fb P Depaxtmenongm Botany,K 4 Waghu).ucge ot Agriculture, Nashnl( 3 2

as rejected because this could not be proved smentlﬁcally - o E
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Pangenesl_s:, Charles Da'rwi'n (1368)

-' Knlght (1779) conducted eXpenments on pea much’ before Mendel but fail

. J Kolreuter (1733 1806) a German botamst perfonned hybndrzatlon exp

© Schneider 1873, ]

Pr

tnciples of Genetics

1 8 Accordmg to the idea of inheritance of acqulred character, if pers pn develops strong

.muscles by exercise, his children. will inherit this charactertstlc Thus theory was -

rejected.

. - Production and, development of pangenes' (Pan- Small, Genesistriginating). i.e. very

- small invisible bodres produced from every part of bodies. -

. ii. Each organ of an mdrvrdual produces very small almost 1nv1s1ble rdentieel copies of

itself called gemmules or pangenes

iii. Transportatron of pangenes to sexual organ i.e. gametes through blqod stream -

iv.. Development ‘and distribution of different organs after fertilization i.e. union  of.

pangenes from both parents. Thus- theory of pangenes1s is.a theory_ of .‘blending

g

inheritance’. o
Germplasm 'theor'y' " Au'gu'st Weisman (1834- 19i14) :
- Two types of cells are avarlable in body of an orgamsm '
‘a) Somat10 cells with somatoplasm '
b) Germ cE:lls / reproducnve cells. with germplasm

ii. Genes are s1tuated on chromosomes present in germplasm

. Germplasm-is handed over from parents to offsprmg and gives ; rrse to "s_'om'al'x.-'-?!body.

v, Germplasm can produce somatoplasm but somatoplasm -€an not fror[r germplasi.

laws of 1nher1tance ‘because he could not use the mathenratics tohis]

d to fomlulate lhe
result

eriment -in tobacco

and-compared the hybrids w1th their panents ‘He showed that botljl th;e_r-pé nts make

equal contribution to the hybrrds
Gartner (1772 1850) & Naudin (1815 1899) done experiments similar to
observed the similar result and could not apply mathematics to their
Schleiden and Schwann (!838-39) - cell theory ' :
Virchow’s (1858)
Rubert hook (1665) -
Robert Browu (1831) —l'

cell lineage theory
first describe ‘cell’
presence of nuelei in celi

first account of "rnitos-is-'z"

l(olreu‘ter and they

results. _

T --——“

~ Prof.S. B. Shinde, Department of Agrik. Botany, K. K hwa 2h College of Agncultl'
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Principies of Genetics

‘ 'mg & Strausberger (1{1'75) __ i) fertilization in planf and animal involves
; fusion of egg & sperm nuclei.

ii) Describe cell division in plant

W. Flemming (1882) | - i) coin term chromatin and demonstrate

'-long'itudin'al division of chromosomes

durmg menosns

_ ' 11) Coin the term nut031s '
-'__,ygn_BAJ[.neden_'(1883) _ _ - studied “meiosis’ in Ascanes and observed that
o ' gametes contain contam- n’ chromosomes and 'l
! R _ : fertilizaftion restores somatic ch;hrhosome no. .
Waldeyer (1888) - :  coined the term ‘chromosome’ | o B -
. Mendelian Périod (1822-1886) | | |

1865 - - Mendel presented his paper-to the Brunn Socxety for Natural H1story o :
1866 - ~Mendel’s paper publlSth in the proceedmgs of the Brunn Soc1ety for Namral : }
o Hlstory : o _ ) «

.' 1900 - Mendel‘ s work discoVered by ﬁugd de— Vr‘ie's‘, Co‘_rr_ens-a_nd- von Tschermak. o

'-".19(_)1__ .- Hugo de Vrles coin ther term” mutatlon S . . o
_ 1901 = Landstemer gives human ABO blood group “ - - |

1--9_02 | Mc Clung discover X chromosgme i msect and suggest that it determme sex. ]
1906 - | - Bateson mtroduce .the term— GCHCthS homozygote heterozygote F, Fa.

1llelomorph and eplstanc genes R L _ -

1909 - Nllsson and Ehle propose multlple factor hypotheses ' : T

Johannsen propose ‘pure line theory’. Com the term gene enotype and phenotype ii
‘Morgan cex llnkage n Drosophllla (Nobel Prize 1933) - o
Recent gdvances (Post Mendelian Period) _ ;
. 1927 - Mullar (Nobel Prize 1946 reported the use of the CIB techniqueto -
emonstrate that X Fays are lnutagenic. , N
1928 -

1941 -

rif{th’s discovery of t_ranl_sfonnat.iun in Diplococcus pneumoniae.

~

Beadle and Tatum’s work (Mobel PriZe 1958) on Neurospofa was published,

establishing the one gene- one enzyme concept.

—_—
DNy -

Prof. S. B{ .?h-in.de,'-t)e"pa:rttnent of Agril. Bota:_iy, K. K..Wagh Cdll"ege of.Ag-ricu_lt_ure, Nashik-3 4




: 1970 Nathans and Smith (Nobel Prlze 1978) isolated the first' restnctloq

1944 _Avery, Macleod anid MECarty demorstited that the pneuriod
principle” is DNA

1946 - Lederberg (Nobel Prize 1958) and Tatum’s dlscovely of con)ugat

1950 - McClintok’s (Nobel Prize 1983) transpokable elements i 1 é. Jumpm

1952 - Harshey (Nobel Prize 1969) and Chd;e demonstrated that thie
bactenophage T,is DNA.

1953 ,- Watson and Crick (Nobel Prize 1962): worked out the double he
using the ‘X ray diffraction data of ! Wllkms (Nobel Prize l

composition data.of  Chargaff. - ‘

1958 - Kornbelg (Nobel Pnze 1959} 1solatlon of DNA polymerase [ frg

- -

Pktfnciples’ of Genetics

occal - “transforming

on in bacteria.
3 gefie in maize.

genetic materials of

1X structure ofDNA |
962) and. the base.

- 1958 - Meselson and Stahl demonstrated that DNA repllcauon is semi ronservz:ztive,.

mE coli: =

1959 - Ochoa (Nobel Prize 1959) dlscovery of the ﬁrst RNA polymeras v

1961 - Jacob and Monod (Nobel Prize 1965) broposed “Operon model’l
express1on :

1566 - Khorana and Nlrenberg (Nobel the 1968) the complete
' estabhshed _ “"

L

for regulating gene

geneticr-code was

endonuleases.

1977

Scope or Slgmﬁcance of Genetics

L T*ansmlssmn (xenetlcs :

.' VPI ‘of S. B. bmnde De“artment of Agril. Botany, K. K ‘Jagh College ofAsrxtul

‘1972 - Berg (Nobel Prize 1980) first recombmant DNA produced in vztﬂp.
alnd Gilbert and of
19-8())"

- Publication- of the DNA sequencmg techmques of Maxam
Sanger, Nlcklen and Coulson (Sanger and Gllbert Nobel Prize

e last few decades the science of genetlcs has prov1ded an insight into all aspects of

' “bxology 50 that it has assumed a central posltlon of gxeat 31gmﬁcance in biology as a whole.

While on the one hand genetics is used for a study of the_mech_amsm of heredity and variation
on the other hand it has provided tools for o

; Classification of genetxcs accordmg to Slgmﬁcance or scope

l .
i’

Study of trancmission of genetic material from one gener ahon to other it in clu'des-

a) Mendelian Geneflcs

i. Study of quautanve and quantxtatwe tralts and nﬂuence of enl,romnent on. their

;ﬁ.-l —

ure, Nashik-3 5

ex pressmn

::l—-—_h




Principles of Genetics

_ | Tudes study of fecombinati%);n and !inkage. - o -
.b). No_ni- Mendelian Genetics |
i Study of role of cytoplasm and it’s related organelles |
ii, 'Study of mutation, chromosornal changes, gene mutations. -

_ H.Molecul r and Bio- chemical Genptlcs R T o ‘1 _
| '_i. Invjl lves study of structure and function of gene. : o | - X

ii. isolation and charactenzat‘on of gene, DNA sequence regulatlng gene expressxon

' tran ,gernc plant, recombinant DNA techniques, DNA finger printing B A

iii. Fordnsic medicine involving- mdennﬁcatlon of criminals and doubtful parentage e

“iv. -Proc uctlon of insect/ pest/ dlsqase/ herbicide res1stance field crops -
v. Pro uctlon of improved ammals producmg better mllk and meat : : _ | . -

Moleculdr farmmg o L _ . . ‘

" Phbnomenon of transfer of genes (havmg industrial 1mportance) into plants and apimals -

which can be later on: used for productlon of chemicals.

~

III Populationand- Blometrlcal (renehcs

A ,-Stu' dy of behavxour and effect of genes in populatlon by usmg mathematlcal models e.g.” -

;_;Int_elli'gence (IQ) is governed by ; - o e :

L ~ Genetics (parentage) , | e e

S Envnronment (adopted parentage) R . | --

| 5 s Devel.o,pment stage (age) of individual ' N

] IV.“DeVel'opmen'ta-l Genetics | '

T e Cytoplasnuc mhentance o o 3 | | - t
S S Cytoplasm derived from mother | R

- Role of nucleus and cytoplasm in differentiation . ‘ e

V.Forwardland Reverse Genetics

i Fotward. genetics as one bqgins with the phenotype of an organism and proceeds

‘ s:equen ally to identif y the gene or DN1 \ sequence responsnble ‘or, this phenotype.

Re\ erse genducs bcgm with a, DN 'f\ sequence of umcnown function end then proceeds to_

det Pmnne ts role in e devclopment of phenaitype. -

Prof. 5. B. Shinde, Bepartmznt of Agril. Botany K. K. Wagh Coliege of Agriculture, Nashii-:3 6
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' CELL STRUCTURE AND FUNCTION

Introduction

rinciples of Genetics

generally similar ini

Cell_ is the 's_tr_uc_'tu_rg_l_____—___and'ﬁmcﬂgg@l_u_nﬁ of all living organism, except viruses. Cell shows'.

a large variation but all the cells belonging to a single tissue are

In case of Prokaryotic cell the DNA lies free in the cytoplasm and

size and shape Cells may be sphencal cylmdncal rod shaped hexagopal cylmdncal or. of

the region is known:

as-nucleoid, where as in case of Eukaryotic colls, the DNA is found inside the nucleus, which

is 'surrouhdea by nuclear envelope: Some "of the 'differenoes between prolzaryotic, and

eukaryotic cells are given the table 2.1.

Table 2.1. leference between Eukaryotlc and Prokaryotlc cells .' |

TSNo hukaryonc cells - L Pr Karyotic
-1 | Nuclear is surrounded by nuclear Nuclear envelop is abse'nt o
envelope - ' ST T
2 | DNA'is associated with hrstones arld DNA is naked’
" | non-histone protem to form chromatlds : ~
‘ fibre. :
3 | Cytoplasm contams ER, golgl bOdleS Absent
etc. , o ' T :
4 Mitochondria present o - | Absent.  "Oxidative]  phosphorilation -

| associated with plasma lemma.

5 | All green plants possess chlorop'ast Chloroplast absent. B

GA have lamellar

with typrcal grana | photosynthetic structure but they do -not:
. { have grana. :
6 Cytoplasm have microtabules provrdes Do not have rmcrotubules
 stability to cytoplasm _
7 Ribosome 80 (60, & 40ssubunits) | Ribosome 70; (50, & 30; sub units)
§ | Movement of chromcsome associated | Spindle fibres absent. Movement of
with spindle fibres ' | chloroplast accompanied by enlargement
of plasma lemma. _
9 Most of ribosome attached to ER .- | All .bosome are free in cytoplasm
' 10 | Nucleolus is present in the nuclévs. . | Nurleolusis absent | o

/

Generally the animal cells are similar to plant cells but the formér contains centriole

which is absent in plant cell. Some of the chief difterences whieh are pres Ent in the nlant cells

are.

P T A~ : - . i :— 3-.—‘ — _._gm ‘.:

-.Prof. S. B. Shinde, Departmenw.‘Agul Botany,K)K Wagh College ongrlculture Nashik-3 7



Principles of Genetics

sl ) . - . '_ 'r¥.
~Table 2{2. leference between Apima] cells and Ptant cells - - jﬂ
o NN _ . 1 :
'EJ] orﬁanelle A'_nu_nal Cell . )| Plant Cell : .
| Lysosomes Lysosomes occur in_ Qy__to_plasm Lysosomes usually not evident T e
| ciia | Present T | It is Very rare : i__ )
1 Shape | Round (1rregularlshape) e Rectangular (fixed shape) :
| Chloro last | Animal cells don't have Plant cells have chloroplasts
IT " chloroplasts L - | because they make their own food
I Vacuolé " |'One. _or~more .small vacuoles | One, large central vacuole taking
y (fnuach smaller than plant cells). yp.90% of cell volume.
o Centno es . | Presenti m all ang{nal cells Only present in lower plant forms. -
| Plastids} | Absént . | Present — .
Cell wal | Absent - .- - |Present )
Cal willd — [ 7 KBS N o =
adjoairgtad - AL S RNNGA ] - o
Vacusls — 1 e 2 Y ' -Uiddfa_iér‘.:nrh‘i-_i:? -__- ’?
- P:rlmary-;alt—'——-—— b 38T it Fa b , - ’ ) Ckﬂl‘i‘all ‘:\x
Rnughandprasm;c v -
e : ]
L Rl Museoliss ™ -
- Cytasol — L - 5
’ g Huelens. Tl
o ST "‘“‘ Kuctear enveiape - E <
| Chtproptasts & -
- Sioodfi erdoplasmic ‘k '
tetioihue - -_:T _
~ Gaigt apparatiss - :1‘ ~
iﬁ -
l&ﬁachomdﬁiane ) J_; ;!
*
{ig. 3 ]0 Panicau stuclure: A llzreﬂ émensmal viewr of 2 seviion passifig through tha nuclews and the 13138 ceatial
vwcwle h’ha& pfesenoe o 3 cail wall and s!ashds ichlatoplasks in this picturs) u'Si}ﬂgUbhEa i trom an amfnal gell. -

B.\Shinde; Defoa'r,tme"n-t'-_ of Agril. Botany, K. K. Wagh College of Ag'rioulture, Nashik-3 8.



Prin'ciples of Geﬁetics
R Plzint""cel_ls have following organelles
’ A, Cell Organelles
"- © 1. Celtwall -
; 2. Plasma lemma*
;; 3. -Cyto_plaém" '
&3} | 4. Nucleus -
"' B. Cytoplasmic organelles
o l. Endoplasmic reEiciﬂum (ER) ‘
2. Ribosome .
' 3. Golgi bodies
‘ 4. Lysosomes |
_ 5. Sphefosomés
_:::- ) E 6. Vacuoles
,‘;’__' o 7. Mich tubuie_s.
- 8. Mitochondria
G 9. Chloroplast / Plastids
. - i Leﬁcoplasis "
“ii. Chromoplasts
N C. Nuc-léus.o-l_',gilnelle.s
f_-',_ 1. Nuclear Membrane.
:& *2. Nucleolus -
3 : - 3. Chromosome | S
> 4. Nuclc_a"ar sap / Nuc’l"e'oplasm_/ Karyolymph
ey A. Cell organelles '
ii 1.7 Cell wall '
;‘ Non-living and rigid coat around plant cell 1s called cell wall .
;;-_ Fﬁnctio_né ’ . |
:r ‘ i.Provides definite shape, me_chaﬁical support and strength /o tissues ml;m organs.

i1.Cell wall is compnsed of middle lamella, primary cell wall, and sccm{miary cell wall.
y - . - \l . B . . T - . . i
iii1tis primarily made up of celllose, hemicellulose. !

Prof.S. B. Shiiude, Depértm-ent ongijii. Blo'ta-u}'y; KK Wagh College of Agrié'u‘lt:lm-'e, N ashik-3 | g9-




Principles of Genetics '

lasma lemm~ / plasma membrane N o .

Membran- enclosing cyirtoplasm of a cell is known as plasma lemma. It is composed -
of lipids and proteins. ' ) _E

lytoplasm

Lo ¢,

| Substance except nuclells surrounded by plasma lemma is known as cytoplasm

-
12

L
=

4. Nucleus

-Dense, oval, sphericall body lying embedded in the ‘protoplasm along with -

[t

" chromnosome is called nlicler,ls.- Nucleus is the store-house of almost all the genetic - .
 info mation needed for the ﬁlnction of a cell/ organism. o -
.Funcrionr o o .,
i. Controls physiolegi'cal acti\rities _

ik Caﬂies hereditary characters

il lniﬁates process of cell division : _ | LTl
B. Cytoplasmic organelles .
L E1doplasm1c reticulum - _ £
) ‘Membrane closed . spaces along with membranes n cytoplasm .mostly in’ T
. differentlated cells are called ER. | _

- Double membrane structme which-contains -1) vesicle 2) tubules 3) cisterns rhese
.' parts are attached to nuclear membrane on one side and cell membrane on other side. -
'lype‘s of ER - T
" iSmooth ER -2
Smooth surface ER in which no protein synthesis takes place, It functions as- ~ E
gl§'COgen syntllesis. : | 4
iiRqugh ER ‘ o =
T
lOuter surface of ER are rough due to attachment of ribosomes, mostly composed of .
%
c1.sltern‘s and found in cells which are active involved in protein s 'ntiesis. =
'Funcﬁon} _, _ T

Pr%vrde siructural base for protein and phospholipids synthes:s

n Pr c}vide channel for transport insidc and out sige cell and m RNA.




~ vesicles cut off from them. Thus it functions as packaging unit for plant cel

) Functlon-

iii. Several enzyme molecules e.g. ATPase:,‘ glucose—6-pho-si');f1;te:sﬁe etc.

2. Ribosomes

Brinciples of Genetics

Small cellular particles composed of proteins and RNA .attached to outef surface of

rough ER and then converts smooth ER to rough ER, Mostly synthesiz
Function- | '
It is essential for protein synthesis.
3. Golgl bodles | .
Composed of 2 to 7 ﬂat msternae (close to each other) and

eclements.

Function-

ed 1n nucleolus.

originate from"ER

Food material such as protein, Iipids,,'and phospholipids synthesized Wwith the:help of ER

and transported to golgi bodies, whefe_ they are stored, often modified and ihen pack@:d-ihto

4. Lysosomes ‘ o ; _
Vesmle containing hydrolytlc enzymes (mostly aeld phosphata<
these enzyme materials is dlgested and thereafter lysosomes are d

lysosomes (contammg digested food materlal)

1. Ly51s dlgestlon of food: a'Ld nucrobes mgested by cell..

is.

e) with'th_e help of

al].ed as _s_.ecoﬁdery

SR
R+

ii. Cause autolysis of cell i.e. lysis of concerned cell (RBC are also 111gested)

5. 'Spherosome

Vesicles containing lipids (98%)

Function-
- Lipid storage
6. Vacuole

Unit menibrane (tonoplast) surrounding cell sap (i.e. sugar, salt

|
|
proteins, phenols

3

anthocyanin pigments.) within cytoplasm are called vacuoles.

7. Microtubules

I
!
0
/

Plbres nade up of protemn. Found m the form of spindle fibres (md constitute spindle

apparatus

P.rof. S.B. Shinde,'.‘l-)epartment of Agril. Botariy, K. K. Wagh Ceilg;ge of Agficultv,hr_e, Nashik-3




\ | ) Principles of Genetics

8. 1+ochondr1a I : . .

Rod l1ke cytoplasmic organelle “vain s1te for cellular respiration and main source of

.\l'

-energy, lcontauung DNA so, associated with cytoplasmic inheritance and surrounded by X

double membranes. ! h ; ;
Functio - o _. : N ' _ ‘-;: T
i.l\ Contains enzyme for oxidation of amino acid, fatty acid, and enzymes for oxidative ?

| phosphorylatlon ' o

e II By this. L,'-i(ld.ﬁou pI'G\.,e.,a ATP \cnergy) form, this is necessary for biochiemicai .

lreactlon of cell. co ‘ . R -
Ail. \ DNA responsible for cytoplasmic inheritance.
9. Cllloroplast/ Plastids
' lChloroplast containing ° the most 1mponant plgment on -earth, i.e. chlorophyil

chloropl%st isenclosed by two conbentnc menibranes. Membrane—free space enclosed by these . -

two meljlnbranes is referred to as stroma. Within the stroma are embedded grana.- Each ;;
granum contams flat cisternae stacked on top of. each othier. i «
|In addition to - chloroplasts plant cells contam plastids i.e. self réplicating : “
;cyfoplasﬁnc organelles in plant. Two more types of plaStldS Ca‘lled 1) leucoplasts colourless P
'plastlds \tunctxon in' storage . of _starch, protem and fats (2) chromoplasts- it contain
phucoxaxlthm phycocyanin etc -
Fllllcthllr Photosynthesis
.

C. Nucleus organelles |
1. Nuclear Membrane (NM) . o

iProvides selective continuitybetween nuclear and cytoplasin materials. , o

2 Nucleolus . ' : ) \:

Sphcrlcal body found w1thm nucleus. Synthemzes nbosomal RNA; disappear during . .f
cellular replication :
3. Cluomosome ) :

Cluo,ndtm fibexs are basic unils of chrumogom = structure. They are also the . -
'""-"”ﬁlhdal-fnenta_l basis of mhentance since they contain the genetc materials. -
4 Nu:lcleoplasm (nuclear sap) —
Contains materiels. for building DNA and mescenger molecules, which- act

intermediates between aucleus and ¢ytoplasm

. Prof.__ S.B. lShinde,_ Depé.;fm.erlé_ongfil. Botany, K. K. ‘Wagh Colloge of Agriculture, Nashik-3 22
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CHROMOSOME STRUCTURE AND FUNCTION

Chromosomes are the darkly stained: bodres seen during the metaphase' stage of mitosis.
Strasburger drscovered chromosomes in 1875 ahd the term cliromogome was coined by
Waldeyer in 1888. Chromosomes are _.Ellm_p_QSQ_,__Q_,_tm_chm abin thr " . cailed

* chromonemeta. These chromonemata undergo collmg and super co1lmg during prophase and it

- become feadlly observable by the hght rmcroscope The mam featnres of eukaryotic

chromosomes are given below _ _
1. Chromosomes are cleaily visible duririg mitotic metaphase: Hengce, they'are stodied

. during metaphase: B - N -
2. Chromosomes bear genes in a lmear fashion’ and thus are eoncemed with

’ transnussron of characters from generallon to generation..

3. Chromosomes of eukaryotes by a nurlear membrane. -

|
B i .
.
4 Chromosomes vary m shape size, and number in drfferent species of plant and

animals. ' . S N
5. Chromosomes have property of self- duphcatlon segregatlon and mutati..o.,m:,;,;__

6. Chromosomes are composed of DNA, RNA an_d histones. DNA Jis the major genetic
constrtuent of chromosome ' : '

Chromosome shape
9 Chromosome shape usually observed duung anaphase The shapei of chromosomes is

" determined by the positiou of centromere, a palT of chromdsdme on whigh s‘p"indle fibres are

. attached durmg metaphase. Chromosomes have generally three dlffereht shapes viz., rod.

shape J shape and V shape. These shapes are observed when the dertromere oc%pres_

terminal, sub- termmal and median (middle) position on the chromosomes,'rcspecnvely

Chromosome size . l
{

2 Chromosome size is measured at mitotic mecdphas;e?lt is measuredun two ways viz., in

iength and diaineter. Plants usuaily have longer ‘chrom omes than an: mls The maximum

length of chromosorie is obsemed during xnterphase_and nummum during ansphase.

Prof. 5. B. Shinde, Department of Agril. Betany, K K. Wagh College of Agricu|ture, Nashik-3 13



1. Centromere (Primary co'nstrictiion)

L . Principles of Genetics

--Chromos ome size varies from speores to specres%\'lalze chromaesomes have the length of 8-12

p. Giant _hromosomes have length upto 300 p.

Chromoome number ' o S : B

Each sp’ecies has definite and constant somatic and gametic chrorno-some n_umber':'

s

Somatic chromosome is the number chromosomes found in somatic cells and it is represented

: by d,lplord number (211) The somatrc cells. contam two copies of each chromosome (except sex -
: chromosome) one of which is mhented from father wh1]e other 1s mhented from mother.

" These twio chromosomes are 1dentlical in morphology, gene content and gene ordcr they known

as homoFogous chromosomes Gametrc cells or gametes contam one half of the somatic

_ chromésbme number Wthh is renresented by naplord number (n) the wome

num’ber of a true dlplord lecres 1s called basic nummr It is the minimum haplord

chr_omo«* bme number of any species, which is “denoted by x. for example in wheat, the basic .

=_.nurr__1_ber Is 7, whereas the hap101d number IS 7 14 and 21 for dlplord tetraplmd and hexaploid

species, respectlvely lnus nap101(1 chromosome number arrrers from basic number. Both are )

sarae in ¢ase of true diploid spec1es but differ in case of polyplordy specres

Number of chromosomes varles from 2n = 4 (n = 2) in Haplopappus gr a(llzs -
(composjtae) to 2n =>12000 i in soime pterldophytes In plant kingdom, chromosome number is

higher 1I]'dlCOtS than in monocots._‘ T _ }
Chromasome structure | | '

“The structure of chromosome becomes easily Vlolble durmg metaphase due o roiling of.

_interphase chromosornes. Each chromosome consists of seven parts, viz., 1) \,entrom_ere 2)

chromatid 3) secondary constriction and satellite 4) Telomere 5) chromomere 6) chromonema -

~7) matrix. A brief description of these parts is given as below, : ' -

It|is a localized region of the (‘hromosome with which spindle fibres are attached during "

metaphaFe is known as centromere or prnnary constriction or kinetochore. Centromere has
four 1rn1, \ortant functions, viz., () ouehtauon of chromosomes af metaphase (i) mcvment of ~
clnomoscmes dunng anaphase. (111) formation of chro1nat1ds (1v) chromosomc slrape
Ccntromere may occupy various position on the. chromosomes, viz. teumnal) sub-terminal,

median étc. generally each chromosome has one centromere, but in some cases, tne number of‘

Prof. s. I{Z Shmde, Department ongrl] Botany, K. K deh Co]lege ongrlculture Nashlk 3 14
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-'eentromere may vary from nil to many. The centromere divides=the .chf

arms of varying length.
2. Chromatid

inciples of Genetics

omosome into two

called as chromatid.

" One of the two distinct longitudinal subu[nits-of a chromosome is
e O e R e e =

These subumts ofa chromosome get separated qurmg anaphase Chromatx,ds are of two type’s

viz., srster chromatids and non-sister chromatlds Sister chromatids origina
chromosomes. Chromatids are formed due to chromosome and DNA

| mterphase Two chromatids of a chromosome are held together by anapl

' becomes -a- chromosome

- 3."Secondary Constrlctron

I

Some chromosome exhibits secondary canstriction in addition to g

.It may be present einier in short or long arin Qf the chromosom'e. The ¢

hetweeh secondary constriction and neagest tefomere (end. of the chrom

satelhte or trapant. The chromosome having satellite is known as satelht
~

posmon of secondary constnctlon in -the chrotnosome 1s constant The

chromosomes ina genome varies from speciés to specres

4 Telomere
" The two ends of the chromoeomes are known as telomeres T elom&

and they do not fuse or unit w1th telomeres of ofher chromosomes. The sty

te from homologous
replication during

1ase each chromatid

rimary’ cons-ﬁ'icti:on.
thromosomal region.
osome) is called as
3 chromosomes The

m.]m..b,er_-of_satell_hte__

res are .h.i-gh_ly stable -

uctural integrity and

:..___,;./ S

e mdrvrduahty of the chromosome is maintained by telomeres.

5 Neucleolar Orgamzer Region (NOR)

¢

Durmg mterphase nucleolus of * the cell is always associated with sef‘ondary

constructron of satellite chromosome So the se(:Jondary constriction is als

-NQR contain several copies of gene coding for iibosomal RNA.

6 Chromomeres

- The chromosome of some of the specres show small bead like

chromomeres. The dlStl’lbutIOH of chromomeres in the chroimoscme ig

ccalled as NOR The

structures called as

ronstant. Available

cevidénce indicates that chromomere represents a unit of DNA veplication, chromosome

coiling, RIA synthesis and RMA processing.

Prof. 5. B. Shinde, Department of Agril Botany, % K. Wagh College ongrimfl

ture, Nashik-3 1%
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8. Matr X

‘Under light microscope, thrdad 1

chromatidgs which are called chromone

to be associated with three main functions. It controls size of chromosomes, results in-

duplication of chromésomes and is| the

Principles of Genetics

ike coiled structures are found iri thé chromosomes and:

ma (plural chromonemata). Chromonema is covsidered

gene bearing portion of chiromosomes.

A mass of acromatlc materlal in which chromonemata are embedded is called matrix.

-'Mamx 1? enclosed in a sheath whrch

genetic taterials.

Karyotgpe

is known as_pellicle. Both matrix and pellicle are non

'Karyotype 1s a phenotyprc appearance of chromosomes of a panrcular specws In the-

study of karyotype various features of chromosomes are taken' into-account viz., (i) aumber

- (i) posmon of centromere (iil) size (iv) possrblhty of satellite (v) degree and distribution of

| he'ter'oclJ omatm etc.: it-is. represented by arrangmg the somatic chromosome complements

' accordmg to their- length keeping.

-

therr cemromeres in straight line: Thus -the longest-

chromopome 1s placed in the extreme feft and smallest in the extreme right. 3 .

Idlogram

‘IDiagrammatic . representation

‘complements of a species is known as

Hetero chramatm

prophase, is called heterochromatm It is classrﬁed into two type, constitutive heterochromatm :

and faqultative hcterochromatm.

permanently in the heterochr
ii.
euchromatin stage. ’

"Euchyomatin:

Euchrpmatin. It is the active region o

Prof. 5. B. Shinds, Department- of Agri

Facultative Heterochromatin: It is the region of the chromosome which undergoes

«

of morphological features of haploid ‘chromosomé

ideogram.

i. | Constitutive Heterochrom-atin‘ 'TheSe reglons of the chromosome “efhains

omatin stage i.e. it does not revert to euchromat]c stage.

-

The region of the chromosome, which takes up little stain during intcyphase, is call=d

f the chromosorae, involved in transcription.

Oty

il. Betany, } d K. Wagh Coiiege of Ag_riculture, Nashik-3 16
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has sub median position, such chromosomes assume ] shape at anaphase. :

|

Prztnaples of Génetics
l
|

Classnﬁcauon of chromosomes.

Chromosomes can be classified in different ways. The various criterja Wthh are usually

: 'used for the classification of chromosomes include, (a) position of centrornere, (b) number of
" centromere, (c) shape atimaphase (d) structure and appearance, () role in} sex determination,
; afd (f) structure and function. A brief classification on the bases of these ntena is presented
' below: '
| A Position of centromere _ ' ’

‘1. Metacentric chromosome o . _ |

. -A chromosoine in whrch centromere' is located in the mlhdle portlon stich

: chromosomes assume V shape at anaphase ‘ |

2 Sub-metacentrlc c'lromosome

A chr-omosome in which centromere is located slightly away from the centre point or

3 Acrocentric chromosome
A chromosome in Wthh centromcre is locdted very near to one end’ br has: b"b'— termrnal

posmon it is called as sub terminal chromos ,ome Such chromosome as umes F shape or rod

shape durmg anaphase ' o | [
o | .

. 4 Telocentrlc chromosome ' C T,

A chromosome in which centromere is located at one end is calle’d as telocentur Such |

chromosome assumes rod shape durmg anaphase.
5. Holokinetic chromosome

A chromosome with diffused centromere. Centromere does not oc upy a specrﬁc part o

chromosome.. Whole body of such chromosome exhibits centromenc act!vrty
B. Nuinber of centromere - ' . ’

1. Acentric chromosome -

A chromosome without centromere. Such chromosome remains las laggard during cel

- division and is eventually lost.

2. Menocentric chromesome
A chromosome with one ceitromere. 1t represznts normal tvpe ot{chromosomes
|

PT'O_[ S. B Shmd.,, Dep T ntoFAgnl Botany,}( K Wagh CoHege ongr[cultu‘e,. aShlk 3 1
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3. chentnc chromosome-
A chromosome having two centromeres. Such chromosome makes dicentric bridge at -~ .
anaphase and are produced due to iniversion and translocations.

C. Shape at anaphase o

I

1. Vshap}e chromosome o ' I . ' - o

»
A chromosome which assunies’ V ‘shape at anaphase. It includes metacentric: ! ?
chromosgme. | - | S o : ] ::
2. J shape chromosome | ' | ‘:.
A chromosome which assumes 'J shape at- unaphase 1t includes sub- metacentric and
sub-termjnal chromosomes . - . . | ’ )
3 Rod s*xape cliromosome _ o ' ' )
A lchromosome which. assumes rod like shape during anaphase |
D. Strthure and appearance_
1 Lmealr chromosome ) R o .
A chromosome with lmear structure -or- havmg both the ends free. Such chromosomes _—
are fouqd in eukaryotes S . o ) o _ - ;

-

2. Clraﬁlar chromosome
. A chromosome Wlth c1rcu1<1r shape and structure They are found in- bactena ang
' 'vir'usesri ' '
E. Essq‘ntial'ifv | _ : o . "
1. A- clTromosome ' ' |
ormal members of chromosome complements of a specres which are essential for ¢
normal{ growth and development:

i . . : .
2. B-cliromosome _ S o B

! . S

EC_hromosome which is found in addition to normal chromosome complements of a

species. They are also called as accessory, supernumerary or extra chromosomes and are not-- ,
. Al

essent‘}al for normal growfh and development. ' -
| S :
- Prof.55. B. Shinde, Department of Agril. Botany, K. K. Wagh College of Agriculture, Nashik-3 1
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F. Role in sex determination

1. Allosomes : B |

Principles of Genetics

Chromosomes which differ in morpholo%y and number m 1“1ale nd fewale sex and

: contam sex determination gene. They are generslly of two types viz.,, X

-type.

_ 2. Autosomes

and Y or.Z and. W

AY

Chromosome which do not differ in moré)ho-logy and- number in‘mql,_e and female sex

and rarely eontain sex determlmng genes '
G. Structure and functlon !
1. Normal chromosome L t

ChIomosome wlth normat schture (shapd: and s1ze) and funet;on

2. Special chromosome
Chromosomes which SIgmﬁcantly d]ffbr in strueture and fup

c-hromosomes Such chromosomes include lamplbrush chro_moso.mcs and }

cti_o_n from normal

3- chromosomes.

Composmon of chromosome

Lhemncal composmon It contains DNA RNA' hlstones and non-hlstonf protems

DNA/ RNA- heredlty matenal EEE S l-
ii. Hlstone— five fraction e.g. H;, HZA H,B, IH3, H4 It hold together chror_nos__ome_“ fibre

Functlons of chromosomes _ |-

1. Contam genes- provxde genetlc mformdtlon ‘

2. Protect genetic material from chemlcal anid mechamcal damages

3. Regulation of gene functlon

4. Precise chromosome distribution due to centromeric function l
5. chromosome stability due to telomeres . -

Chromosome Models

Chromatin fibres are the basic units of chromosome structure.

Chromosome model

refers to organization of chromatin fibres in a:chromosome. Two models namely foided :fibywe

model and nuclzosoiie stusture and organization. If chromatin fibre inja chronosome. Thaose

' . .. [
models are briefly desciived below:

Profb B. Srnnde, Denartment nfAgril. Botany, ( K. Wagh Lc'lege ongn ulture Nashlk 3 1‘
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1. Folded fibre

fibres are about 230 A in-diameter;! Each chromatid consists of single DNA double .helix. The -

folding and super coiling of very h!mg chromatin fibre causes reduction in length and increase -

Principles of Genetics

model

in thickngss of the chromosome

2. Nucleosome-solenoqd model

'|This model was proposeqfi by DuPraw in 1965. According to this model, chromatin ‘

This. model ‘was proposed{ by Kommberg and Thomas in 1974. Chromatm is composed
of DNA, RNA, histones and other protems Chromatm ﬁbres —are 300 A in diameter. The
‘ riucleosomes are sub units of chroimatm and have bead like appearance ‘Each nucleosome 1S
compose(l of a histone octamer and 146 base. pairs (bp) of DNA. Each nncleosome cousists of
" a core particle and linker or spacer! DNA The core particle has two coples each of H,;B, Hz and
Ha h_istmre molecules Thus it hasl a histone octamer. The core. partlcle is_about 100 Kina-
diameter|and 60 A in height. A dJ,p ex DNA stand i is tightly wotind around this core partlcle )
making two circles. Spacer or unk}er DNA has four-base-pairs..One molecule of ] hlStOﬂC Hy s, -'
connected with linker DNA. The sx]lper coiled nucleosome fibre is known as solenmd —

According to thls theory, avery. long .molecule of DNA (146 bp) 1s packed into a

single..,u‘n]: of nucleosome and several unit of nucleosome constltute chromatin fibre. The

fibre of 300 A wh1ch 1s v1s1ble under electron rmcroscope at metaphase develops

chromati
from th¢ nucleosome fibres as & co_n_scquence of super coﬂlng. of ‘latter. This model is

universally accepted as a model oﬂchromatm fibre organization.

Pl;Oj;: S b. Shm
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« Principles of Genetics

_ SPECI:AL TYPES O'Fj'CHROMOSOME

Introduction

. S ome tissues of certarn orgamsm contain chromosomes which diffef significantly from

notmal chromosomes in terms of either morphology or functions. Such chromosomes are

referred to as special chromosomes following tjjfpes of chromosomes may be mcluded under

this category. The giant chromosomes are (1) polytene (2) lampbrus chromosomies (3).

accessory or B- chromosomes (4) sex chromosdmes (5) artificial chromc somes or YAC (6)

1sochromosome (7) fing chromosome '(8) su}Per chromosome These different forms of

A
Lamp brush chromosomes : o §

Lamp brush chromosomes described in detall in shark oocy'tes by Rhéke'rt in 1892. It

was first observed in salamander (amphrbran) oocytes in 1882 by ﬁen mg Lamp brush

chromosomes occur at the diplotene stage of melotlc prophase in pnmary of all animal species

both vertébrates & invertebrates. During drplotene homologous chr mosomes begm to-

separate from-each other remalmng_lmcontact «i‘mly at several pomts along therr length Each

' chromosome of - palr has several chrornomere d1str1buted over 1ts le] gth Chromomeres

generally a pair of lateral loops extends in the opposne drrectrons perpe drcular to the main

- axis of chromosome These lateral loops grvel these chromosomes the appearance of lamp

brush-which is reason for their name. Ihese chromcsomes are extreme] long in some cases

_ bemg 800 1000y in Iength These chromosomles 30 times less hrgnly acked than merotrc

chromosomes. The size of loops may range from an average of 9. Sp 1n g to upto about 200
- in newt. Each loop is ‘made 'up of fully extended siugle DNA. dou le helix RNAase &
protease digestion of loops generates DNAase susceptrble 20 A thick ﬁb rs. One-end of each
loop-is markedly thmner than is them other end There s extensive RNA synthesis at the thin
ends of loops, while there is httle or no RNA svnthesrs at the thin’ ends The chromatm fiber of
chromomere s progressrvely uncoiled toavard .the thin end of loop, the) DNA in this regicn
supp-rts cctive RNA svnthesis, but later RNA becomes associated with proteln to_yield a

matnix of ribonucleo protetns, this makes the; loop malKedly thicker. 1n some cases loops

Corresnonsing (o pmtrculm zenes have been rsolatecl The DNA at the|thick end of loop 1s

progressively withdrawn. & resemble into Cll-}(uliTlOl]lClc As oocytes prog

csses from diplotene

to metaphase } the loop are ‘slowly_:wrthdra\y into chromomeres as : ormas

chromosome.

21
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e plant.they r‘eported,;,iu_-tiomat.o;\.w-ild onion, fungus neurospora. Loops represent the -
site of ‘'yene action (transcription). I | | - L
e e i et ‘ Calt
EL e 45:;‘55‘*%2':; P S o
' A Lsrmpiensta G re s , - - =
\ X
b
_ Fi 54‘ -'la-mphr.ush;chromo'some : -
Furrcno - and srgmﬁcance of lamp brush chromosomes: . .. , | . ‘ »'-
' T. produce large numbers; & quantmes of protems & RNAS stored In eggs. Gene -~
transcnl :'on is- those whose gene; roductrs required durmg early stages of embryogenesrs
Glant c romosomes or polyteneihromosomeS' . |
_ A ‘talran cytologist E.G. B|alb1an1 (1881) had observed peculrar structures in the nuclei N
of certain secondary cell. Unfortul'latelv be did not recognize them as chromosomes. Pamter )
Heitz & Baver rediscovered theni in drosophila & recogmzed them as chromosomes Smnce . k
these chromosomes were drscoverled in the salivary gland cell they were called salivary gland . - ;
_.chro'moSomes A present name ipolytene chromosome was suggested by Kollar due to _:
| occurrerjce of many chromonemeda (DNA) in them. Ttis found in certain tissues e. g salrvary . :
:,gland oL farvae, gut eplthelrum Imalphlgran tubules & some fat bodies of some files e. g. ;:
Drosoptiila. Mosauito, Midges. lt 1s also found in antipodal cell and suspensors of young - :
elnoryo< of‘many plauts. These are lormed by somatic pairing of homologues chromouomes, n
foliowed by 8-10 rounds of- chrorlnosome replication wrthout any nuclear or cell division 1.e :'_
endoﬁreduohcaflon & Dlosoplula sallvary glands, the g g,rant chromosomes radiate as five long” -
& one_ short_a_rm- from amorphous structure cailed chromocentre. Chromocerntre i< fermed by

ProfS Shmde Deparln.entofA!gnl Botany K K Wagh College ongncu ure, l\ashlk 3 22
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. fadiating {rom ithe

chromocentre represents chromoﬂsomcs IV .one $f the long arms is due to|the x-chromosomes

while the- remammg four long arms represents the arms of chromosome II

& I1I. Total lenigth

of Drosophﬂa giant chromosomes is about 2 OOQ it while it’s metaphase cl*uomo‘some measure

only 7. 9 p. Quant chromosomes contain several

ark staining rezlons calle

bands & relatix{_ely

-band re 1011_3-._ Total n‘xmbc; of bands in four gi

Drosophila is estimated as around 5,000. Some of these bands are as thick

int chromosomes of

as 0.5 5 wh11e sdme

may be only 0.05"-;1 thick. 'In Drosophila F_he loca}tion_ of manyhgenes is correlated thh sped1ﬁc

with thém greatly increase in diameter as coinpared to the rest of th
structure are known as 'p\iffs or Bal-biani riigs. Puffs-are believed to

uncoﬂlng of chromatin ﬁbers present in . the concerned chromomer

| band. During certain_stages.of development spﬁeciﬁc‘ bands & inter bangd regions associdted

€ _chromosome,--the'
be produced dué to

5. These uncoiling

chromatin fibers’ extend out side the chromosome in form of loop. The py

I}NA synthesis. Some hormones e.g. ecdysone,g induce puffs in. specific

accumulate at puffs. Transcription also eccure .m band & single active g

ffs are site of active

band diﬂr_eg_t—ly\oﬁtﬂlﬁers
RNA : _poiymerase Ir

ene can gire rise to

puff.

baing Weband . g
-~ .

DNA-proseinifibé, [me
L% .

A Model af Dyipiawv and Rae *

Fig. 15.14.
! interbdnd struciure in giant chroda
sanic modcl ‘showing, . a. possible

howing Land and

osome. B— The,
‘pur-

Fig: Giant chromosome

AR A AT ... AV
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It use for cytological may

Accessory chromosomes

In

many species one to 1

complenent are found the extrs

chromospmes- of -supernumerary ¢

animal .

ecies reported to posse

matic chromosome in thei

Trariscription is I* step in

Principles of Genetics

!
1
;
:
I

and'significance .of :_gian}t chromesome
Puffs are site of KNA synthesis.

y chromosomes are called accessory .c.hrorrlosome_s, B-
hromosomes. Abaut 600 plant species & more than 100
5S supernumerary 'chromosomes It is broadly similar to

eir morphology. But they have some pecullar functmu Itis

generally smallerin size than the l:hromosomes of the normal somatlc complement out some -

i spe01es t ey may be larger It is generally gained by & lost from the individuals of species

w1thout

' oﬁen.ljc'a_

__species:

. heterochromatic ‘Y chromosome.
meiosis.

" mitosis.-

s to'some reduction invi

fs .unknown. :In some .

In the former case it is g

y apparent adverse -or l)enpﬁcml effect. The. presence of several B-chromosomes :

our -& fextlhty in maxze- Ongm of B-chromosories in most

1t is relatlvely unstable show irregular distribution danng -

In plant species supemuﬂneranes show non—d1s5unct10n during. ¥ or II" mlcrospore_

assed on to the generatlve nucleus while in later case the”

sperm e(mtaiﬁing the'-.aecessory chromosomes preferentlally fert111zers the egg celi. In some

' 'aui_mal sp_ecie_-s it is to be transtmtted through female only. It first studied by Randolph (1928)

© % give term B-chromosome. B-chr

Extensive study in plant maize,

omosome segregates normally It delays the flowering time.

Scale cereals. They are genetically “inactive because these -

chromosome largely Heterochrbm itic. In many species origin & function unknown.

~ Function and significance of B- cPromosome

Tt

fertility

‘Sex chrd

_ G'ermau biologist, Henkin

is utilized in distant hyh
& sead set. . '

osoimes

g in 1891 noted that half of certain insect conizir.

-

ridization of wheat. The most significant effect of pollen

n.

“extranudlear region, Henking call%d this “X-body’. iMc clung in 1902 explain its significance

by obis

chromogemc. So x body becomes

- Prof. 5. T Shinde, ljebartmeﬂt' of A

groations -in grass hoppers.

gr.l Botanv K K. Wagh Col]ege ofAﬂrlculture Nashlk 3

Wilson & Mlss Stevens realized that x-body was

known as x- chromosomes Mjss Stevens in 1905 found that -

24

of chromosome. -

gene action. _ .

many chromosomes in addition to the normal somatic

imal species: . they may arise due. to fragmentanoq :of -

i
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 Yeast artificial chromosomes

Principles of Genetirs

male & females of beetle have the samie numberl of chremeseme but;one of the pairs males is

heteromorphlc one member of pair in the heterfmorphlc appears identicadl to the member of

pair in the female. She called this the x—chromosjome other member of the heteromorphic pair

is never found in females she called this in y-phromosomc The X & Y sex chromosormes’

exhibit structural difference. Cytological studxeé have shown thatkthe x-c]r'nromo,some of most_

organisms is straight rod llke & compantlyely larger than Y—chr

mosomes. The Y-

chromosome is smaller in size with one end sli tly curved or bent to ongside in Drosophila.

X-chromosome has large amount of euchromatm & small amount of hc*terochroiné;tin. The

euchromatm—has_large_,amount of DNA ma1erlal hence much gene

chromosome contains small amount of euchfondatin & large amount of

he

Tc information. - Y-

cterochromavin. The

Y-chromosome has little genetic information,| There fore sométimes jt-is referred to as

1
1

genetically inert or inactive.

=
= = B
5§
s ¢ g
W S , _E
T Y AT et i

- dromseme

" T s o himan Y

Function and significance of sex chromosomesj:

Y & X chromosoms determine the sex of the organism. Yeast is m

very casy to maintain in large scale in lab. Yeast is impoﬂant eukaryotic 1

DNA. It’s haploid DNA contain only 1.4 x IO le Different type of vecto

be grouped as follows. : B i

Yeast is microorganism that is very easy to maintain in large 5

icrocrganism that is

10st for recombinant

IS used (n yeast may

ale in lab. Yeast is

important eukaryotic host for recombmant DNA It’s haploid DNA contam onIy [.4 x 10° bp.

Different types of vectors used in yeast may be t%rOLped as follows.
e Yeast Episomal ptasmid (YEP)
o Yeast Replicaung plasmid (YRP)

¢ Yeast centromere plaspus {VCP)

Prof. S. B. Shinde, Department ongriI'. Botany, K K. Wagh College df-A_‘gricu!tu re. Nashik-3 ‘25
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présent i
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Fig: Yeast artificial chromosome _ ' ' -
YAC resenible the linear stfucture. Szosatak & black burn in 1982 develop 1 vector
which could be maintain as lycan molecule there by mimicking a chromoscme by cloning -

yeast telomere into a YRP such yector are known as YAC. Method of cloning large DNA e
sequences in YAC where develop Fd by Burke et al. (1987). Yeast genes present in different. -
-yeast vector can become mtegrat'ed into the host genome this is called permanent. ..~
.transfom&atmn It generally occuts through homologues recoinbination between the gene - F
. * 'J

n a vector & that present in the yeast chromosome. Rarelv the gene may become

o

at random chromosome J‘ne. The homologues recombination may occur by regular
. - ~ ]

-

over géne CONVersion. Vefry large DN;A sequence clone in Y AC. YAC contain all the

[
feature of chromosome _refqulred for 1ts propagation in yeast ccly including.

‘4 An ARS sequence for replication :

‘¢ A CEN sequence for centronseric function

Prof. S.

¢ Telomeric sequence at th:e twe ends for protection

2. Shinde, D'e'-p-ar_tme':{t of Agril. Botany, K. i{. W‘agh College efﬂgric;.iltur'e, Nashik-3 26



f . One or two selected marker e.g”TRP 1/ & URA3 =~ i
‘ . « The necessary sequences from an E. Cﬁll plasmid |
. ) ¢ Tolon.= ,r;c scquence, in yeast chromosomes is a 20-70 tandiem reﬁeat of the 6 base
;‘ sequences 5 ‘CCCC AA 3’ it’s oomplehlentary 5 ‘TTGGGG 3’ ih other strand.
;-_’f:: Functlon and s1gmﬁcance' Itis a vector used td clone large DNA frdgment |
‘% Iso-chromosomes | _‘
°* ~ An iso-ch-romosome is chombsome in which b()th. arms a'r-e'.lidjent jcal. It is thought to
, arise when centromere dmdes m the: wrong plage yleldmg two daug glter chromosomes each af
. which cmlesﬂvinﬁnmanon—of—onc Lanl—y— —but-—present“: vice- g.g.-jr-rTelo.eentrilq x
. _chromosome of Drosophlla may be ohanged mtp an f‘z}uachec}ex thch~ i$ forined-:‘due to mis
; division of the centromcre § !'_‘ _ B
N i
a
58
:

R /

P

b
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iaraseny ]

Prof. <. B, Shinde, Department of Agril. Botany, K.

jl(. Wagh College of Aéritu_l
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" Ring chromosomes .
Chtomosomes are not always rod-shaped-bccasionally ring chromosomes are uncounted .

Principles of Genetics

in higher o.rgapism. Some times breaks occur at each end of the chromosome & broken ends

are joined to fprm a ring chromosame crossing over between rings chromosomes can lead to -

bizarrc ajaphate figures.

Super chromésonties
. ]

" (Thaloph

Bmi.a'};- such-parasite causg the Sa‘livary'g‘la-n'cil---to—gmw very larg¢ to produce ‘super
chromosqmes. R S | |
_ B

' '.Pol-yter_i{a is increased by infecticn with nﬂcrasporidium parasité protozoan parasite
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_ Introduction

o TYpes of cell division

Cell cycle

CELL DIVISION

Principles of Genetics

- Cell is a basic unit of structure and function in all living systems. The process of

reproduction or formation of new cells fjom the pre- -existing cells fis referred to as cell

division. [Cell division= Karyokmesls (nuclear lelSlon) + Cytokmesm (cell d1v1510n)]

I A m1tos1s- Dlrect cell d1v1smn

: ;\}I/,’ Mitosis

- Indrrect eell dlvxsmn

of nucleus (after it’s elongeti'o’n it . acquireg dumbbell shape) resulfs

Immediately followed by division of cytoplasm

I1. Mitosis

T

~ IIL. Meiosis - Reduction division
1. A mitosis
Asexual reproduction in unicellular orngLi'sm (e.g. Bacteria , Protozoa) in shest splitting

due to cytoplasmlc consm’tt-ibn

/.

- The term mitosis was coined by Flemmitn_\in'188-2 :Mitosis is the process b 5}' V\d11¢\h a

cell nuéleus divides to produce two: daughter nu;
the parent cell. It is usually followed lmmcd

daughter cetls Tlns process is known as mltouc

The séquence of an‘event which occurs

cell cycle. 1t has two main stages.

clei contalmng 1dentlcal sgt of chromhsomes to
ately by lelSlOIl of whdle cell to form two

cell dmsron

etween one cell division 4nd the next is called

1. Interghase

‘2. Mitosis or M phase |

: Interphase ‘ ' i

It is the period bemeen successive cell dr visions coustsung of prd( 2SS

giowth and preparation for- mitosis. Tlie penod

© the ‘S’ phase or symhesis'ph_ase and it 1s separdatzd in time fron: the previ

" ,g.ap called ‘G|’ phase. After DN_A synthesis a [ it

cssociated widh
of DNA syrithesis durin% inferphase is called
us celi divigion by a

her gap called "Gy’ phasg occars before the

Prof. S. B fhinde; f)epértrh'ent'ongx'i]. Botany, K.

. Wagh Cotlege ongnf' Ir




_next cell dlvrslon begms The G, p
for a given: type of cell. During mterphase each DNA molecule -Teplicates-an- exact

constancy
copy of if
called chi

Mitoticphase

{
|
|

|
omapds both attached 0

interphase

Two centrosoimes,

each with centriole pailrs

a common centromere.

Principles of Genetics

hase shows eonsidera-ble van'ation where as G, show more

self. t1“h1s copymg process produces a chromosome w1th two 1dent1cal function stands

The rrntouc phase leads to separatmn of repl1cated DNA into two daughter nucle1

viz., division of nucleus -

without neconumatlon lh\, M phase consists of t“.'o.major events 1

B (Karyokmesm) followed by-division of cytoplas_m"'(;Cyto-_l@mesm)-. The,rkafyo-kjnes.i_-sT.ha:s'_,got':,four;

 distinct st agestas follows R B o S L B

Ioil'in'g and condensation |of chromosomes takes place Wthh make them visible as .-

| llread, llke structures

fach chromosome has t\}vo identical Tongitudinal splits called identical or sister

hromatlds, which are attached by c_'ommon centromere. _—

igration of centrioles to epposite ends of the cell.

° " v isapijearanee of nucleolus / and beginning of the breakdown of the nuclear -

. 1embrane

B ormat1on of spmdle ﬁbl e.

Propha-se

i
|
i
l
i

Mii:‘otubules_ ) .
;forming mitotic spindfe Sister i
{ : w, Chromatids

Prof S. B bhmae uep:rtmentofn. nl Botany, K K. Wagh College qugrlculture Nashlk 3 30
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2. Metaphase
i.” Formation of spindle fibres is. completeql and chromosomes are attJached to the spirjdle

- ,'Pr_o_ﬁ S. B. Shinde, Departmer_l't_ongril. Botany; K KWagh C01le.ge of'Agricu"l

P

fibres at the point of centromere.

ii. Movement and arrangement ‘of. all chforhosomes on metaphase

plate.

inciples of Genetics

plate or equatofial

- iii. Sister chromatids of each chromosome are joined together at the point of centromere, .

but their arms are free. |

iv. ‘Chromosomes are clearly visible.

Kinetochore J
prateins attache
to cenromere L

l(inetochore
milcrotubule

ThlS is the shortest phase of the nntotlc ﬁillVlSlOIl

ii- Tlns stage begms W1th Sphttmg of centromere mto two whi
e chromatids tor separ@te and move to opposxte pol_es.- T
il The separated sister chromatlds are calldd as new chromosomies.

iv. The arms of each t‘hromosome drag behind their -centroq

characteristics shapes dependmg upon the l'ocation.of centromere.

j ‘ Anaphase

4. Telophase L

i. Chromosomes reach the oppcsne poles and spindle siores begin to
ii. Nurlear membrane is reestablished. '

iil.. Nucleol: 1s reformed.

“h allow the sisfer

leres  giving them

disintegrate.

iv. Chromosomes agam become thinner ancb Ionger by unc01lmg and ynfolding.

tu:re-, Nashik-3
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Cytokingsis
Ttis thq division of cytoplas
of interphase. lIn animals, cytokines

deepéns |and pinches the cell int}

Pe

-Nuctear
ervetope
S EOErTiNgG

b OorMmes
enshyg

m. This normally fo[lows telophase and leads in to G phase

sis 1s accomphshed by formation of cleavage furrow whlch

construction ef cell plate at the center of t_he cell and spreading laterally to the cell. Later

cellulose|and ';Strengthe'ning materi

- wall.

-Slgmﬁcance of mitosis

1. Génene stablllty M1t051s eroduced two daughter cells which have the same number of

' chrom0§omes as that of. pa1 ent cell. These daughter cells are genetically identically to

the parent cell and no genet1

- bagis fopr growth of organisns.

e
by mltO',SlS
"
ac ueverd by m1tosls.
HI_. Meidsis -
each c’hmtaixﬁi%tg half the number

celled as|redurtion division since

" aiploid dumber (2n) to the haplc

during interphase in the parent

|

. L -
cytoplasipic division known as M

c variation can be mtroduced during mitosis. -

Gltowtl’;l the. number of celis w1thm the orgamsm is mcreased by mitosis and this 1s the

1l re\l\lacement Replacement _of .old_ cells and dead cells in an organism is achieved.

“Meiosis is the process by wLieh a cell nucleus divides to produce four daughter nuclei

it reduces the numker of chromosonie in the cell from the
d number (n). Like mitosis, 1t involves DNA replication

tell, but this is fol]owed by wo cycles of nuclear and -

lelSlC 2)

|

ha§ asingle diplqid: cel

Pirof.S. 'Sh:itt-tté; _Dep.a-'rtn'tent of Ay

gives rise to four haploid cells.

il Botany, K. K. Wagh College of Agriculture, Moshik-3 - 32
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0 two daughter ceIls In plants, cytokmesns mvolves the '

hls are added to the cekk plate converting it into a new cell -

ciosis I (reduction division) and Melosis 11 (multipiication

Aqexua(l reproductlon Production of new individuals through asexual reproduction is . -

bf chromosbmes of the original nucleus or cell. It is also - -

o,

D S

v
-,
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' Pachytene

. Diakinesis

First melotlc lel'ilOﬂ or reduttion‘division

It has four stages namely Prophase I Meqtphase I, Anaphase I, and

Prophase I

"1 It is the longest phase of meiotic divisi

n. It has five sgb__stlages

Zygotene, Pachytene, Dipotene and Dikingsis.

ii. Chromosomes are scattered throughout the nucleus in a random marner.

Leptotene

i.” Progressive condensation and coiling of chromosome fibres.

il Chromo'somCS‘a;escattered—throug'hout—

Zygoténe - .

1. _Chromosomes become shorter and thicker.

Principles of Genetics

Telophase 1.

namely, Leptothc,

c-nucleus in a random: mariner.

ii. Homologous chromosomes lie side and th\fs pairing process is called 'S};napsis;

iii. Bach synapsed homologue is called bivalésit. It consists of four c-hrcmatid-st_rands' cafled’

tetrad.

iv. Synaptonemal complex also. develops dur]

L Exchange of chromosomal segments betv

- chromosome -This process is called crossi

ng this stage.

een .r;on-—sister chromatid

g over.

i The point of exchange of chromatld durm crossing over by chzasm

$ of the.___‘_hd;i_;olog@us .

~

“jii. The homologous chromosomes are attach d to each other by chlasmat'a.

" 1v. Synaptonemal complex can ‘be seen between synapsed chromosomes.

Diplotene
i Separation of homologous chromosome
from the centromere to end of the chromo
ii. Nucleolus decreasés in size -

1. Nuclear membrane disappears.

1. This stage begins/after the complete termin

1. Chromesomss are 1n more conuacted stage. -

il Due to further conuraction and (eiminal

scattured throughout the cell.

—

s takes place from one

alization of chiasmata.
e

sation, these appear as r

o

other which begin

somes: This process is called terminalisation.

fund bodies evenly

———— ' e

_ Prof. S. B. Shinde, Departiment of Agril. B-o_t?hy, K

K. 'Wagh Coliege of'Aérit:u];

ure, _Na.shik& . 3
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lie on each side of the equatorial plate and attached with-_

ii. Dhe to %the contraction of sp indle fibres, céntromeres of each chromosomes are directe(i'
topards the equator.

.-Anapha Se I |
i. At ﬁrst anaphase the centrqmeres do not divide, but continue to hol sister chromatids

-to gethdt.

ii. The homologous separate and individual chromosome moves to _c,-pp'qsitc_poles_

iii. This _leéz__tds‘.to reducﬁon of number of chromosomes from diploid .(2n) tO haploid (n)
state | | i
Teloph' el

L Chr.om@somes uncoil and relax and regroupmg of chromosomes occurs.

il. Nucleoilus and nuclear memprane rcappear

i, Two ha;_,ploi_d-daug'hter.nmle i are formed.. | - |

.iv.-‘Cj,rt(')kixiie‘_sis in telophasé-I divides d1p101d mother cell 1nt0 two haplom (n) daughter

~ cells. This ends the first meiotic division. - "

Tlre on‘eA pCI’IOd between the first and second meiotic division is called interkinesis.

~Second melotlc division or multiplication diﬁsio“

The ch'ond meiotic division is equal to mitosis division. However IﬁeiOsis 11 differs-' .
from mitosis_.i:n_thé following wayy. . _ o
i. Inferphase (interkinesis) prior to meiosis II is very short. It does not have °S” period -

because each chromosome already contains two chromatids.

i, TTe two chromatids in eagh chromosome are not sisters throughout. IR othrerwords
Sﬂme chromatids have plternate segments of non-sister chromatiis  due to .
recombination. '

iit. The meiosis Il deals with haplou hlomnsomc number, where as nmmal milosis deals

- with diploid chromosome mimber.




-Prophase I - the apparatus reappeors.

"Metaphase II - the Centromeres have lined uﬁ on the equatorial plane

Synaptonemal complex ' _ |

Me1031s I1 has four stages. They are llrophase 11, Metaphase II.

Telophase IL. I

Anaphase II - the centromere of each chromp some divide and allowmgr
) | chromatids to separate cytoklflesm followed by

Telophase I - divide two cells into four melotlc products

N SR - Arinciples of Genetics

Anaphase II, and

SlStCI‘

It is 'a'person*ﬁ'amework,r-which is founcl betweeh pzlired chromosomes_lt—consmts of

one central and two lateral elements There are tlansverse ﬁlaments on both

‘sides of the cenral

éléement. The lateral elements are attachfd th homologous chromosomes. Synaptonemal

complex is consulered to be associated with pairing of homologous

Stages of Me:osne 11

PROPHASE N KET APHASE H . ANAPHASE U

pEL

chromosomes and

* recombination. However its origin and exact rolé in synapsis is still not_pro‘p‘e'rl)}T known.

1 ofeach Evpe of

chr omosome (1n)|1

in each

daughter cell (gamete)

Significance of meiosis -

)

1. Meilosis enables the chromosome number of a SCXdally reproduting species to bte

v

constant from generatlon to generatlon
N

2. Mciosis introduces the genetic vanatnor n the offsPrmg of sexually rep;oduc Lg

I

individuals by meais of mdependent assortrnont and cmssmg over (recornbmatlo-n)_.. '

_ Pmﬁ S B S-hirlde, -De'pa_l*tmeht of Agril. Botany K Fl(Watgh Coll‘eg_e 'cf Agﬁcult

e, Nash1k3 gg
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i
lI
l

CHRoMOSOMAL ABERRATION

Introdu', tion

omal aberratlon' Strucﬂural

ere ar‘e»'f_'o_u'r kinds of vaﬁaltion in the stic

| ‘,': | A. Intra c'hro-m'ois:o'mal 'aberraﬁoAs (

1. Deletion (deficiencies) |

S22 Dupllcatlon (addmon) -

3. ;InVCI"'IOIl (paracentnc and*perlcﬁntnc)
B. Inter chromosomal aberrahonls :

T 1. Transrocatlon (homozygotlc and heterozygotlc) =

- A.lIntra chromosomal aberratloqs '

B Deletlon-_.~f"-_

segmeht is los_ That is, some genles are deleted~ Based on whlch 1t is called int

o

terminal de-ﬁcren_c-y. !

._;;;C.)gtp.’qgtcal' effect: In deletlon heterozygotes “deletion loop” ‘occurs | pairing  of- "

homo@gbus chromos«)mes The ﬁ>ortlon of the normal chromosome hom.ologo_us to the

. ¥
deficient segment bulges out.

-

Geneuc eﬁect ‘When a segment of a chromosome 1s absent, some genes are alsGeabient. If

_threse-lost g-ene_s are physxologlcally important, deletion leads to death oﬁthe orgams.

Deficlenciés p’loduce unique phenotypic effects: in Drosopmla The characte

beaded oeha ghll minute and notoh are assocxatod with some deletlons 1n chromosomes

In human beings, “C+i-du- cnat’ sypdrome is characterlzed by & mewing cat dm‘ng -

anfaney: |This ‘Cri-du- chat” syndro'ne 1S caused by deletion 1 the short arm of 5"
]

- chromosgme

Prof. S. B| Shinde, D__eparttnen_t of Ag il. Botaﬁy, KK Wagh éolleée o-f:Agr-i.cui-t.u-re, Na-shi'k—?, 36
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2. Duplication . o Lo .

- Piinciples of Genetics

It is an ‘intrachromesomal aberration’ m which a segment is represented two or mpre

tlmes in a chromosomme. - ‘ ;:

" Cytological effect: Duting meiotic pairing of’ heterozygotes the

' duplicated segment forms a loop to maximize ‘the juxtaposition ! of S]

homologous chromosomes.

chromosome with

milar segments; of

Genetic _ej.fe_ct:"The duplications are not 'le‘thal}_. The_ unusual (ﬁosége of genes cahébe

investigated. Duplications are useful in evolution of new cha'racter_%wi:th

' traits.--RelQeétionﬁdf chromosqmal materials, dué. to duplicatipn ;esui{si' in

This is called position effect.

put loss of origipal

_?ltexed phenotyi)e.'

.

ABEDGCE -Anmﬂnnf
Invetsi p:\» - / Duplmatien
A B C.- t
'Delelion / _ \ lnsertioﬁ'
~ Translvcation )

ABC_np’q

i mn 0 pq I m .n

D |-j .

3. Inversion

It is an intrachromosomal aberration. Inversion occur whenia part of chromosoine

 become detached, turn through 180° and reinsertgd in such a way that the
order. :
Inversions are of two kinds

i. Pericentric inversion

The inversion. segment includes centromere.
' |

ii. Paraccntric inversion

The inverted segment does not include cer‘trorhere. Centromere lies
) - i i
portion. .
| - IR
Origin of inversion: A chromosome may i‘tom a loop. Bieakages ou

intersection. When the sticky ends unite with nev
Pruf. S. B. Shinde, Department of Agril. B{;ﬁtany, K. f( Wagh College of"Ag-:ri’c'ulﬁ

! parents, inversion results

$ENnes are in reverse o v

_putside the in'verqé’,d

cur at the point of

_ﬁré, Nashik-3
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Cytol gzcal e_[fect in mversnﬁn heterozygote the pan of the unmvem’1 chromosome

of the ho ologous chromosome but in reverse d1rect10n.

Genefic effect: Paracentric inversion produce dicentric and acentric chromosomes. -.

kY

. . o . ' . o . e .« - . .
- Pericentric m\kersmn produces duplication and deﬁcles Inversion acts as cross over suppressor. -
and invegsion tmamtams heterozygd

B. Inter chropmsomal aberratlon}s

1 Trans locat;on

sity from generation to generatlon

. "
Y

LN

%
Vi

Jy

It s, aq inter chromosomal aherration where in exchange of chromosomal segments
occurs bg tween non-homeologous cﬁﬁxomosomes ‘ "l ' ' _ | h
Cytol 7gtcm. effect: In the Lranslocatlon heterozygote, palrmg of homologous chromosomai
""se'g.r'_nents is qffected by a cross- -shaped conﬁguratlon. This _crossl- opens out into a ring as
chiasma temlinalizes. The meiotid products are. of ‘t_hre'e kinds (i) normal (ii) balahced (iii)-
_ LlIfl)aiar'lceci‘.'"'E | - '

~ Genelic ejj’ect: Translocation giyes three kinds of genetic effects.

oo

. T_rar_i}slocati_on alters the hnkage relationshlp of genes. -

j=2%

ii. Hetérozygotic translocatipn-causes semi sterility. because most of the gamets fail to .
= 1ecelve full, balanced- corhplement of genes-required- for v1ab1e development.

i The phenotyplc expressun of a gene may be modified when it is translocated to a

' new.posmon '

Ch_romos_o’ma;l_ aberratiop: Nuinerical

'
. B
car oy

'
we Ny

Vdriation in number of chromosomes 1s called ploidy. A set of chromosomes present in -

'+ “"an organjsni is called genome. In|a geriome each type-of chromosome is represented only = "~

once. Most of the sexually reproducing plant species are diploid ie. have two sets of g

'c'hr'omos'c'mes.; Any change in the ¢hromosome number from the diploid condition is referred

to as hetorop].io.idy.lThe heteroploidy is of two types namely,aneuploidy and euploidy. The

w

varlaflon in nuimber may involve anly particular chromosome or in entire sets.

' Aneuplo d

To8s or gain of ope or mwore particular chromosomes occur within a set is calied
aneuploidy. The aneuploidy crganjsm bears .rregular number of chromoesomes. Aneuploidy

" arises dug to npn-disjunctior. -Am_!eploids. are of three types.

Proﬁ $'B. Shin!de,_Depather,':tj ongh] Botany, K K. Wagh College .ongri'cul_ture, Nashik-3 ?8_
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s Princip_l'e's of Genetics

Typesofaneuplmds Sl e e ey
Types - ' Genomic,constitution

A. Hypoploidy E
Monosomic 2'1‘1—51
Double monosomic 2n- li—l

_ Nullisomic S 2n-2
B. Hyperploidy

" Trisomic " 2n1
Double trisomics e - 2n+ I+ 1
Tetrasomic- - | 2042 -

_ Pentésomic | '

A monosomlc is an mdlvxdual that lacks agne chromosome of the notmal compleménﬂ of
. i s

organism, it may survive but if the lost chromospme is
Survive'

2. Nulhsomlcs '

" somatic cells (_2n—1-). If the lost chromosome i$ one that is hpt absiolu__tely essential for the

) very important, the organism.may niot

A mlllsormc is an individual that lacks both members of one specifie.- pair : of

chromosomes (2n-2). A nulllsomlc d1p101d does not surwve However ani llSOIT-liC_(; p_p_lyplojfdy

analysis helps to identify genes with specific chrgmosomes in a polylold sp

3. Polysomics

-(hexaplmd wheat ox- 23 may survive but exhlbrt reduced v1gou.r and 1eﬂility, ml—llisorllie' :

rmes.

An individual having either single or one pair of 'extra chrdmospme in the d—i—plq:)id

complement is- :lcnéwn as polysomic. Polysomic analysis is - also called as hyperploids.

Polysomics are of two types (i) trisomics and (u) 'tetrasomlcs

|

- Trisomics . _ !

A trisomic is an individual with one chromosome more than the nor

mal complement.of

the somatic cell (2o+1). In general the extra chromosome does not produge so striking efféct

as a missing one. In wheat trisomic (2n = 43) are nearly indjstlnguishable yrom normal plants.

Trisomic give rise to two kinds of gametes i.e. onc kind with ‘n’ chromosc
‘n+ 1’ chromosomes. Triscmoics are mere stable genetically than monoson
ii. Tetrasomics

me and other with

n1cs.

Prof. 8. B. Shinde, Department of Agril. Botany, K. K. Wagh Collé_.ge_of' Aigr.iﬁc.tll_t

l_r'e,“Nas_ﬁ.ik-?)
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Principles of Genetics’

and such individuals are called as tetrasomics.
Use of apeuploids '

. 1 . . .
- i |Aneuploids are extremely juseful in several genetic studies.

ii. [They are useful to determine the phenotypic effects. of loss or .géi.n of different’

-

“hromosomes

’ fid. Aneuzplmds have been used to produce chromosome substitution lines which give

mfoqnanon,on the effects lof different chromosomes of a variety.

"iv.  [They'are used to produce ali_@i@i’ti_o_n_and alien substitution lines which are useful

n gene transfers from one|species into another.
V. Aneuploid analysis pe_rmJL

specific chromosome.

An_e-uplo}i'ds' m Human beings -

i) Down’s syndrome

. Ttjs due to "-'trisomi_'c--:condit—i<r.x-of---21'st chromosome. It is also cal_led Mongolian idiocy.

_Iﬂd_-ividu;ds are mentally deficit and physioally retarded, broad face and flat stubby nose.
iij‘-';Kline'félte}‘srsyndrome'(44+. - . ' -

| It is duéa to trisomic con"diti_on of sex chid_rhosome; The individual is male with XX

: c.hr.omo.scjme. %T-he individuals with this gyndrome have defective deVelOpmeri't of testis, famino :

.-charaoter like EEnlar'ged breast, und:r'—dovelo.péd body hair, presence of one ba'rf body in bédy
in the cells.

iii) Turners syndrome (44+X)

autOsosz and one ‘X’ chromosome. The fernale individual is without menst'ual cycle. No -

‘barr body is p‘rieseht in body cells.
. The origin of :*_Ane_uploids l
NS 'Sp‘orLtanebus

ii. Meiotic irregularities

iii. Trploid icividuals

iv. Trarislocaition heterozygote

Prof.s. B. Sliinde, Departmént of Agtil. Botany, I K. Wagh College of Agricuiture, Nashi-3 40

' lditidn of two chromosomnies of one pair 0~ two different pairs is known as tetrasomy .

1
Avg, L

its -tl_u_a location of gene as well as of linkage group of a’

It is due to monosomic condmon of sex chromosome The individual is female with 44 - -
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Use of Aneuploids in crop improvement

ﬁrinctpl\es of Genetjcs

1. Aneuploids are useful tools for locating the genes on a spvciﬁc' chromosoime.”
T —— . H

e

Monosomics and nullisomics are used for this purpose.

ii. Monosomics are also used in interspecifi

C gene transfer ie. Monosomic_s are used in

transferring chromosomes with desirable génes from one species to another.

iii. Aneuploids are used for developing alien jddition and alien substitition fines in various

crops.

'iv. anary tnsormcs are useful in 1dent1ﬁcat10

Euplony

Thesc are varxatnons that involve® eﬁt

o~ ~

h of chromosomes involved in translocation.
T T - - s

re_set of chromos%n;né_-t. In Euploids. ithe

chromosome number- is an exact multlple of
differing in multiples of ‘n’ of ‘x’.
“Monoploid -

" The Monop101d organlsms have ‘one set
| nuclel of thelr body cells. The monoplmds are g
haploxd which carry half or gametlc chromoso
'--monoplold and haploid chromosom_e number is

_ haploid".ﬁut.:all haploids cannot be monoploids.

. L : e !
the basic or genomic pumbe:é/ Euploids ‘are

of chromosomes or one genomé:ng(Q) in ‘the
ften w_cak—aﬁd sterilef. Mopoploids: differ from
me ggmbey :_(9)._ In true diploid species, both

the sdme (n= x). Tl;ms a|monoploid-can be a -

: : Types " Genomic formula
Monoploid - ' T
_ Qi‘ploid- -
Triploid 3n.
Tetraploid 4n -
Pentgal(','id . 5nie, T
| Hexaploid 6n ) |
Dlplmds ' _

Normal dipl oxds are known as dlSOI]l]C<

meiosis. Diploids also have dxsomlcs genetic with two alleles at éach locus,

Polyploids

Polyploids refer to any organism i whicl

They have 'regillaf bivalent pai-ring during

the number of chromosome sets exceeds two

1.e. an organism with more Jdan two sets of chrp-mosoines or genome. They have larger cells

than diploids. These iarger ceil sizes contiibute © larger plant size and higher yield. Polyploids

have generally larger, thicker and darker pree

1 leaves, biggor'ﬂowers, and fruits than the

A

BT i L

Prof. . B. Sh.ih'de, Departm_ent of Agril. Bbtany, K.

K. Wagh College of Agriculture, Nashik-3 41



" depressefl wit}l increasing number
i. Aut-opf)

: _identical thhl each other.

diploids.

There ar¢ twoli types of Polyploids.

In

.Autopquploxds arise by al

In each genus, there is an|

lyplmd
autdpolyplmds the mult

Principles of Genetics

optimum level of polyploidy beyord which growth may be
of chromosomes. e.g triploid (3n).

o Aut;otetr
_ tetraplmc

il.

: Amphidlploid

-ofecono

union of

~sten1e an

- TH

ac_cofnph

Ailopo]
- In
are of dif

species o

‘-e.&f

Al

moxi;oploid gamets—(n)—+
d cax%not produce seeds it
mic plants e.g. seedless w
aplmd

e orgamsm Wlth four gel
They arise due to s
shed by either spontaneou
yplold

allop_olyploid_s the multipl
~fererit efigin. Genefa’ily ed

f djfferent genomniic group.

lohexaploid- three distinet

A

two spec

specxes or types of plant

es, 18 called an amphidipl

atermelon.

Alliotetraploid— two distifict genome (2x; + 2x;)

genome (2x; + 2x; +2%3)

id. In amphidiploid the two species are known.

rith-a-diploid--gamete (2n). Since an autotriploid remains

nomes (4n) in the nuclei -_'gf their somatic cells is called
omatic doubling of chromosome number. Doubling is

sly or it can be induced by chemicals such as colcliicines.

\
a _ .
derived from doublig the chromescomes 1 the Fy hybrid of

. B _'Shiri:.d'e, De'_;.)_a.ftment: of_A'. rit. Botany, K. K. Wagh Cellege of Agriculture, Nashik-3

4Z

‘has great commercial valiie in producing seedless varieties -

T

.

1ple sets of chromosomes are identical e.g. genomes are

bnormal mitosis and meiosis and induced artificially . by B

colchicines.
| Auto t'ri*ploidT: B 3x. Banana 2n=3x =33
! ; D .
Auto tet rap—l'(i*id 4x | Groundaut 2n = 4x = 40
Auto hejgapld'id | 6x _ Sweet potato 2 = 6x= 90
Autotrigloid. . - R
- THe triploid organisms havejthree sets of chromosomes. a triploid may originate by the -

e sets of-chromosomes are not identical. The chromosomes L

ich genome has two copi'es., Allopolyploid arise by crossing |

1
(AT S
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ii.” The idéntification of diploid Eg_e_lml\sp@es is primarily _bas'q_(éi_.on

. Prof. S, B: Shinde, Department of Agril. Botany,

E.g.Gos.);piumi hirsutum -n=4x=52
G. barbadense n=4x=%2
Nicotiana tabacum SIn=4r =48
Triticum aestivum -2n=6x=42

Sacchqrum officinarum - 2n= 8x'80
Morphologi'cal ztnd Cytohog‘ical'fe,atlires of Pojyploids ér_é
i. Larger in size than diploid ' '
Generally more vigorous than d1p101ds
Slower in growth and late in flowering

iv. Polyplmds may have reduced fertility than dhplmds

|
t
i
|
1
|

Rele of Polyplonds and thelr =*volut10n

Brinciples of Genefics |

L About 1/3 of anglospPrrns are Polyplolds These suggest that P(i)lypltﬁids ﬁave significant
t e

_role'in the CVOlutlon of crop species, e o

{
Iy

Allopolyploxds have contnbuted great e)ttent in 'tﬁf_: evoiu.tijlon df pla‘hts-'thart auto

! .

Polyploids.
chromosome of diploid and the Allotetraploid species.

dlffer from progenitor.
‘_______.———/

v. Evolution isa slow process; but due to allopplyploids ne\i‘/-‘s\beciqis orl

pairing betiveen the

_ __i'v.' Allopolyploids- cor'nb'inelthe genome of different -spegies; he_Ilcel the ﬂ@llting‘indiyidq;ais _

78 P_olyplmds have wider adaptation to differert envirénhj"ental po_n%
Role of Polyploids in evolution of crops | I
1. Wheat . i -
Triticum monococcum — ~° X Aegilops speltpides.
OAA L N _ BB -
n=7 ] ] ' n=7
AB (2n= 14
| (spontanepus chromosome doubling
“Aegilups squarrosa X ; Tetraploid einmen
‘ DD . AABB
n=7 ! | n= 1:4

ABD (2n=21)
| (spontaneous chromosomie doubling]
AA BB DD (Héxaploid wheat)
2n=42 : ‘

(. Wagh College of Agkicnl

inate very quick]y.
than diploids.-

)

wheat

e, Nashik-3

43




i
!
1
1
!
|
|
!
!
N

- 2. Nicoti}ana /l' Tobacco

Nicotiang syh!’estris

“n=l2

3. Cottogl '
- G. arboreum

JAA'
‘n=13

" Prof. 5. B|Shinile, Department of Agril. Bota

1
i
|
!
1
|
|
)

A
Fig: |

=

NI

- Fig: B

.Fig: H

aphidiploid -

Evolution of lexaploid wheat
x N. tomentosa
l n=12
Fy

1 (chromosome doubling)
tobdccum (cultivated tobacco)

volution- of cultivated tobacco

(chromosome doubling)

2n =26
Lvolution of tetraploid cotton

ox 0 - G. raimondi
1 o R ‘DD '
o n=13
AD

A A DD (G. hirsutum) tetraploid cotton -

Principles of Genetics
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_ later expenments After completing his studles

. v P
A

Introduc_tiori

( ; regor Johann Mendel, father of genetics

near Brunn in Austria, -now it is part
educatxon was senously hampered by poveny an
the Augustlman monastery at Brunn and was or
was sent to the University of Vienna for trainj
sciences. Although hls~perfennanee—at_the_

provided him with many techmcal and mathetnat

 MENDELIAN B

Principles of Genetits

RINCIPLES

vas borne in 1822 tola family of poor farrer .
of Czechoslovakla Dufilng young age, lns
1 in order to continue his education he entefed |

dained a priest in 1847. A few years later, he

ing in physics, mathematics and the natyral
iversity. was not gutst 'ding, ‘his trainjng

cal skills that were df valtie in performmg lhis.

e returmed to Brunn in 1854 and he became a

teacher and in 1857 began his farhous exper lI"AuIltS on peas in the Lnona stery garden. After

seven years of expenmentatlon he presented his
Bruan during 1865. This paper was published in
e'1t1tled “Expenments in Plant Hybrldlzatlon an
Redlscovery of Mendel’s findings .

Mendel’s work was not recognized until
inde;lendently by three scientisls Hugo De Vrig
Eric von Tschennak of Austria. Then only the 315
Mendel’s choice of materlals

i. Pea plants have constant clear-cut alternat

il.  These are annual plants. They could be grhwn and crossed ea51ly

iv.  Hybrids are fully fertile.
Merits of Mendel’s method

1 he died i m 1884. ‘

'mﬁcance of Mendel} S W
- l

(ves of characters.

ﬁndmg before the N’atural History Sbciet)f; of
the annual proceedlr‘gs of the society in 1866

l

: .
1900. In 1900 lus mdmg was redlscovefred
s of Holland Carl

“orrens of Gerany and

ork was realized.

- 1ii.  They are norrhally self-feriilizing. But crofs- fertlllzatlon can be don'r easi‘l\j/.

Mendel was able to dlscover the law ofmheritance because of his infelligent methods of

study and by the apphcatlon of mathematlcs

i

1., Mendel selected garden pea which is a self-feriilized short durdtion CrOp.

ii.  He always used pure breeding parents ar

|
d did crossing expemn‘xelits with in the same

Species.

|

ut.  He cenfined his study only on one character at a time.

' )
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iv. fter !ﬁnd'mg the inheritance of characters séparately, be studied two charactefs

tc geth&r.

v. He co{mted the number oi each type of the progeny and he analyzed his numerical- .

1€ sultsun the form of ratiosl|i. (,, he ai)plied‘mathem'atics to his ﬁndjﬁgs.

Characters sFudied by Mendel in pea plants

endeii studied seven pairs pf contrasting characters. They are

'

Charact{e_rs i - ' Dominant form(wild type) . Recessive form
Seed-characters o '
i:) Seed s,hape'- ~ Round . ' Wrinkled
1) Seed coat colour ' - Grey © : - White

- | 1ii.) Cotytedon colour | " Yelow T " Green

Pod characters

| iv.) Pod tolour a 1o " Green | R Yelldw

v.) Pod shape!. o Inflated . - Constricted

Flower characters

Vi) F_low:r.pog_ition : - Axial | o - Tennina]

Stem ch aracter

Vii.) LeﬁBth/ He1ght of stem _ Tall o _ _ Dwarf

Law of segreg Jatlon

Mendel’s exp _erlmc_mt

Mendei tested .the seven characters: md1v1dually, by crossmg a vanety carrying a.

particular trailt of a bharacter (e.g! Tall) with another variety carrylng a dlfferenf trait of the -
same chﬁtrac'er (e. g Dwarf) When he crossed tall varlety with dwarf, he obtained only tall -

plant in F, generatlon When the F plants were selfed the “tall and dwarf plants were -

segregatgd in B:l ra_tlo in F, generation.
He made|crosses for all seven characters and results appeared lo fit the following pattern.
I. Wihen crosses were made between the parents having contrasting characters, the F

J _ ,
always showed one of the parental fraits and not the other.

2. The traits that had disanpeared (or) hidden in the Fy were reappeared in the Fz-

C
generation, buit only ini the frequency of one quarter of the total number.

i
3. hmspwtwe of which )'ucn't used as male or female, both direct and FeCIProcal crosses

. gave the pame: result.

"ro S B C’mjde Departmen*ofA'

11. Bbtahy, K. _K..Wa.gh College of Agriculture, lashik-3 46 |

.
.
T

Y

'
oot o

.
S0y

),A



Yo,

e -'\ a0

pe
\-" v

" The phenomenon of the suppression of expreé

‘dominance. The trait which expression is suppr

- character designated by small letter’s’.

- Brinciples of Genedics

o 4 Mendel called the determmmg agent re

destroyed

i
|
s iy 25 l
Pﬁreht _ Tajl X o ; Dwarf
Génotype | TT L tt
Gamets a (T) i ' (t)
F, Tall (T) | |
} (selfing) - |
Tall | x - Tall
‘Gamets . MmO M-
d‘"- ' : T E ) t _ 7
T : | TT. (pure tall) Tt (hybrid fall) -
e | TeMybrital) |t (pure dwarD)
F, - . 3/4(Tal) U4 Dward)
enotypic ratio | (TT): 2(T9 1@
P Yenotypic ratio . 3. o 1
: . - 13 of 23 of 1 1/1 pf
“Tall . Tall | Dwarf
: ‘ ol - I l -l
F, C " Tall .. Tall: Dwarf : - P Dwarf . -
- - Only . 31 . oly .

sp0n31ble for “each [trait |a “factor’ from the

. ev1dence of Frand Fz generation, _the_‘factor that determine each tra]t c_ouhd be hiddep" but fno_t

5. Though the F, hybrids contain factor for lEot_h Tall and Dwarf traits all the-Fi.were tgéll.'

ssion of one trait by :fcmother’. is: -'ealled§= as

essed in F; is callel recpssive. In Mendé!’s

. expéeriment tall is a dominant character designatdd by capital letter “T' aud|dwarf is a recessjive

6. According to the syimbols used the Tall hy__brids ‘Fp con’tainsg fact hr T: (since it is tall) -

and‘t’ (since it produces some dwarf plants in §

dwarf plant contams :

2).-Since. T is domix?ant gver t, the Mendel’s

7. To find out the number of factors controlling each trait Men'dylel selfed the plants in F,

generation. The ‘dwarf’ plants upon self fertilizdtion 1lways gave rlse (breed true) to dwarf in

all the generations. Whereas tall plants breed frue and 2/3 of the! tall FZ plants apon self

f_ertilization produce tall and dwarf plants in 3:1 ratio.
. v

8. From the

and t. The true breeding tall and dwail plants al

: breedmg line produce o-m;f one kind of gamete,

Prof. S. B. Shinde, Department of Agril. Borany, K. K. Wagh College Q.FA ricul

reshl"s 1t is clear that the hybiid plant for (allness contdins two factors “T°

30 confans TT and tt respectively. So the tize

whereas, the hybrid tall| plants contain two

:iire_; Nashik-3 47
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\

|
i_
|
kind of '"actoJ;s which can separate or segregate from each other during gametogenesis and
produce two kinds of gametes in qual prdportion. The random combination of these gametes ]
leads to the production of tall and (dwarf progeny in the (phenotypic) ratio of 3:1 and with the:
_genotypi¢ ratib of 1:2:1. _ '
Law of #egregaﬁon(law of purity of gametes)
“Allelic genes in a hybrid do not blend or contaminate each other, but segregate and:‘
pass in 1o different gametes during gametogenesis”. | )
Far example, the Fy hybrids|(Tt) of a Ir_ionoh)'rbrid cross between tall (TT) and dwarf (tt)

pea plant have one dominant allele (T) for"ta'l’lness'and-*onefrec-essive-ralle'l'e (t) for dwarfness.

Though the tall énd dwarf alleles remain together but dces not coritaminate or mix with
any one. Both the. alleles segregate to 'pfodu_ce gametés either having donﬁﬁé.ﬁt ailele “T” or .
. recessive aliel]e‘t’. The law of segregation is universal in its application and it has been found
to occur in both plants and animals ' | |
.Chroma Lomal basis of s'egregation
“In|the lanaphase stage -of 'rrlﬁeios-is,f-the members .__.of _homologous_ chromosome. . pair
s-egreg:a_t'e or geparate from each other and .mox"e to opposite polés. As a result the allelic -
gene/pregent ih the hdniolog‘ous chrorﬁc')s_ome af_e also separafed and carried to opposite poles.
Termino ogy N | |
Gene | | |
o Aﬁ inhérited factor that determines biqlbgibal characteristics of an organism is called -
gede_:. In mod¢1_*n term, gene may be a segment of DNA. which code for single polypeptide -
chain. | |

 Allele

Alternative form of a gene o¢cupying the same locus of the homologous_ chromosome

i
Locus |

The pos\ition of gene on the ¢hromosome
Dominarce {

- ! . N ' ' ' , ]
The suppression of expression of one allele by another allele of the sanie gene is called

dominande. |
|
The ch'a&ract’crs which lack thg ability to express mn Fj generation are called recessive.

R:CCS.‘TiVT '

T T g e

e,'Departmenté't"A ril.'Botany, K K. ‘./‘."ég-;l'l‘E Coziflég‘_'e ong',ri,cu:‘l-tt:ur"e-, Nashik-3 48
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plant is TT/Tt and dwarf plant 1s “tt’.
Phenotype -

:""{"f_ _ Genome - et of chromo
‘Genotype '

Principles of Genetjcs
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|
i
|
[
]
!

Genetic constitution (make lip) of an indiidual is called genotype. [The genotype of'tall
t
{
{

External appearance of an individual pro‘chced by the ’ge‘notyp{: in co-opefat‘_ion withafthé.

environment is called phenotype.

‘Character _

i
.

It is any morphological, anatomical, biochemical or behavxorall featq re-of an organisrp.

‘Hybrid / F, generatmn (Fi= first filial or progeny generation; ‘ﬁhaf’l is derived froma Latin

- word meaning ‘son’ or daughter, :

Progeny obtained by crossing two parents

. Parents

Varieties / strain differing for one or more

are called as parents.

- Female pzirent/ Q

Parental plant whose stigma is pollinated

~ female parent.

| 'Mz_i’le 'parent 18

Parent;ﬂ plant whose pollens are used for

male parent.

Pollination

Transfer of pollen of desired male parent

as poliination.

Polliuaﬁng agent— hand pollination, wind, water and insect

Emasculation
; 'Proce_ss of removal of all immature anths
.c_alled'as emasculation.
Xcnia
Effect of pollens cn embryonie and materd
Homozygous (TT/tt)

Indivicual having identical alleles fora ch

Prof. S. B. Shinde, Departmentof/\gl i1. Botany, K.

S -
(genetically dis-simifar) i§ called hybrid.

i
i
i
i

characters and which are finvolved in Crossing

|
| . ) :
by pollens of desited male parent is:called as
§
i
]
!

pollmatlon of desir el fefnale parent 1s ca]lled '

I
to receptive stigma q'f femyale parent is known -

!
i

|
i
{

|
rs or even androeciim Jf bisexual flower is -
{
[

3 N |
hal tissues is called ag xen

om

| !
. N }
bracte: is known as h@moz

K Wagb College ongncuI

ygous genotype.

te re, Nashik‘-3
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| . |_Princip1es of Genetics

He’t_er-o. gous (Tt)

' Iniiivld};al having different dlleles for a character is known as heterozygous genotype.

Monohybrid\l ‘ .

The Flioffspring produced py _eroseing two true breeding parents, which are differ in-. f~'

_one chardcter bnly. Monohybrid individuals are heterozygous at one locus. B : ;_
Dihybri - .

The F\|offspring prqduced'by cros's‘ing' two true breeding parents, which are differ in” _*L
two charjcters. Dihybrid individﬁa_s are heterozygous at two loci. “
Polyhybrid | | | .

The F, pffspﬁng produced bly crossing two true breedmg parents which dlffer for rnore
than thre¢ characters, are known as polyhybnd
Reciprodal crioss _ | |

A fross in which both the parents are involyed vice-versa.

Back crdss L - . A | : \

Crbss of Fy hybrid with either of parent | | .

- Test cross _ | | .

It_ls e cross between the F, hyb;id and its recessive parent. Note- Test cross is always ’ :;
back cress but|back cross may not be te'st_erdss'. yakio S\'\ou.lcl ke CLlu)ogg b - —
_Used of test cross o R |

1. Test crpss verlﬁes the Mendcl’s factorial hypothesis '

As cordt]ng to Mendel, a mo.nohybrid wall (Et) produces two kinds of gametes in.equal - Zc--.
proportion and recessive parent prJoduce onlj;' one kind of gamete‘t’. Hence this back cross :
should give ta ll ‘and ‘dwarf plants in{1:1 ratio. In actual experiment also we get tall and dwarf in ] f

- 2:1 ratio. 'husi\Mendel’s factorial hypothesis 1s veriﬁed-. “
2. Te tcribss is used for identlfymg the genotype of an unknown parent g
A tall p?a plant may be enhe{ homoz 'gous (TT) or heterozygous (Tt). Its genotype may ‘}

be deterniined )by test cross. [f the t#zst CrosS progeily were tall then the unknown tall genotype

1 “homo ygods . If that test cross Jrogeny have tall and dwarf plants in equal proportion, then

' Proﬁ s B Shing e‘,;Dep-ar&ment of /‘,g ril. Botany, 1. K. W'agh:Celile-ge 'ef Agricu-ltu.re, Nashik-3 50
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Co dommance

Mendel’s Exper iment

S
\
Mgk
Incomplete dominance

When F, hybrid do not resemble to an%_

~ between these parents; then it is termed as ‘incoerplete dominance’.

' Pérent

of the parent but more

o

rinciples of Genefics

or less intermediate

Red X White
- Génotype RR ! I
" Gamets R) @
R, Pink (Rr)
1 (selfing) |
F, Pink | x Pink
Gamets ®) () RO
5\'- : R _ Tr )
IR | RR(purered) | Rr (hvbrid pink)’
Ir Rr (hybrid pink) -| rr (pure white)

| Phenot'ypic and.Genotypic ratio -

dommance

Law of mdependent assortment

After studying the characters mdepende
r:olour and shape of the seeds together. He cros
pure line of green wrinkled ceeds. The F, dihy

charaéters from one parent and genes for green

Since yellow is doniinant over green and round| is dommant over !»Jrl.nqu.d, aIlb,offsgnpg

-hc_ylﬁlﬁ

were uniformly yellow round. When F offspm_lg
of offspring in F; in 9:3:3:1 ratio.

Yellow Rdund

Red : Pink : White

1 :_IZ

When both the alleles of a pair are fully expressed in heter?zygc

1tly,_ Mendel _gleait
sed a pure line of ye

arid wrinkled charaéde

were self _fert1hze_d-u.

brids received geng

b
| .
S

llr)'w o

s for

ers. fﬂ

Parent . X
Génotype YYRR ! |
Gamets (YR) i | | :
F, .Ye-l}ow Round (YyRr) l

: I (selfing) |
I Yellow Round X Yellowsd '
Gamets . (YR) (Y1).(yR) (yr) (YR ([1)@{@%{\ (

._Prof. S. B. Shinde, Department o.f'Agri)."B'oitan_._y",' K. I{.Wagh Ccllege of At

us, they .catled co-

WO ‘

yellow and r®qnd

om aan_her parent.

roduced four Kirlds




- Princigles of Genetics

+ yellow: rojind.

Dilr_ing

because, the s¢ gregation of the seed colour alleles occurs independently' of the segregation of

~ the seed shape

.Law of i_i}ldepe ndent assortment

“The segregatton ) one pal

pair of allele”.
In pther

factors reéponmble for therm assort t

" Chromospmal

- Among

opposite poles

Since the parents difl

gametogenesrs the K

alleles lhis is called

words when two or

independerilly of the

two pairs of homolpgous chromosomes, the members of one pair move to

N YR Yr TyR Tyr
| YR | YYRR Y YyRR . YyRr
i " Yejlow Round Ye low Round "Yellow Round Yellow Round
Yr YYRr : Yrr YyRr Yyrr
(I Yellow Round Yellow Wrinkled Yellow Round Yellow Wrinkled
YR YyRR YYRr yyRR yyRr
: Yellow Round Yellow Round | Green Round - Green Round
o yYRr ) yyRe yyIT
: : Yellow Round Yellow Wiinkled Green Round Green Wrinkled
Phenotyj)ic ratio 9. : 3 : 3 : 1
’ _ Yellow Yellow Green Yellow
1 Raund Wnnlded Round Wrinkled
Genotypjc ratio 1 1:2:2:4. 1:2 1.2 1
Mendel’s interpretation : _

T he factor for yellow colour|many be represented by Y’ and the green by ‘y’; the round-
seed by ‘R’ anld wrinkled by ‘. THus, a pure line yellow round is YYRR and a pure line green -
wrinkled fis ‘yyrr’. The gametes prJ duced by these parents are YR and yr reSpectively The F;
offspring formed by the- union. of these. Oarnetes have the genotype of Yy Rr.‘The phenotype is |

€r 1n two characters, this offspringis called dihybrid.
i dih}ibrid produces four kinds of gametes YR, Yr, yR, yr,

law of the independent assortment.

hemselves freely and at random when gametes are formed.

basis of independent assortment

members of the other pair. As a result of this independent

assomneni of ¢hromosomes, the gehes present m the non-homotogous chromosomes undergo-
l

, independe%nt -as?;omnent_

!

r of allele is independent of the ségregation in any other -

more independent characters are considered together, the i

., .
I O I

KL '-:f b ' '

) .
Pl Ml
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"kn*"‘l " X' 1

‘I.L 'u’_"u" —IP‘ !

u'w,

10

- wWrinkled, 3 Green Round and 1 Green _Wrinklegi.

. - produces foﬁrkinds of gametes viz. YR, Yr, [yR and yr, in equa
- wrinkled -produces only one kind of gamete. The expected result

was obtained.

- Table: Numbcr of different kinds of géme__t:zs brod-ﬁced by.F_‘l and
. in perfét_:t F, population '

AW ’
LON
The four kinds of gametes, YR, Yr, yR, and yr.produced by F

and prOduce 16 types Of Oﬁspnng in F2 generahon iIl the raﬁob‘f 9

This rzitio shows that each pair of alleles behaves independent]
association with other pair of alleles. The alleld ‘Y’ is found along
parent. But it.does nbt always remain associated with it. The allele
alleles form the basis for the 9:3:3:1 ratio.
Dihybrid Test Cross |

Py

Principles of Genetics

dihybrid unite at random

Yellow Round, 3 Yellow

y and bears no permanent
with the alleles ‘R’ in the

X’ becomes, assortinent of

A Dihybrid YyRr is crossed with the |double recessive pa»rent yyrr. The Dihybrid

wrinkled, green wrinkled and green round in 1:1:1:1 ratio in actual e

. Parent Yelow Round | x
G&idtype WRe L.
Ganéts (YR) (Y0) (7R) (1)
BC,F, YyRr o Yy  yyRr
X L 1
Yellow - | Ye:j: . " Green
-Round - Wrinkled . . * Round

} proportions. The Steen
is Yellow round, yellow

xperiment, the same ratio

Green Wrinkled
yyrr
Yellow

_W‘rinklcd

| nun]gbef of individuals

| Number of genes | Number of Nunber of Number of Numbg.p..of _
| segregating different kinds of | individual} in the | different different
gametes produce | perfect I, homozygous phenotype in F,
by F, ? genotype in |F,
[ 2 , 4 2 2
. o -
3 8 6 | 8 | I
- n " . i 4" 9n ; | zn \{
- U -

‘\
Prof. S.B_. Shiide, Department of A;-g'ril:.Bo.ta.ny, K K. 'v\_@é,h Coiiege of »Agl*icu-]t \re, Na's'h:i.k-._?)- 5-?3



of inheritance

i. Mendel generalized his rei;ult based on his studies on garden pea. Later on he worked -

ri\ot appreciate this approaq:h

Principles of Genetics

for gver looking of memhels result

fora long time are geiven' below.

on hawkweed (Hteraceumb on the advice of C.V. Nagali. Mendel could not prove his
fesult] on this plant as the Afnbryo is formed from the ovule without fertilization. -
ii.  Mendel explained his resdlt with help of Mathematics. The scientist at that time did ~

/

iii. Mengel could not support |hls ﬁndmgs thr *ough cytological stuches

iv. Afterthis failure to dcmdnstrate the result on hawkweed he did not give proner
publigity to his work and ldppt quite.

. DOMINANCE

same chat

'The suppression of the e;rpressioﬁ of one trait of a Character by another trait of the

actet is called Dominance.

" Types of i)'omirlance '

I. Complete dominance

If

_ 1dentrcal then

e ptnotypes of the hetqrozygote as well as homozygote domipant mdrvrduals are. .

e concermned domma,nt allele.i 15 sard to have. complete dominance.

eg. In garden pea, the homozygbte (YY) and heterozygote (Yy) mdmduals produce only
. yel.low' colour seed. Yy=YY) ' )

1I Incem- Jete! dommance

Se

ne a{lle]eq are neither dommant nor recessive. In this condmon hybrids are

: .intermedmte in| phenotype. This 1s c?lled incomplete dominance. (Rr # RR)

¢.g. Flower cplour in 4 0 clock. '

a. Homozygous

dominant genctype (RR) produce red colored flower.

b. Homozygous recessive genotype (rr)-produce white colored flower.

¢. Heteroz

ygous genotype (Rr) prodee pink colored flower.

I Co'—dvom.ina\nc'e

- Exp
called ce-

heterozygo

ProﬁS.Bi--" indo

ressrtn of phenotypie tralt of both homozygoles in the Lelerozygote condition is ~

doml‘ ance. In co- domman(e both alleles of a gene have the full cxprcss LI

5+

| - '
he important reas‘onsll for the neglect 61 Mendel’s findings related to mechanism

'
cad v r 3t

1
vl
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- Penetrance

In shorthom cattle, a pair of gene contrdls red and white coa
red (C* C* ) and white (CY C%) cattle préduce F; offspring

Superficially this would seem to be a case of m].complete dominance

roan animal reveals that the coat colour is comy

(eg ) Coat colour in shorthom cattle or bliPod group in human ¢

osed of a mixture of]

red

s

rin'cipl-les- of Gendtics

heings
t colour. Crosses between
of reddish gray or roan.

but close examinatign of

airs and white hairs.

The coat' colour of the roan is not intermediate between red and white but due to- the

phenotypic expressioﬁ of both homozygotes.

Genotypic and phenotypic ratios are

deritical in incomp

dominance. The dlfference lies irrthe opcratmg ways of the gene.

IV Over dominance or Hetero dommance or .>uper dominance

The phenomenon of -eXpression of phenotype in heterozygote i

the two concerned homozygotes is called over do

minance.

lete

I3

h gre

The over dominance is not the_prop_'eny' ¢of an _alleles.and it i due

state (inter allelic _ihteraction) of the concerned 'g-Fne.

(eg.) Eye colour in fruit fly
" Domiinant allele WW,Ww- Red eye
Recessive allele wi- white eye ¢

Eye pigments-sepi-aptefidine and fﬁnnnelb

types ‘WW’ have relatively hlgher concentratlons of .these pi

heterozygous for thls gere ‘Ww’ have appre

pigments than the two homozugotes.

The percentage of expressxon of a gene 1s

-

in 100 percentages of cases, the gene is sa1d

dominance and  co-

ater intensity than in

to the heterozygous

aus are present in roy comcentrations in ‘ww’

ciably higher conc

igmer

entra

called penetrance.- When

to have complete

pene

environmental factors may suppress completely the expression of a geﬁe 1S

penetrance. This gene has a reduced penetrance:!

ts.. However,

flies

1ons of these two

a gene is expressed
trance. Sometimes

called in complete

. : i _
For example, a dominant gene causes blug sclera in human ey¢. This dominant gene is

not expressed in about 10 per cent if the peoples‘i

carry the dominant gene. These people can transimit the gene (o thei

have normal white

r chi

may express this domunant gene. Thus tiis dominant gene for bilue

penetrance of 90 per cent.

Prof. 5. B. Shinde, Department of-Agrii. Botény. K. }'( Wagh C‘Oll-ege of Ag

icult

Fc]erz,

ever though they

dren. The children

clera has reduced

1
i
{
)

ure, Nashik-3 35




. Typeso expi*essivity

1. Uniform expressivity

2.. Vanjiable express1v1ty ,

‘those genes, then it is

Prihciples of Genetics

-\

|

he _degbree of variation in the expression of a penetrant gene is-cal.ed expressivity.

hen phenotypic expression of penetrant gene is similar/ identical in all individuels. h

i
:
R

en phanotypic expressmﬁx of penetrant- gene is differing in-all. individuals who carry .. -

. those genes, tl;lcn it 1s known as va:"lable expressivity.

-(eg.) Dq_ I inan.e gene controls chljrophyll deficiency in lea bean seedlmgs leaves. It shows

‘variable :xpr

i On tipg of leaves OR:

ssivity i.e. chloroph 1 deficiency is either.

ii. Onleaf margins of leaves O'!R

- ili.  On tips andleaf'margins.

-The re

to external environmental factors.

Atavie‘m '

* THe reappearance of offsprlhg wh10h resemble with thelr remote.ancestors is called as

throwbadks or

after generatipn through the effe,ct of inhibiting or epistatic factor or some other gene , -

interactiqn. Sdq

axawsm or I'CVSI'SIOH

It has been observed in cextam cases that characters may often remain hidden generation -

reappear in the offspring.

character| to

“appearange of]

reappear. (e.g.) hon{ozygous gene ‘cc’

Athvisnh result as account of chance combination of gene that ailows a long suppressed "

in albmo rats dees not permit the

agouti pattern. But in an out cross, when gene ‘c’ is replaced by it allele ‘C’

agouti cojour sppears in the offsprirzlg.

Black X Alhing

+ Ccaa l cCAA

ProfS.B

S-';’ii_n'de-, Department OngL‘l' Botany K. K Wagh College oi Agriculture, Nasm!' 3

CcAz (agouti)

o ik3 56
| _
|

._kno,wn -as uniform expressivity. (eg.) most (_)f qualitative:

iced penetrance and variab-le--expres'sivity may be due t.o modifying genes or due -

metime it-happens that some wild character which was present in the ancestor -
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' phenocopjf. The term “phenocepy” was first prdp

- pupae of Drosophilla to high temperature .(35 ¢

Phenocopy

-An environmentally induced which re_s'emb_lés the effect of

development. Several phenotypes appeared whi
certain mutant genes. Goldschmidth found that
treatment, and the descendants of the phenocopi

were grown at normal temperature. -

.

'Finciples of Genetics

i gerle mutation is called

osed by Richard Goldsc

idth. He subjected

i
]

the genes had not been

t) for a short time jat| différent periods in their
,h vLere smular to the phenotypes produced by

changed by the _heaf

es were normal in their phenotypes, when they

Rappoport (1939) found that when the larvae' of the normal|brown bodied fruit flies

were reared .on food with s1lver salts, the enilergmg adults had -

ellow body. They were
- genotypically. brown but phenotyplcally yellow because of the cha ged lenvironment. These

phenocopl_es when their larvae are fed w_;th fdod without silver salts produce only brown-

bodied adults, as their genotype is that of brown

generation in ‘which the env1ronment that mduccd the change is present.

Pleiotropism

‘The phenomenon of multiple phenotypic expression of a

a) The axﬂlary

- -b) The development of petals in ﬂowdr

c) It produces apocarpous pistil and

body. Thus a phenodopy ¢an last only for that

single gepe 1is- called |

pleiotropism. For example, the tomato mutant gepe ‘Is’ suppresses the grov(th of

dxlatory anthers. Acgording to Williams this

gene suppresses the growth of mepstematlc tlssue at t}Pe apex regardless of its

position. For this reason, a single g¢ne produces many fq

In human the gene for disease phenylkeyonurta has pleiotro
various abnormal phenotypic traits, collecnvelv called syndrome Fq
individuals have excess quantity of amino acid phenylalanme in their ¢

and blood. They have short stature, mental re(ardatlon, widely sp

patches on skin, excessive sweating and non-pig

Modifying genes

A modifying gene is one that alters the expression of a major ge
the allele of the major gene. lhe modifiers have stntlar but individua

usually present in large members thai they cannotbe individually iden(fied.

Prof. 5. B. Shinde, D

cp’artr..fler‘lt of A'_gril‘. Sotany, K.

nhented hair and eye.

K.

Id effects.

pic effect and produces
r'example, the affected
yrine, cerebrospinal fluid

ched incisor, pigmented

ene but has no effect on

ly sﬂlall effects ana are
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.

msey breed of cattle %the salid colour (light yellowish brown) of the coat is due td

genes arg prepent in animals with ‘ss’; the animals are highly spotted. If only a small number.

~ of modifying|genes are present, they arc_mé-dium spotted. If the modifying genes are absent, :

animals will

5

gene for|solid| colour and animals with ‘SS’ or ‘Ss’ have solid coats irrespective of the number- -

of modifying genes present.

Lethal genes.

. reach the adu ood.

The lethzwtl. genles are classified into following types

i. Recessn_fe lethal ;

homozygous state. This condition 1:,3 known as recessive lethal.
ji. Domiant lethal . I | |
Tte,‘l‘ethal gene whose leﬂaial effects occur in héterozygouﬁ individuals is known as :
N dominant lethal. . o - R ~ 0
iii. Semi-l¢thal| | | B
- Semi lethal genes do not ,lead to death of all the individuals that carry them in
appropriate genotype. They cause death of mo~e than 90% of the individuals.

iv. Sub-vital | . |

genotype. Such gene kills less than_i,90% of the individuals in which it ispresent..
v. Vital genes | _ .

Those mutant genes which (ﬂp not affect the survival of the individual in which they are

present are kn#wn as vital genes.
vi. Super vital genes T
- Some thutant alleles enhané;,c the  survival of those individuzls which carry them in -

~approprigte genotype.

_ ProfSTBl Shiide, Departfnen; of Agril. Lotany, K. K Wagh C‘:)'Hege-ér'Agrieul’ture, N-‘a-shik-S ' 53_:

e ‘S’ and the spotted coat (white spotting) is due to its recessive allele s>, A~

mpdifying genes influgnce the intensity of spotting. If a large no. of modifyng.
ve only few spot. These modifying genes have no effect in the presencé of the

Allethall gene causes the degth of all the individuals carrying it before these individuals -

" The - lethal effect is expréssed in the in_divid-uals' only when the alleles are in -

Mptant| genes reduce the vi;hbilitybf the individuals which carry them in appropriate . .

'
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- -MULTIPLll_I ALLELES

I-ntr_oduction . _

‘ x J hen more than two allelic forms of a gene occupy the same

alleles. In other words all the mutant' form of a single gene constitutes a.series of

multlple alleles

Characterlstlc features of multiple alleles

Principles of Genatics

locus of the homologous

L “The members of a multlple allelrjc series occupy the logus of homologous

chromosome. |

2. Only two members oﬁsuch alleles arelpresent ata trme m a

dipl bid organism.

. 3. There is no crossing over in the multlple allelic seties. Tf two alleles are involved in

' the cross the same two alleles are recorvered in F2 or test crbss progeny.

'4. In a series of multiple alleles w1ld type ns alway_s dominant. Rest of the alleles in

the series m.ay exhibit dommance or intermediate phenotyp ic expressions. -

5. The cross between two mutant alldles will a-lways praduce mutant phenotype

_ (intermediate). Such"cros's will never produce wild phenotype. That 1s mulﬁ]ple

alleles do not show cornplementatron

- 6. Multiple alleles always control the selme character of an lmdix"]'dueil. How.ever,. the

expreséion of the _character will differ depending on the alle]e prasent.

Examples for multiple alleles L

Several cases of multiple alleles are known both in ammalo and

Some of the examples are grven below _'

Coat color i in rabbits

animals and plants.

A classical examf$le of multiple allele is fo;!und. in coat color of rabbits. The coat color of

the rabbits. The coat color of the rabbit s controlled by four allelic form ol a gene. The allele

C produges full color or wildtype ; ch produces ‘white coat color mbL}it with black tins on the

- |
ear no% feet and ta!

bl

called himalayan ; ¢ ploduce 0 pl}jment qosultlng clbmo rahbits.

in 1errtance studies revealed that alleles [or coat Lolor show a gradat 1on of dommance in the

ordes of C> ¢ > ¢™ > ¢ (labie 6.1).

| Pro_ﬁ S.> B{ Shihde, Depart_meol_ongril. Botany, K. K Wagh Colzle‘ge -ongvlicultL re, Nésh'il{—3 59
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; . 2

S. Plaren‘ s 1 Fl F,

no. | i . : . -

1. | Cploured X albino ' Coloured 3 Coloured : 1 Albino |
12, JChloured X Chinchilla Coloured 3 Coloured : 1 Chinehilla
3. | Chloured X Himalayan l Coloured 3 Coloured : 1 Hnnalayan

7| Chincifilla X Himalayan | | Chinchilla | 3 Chinchilla : 1 Himalayan

5. [Chincijiila X albino || Chinchilia | 3 Chinchilla ; 1 Albino

[6. | Himaldyan X Albino - . | Himalayan |3 Himalayan - Labino _ |
- All _these experiments clearly 1nd1elate that -
1.| That coat colour of the rabblt is controlled by 2 series of multlple alleles via., C, ¢
¢™ and c. !
2.| Thejallele C is dominelnt%over 511 other alicles.
3.| Thejallele ¢ is recessive tk) all other alleles _
-~ 4.|The allele c® is recelssxve to. ClbuLdammant over ¢"and ¢
5.. The allele s recessweito Cand c* % but dominant over c.
~ 6. Thus the alleles C, cdf , e}fh ¢ forms a series of multiple alleles..
Phelloty-; es | Genotypes |
Coloured : _CC- Cc™, Cc" , Cc
[Chinchills | T T
: Hlmalayan , | e e
Albino (cc)

Blood grjups
" On

n buman beings

of

the most firmly est?blished'series‘ of multiple alleles in human involve the

genetic jotus Cfntrolling the blood tip'pes A, B, ‘AB and O

in 1900

found thay agg

- this agglu

‘Landsteiner dmcovmed blood groups A, B ABAnd O in human beings. He |

LlllOll’lllOll Moy oozt duing transfusion of blood from one persan to another

(lonafion occurs due (o <<lllllg en- antibody 1eaction’.

\4\_’_’“____,’_._

Anjigentis a specific proten found en the surface of the RBCs. Antibody is another

kind ofsgeuﬁi rotem found in the pla°rna. There are two kinds of entigens viz., antigen A

—Pro];".S';'"P;

Shtmfe, Departmem nfflgml otan}l','--l(. K. Wagh Collegz of Agriculture, Nashik-3 60
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- and antigen B and two kinds of antibodlels viz.,

- Table 6.2 Blood grqﬁps ir human beings

Br'in_ciples of Genetics

-

A ant_ibody" and ‘B antibody’. The

agglutination which"is “antigeii-antibody reactxon’ is a highly specific dne. ‘A antigen’ can

react with ‘A antibody’ alone and ‘B antigen’ dan react with ‘B antibody alohe.- Whon there is

- ‘A antigen’ and ‘B antibody’, there will be no reaction and agglutination wil. not occur.

Among human beings, the blood group is'classiﬁed on the basis of the antigen present.

Lersons with A antlgen belong to A grollp They have ‘A antlgen’ on their RBCs and

on their RBCs and ‘A antibody’ in their plasma |

“B-antibedy’ in their plasma Persons with B anllgen belong toB group. They have ‘B antigen’

Persons with both a and b antigens belong to AB group. They have |A and B antigens on

their RBCs are. w1thout A and B anttgcns*Buﬁthey “bothr A and B atntib'odie‘s n _th_eir plasma

(Table 6.2) | | o
.

| Antigen -| Antibody : Blood group
A antlgen | B antibody i | A group

': B antwen A antibody - , B group
A and B antlgen ' No antibodies .A'B gro
.N_o antigen A aml B antibodiés; O group

Y

lnheriféllce of blood group

Specific alleles control the production of specific antigens. Antibody is produced by

imIlluno.logic_al inechanism. The blood group is qiletermined by a serigs of | alleles vii., i 1P

and 1

|
Blood groups and their possible genotypes l

Blood group l’osmble genoty es
. & P

.A' ‘a : llA IA7 IA 1
B lB I
AB PP

0 i

Prof’S. B. Shmde, Departmentongrll Butany K. l( Wagll Coilege OFAgr"‘UltL re, Nash1k 3 6'1
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\

The IA controls the production oﬁ ‘A antigen’. The allele I controls the productlon of ‘B

. antigen’.|Both IA dud 2 are dommalnt over the recessive allele I I and [P lack dominans ;e aver *

each othgr. The heterozygote " add 1P is not intermediate between the homozygotes I* I* and

BRI

Medical
It
group blp

sodominance (Table I6.3.).
pp_ll cations of blood gre up inheritance
s negessary to match the

od

onor and recipient before a blood transfusion is made. If A -

is transfused into q B- group man, -the. ‘A antibody’ of the remplent and

sholvs cl%aracten'stics of lbdth hemozygotes.. That is, both the alleles are expressed. _
This is c4lled | '

-
»
v

L

Y

“a

Vof
{

4

agglutination fatal. In blood. transﬁlsmn the. antigen of the donor andjantxbody of the re01p1ent o

must be donsidered and matched.

si

-

universal

!
b
L7
I

nce (l grup contams no anpgen it can be given to any blood group. Hence, itis called

dongr. AB group contamls no antlbody So, it can receive any type of blood group.

Hence, AB .griup is called umversal[l.reupxent.

Self — incq
Self — ing

Th
plant is ki

multiple :

mpaj ability Syétem in plaxlt_s
ompatibility |

nowil as self- mcompathlllty Self- mcompatlbllxty systern is controlled by a series of °

of the p_ol

-. Genotype
Genotype

lncmnpatlbilit)

Incompatibility

Complete

(S, S, selfed)
Pseudo alleies

Fsdudo

len gtam 18 determmed byl the genotype of the plant in Wthh it is produced

Sy > 5> S3 > Sy
s of the plants d S, Si'S; Si Sy 5,8 S8 S S
of the gametes ($1) S &) - (52) , (52) (S3)
(B2 Sz (Sa) (S3) S (Sa)
reaction of the pollein grain Al S, AllS, AllS, AIlS, AllS, AllS,
reaction of the style: Sy St S S; S, S3

incolnpatibility Partial incompatibility
(Si S2x5184) .

Complete compatibility
(Sy Sax'S3 Sy)

‘ 11“6168 refer to closely linked and fupctionally rclatod genes. A cluster of psevdo

alleles 1s Hl.O\K’l as pseudo alle llC selles or complex locus or a complex region.

Characer

e

I
jstics

| of pseudo alleles

Prof: S°B:
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lleles. In sporophy‘uc self 1ncompat1b111ty system, the self mcompat1b111ty react10)n ; .

e maFthty of the pollen gr.ams to femllze the same ﬂower or other flower of the same
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:l Pseudo alleles govern d1ffcrent expr#ssmns of the same ct

3. They exhibit low frequency of genetlc recomb1nat1on by ¢

4. They exhibit cis-trans position effectn

i
Iso alleles f

An allele that is similar in its phehotypic expression to th

occurring allale is known as isoallele. Isoalleleg are two types.

a. Mutant isoalleles

character.

b. Normalisoalleles : such alleles act wltlu’n the phe_riotypic r

i

o

. such alleles adt within the pheno

Principles of Gentics

Laracter.' '
2. Pseudo alleles occupy a complex locps, which is d1v1ded mto s

1b loci.

rossing over.

at of| other independently
lypic| range of a mutant

ange lof a wild character

. ——— ey

Itlire, Nashik-3 63
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GENE INTERACTION

' Introduc ti_on-

“pairs of:genes may influences siom'e: times a single character. Depending upon the form of .

. ]
interactidn the 9: 3: 3: 1 ratio is modifiéd in various ways. The phenomenon of two or more

| genes affecti i the expression of :'Fach other in various ways in the development of a single

‘character) of a organi-’sm—is—shown—h&gene—interaetion.'

Innerim'.-lce of comb pattern mI fowls (wnthout modlﬁcatlon of 9: 3: 3: 1 ratio)

This was reported by W Bateson and R. C. Punnett. Domestic breeds-of chlckens have -

different comb shapes. Rose comt_p. is found in Wy_andotte breed, pea comb in Brahmas and _

" single comb in leghorns. Each of Zthese types breeds true. When Rose comb fowl is crossed

withPea comb, the-F; Chicken shoiws-' a new comb.type known as Walnut When the F; walnut
combed birds are crossed together ’four kinds of. cornbs appear in the F, 'generat-ion in the ratio . -

of 9 comb nor walnut was expressed in the ongmal parent lines. These two phenotypes were -

explained as_ the result of gene product 1nteract10n _

Fy 'gener ation| (9) indicates that tﬁey are-double dominants The number of single comb in Fz

generation (1) mdlcates that they are doubie recessives. The Walmit comb depends on the

_ presence of tvpo dommant genes R and P. R alone produces rose comb and P alone produces :

pea cob. The absence of both R and P produces single c_ornb.

Parents R_ose X pea
RRpp - 1rPP
Gametes (Rp) I (P)
F, - RePp (Waltut)
¥, _ RiPp x  RePp
| Wal.nut Wa l'nut
Gametes| - (RH) (Rp)u) ()

P}df?fB, Shinge, Department of Agkil- Botany, K. K. Wagh Coilege of Agricuiture, Nashik-3 64
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n Mendel’s dihybrid cross eacﬁ pair of allelic gene influence other character two or more

The F; ratio of 9: 3: 3: 1 1sg expected only 1n_dihybrid cross. The number of Walnut in P

'
R .

w '
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Rp rP rp
RP - ‘RR PP RR PP Rr PP Rr PP
Walnut Walnut Walnut Walnut
Rp RR Pp RR pp RePp Rr pp
Walnut Rose | Walnut Rose
P Rr PP RrPp T pp 1T Pp
o | Walnut | Walnut pea |  pea
ARp | RrPp Rrpp. rrpp || pp
Walnut . Rose - | | pea.. || Single . _
Although the usual 9:3:3: 1 ratio was obtamed,| the result from this ¢ross was unusual-in three
1mp0rtant respects. o ! ’ '
L The F, resemtles neither parent ne-:pv characters appear in:.the F, - Walnut.
ii. Two phenotypes (Walnut and éiingle) not expressed in the original parents

appeared in F,

1. The genes ‘R’ and ‘P’ were non—allehc and the comb) patte

two different gen—es

EplSL’:lSlS

rn is influenced by

ratios commonly recognized,

| Pfof. 5B Shindé, Do_:p_art]ﬁent of Agril. Botany, K. [JK W_a.gh College o Agi

Ep1stasxs sa phenomenon in which the eXpressxon of one gene is masked or prevented

. by ano_ther n_on.—allehc gene.The gene which pre:vegt the expression ¢f anpther gene{-":i"s' called

epistatic gene,. the gene whose expression in fnasked is called hypostatic gene. Epistassis

should not be confused with dominance. Episi‘a?is is the interaction bétwée_:n— different genes

-.(non-alleles) where as dominance is the interactiqf_n between different <}-llele; of the same gene.

Esplstanc interactions (Modification of 9: 3 3:1ratio)

Where epistasis is operative between two gene loci, the number bf p'heh.otypes appearing
in- the offspring from dihybrid parents will be ldss than four. There dre six types of epistatic
. three of wlﬂ_ich have 3 phenotypes and the |other three having

only 2 phenotypes.

Dominant epistasis (12 : 3 : 1) or Epistatic -_g'iene interacrion

In dominant epistasis, a deminant allele al one locus can mask the expression of both

alleles (dominant and recessive) at another locus, it is known as domipant

cpistasis. When the

o

icult 'ire‘, Nashik-3
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domma it allelle at one locus, for _é;(amplc A allele, produces a certain phenotype regardless of

the allelic ca dition of the otue. locus, the ‘A’ locus is said to be epistatic to the B — locus. -
F.urthcr mnore :t.-he dominant aLlele!iA is able to express itself'in the presence of either B or b,_
theu this|epistasis is said to be do‘rll'mant epistasis. Only when the genotype of the individual 1s
" homozygous ecesslve at thé epistr%xtic locu‘s‘ (aa) can the alleles of the hypostatic locus (B or b)'?'

be expressed.| Thus the genotypesI, A-B- and A-bb produce two additional phenotypes The

classical(9: 3:{3: 1 ratio becomes rrlodlﬁed mto a 12: 3: 1 ratio.

- In sorghum, the nature of tlle gram is either pearly or chalky. When a plant with pearly '

grams nd— ---other_with_challcy*Framsoa[e crossed the F is pearly, In the F; there is

segregatl n of 3 pearl y; 1 chalky, llmllarly, the colour of the gram either red or whlte "When a

plant with re grams in segregathn of 3 red: Iwhite. Red colour of the grain, masks another

character| le., the pearlmess or chalkmess of gram ‘When thc colour of the grain 1s whlte itis

possible o sa' whether it is pearlﬂr or chalky but when the colour is red it is not p0351ble to -

find out whe er it is pearly or chalky

Rece__ssive epistasis (9:3:4) or siupplementary'géne interaction

dominang and fecessive alleles at auothcr locus 1t is known as recesswe eplstaSIS

Supp_lem*enta y gene. L ‘
' ~ Géne which by itself has nd effect but qual1tat1vely alter the effect of another gene, If
the recess ive genotype ai one locuﬁ (eg aa) suppress the expression of allcles at the B-locus,

the A = Igcus i said to exhibit recelsswe epistasis over the B locus. Only if the donunant allele

A

is present at the ‘A; locus can t,lc alleles of the hypostatic B- locus be cxpressed. The - -

gc'notype.c A-B- and A-bb produce two addmonal phenotypes. The 9 : 3 : 3 : ] ratio becomes 9~ -

' |
The agéuti and black coat Colour in mice 1s confrolled by A’ and ‘a’ alleles’

In| recessive eplstas1s the rcccssnm allele of one locus mask the expressmn of both |
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. the animal is white coated.
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of any pigment. The homozygous recessive ‘cci_’ lacks the enzyme, o mellanin is produced and

3. Duplicate genes with cumulative effect$; (9:6:1) or Additjve -gene' interaction” -
Two non-allelic genes have similar diffect ‘when they ar¢ separate, but produced

enhanced effect when they come together. Suc;h gene interaction is kriown as duplicate genes

with cumulative effect. ' | \ | '
If the dominant condition (eithef ho'm_ovzsy.gous or heterozygoys) at|either locus (but not

both) produces the same phenotype, the F, ra%tio becomes 9 : 6 : | For| example, where the

epistatic genes are involved in producing variols amounts of substdnce such as ‘pigment, the

do*nihéﬁt genétypes- of each locus may be é:onsidered to pro'dlice ohe ‘unit of pigment

mdependently Thus genotypes A- bb and aa B produce one unit of pltgment each and therefore .

have the same phenotype The genotype aabb produces no plgment but in the genotype A-B-

the effect is cumulative and two umits of p1gt;nents are produced.| The| 9: 3: 3: 1 ratie is
modified mto 9: 6: 1vratio ' ‘ |

+In a cross between two-light purplz grein;fs ie., P; and P4 the B was with dark purple
grains. The F, segl'egéfed for 9 dark purple: 6 'light purple 1 white. Ilight purple of the grains

lS ev1dently due-to the presence of a dommant gene P, or another dominaht gene P; The two

pnon-allelic dominant genes P, and Pz possess an; additive effect and qhe cdlour of the grain is
. [ i

dark purple when the genes P, and- P, are_‘pre_sen_r together, when both_ the ormninant genes are.

absent, the colour of the grain is white.

4. Duplicate Dominant genes (15:1].or Duplicate gene interaction
Duplicate gene s are two pairs of alleles either alone or together| produce the same
effect.. They arc identical genes but are situated on two different pairg of chromosomes. Each
gere is dominant to its allele but does not add to' the effect of the othbr. s Floating habit in
rice. !.
When a nen floating rice strain is crossed with a floating strairy, the|F; is non floating.

The I'; segregates for 15 non floating and | floating habit. The presente of a single dominant

aliele of any one of the two genes governing thetrait produces the domijnant henotype ie., nor
float.ng habit while recessive phenotype ie., floating habit is produced only when both the
gones are in the homozygous recessive state. The 9: 22 3: | ratio 1s modified in to a 15 1 ratio

R S : . -
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v

ant alleles of both tbcr each produce the same phenotype without cumulative

5. Dupli_P:a.te Recessive genes(-*ia : 7) or Complementary gene interaction
Complementary genes
|-
b
Non allelic genes that ac't together to produce a phenotype different from that
produced by either alone. |
In| the case where 1dent1cali phenotypes are produced by both homozygous recessive.

_»genotype%, the Fz ratio becom_es i9: -7 the genotyp_es- aaB—, A-bb and aabb produce one

_ phenotype. Bdth dominant alleles, iwhen present together, complement each othér and produce N

a differert pheuotype.
‘In|sweqt pea, the development of purple ﬂowers require the presence of two dommant

genes.P; pnd B, or both the genes }n homozygous recessive condition produce white ﬂowers

Since both the dominant alleles Py and P, when present together they compiement each other

and prodnce_ a pew phenotyp‘e and -hence called complementary ' genes.

6. Dorn'i»n-ant and Re'ce'ssive'-inteiraction (13:3)or lnh’ibitory gene interaction

* Inthis type a domrnant allele at one locus-can mask the expression of both alleles at
s.e'con_d'l'ocus JDnly two F, phenotypes result when a dominant genotype at one locus (eg. A- )

and the recessive genotype at the other (bb) locus produce the same phenotyprc effect. Thus A-

B-, A bb and apbb produce one phenotype and aaB-produces another in the ratio of 13:3. (eg) .

- node colopir in sorghum.

" In sorghum, when crosses were made between plants with purple node and green node,

the F, wag with purple node. The F2 segregated for 3 purple: 1 green. In certain other crosses
between Jants| with green node. Since purple 1s dominant over green, the Fy is expected to be
purple but it is observed to be green. The gene for purple node is unable to express itself
'p-r-obably-‘ ecause of the presence qf another gene. This gene is called inhibitory gene. It is

capable o inhibiting the prod’uction of purple colour. Plants are puiple, only if they possess

the. gene for purple colour, 1n the ﬂbsence of the inhilitory gene. In the presence of the -
inhibitcry [gene| plants with the gene, for purple. Are unable to exhibit the purple colour and ar=
cnly greer. Plants, which do not have the gene for pumpie colour, are also green whether they

| mem— = _——————]————————-—————————————-———*—:—_
' _I_’rof. S.B. | hinde, Department of Agrij-!. Botany, K. K..Wagh €ollege of Agriculturc, Nashik-3- 68
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have the inhibitory gene or.not. The summary-

?’f all six epistatic rafios are given in the Table

[
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7.1 :
7:1. Summary of epistatic ratios
A-B- | A-bb aaB @abb
Classical raﬁo : 9. | 3 3 1'
Dominant epistasis. / Epistatic gene l : :
_ihteraction / MmoasSs l 12 3 1
. Recgssi,ve epistqsis /" Supplementary gene |’ | 9 3 P
interaction - ‘
Dﬁplica’te.' genes -with cumulatiye effect / | 9 1
Additive gene interaction
Du.plic.z_ite domigant genes. duplicate gene : 15 »
interaction . _; _
| Du.p.li_cz.;tg__r._ece‘ssivg genes / .Complement‘a:‘ry . o |
gene action. |
Dor_nj._na_n_t_ and reéessiv_q: interaction ./ . :
Inhibitory gene action | o 13 b
.
Prhﬁ S.B. Shinde, D;_e:partﬁle'nt ongril. Bs.fany, K KI Wagh College of Agrjcultyse, N‘ash.FG
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! I \he inhetitance of many dlffe‘rent genes influencing the same phenotype in a cumulatwe

fashion js called multiple fac&or inheritance.
Feature of pplygenic traits . !

The term polygene was mlr{oduced by Mather in 1941. This term has found wide usage

_ in ‘quantitative genetics replacing |the older term multiple gene. ‘Main features of polygenic

character| are Briefly presented belgw:

1. Each polygznic character)is :ohtrolled by se\)eral genes and has cumulatiVe effect.

2. Pdlygenic characters exhibit contmuous variation rather than a dlscoatmuous variation |

hence; lhey cannot be classil ﬁed mto clear cut groups.

3. Effect of individual gene 13 not easily detectable in case of polygenic character and,

therefore, such trails. are alsc- known.as mmCu gene uhara(,ters

4. The st istical analysis of @olygem_c variation is.based on means, variances and co-

~oligogenic characters m Mex'}delian_ genetics. _
5.2 Polygenic traits are-highlyisensitive to environmental changes, whereas- oligogenic
~characters are- httle mﬂuench by environmental variation.

6. Classification of prolygen;c characters into dif ferent clear cut groups is not possible

of Hisqre te or discontinuous val 1at10n

7. Geheral y, the expression ot pol ygenic characters is govemed by additive gene aclion,
. but] now| cases are known w}pere polygenic characters are governed .by dominance and
epiptatic|gene action is prima-.rily of non-additive type (dominance and epistasis).

8. In case pf polygemc characfes, bio- metric measuremems like size, weight, duration,

strength| etc. are possible, whumc in case oi oligogenic characters only the counung of

plahts with regards to various kinds like colour and shapc is possible. Thus, metric

measurenent is not passible in case of oligogenic characters.

- szbf SB .?hiﬁ e bép-a_rtr'__ﬁent of Agrijl. Botany, K. K. Wagh Co!-l:_ege of Agriculture, Nashik-3 70 -
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variances, whereas the discdntinuous variation is analysed with the help of frequencies
i . .

and ratios. Thus, polygen_iic- characters: are studied in quantitatiVe genetics and

bedause{of continuous variation from one extreme to the grouping is possible because - -
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' wrthout dominance and would produce contmuous variation.

B seed colour in wheat and oats is produced by one two or three gene

present in the recessive state. Further the colbured seeds showeq

'9 Transgressrve segregants are possrble 1from the crosses betweg

Principles of Genetics -

n two parents for a

polygenic character. Such segregants jare not possible in caye of qualitative or

oligogenic traits.

10.The transmission of polygenic characters is generally low becaus

e of high amo_unt of

environmental variation. On the -odldr .harrd, oligogenic| cha Lac'ters exhibit high

transmission because there is little diffe*ence between the _geno_type and phenotype of

such character. Thus, polygenic cha_rac;tters diffe_r from oligogenic ones in several

as'pects. .

ZPE_Q%G) gave “the theoretlcal explanatlon for the muyltiplg factor hypothesis.

Accordmg to him quantltatlve characters are co‘ntrolled by many gelLle wﬁth cumulative effect

The experimehtal ev1dence for multrple ﬁctow hypothesrs wads pravided by Nilsson &

e(1908) in studies on the inheritance uf

d ¢olour in wheat andj oats| They -obtained 3: 1,

15: l and 63:1 ratios. between coloured and whlte seeds from drf‘erent crosses and revealed n;lrat

ThL: se_ed colour genes

mteract in duplicate manner, so that whrte colouq seed is produced only when all the genes are

varied - intensity for

colouring pattern and they obtained in the ratio of 1 dark red : 4 medium dark red 16 medium

red : 4 light red :
which showlack-of dom.inanceand have small md cumulative effects

In order to explzun the 1:4:6:4:1 ratio m kemel colour in wheat,

followmg assumptions.

I white. This suggested that the seed odour in wheat is ¢ontrolled by genes
Table 8.1).

Nils¢n — Ehle made the

i. In crosses showing 15:1 ratio in the F, seed colour is governgd by two genes.

it. One of the alleles of each coleur gene:produces seed colou

r and is catled positive

allele denoted by capital letter (eg) R |, R, etc.

ui. These genes do not snow domunanc: apd each of the genesL n

small, equal effect ot seed colour.

1v. The positive alleles of different coloured genes are additive iy phep

ositive allele) has a

olypic effect

Prof S.B. Shmde Departmentongrn Bofnny,!( K\Wagh Col'ege ongn
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i

Ltukure, Nachik-3 7%




B ke B

Principles of Genetics

Ihli_'erit nce of kernel colour in VJ_p'heat .
 Darkred X White __
R R Ry R, v TN ;.‘
Ri1Ry) | | (riny) ’ <
' iR, 1R, 1; (Selfing) ;
"Medi—um Red r‘ :
F, generation E , ' REs
: L g
o 5‘\ -Rl R; ; Rir 19139) 1 O o) ;"i.
RyR, RiIRRR; | | JRiRan Rin RR, RiniRorir; T
| DR~ - |MDR MDR . MR
Rir;  RiR1R:n ¢ A RyRyrn RinRon Rynnr,
L MDR . ‘MR MR LR
nR; RiriRyR, C R | mriRaR, rir Ry,
{ | MDR MR | MR LR
rylrs - RirRun | Run niriRar 9181910}
MR . | LR LR White :
- Table § ;-1~--.Gei:n-a-—typ.—e.—_andfp«h-t%»n-o-t-ype_frﬁequenci,e_s -':prod=u.ced!;by,,,£;&d .-g.e_nes'- with
| cumulative dffect on -s'eed_cololl;gl-lj_ in wheat o P
Genotype . | | Frequency 1No of 'positivel Phenotype. v Frequéncy "
o | .%_"al.lele_' ' o _ -
RRRR, T ‘ 4 Dark Red I .
RiriRoR; 2 } 3 Medium | - -
| 1 N DarkRed t
RiRyRar 2 ? 3 | Medium - )
_ o | : DarkRed ‘
Ry Rory "4 i 2 Medium Red - - '4
RiRfar2 [ 2 Medium Red R
5 R Ry ] 2 Medium Red - 1
Ryt o | 2 1 Light Red R !
i Ran 2 [ Li ghrR_cJ -
[ry 1o I 0 White [
| . R N
;mfgy i1, Botany; K. K-Wagh Coliege of Agiiculture, Nashi K3 7‘;
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Ohgogenes
:_' ' ~ Genes having. 1arger cffect on the chal“acters thev -govern |and shows discOntinuous
"’ . vanatx_on are called oligogenes or major genes.
,- __ Polygenes | I | |
\;‘ Génes individually having small 'cﬁr;pulative' effect but| jointly respo—nsiBle - for
,,_'_ © - . continuous variation, speéiﬁc toa mém'c trait ar}z called polygenes or minpr genes.
“ o S. No mez\litative characters ‘I Oualitative charadters |
e 1. | Controlled by oligogenes (one or. two] Controlled by polygend ‘(each with small |
| | . genes) S - || cumulative effgptb | - J
2. | Shows discontihuous variation Shov_vs cont_,inuoﬁs.vaxiati,o_ﬂ- —
3. | Less influenced by envirinment | Much influenced by env ironment
) 4. ":Concemed with individuals matlng and Concerned with papulation of m}ganism_s
| their progeny ) i| consisting of all pogsiblg kinds of mating.
; 5. |-Exhibit high heritability y ’. Exhibit low heritabjlity. |
-\ 6. Anaiyals by makmg counts and ratlos : Analy81s by mean, . variancé and
;’ ] covariance - o
Tran_s-gressiv.e segregatién . o :
- The appearance in F, individuals falling cjbu_t side the ﬁarehtal range in respect-to same
o ’ ' _char_aqté,r,is called trénSgr.eésive segrggation. Tr’;a}hégressivé gegregatjcn reﬁ.ulté due fo..ﬁxation
of dominant and recessive genes in separate in{;iiv’iduals. Such segregation occurs when the
.:1"1 o parcnits are intermediate to the extreme values bf the segregating_pcﬂpulaTtions. The superior
T plants are produced by an accumulation of plus or favourable genes fiom both’ the parents as a
3 consequence of recombination. The example' for transgressive segregation i glven below.
S: _“ Parents " AABBccddee x aabb CCDDEE
-
- - F, Aa Bb Cc Dd Ee
.i : ) F, aabbccddeecand AA BB CCDD EE are the (ransgressive ségiegants.
S— R j s e
Pr(_)ﬁ S. B. Shinde, Department Cngl:il. Botary, K. K Wagh Cbl}ege o'-fA-g;'}J‘cu]ture, Nashro; _”73—
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\

f __LINKAGE

Introduc¢tion

transmisgion :)f linked genes is called linkage. Large deviations from a l: 1:- 1: 1 in thc-_'_'

testcross jprogeny of dihybrid exprumont is used as a first evidence for linkage. This effect of

linkage was first reported -inl1906 by Wa is sweet peas. Among sweet peas

they crossed d variety having blue!flower (B) and long polien grains (L) with another variety

having red ﬂower (b) and round p¢llen grams (1). The Fy.blue long (Bb Ll) was crossed with
the double recgssive parent, red-round (bb 11). '

Acgcording to Mendel four kinds are expected in the ratio of i blue long: I blue round

1 Red long : 1 Red ro_und. But in B.ates_on and Punnet’s experiment the four kinds are produced )

in different ratjo i.c.7 Blue long: 1 lue round: | ?

?afenfs _ - Blue longz x.. Red round
o BBLL | ool
oo - ~ BbLI(Blue long)
T BbLI  ©  x  bbll
| _ Blue long ~ Redround
Gamets | (BL) (BI) (bL) %('b-l) : ®l)
Test cross _progenie§ ;
Offspring Expected ratio - Actuzl ratio
Blue long - o I _ : 7
Blue-rr-ouo,:l : | ! I
[ Redlong | | T | 1
_PTGd rouod i ; 1/ _, 7 e

Baiecon! and Punnet suggested t} hae e Fyohys md blue 1 ong (Bb LI noduoed ithe
glmotes (IL]L) nd (bl) about seven IIINCS’ than the gametes (B1) and (bl)

They cagried out another exper iment. They crossed a varieiy of blue roun. with another

variety of red long: Thé F hyb11d was blue long It was test crossed.

PrafS B. Shin e,uepartment ongml Botany K. K. Wagh College cFAgnculture Nav‘nk 3 74

. Jlhen two or more genes present' on the same chromosome and they do not exhibit -

v indeﬁendent assortmentg they are said to be linked and the phenomenon of __
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Parents " Red long
- BB - | . wbLL
R | - Bb LI (Blue long)
| CBbLI x| bbl

| Blue long | Redround
Gametes BLBHOL)G) | G S
Test eress progeny Expecte('_i .ratio' _ B A_cfua[' r-'atlo
BbLl Blue long B - TR
' ,Bl)ll Blue round R — 1 7
bbL] Red long - 1 7
"Bbll Red round 1 T

‘Bateson and Punnet put f'orwa'rd the foll'o'v'fing ;iﬁints :

' Melosis.

.-T'.H. Morgan's Experiments in Drosophila

Pfof. S.R. Shirde, Department eng_r.ll.'Bctan_v, K. Wagh'College ongr

Bateson and Putnn,et suggested that the Flil hybﬁd blue long (Bb L)) Produced garnetes

(BI) and (bL) about seven time than the gametes|(BL) and (b1) .

oA

1 The alleles, ‘which come form the same. arents tend to enter

the |same gametes. The .

alleles whlch come from different parents tqnd to enter d1ffe1 ent gametes. |

2. ‘When the genes are lmked greater than SQ)% of ‘progeny with
less thdn 50% of progeny with recombmantlphenotypes 'will occy
Though Bateson and Punnet (1906) explmned the effect of li

did .not interpret their results in terms of thlz: behavior of gene

chromosomc and the vceurrence of Crossmg ovqr between homologa

parental phenotyp,'es'.anc'l
II. . )
nkage in 's‘weet pea"tt',tle'y'
s logated .Oﬁ."‘ the saine

us chromosomes during

T.H. Morgan (1911) was first to relatellinka'ge to the segregatipn of homologous

chromosomes and the occurrence of crossing over between homologaus cf

meios:s in the fruit fly Drosophila melanogaster. .

T.E. Morgan explained the effect of linkl@ge by considering

volving pairs of alleles 0f two genes located on the second chromosdrne

Once gene affect the body colour [gray body (bl)

iromosoimes during

|
fl'ejull of two crosses

[T melanogaster
l L..me .anogdsz.‘e-/_

which is denunant ovér black hod )/ (b) J

1

b

cu.tr’e,‘Nashil@-'& 75 |
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er cent of the pro geny had new or recombinant combmatlons

"onsrder a different tross (cross ) one between homozygous flies with long

'wing- and black bodies and homozygous ﬂlCS .with short wing and gray bodies. Agam in cross

11, 82 p'er cent ‘of the test cross progeny have parental phenotypes (phenotypes identical to one

or the other off the orlgmal parents) and 18 per cent have new or recombmant phenotypes

Although the F; flies have the same phenotype (long wing, gray bodres) in b oth

" trosses, the test cross progeny of the F; female fliés contain very different frequencies of the

1ok

four phepotypic classes n the & cases. For example, 41 per cent of the test cross p.ugemes

in cross | are wild type (have long’ wmg and gray bodies); in cross II only 9 per- cent are wild

type. Clearly, this shows that the aﬂellc fonns of the two genes that are present together on the -

-homologous chromosomes of the parent tend to remam together on the chromosome of the .

progeny.

Injcross I, -the 12 ﬁies earried the yvild type froms (s* b") of 'the two genes on one -_

homolog e and the mutant forms (s" b*) on. the other homologue The genotype of a

eterozygote of this type is frequently wrrtten ass b /s b This arrangement of mutant and ;

-wild type forlm of two genes 0. a heterozygote is called the coupling statc or cis — .

conﬁgnrations‘. The alternativs arrangement, illustrated in cross II where .each homologue

contains one rhutant gene and one wild type gene (s"b/ s.b+) is called the repulsion state or o

~trans configul

-Morgan fprmu

link

ration.

lated his theory of linkage from this experiment. According to this theory

I. | Gengs located on the same chromosome are inherited together. They are said to be

!

>d.

3| The

2. Genfs are present 13 the chromocomes in-a linear order

distance botween th'linked genes determunes the strength of linkage. Closely

located genes shiow strong linkage and widely located genes show weeak linkage.

-

Prof S. BlShinje, Departmen‘r-omgril. Botany, K. K. Wagh College of Acrizulture, Nashik-2 75
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4 @rﬂy those genes located in dlffererrt chromosome sho mdependent- assortmem

‘But now we came to know that genes that are located far -aparton_ the samu

SR OE 2 P SLAR SRR

LYY

¢

>

i f.' 5.'-%'.'-".'-.‘- 3 fe

_ (1)Autosomal linkage

chrosome would also assort mdependently

Type s of lmkage
Lmkage is classified on the basis of follalwmg three crlterra
I. Based on crossing over

(i) Complete lmkage

Linkage in which crossing ﬁ‘iver does not occur i$ kno

_-.C_ompl.e.teflinkag.e.or.eabs_olutel-ink&ge:—I-n-compFefe—lri»ﬂkagc, test crtgss ps

parental types. :

(ii) Incomplete linkage

|

(]

wn as

ogenies posses only

If some frequency of crossing. over occurs between Imkqu genes, | 1t is k_m'wn as

incomplete linkage: In mcomplete lmkage the l'test cross yields sorpe recdrr'lﬁi'ri'zin_tfs' besides

parental combinations.
‘II. Based on genes involved _
(ii) Coupling linkage | B

It refers to linka ge cither between donnnaqt genes or between r

-

III. Based on chromosomes mvolved

It refers to lmkage of such genes, whrch are located in other tharr sex

chromosomes.

(ii)X-chromosomal linkage

geesstve genes.

It refers to the linkage of genes Which are Located in sex chromdsomgs.

Crossing over

Crossing over may be defmed as “interchange of chromosomal

sister chromatids of a homologous chromoseme pajr”. The tern crossing oves

Morgan and Cattell in 1912 (Fig. 9.1.).

Prof. 5. B. Shinde, Department of Agril. Botany K. K. Wagh Collese ofﬁ.gricu-ltur . Nashik-3 77

S eger‘nts between non-

°r was first used by




| Fig. 9.1, Ch; sma and crossing Qv%:r o
The main fe#tures of crossing ov!(er are given below.

1. Crossing over takes i)lace' at four strand stage during pachytene stage

. Pachytene stage of I\é{eiosis L

ii Crossing over occ_ilirs between non-sister chromatids of the homologous-
' chromosomes. i .
1. rossing over produci:es' new combination of genes between linked’ genes.
| il - [The.value of crossmg over or recombmatlon may vary from 0 — 50 %.
v| The frequency of recpmbinants can be worked out from the test cross progeny. It
IR S expected as the Eercentage ratio of recombinants to. the total populatlon :

1parental types + recqmbmants) Thus,

' No. of recombinants

Crossing fover |frequency (%) = — ' ' x100

“ Total progeny -

’Cl"ytologi('a‘l basis of crossing over:_

‘Morgan| first proposed crossing over to explain. The formation ofl._recombinant '

combmat on of genes that were linkied by gam’etic'dzita F. Janssens first corfelated the. chiesma .

' freque_neu,s with recombination frequenc1es and showed that a dlrect relatlonsth between
crossing aver d chaismata.

Direct

' Dro&ophila and in maize by H.B. Cnexghton and B. Mc Clintock.

Curt Ster n Experiment

Cuxt stern found aberrant X-ehromosomes in a variety of Drosophila and oh was an X

chromosome tg which a portion of ¥ chromosome was attached. This is inverted ‘L’ shaped.
The other was 4 broken ‘X’ c-hromoé_;ome. Under microscope these two kinds of chromosomes
can be eas ly distinguished from eacl:l other as well as from the normal ‘X’ chromosome.

He produced fzmale flies llcﬁerozngLls for these two morphologically distinguishable

N-Chromokomas. These ‘hat is located on the X-chromosome. One gene affect the eye shape,
the partially dominant mutant allele:B results i bar - shaped eye and its wild type allele b"
produces'#mnd eye in ho__mozygoué condition. The second gene affect the eye colour, the

‘mutant allgle care recults in camatibn coloured eye end its dominant wild-type aflele care

:—_———
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tologicai evidence for crossing over was first g iven by Curt Stern (1931) in -
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' produce'red eves. The females used in steri’s study carried the allelic pairs in the cis -

Stern crossed such heterozygous female’d (car B/car' B +) with males having caen'ation

coloured, normal shaped eye (car b’ / Y rpales) and studied the 'offspﬁng ‘of the ‘next

generation. The cross and results obtained by h1m are diagramed in Rig 9.2

In the absence of crossing over o_nlj' twd kinds of eggs were ¢xpected, one with brq)ken

X chromosome carrying the genes car and B anﬁ other with attached ['X’.

chromosome carrying

" the genes car’ and B" If crossing over occurrq!d between two aberrant X chromosomes, two

more types of eggs would be expected. Th}lt is one _r_eeombinzint type w1thnormall X

chromosome, carrying the genes car and B and(iiither recombinant type with broken as well as

attached ‘X’ chromosome carrying the genes car and b*. Thus the hege'r.vozygou’s femaies (carB

be different not only genetlcally but also structm‘ally

After fertlzatlon these four kinds of egga produced the four types

offspnng m both sexes
i Caration barred eye _
u. Red colour and round eye (wild type)
il Carnation round éye

iv. . Red bar shaped eye o

-/ car B) have produced all four kinds of eggs "ﬁ which, the X chrompsonies were ex'peete'gl:_to

of phenotypes in F1 -

These four kmds of offsprings were expected to have dlfferem X thromosomes. The

shape of ‘X’ chromosome observed in the progqny agreed with thelr observation. That is, if

crossing over mvolved the breakage and exchange of parts of homoloL

ous chromosomes then

the recombmant male progeny with bar shaped red eyes (Car "B/ Y) were found to. cairy the -

short x chromosome but now translocated plece of the Y chJLomosoyme attached X
\ _ :

chromosomes at one ‘end. Thus curt Stern’s exfperiment was unique demonstration of the .

hypothesis that the genetic crossing over is accohiparﬁed by physical

homolougous chrnimesomes. "=

[factors controlling crossing o er
L High and low temperatuies increase the frequency of cros

. X-rays and other irradiations increase the crossing over frg

Ty

exchange between the

'

$ing over.

quercy.

oot e St —————tory
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The age of the 1ndw1dual also affects the erossmg over frequency It was found,

that crossing over frequency is higher in older ages.

Gene mutatrons affected the frequency Some_ mutations are known to decrease..'
|the frequency. , s
Crossing over at one point of the chromosome tends to prevent other crossmL
avers in nearby places This phenomenon is'called interference.

Crossthg over does hot take place in Drosophila male and srlk worm females.

v

- [Thus sex also affects| the crossing over.

Crossing over is lessifrequent near centromeres and the tips of chromosomes.

[nversions of chromgsome segments-suppress the crossiz over.

Significance of Crossmg Over

T —

i - E‘rossmg over provrdes a dlrect evidence for the lmear arrangement of genes in "~

e chromosome.

In

il Sinee -crossing over Tesults-in recombination of genes variations are-produced.

~

Variations are the raw material for evolution.

i Crossing over helps in the construction of chromosome maps.

Crossing |over| forms the basis for chromosome mapping Crossing over between particular .

linked genes pccwrs at’ constant frequencies. The percentage of crossing over is directly

provortional t¢ the distance between the two genes. Thus, the percentage of crossing over

between ény'

overs between:var}ens gerres ofa chromosome can be calculated expenmentally From this - °

data the” relatr e distances betweenu the varlous genes can be worked out. From the relative

distances |of ious -genes, their £X4Ct locations 1n the chromosome 2an be determined.

Sturtevani, a student of TH. M._organ formulated this idea of chromosome mapping.

Construction of a linkage or genetic map or chromosome mapping

Prof. S. B. $hin € Deoarrrnent o'ngiri}'. Botariy, K. I. Wagh Co_l-l"eg'e of Agriculture, Nashik-3 80

. \ Ler ‘4-‘1-('.'.; LTRSS

. s g | . . . : i
0 gene° indicates the relative distance between them. Percentages of crossing

B VRN

. .
oLt boNnute o w !

- .

*
PR

.
-

Y



,
4

' Determmatlon of linkage groups b

_ Determmatlon of map distance

iy by s

mAgm Botany, K K.gW'a-gh. College of Agri

C_onstruction of gen_etic_map- |
; _ .
The method of construction of genemc maps of different

genetlc mappmg The genetic mapping mcludes the following:

Before startlng the genetic mapping of the chromosomes of 2 spec
the exact number of chromosomes of that spbc1es and then he has to

number of genes of that specws by undergomg hybrldlzatlon expenments

mutant strains.

i
i
i
i

After }mowmg total number of genes ini each llnkage group of a

distance betv{/een each lmked gene have to be Idetermmed The distanée

crossing over between two- hnked genes is 1 pe:r cent means, “the m ip di
linked genes is one unit of map dlstance which i ;s known as centimorgan

of chiasmata is known for a chromosome palrnthe total length of the i

group may be predlcted .
Total length = Mean number of chiasmata X 50}

Two point testcross - . : !
 The percentage of crossing over between two-linked genes is ca

in which a F, dihybrid- is crossed with a double 1ecessive parent. In

overs occur at two points, hence it is called two point test cross. Et
produces 74% parental combinations and 26% cross over types. Ther

large in two point test cross, double cross over t'.ypes are undetzcted

paren‘al types. Hence, vwe underestimate the true njap distance (crossove

nd 1( would appear as

Principles of Gengtics

chromosomes is called

ies, one has to know
determme the total

in between wild:and

species, the relatite

between two given

ayise, ¢ross over frequency
T dnectly proportlonal to d1stance ‘between the genes. For example, if

[ the percéntage of
stance between two
. If the mean number

ap for .that :l_inka:,ge

Iculated by test crosses

such crosses, crossing

or example, a dihybrid
having the genoiype AC/ac is test crossed with aldouble recessive parent a

c/ac and test cross

1, the distance between
the loci A and C is estimated to be 26 centimor?ans If the distance Det

etwden the two loci is
|

I percentage).

. T‘u]tu e-,"Nashi-k?& 81
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Three ploint/test cross . , | =
Doublé¢ crossovers usually do not occur between genes less than 5 map units apart. For
genes ful her| apart, it. is adv1sable to use a third marker between the other two in order t0 :
~ detect @ dy doyible crossover. A theb point test ¢ross or tnhybnd test cross gives us 1nf01mat10n ‘
regarding reldtive distance betwee'n these genes, and also shows us the linear order in which,- }
these genes should be present on cipromosome | | ;i
o Deter_m_..ndti n of gene order i ' . ’,
- After ctietenrdning the rrelaltlve d1stances—'between—the—genes—of‘rhnkage -group, i -
becomes|easy] to place genes i tﬂelr proper linear order. For example, if the liner order of
three -.ge'n.es 'A BC is to be determined then these thréé genes may ‘be in any one of three
differ_en_t orders- dependmg upon that which gene in the middle. If we suppose that the dlstance -
bet.v:qeen:th_e gene A-B=, B-C=7 A~C=5 we can determine the order of genes correctly'in the - 5
felt_ot;ving marnner. Let us assume that gene A is in the middle, the distances bvt‘v\/uexl B-C are ‘
not vepquite,ble _Bene. A carinot be.in the middle. ;
o In case |1, let us-assume thatlgene B is in the. middle (A-B-C), the distances befween A- - _ \
Cis not-- ,equltable, _the_refore, gene 1B cannot be.in the middle. In case I, let us assume that i
_' gene C if in the middle (A'_-C-B),.t%he distance between A-B are equitable, therefore, gene C )
must be in the middle. B A .
Co_m_bini ng map segments i:

The dlfferent segments of map of a complete chromosome are combined to form a - ’
cornplete_ genetlc map of a long chrqmos\ome. ;
Interference and coincidence / ' —_ - W.

- In hlgh I organisms it has been found that one chiasma formation rednces the | “;
pIObabllltV_ of| another chiasma fOImatxon m an immediately adjacen( region of the - J
.chuamsoL'xie, probably because ofiphysical inzibil_ity of the chromatids (o bend back upon - ‘
*"Jemselveé within certain mirimunii'di'stancesﬁhe tendency of the crossaver to interfere tvitlt ' :

tne -o_ther irossover is called mfexterenc he net result of this interference. 1s the observation .
of-few_er louble crossover types tlnn wou‘d be expecled according to map distances. The

strength. of .mt&’erference varies -1 -drf_fercnt segments of the chremosome and is usually

' PTfOf SB hin e, Department of Agr{l. Botany, K. K. Wagh Coll-t:‘ege ofAgricultnre,.Nas‘-h'ik—3 82
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_expected double CrosSOVers.

classes are identified in two different Ways, vil:z., (1) by phenolypic

]

% of observed double crossovers

Brinciples of Genelics

”expressed in terms of a coefficient of comc1d%:nce the ratio- betwc en the observed and the

Coefficient of coincidence =
' ' % of expecte(l double crossovers

The commdence is the complement of mterference SO Comcrdence +

Interference = l..O

When the interference is complete (1. O) no double crossovers will be observed and*

coincidence becomes zero. When we observe. all the double crossovers expected, coincidence

is umty and- mterfere'lce becomes zero.

Defermlnation of map distance using three point test cross -

Tn a three p__oint test cross,. eight -different; phenotypic c'lasses are olPtained. ‘These'ei_ght

frec

quencies, and .'(2-) by

alteration of gene sequence in the genotype & a result of single \crossing over or. doubie

crossing over between three linked genes. Pa!rental types have the maximum- pheriotypic

frequencies--and the single crossovers have 'phenotypic frequencies betwean these two classes.

Suppose, ABC / abc are three linked genes located on two different| chromosomes in F; of a

cross between AABBCC and aabbee parents

' l. Smgle crossover between A and B wil alter the posmon of two genes. Viz., B and'C

2. Single crossover between B and C wnl alter the position of pn‘

y bne gene, i.e. C

3. Double crossover between A and € will alter the position of only middle gene, i.e. B

Thus eight types of gametes are procuced by F; and only

one| type of gamete is

produced by homozygous recessive parent. Union of male and ferna le gametes w1ll produce

eight different phenotypic classes (Table 9. l)

Calculation : -

The recossbination percentage or unit distance between genes

calculating the crossing over percentage between different genes.

S

crossover progeny between genes A and B is P, between genes B and C s

1s R, and total progeny 1s T, Then,

1s worked out by
ippose number of

l

0, between A and C

e AN, ittt

o Prug S B Shinde, Departnient ong_rll.'Botnny, K. X. Wagh College of AgFicultiure, Nashik-3 83
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. Summary of the results 'obt.ained from a three point: test croés between

ABC/ alic X abe /abc ‘
Genotypic Phenotypi © Assumed Remarks
| Classes ¢ classes . frequencies
ABClabd ABC 349 } Parental types
| ab_c/abc ~ abc | ‘1 360 ' |
Abc/abe - Abc/ 114 } Single crossover
 aBClabe : | -aBC .l 116. between A and B
ABc/abe |. - ABc . 128 - Single ;;rossbver
abClabe abC - ° | 124 bétweenBaniC
AbClabe AbC/ 5 | }Doubl.'e'(':ro'ssbver_
a'B__c/ch | h a_Bc_ _ 4 J vetween AandC
'T;:tai‘-é\“ i 00 | ‘ -
Recombinatioh (%) | -
- | P+R |
s‘AandB_= S : .x.l_O(.)
230 +9
= X 100=19.92
| C o200
114 +116= 230
| S+4 =9
. \ - Q+R
2. Between gene%s B a;id C = —_—  x 100
i T

IR ARCIL .1 S SO RIS T
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- - Q=l128+124=252 . ... - |

B R=5+4=9 R

P+Q

’.’ : 3.-Between genes A and C = - —— x100=40.30

"'; - ; Geﬁe Sequence o . .

:. o The gene sequence is determined with iyhe help of crossing lover| percentige between
: two genes. Greater the recombination _perccnt%tge between tow genies, more is the distance
LI between theih and vice versé. In this caég, t_hc in'aximum_ crossing ozer_‘lajs._b.etw.ecnfigene A

and C (40.3 %). This indicate's-that' B is located li:)_etween A and C as givenlbelow: -

A - o B o VT

Coefficient of Coincidence | '
~ Itis calculated with the help of following ifit"oxmula: :

Observed d(j)ublc crossovers

(SRR ST
. 2

o - Coefficient of coincidence = x 100
| Expectgd double Crossovers

;_ - Observed double cross overs .~ = — x 100

v 100

} 7 Expected double cross overs R = -P-‘rOdHct;of two single

& recombingtion values

; _' = 19.92x21.75/100 =433 %

;—'; - 0.75

f j Coefficient of coincidence = x 100 = 1732 %

t 433 ’

: Coefficient of interference . - 00732 =0.1732 = 0.8268 O‘r 82  N
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SEX DETERMINATION ..

Introdugtion

Namr_e co‘ntain a vast array? of diverse mechanisms of sex determination. In lower: -

organisms the two sexes ard phenotyplcally indistinguishable exept for the reproductlve:

organs apd inl some lower eukarybtes the two genetlcally distinct type of gametes are some_
time 'mor_pholagmally mdlstlngulsibable and called as isogamy (iso — means ‘same’) gametcs
eg. Green algae Chlamydomonas rlemhardtu .
| "'In| higher form, therc are nfxany dlstmct morpholc:gxcal differences between male and
fe_:malc'saxes. This phenomenon ls- cal}.ed_sexual d;morphlsm. B‘asmally the phenomenon is
"~ calléd sexual .(ﬁmofphism Basically the reproductive organs and sex cells are differcat between
malés an{ females. This forms primary sexual character. The male and femalé sexe$ differ .

from each other in many somatlc charactcrs For example mammary glads in females and

‘beard in maies are seconaary sexual cnaracters

Two kin+‘s'0f éhromosomes
| In| diogcious Or-g‘a_nisms, ciiIQm0301nes are tow kinds. They are autosomes and '
allosomes. - | - )
Autosomgs

Chfromosomes. containing gene, which determine the various somatic characters.

Allosomes

H. Méﬂg (1891) first identified the chromosomes involved in sex-determination. -~ -

.
N S WV N

Allosomeg are
for the deferm

Madern

—

i iving orgamsms

otherwise called as sex-chromosomes. These are the chromosomes responsible
~qation of sex. The allosomes are of two types viz., X and Y.

geneticists have reported many different mechanisms of determination of sex

/

Some 1mp ortan*t and common mechanisms of sex determination are following:

Homoganhetlc

Th

" homogamgtic.

chromosomes

Prof.S. B. $hin.

and Heterogametic sexs»s

. 2 ._. ) i R -
indlviduals carrying the sarme type of sex chromesomes nameiy XX are called

Thev give only one kind of gametes (X). The mdiviimals haviog dissinailar cex

amely XY are called hewrogametic. They give two kinds of gametss (X) and

eDepartment 6FAgril. Béfﬂn}" K. K. Wagh College ongric-ult-;!re. Nashi]%-? 86
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- sperm produces male. offspring XY

.- chromosome and genes for maleness on Y chromosome. In mamm

(Y) Among human bemg and, Drosophila thé female s homogamenc

- butter ﬂle.s, the females are heterogametic and males are homogametic.

XX-XY type of sex determination

In insect like Drosophlla and in hdman jbeings, the male

_ chromosomes -XY ch:omosomes In female, iwo similar sex chromoso

Principles’of Genetics

In birds, moths anc

have dissimilar sex

XX

mes are present —

- chromosomes The female produces only on kuild of egg(22 autosomes H one X chromosoeme)

~and hence horhogametic The male produces Mo kind of sperms ong with 22 autosome = one

X chrosome and other with 22 autosome = one Y chr.om_osofne and [hence heterogametic. The

egg (X) feftiliZCd by (X)_sperm p_mdnop-e female offsp pring XX.The

*

egg|C%)-fertilized by (Y)
Ir. many species including most b1rds moths ahd some ﬁsh‘t'h'_e sex determination is

identical to that of XX - XY miechanism but female is heterogametic

——— e

usually: designed as

ZW) and males being Tl_mogametlc (usually: designated as ZZ) |This mechanis_m of  sex

identical to the XX — XY system bﬁt_with the relationship betwoen

sex

~ determination is sometimes called as ZZ - ZW/ However, medchanically this system is

— chromosomes and

sex phenbtypcs reversed. Stated d'iffe'rently in bﬁrds -the chromosome cornposition of the egg

determines the sex of the offsprmg where as‘in humans and fruit fligs, the chromosome

composmon of the spelm determines the sex of the offspring.

The ‘Y’ chromosome and sex _d,etermmatlon m mammals

oy

In both Drosophila and humans, a nomlal',fomalé has XX sex dhromosome composition

chroriiosome is required for the development of male sex phenotype.

" In contrast recent evidence shows that Y Ichromosome plays 1

als

and normal maies have XY sex .chromosome corhposition. Thus it might be tempting to the X

the presence of ‘Y’

0 sgmﬁcant role is sex

-determination [ Drosophila. In mammals surpnsmgly X chromosomep present in any number

{eg. XXX) in the absence of Y chromosome give rise fnaleness.

chromosome in human that is responsible for 'tlhe'deve'iopmem of testis

Testis Determining Facto) the TDF gene exhibits very dominani effer

the sex phenotype.

W01

THe gene on the Y

s called TDF /for

1 the development of

Prof. S. }S’._Shi_n'd_-e, Departm.e.n.t.or.Agr;i'l: Botany, K. K. Wagh Colleg_e of Agr
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. XX—XO type|of sex determmatmln e

In sorde of the insects like grasshoppers all the eggs 'carry an X chromosome but it was -

included| in nly half of the cells forming sperm. All the sperm however -had the usual*

comple ment

chromospme

receiving

.' males. (
- located ‘
F

the| X e_h_romosome.

male 22 (autosomes) | -

sperm without an X 'cﬂromosome produced zygotes with one’X’ which become

ig. 10..1),,--MaIes are refeired as h’enﬁ.zygou-s for the X chfomosomeés or for genes

Male 22 (auto‘some"s}

+ : | +
XX . X

Female male

Rig 10.1 XX-X0 type: of sex determmatlon .

. Bridges genetic balance theory in :Drosophila

© Soon

after the Id.entiﬁcatiou of X chromosome; the sex determination id Drosophila

was morg complicated than the preliminary observation. C B. Bridges shows that female

~determining

genes ware located on the X chromosome and male determining genes were on

the autosames |of Drosophila. The genetic balance theory of sgx determination was devised to

“explain the me¢hanics of sex detenmination in D. melanogaster,

i Droso;

R L
!

Prof.S.B.

Bnrges
/7[/(7\| A tiploid female was crossed with a diptoid male.
nroduces four tlf,fpes ofeggs.

(i) [X 21

Shinde, Departmentof Aguil. Bel':;ﬁy, K. K. Wagit Cc'.

experimentally produced various comnbinuiions of X chrosomes and autosom=s
1he triploid feniale
(i) X n (A)

(A) (i) XX 20 (A) (iv) XX n (A)

88
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f other chromosomes (autosomes) Eggs. fertilized by sperm: containing the XT._'_

produced zygote with two X chromosomes ~which become female. Eggs-
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The diploid-male produees two t}jipes of sperms
X ® ) Y &)
When the four types of eggs are -ferti.lizéed by the two types
kinds of offsprings are produced (table 10.1) |

: , , b
Table 10.1. Sex expression in Drosophila in jelation to X/A rules

of sj

Principles of Gengtics

perm at randomn eight

. | Xn (A) | Yo (4)
X2n (A) XX3n (A) = 2?{/3 =0.66 | XY34(A)F 1X3/3 =033
| Inter sex. l Super|male )
Xa &) TXX2n (A) = 2x/2 =1. oo XY24 (A) F 1X /2 + 0.50
R Female . . M.ale. , . -
I=%zn (&) TR0 (A) = 5X/3 = 100 | XX¥1n (A) = 2X/3 = 0.66
L | Triploid femalse : Inter sex
X (&) XXX20 (A) = BA/ XKVIn (A) =252 = 1.00 N
-| Super female o

Eight kinds of offcprmg are produced as follows

1. Triploid female with three X chromosomes and three sets off aut¢somes.

2. Normal d1p101d female with two chromosomes and two, sets

of aytosomes.

v

3. Diploid XXY female with two X chrofnosomes and on Y chronosome anc. two ‘sets

“of autosomes. ‘

4. Interesexes with tow X chromosomes and three sets of a.nto
5. 'Intersexes with twe X chromosomeb and ope Y chromo
| autosomes. | o
‘6., Normal males with one X and one Y cljromoéome and two §

7. Super females with three X chromosomes and to sets of autc

8. Super males withrone X and one Y chromosome ang three s¢ts ofjautosomes.

First, it was supposed that the XX individual is female and XV

of non-disjunction, this early formulation was altered slishtly :hat tlLe X

male. The importance of Y chromosome in the sex determination was 1

1S0m

In Bridge’s experiment, therc 1s an mdividuat with two X clromosomes. Yet it is ot

female. It is shifted cut of the female class by the addition of one set of

SOoImg

mal

CIMNo

o1mesp.

and three sets of

ets of autosomes.

S.

e. After the finding
T is female and X

i\

ed.

autosomes and 1t

Prof. S. B Sl;inrde, Depaftm entof Agril. Botany, K. K. Wagh College of Agr! cultdre, Nashik-3 89




. - Principles of Genetics

=
3
S

-occur due to|“the internal prepondence of male tendency genes” present in the autosomes—
which are added as an additional set

Bvery 'ndwrdual has both male and female potentialities because X chromosomes have
fer-n__ale tende cy genes and the autosomes have male tendency genes. The sex is decided by
t—he balahce

genes. The deciding factor is the Hatio between the number of X chromoscmes and number of

the sets of aut somes in the zygote This is called ‘sex mdex by Bridges. - g

Number of X chromosomes

Number of sets of autosomes
If the ratio 1s 1.0, the mdividual will be female and if it is 0. 5 male will result The ratio ~

between [0.5 dnd 1.0 result in intersex. The ratio 1.5 leads to super female and 0.33 leads to -

,super majes.

"Haplo - iplmd sex determmatzon

4

Injseve al spe01es 0 Hymenoptera such as honey bees ants; wasp and saw flies’ males

develop parth nogenetically (from : unfertilized eggs ) and have a haplord chromo.,ome number

R

(16 in the drone / male honey bees) The queen hone bee and the workers which arise from -

fertilized eggs| carry the diploid chromosome nurnber (32) So, in the honey bees the sex in - :

determinéd by |the haploid and dlplOld chromosome numbers. It 1s some times said that a drone
honey bde hab no father but has grand father. ‘This is possrble by the haploid diploidy -
tiiechanisin of sex ‘determinalion | '

Similarly in the parasitoid wasp Bracon. hebetor (fo'rrherly Habrobracon) the females
are diplotd wi h 20 chromosomes and males ‘are haploids with IO chromosom;s. Fe-maleg
orginat jfron fertilized eggs and maie from unfertilized eggs. This mechanism of sex
'dClCl?:ﬂinﬂ{tiOH Is ofter referred to &5 =l'|apio-di|')'loidy.

Reikults of the experiments by whiting showed that the sex determunation depends upon

the genctit comnositon of the certain region of the chromosome ie, homozygaus, heterozygous

" Prof. S. 8. Shinde, Dep-artme.ntongrs:‘ii.. Bocany, K. K. Wagh College of Agriculture, Nashik-3 90

2!

”\.‘.U' .l a

i

at is, by preponderance of either. male tendency genes or the femal€ tendency ‘



P PR I NP A
0 '. o '

A

a

LI

-

.7‘\_:

R ¥

LN S DU S
R

“h hormone like substance in the envrronment deterﬂmnes the sex in Bondllia.

oy ' l“rinciples of Geneétics

or hennzygous statu:: of certain chromosome segments and not on di bloidy versus haploidy per
se. If Xa, Xb, Xc are different chromosomal segments, then female|sex is produced by
heterozygous of the certain chromosomal segments (Xa xb / xa Xc) and male phenotype is due
to hemizygous or. homozygdus condition of t’;zhromosomal segments (Xa, Xb, Xc / Xaxa,
Xuxb, Xcxc)

Role of environment and sex determination
In some lower animals, sex deterininatiqin 1S nonigenetic and| depends-on- faetor in: the':
external enviromnents Males and fe’m'ales lhave sirnilar genot pes but stimuli from
envxronments Males and females have snmlar gerotypes, but stimuli [from environmental
sources initiate development towards on sex or Lhe other.- | | '

In the case.of Bonellia, for example, females are free lil/lng form with an ovoid body

. and long proboscis. The males are small, parasu’uc and live in the feproguctive tracts of the

larger female. Larvae of Bonelha are notenhallgf Capable of develd jing kither imto males or

females If the larvae are isolated, the will becorrle females.”

_ If they are grown- neaﬁhe—femzfles they Wlll become rnales Sex dfdlterm_ina'tion is non-~

_ 'g'enetlc and depends on the external envrronments The hormone like substances 'secreted by

the female has an effect to turn the larvae into males. So the presence| or absence of this

Gynandromorp hism -

-. Gynandromorph is an individual in whrch one half is male and pther{half is fernale. The

_miosaic condition of sex chromosomes l;eads to phenotyp'c sexv mosaic. T-hé
~ Gynandromorphism is best studied in Drosophila, where there |s ng¢ dilutions of the

‘characteristics i.e the male side is fully male and the female side is ﬁrlly female. There are

three kinds of gynandromorphis.

" (i) Bilateral gynandromorphs

It is found in Drosophila One lateral side of the fly is male ahd other lateral side is

- female. This is due to abnormal mitacis during early cleavage of (e 7\,lyffp_l

(i) Auterior — posterior gynandromorphs ! ' ~ |
. |

- . I
Some pynanders pessess male characters on the anterior side all( fémale character on

‘the posterior side of the body or vice-versa. ‘These;are catled anterior ~ |l>oxte lor gynanders.:

I

L - L

;
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(ii) | Sex— piebalds |

_ . : _ '
opposite sex spattered on it. They dre known as sex-pie balds.

Sex — mgsaics

Mosaicism refers to .2 condition in which a person’s cell consists of two or more _

~ populatigns, each w1th different chromosome complements. Murry Barr found a girl in whom
both bucgal and vagmal smears shdwed two barr bOdlCS thus indicating the XXX chromosome
comple- nts.[Blood cells showed / no barr body indicating a XO chromosome complements

‘These mgsaics arise as results of errors m m1t031s in early stages of embryomc development

Sex determination in p_la-nts

Sex-“determm Fthll in Melandrium album

In|M.-¢lbum which follows the XY mode of sex determmatlon (Fig. 10 3) The Y
' c—hromoséime :gf M. -album’ has- thrée district regions mﬂuenemg sex-determination and male
fertility has begn localized on the d;}fferent_la-l'pari of the Y chromosome (Which does not have

a homologous par’e on the X) Theg region I suppress the fernaleness. In the absence of this

region; plants are bisexual. Region I promotes male developme'nt. ‘When this region (With or

‘without Rlegion I) is missing a female plant is produced Region III carries male fertility genes,

Loss of thi_s region result in male sterility.

Sex determination in papaya

A gingle gene controls sex determmatlon in papaya. In this plant smgle gene with three - -

alleles (m} m;, m2) control the sex- dlfferentlatlon ( Table 10. 2) Female plants are homozygous
‘with a ge otyie of mm, while maLe _plants are heterozygous vuth a genotype.of_m] m; the
hetergzygote c‘ondition of m; m produce hermaphrodite plants. The alleles M; M2 are
recessive ethal. The mating between female m(m) and male (m; m) produce 50% female

(mm) plans.

\

e,-..Dc,partmentongf“. Botany, K. K. Wagh Collegequgr‘i’cijlfure,Néshik§3 92

"‘“‘. - e )
Principles of Genetics

In| some gynanders, the indh'vidual is predominantly a male or female with patches of .
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Table 10 2 postulated sex detemunatlon in pszaya

« Principles of Genetics

the same plant A single recessive. gene ba in ]ilomozygous conditign (kd

| cob devclopment and maklng these plants funcﬁlonally male (Table 1103

gene, ts converts the male flowers in tassels of ts s plants into female

ﬂ_ow

Genotype Sljmval Sex —'expreésioh
Mm Vital _ Female
Mm Yital Male -
Vm Vital ’_ Hermaphrodite
MM, MM, Tjethal —
-Se’x—d'etermination in maize l; _ |
Maize plants are -ge_,neral'ly moﬁoccious, pe male énd female| flowers are pro'ducéd on

zta) interferes in the

.)- Another recessive

ers and plants to not

produce pollen grains. In plants homozygous fér?both ba and ¢s are ﬁjﬁnc_t‘i-(')fnally female. So the

© two reggssive génes (ba and ts) have converted A naturally monoecious pl

Table 103 Sex expression in maize

ant into-a-dioecious

Genotype . | Femaleflower Male flower .| Sex expression .
BaBa Normal Notmal _ Monogcisous
TsTs - | -
Baba TsTs Rudimentary Normal Male |
BaBa tsts Normal Develop into - - Femalg
: Female flower '

Babatsts Rudimentary Develo into Femalz

: Female flower |

—
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_ SEX LINKED INHERITANCE

Introduction

Inhentance through X chromos-o'me is called sex linked inheritance. It was discovered by-"-

T H. Morgan in 1910. Eye color and bar eye in Drosophila, color bhndness and hemophlha

in human and [barred plumage in fowls are inherited through X chromosome.

Characteris ic features of sex lmked genes

‘con mon. :

4, Sex [linked genes follow the criss cross inheritance

- 5.| Sex linked gene exhibif.severa.l deviation from the normal segregation pattern.

Criss-cross in herltance of X- chromosome in Drosophila

. Fenale lis produced when an X egg 1S fertlhzed by X sperm. Male is produced when Y -

sperm ferfilizes an X egg.” _
R Female Male

qametes X) (X) (Y)

- Progeny

A male receives an X- chromosome only from the mother and never from father. The

rpale rec ives | Y chromosome only from this falhe1 never from his mother. Thus the
inheritance of X chromosome in Drosor-hila follows specific pattern. The male transmits his X
cliromosoine 1o grandson only t}nough his daughter. This 1s called criss-cross inheritance. The

f2male fransmits the X-chromosome boih to ner sen and daugnter.

: pof 53 : .hi;'-T; D‘e'p-ar-'t-ment ongri:l.\B.otd'ny, K. K Wagh Collegé of Agriculture, Nashik-3 94
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| over-white—But, when the F, flie s_were_class'iﬁc';d_foxb.oﬂleye__dolorj

.'-wasncomposed of two different pnenotypes ie red eyed females and

- The criss-cross pattern _of inheritar.ce: is characteristics ¢

Principles of Gentics

f sex-linked genes. This

“distinctive criss-cross pattern, from father thréf)ugh daughter to grandsop replacing the usua

pattern for the fl and 12 segregation is now inte:rpreted as evidence of sexrlmkage.

Cross-cross inheritance of eye color in Drosophila.

A cross was made bet_we‘enlwhite-eye miale Drosophila and fed-eye female Drosophila

by TH. Morgan in 1910 (Fig. 1L.1). The ¥, flies were red eyed. When F, flies were

intercrossed, three fourth of the F_z flies possesi“p‘ed red eyes and onE fourth white eyes. Ffom

“this familiar 3:1 ratio, it is clear that this is a rinonohybrid inheritari

.-

It was found that - |
() All the F, females were red eyed. |
(i)  Half of the F males were red e)./_edi

(i) Half of the F{"males were white.eyed.

- When remprocal cross was made between white eyed female

the F, flies were intercrossed, the F; con31sted

ce where red is dominant

rndA Sex.

and 1ed eyed male, the F,
white eyed malés. When

'Of flies in the ratio-2 red eyed: 2 whlte eyed When these F; flies wadre classified for both eye

color and sex, it was found that

(i)-  Of two red-eycd fli€s, one is male and another is female

(iy  Of two white eyed flies, one'is malk and another is femgle.

Direct crosses

P XV x¥ X XY
Red eyed female l ' " White elyed male
G (%) 3 ) ()
F, XX Twy
Red eyed female - Red eyed maie
G XY X Ayl
nooo XYY XV X XYy X"y
Red eynd Red cyed Red eved White |
female fernale - male -leyed male

Prof. 5. 3. Shinde, Denartmeni ol Agril. potany, K. K. Wagh College--ong;icultﬂ‘re, N;;.shikQB. —‘55
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Reciprogal cross

Pl

- G
F;

F;

CrOSs: Bul

Principles of Genetics

XX X WY
White eyed felmale o l | Red eéyed male
x" | ™ @)
ooxVxM e Xy
Red eyed feml‘;ile . | : White'eyed male
&MX ! Xy
XV X" XYY XYy X"y
Redeyed Whiteeyed - - Redeyed -  White
female female % male ~eyed male
Fig: Irlhen'tance of eye col'our in Drosophila

~ Inlthe r{ormal Mendelian 1nhentance the E2 ratio does not differ from that of reciprocal

in: the mhentance of: eye: color in. Drosophﬂa the F2 ratro depends on the sex of the

-.parent by whidh: eye color is mtroduced

" .In|Dros ophzla the white eye color follows a crrss cross 111her1tance The kmd of ~
inheritanc e. fram. father to- grand son only.through daughter 1s called cris — cross inheritance. -

" The '-r_nale :

tllrou?gh hi
d_au'ghter

s sops. The male transrmts his X chromosome to his -grand sons only through his

chromosoir:e are similar. Hence, it is assumed that the gene for eye color is located in the X

chromosome and Y chromosome carries no allele for eye color.

Holandric genes

Mdst sax-linked genes in male heterogametic animals are on the X chromosome.

However Y chiomosome also contains few genes that produce visible effects on the phenotype

‘ of the organisr

. Such genes are called Y linked or holandric genes. Holandric genes would be

trausmitted dirgctly fonmn father to son and never apnear 11 females.

Sex-nflug
Tha

other sex

ntial [dominance / Sex influesnced character

conlidition in which the same gene acts as dominant m one sex and 1ecessive i

s called as sex-influenced dominance. That is, the sex influences the gene either t¢

'mesz:,

nce. tlh"at is, the sex nfluences the gene cither to be__dominant or recessiye. The sea

hinde, Department ongml Botany,K K. Wagh College ongncnlture Nashik- 3 96

'transm1ts his-red eye color. to- his ;grand son: through his daughters never to or

never to or- through hlS sons. Thus .the trapsmissions of eye color and X'
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"._' L influenced genes are present in autosomes. 'ﬂhi_s differential behayior of the gene is due tc
-"v- female and male sex hormones. ) | | -
; : For example in_human being baldness in due to sex-inflyenced gene. This trait is
;; \ - dominant in men and recessive in wome. A m;:an is bald in homozygoug recessive as well on
?: . heterozygous condition for baldness. _Whereas;g women exhibit baldncs_s only in homozygous
? N recessive condition for baldness and hetero%ygous condition for baldness in female sex
o produce normal phenotype. - : '
‘ : HY BN - Normal female and pormal male
) uN E® - NonnaLfemale._and_!lb_ald_male
HPHP - bald female and male

- - Sex-limited gene exprgssion / sex limited -chai{acters '
i Sex;;lifnited genes are those W_llich_gfg_igqg___(ﬁifﬂ@iS.EiES .ﬂla._t____?_? 'c expressed in only
.‘ one of the sexed. Sex limited genes may be l;ocated_ on any of the‘-chromo.s.omes.- The sex
;: hormones are found to be a limiting factor in 'tfrile expression of sex [limited gene:;e, S@z_c;;—limitéd‘
3 - genes arc respér_lsible for secondary sexual charéctéristics.
i: _ - For e_xample'beard in man and breast in ;women are pro@luceﬂ by sex-limited genes. A

. woman does not have a beard, thought she carries all the genes necegsary|for beard.:Similarly
i * man does not have breasts though he danié$ éll ;_p_he genes necéssary for breast: The expression - '

. of sex-limited characteristics depends upon the p;:resen.ce ér absencé 0 k‘s_e_x hormones. |
2
"
!
.
*
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-inclusions (e.g
centriole] etc)
'-cyfopidsmic- i1
indépend ent,

chromos¢mal

Pringiples of Genetics

. CYTOPLASMIC INHERITANCE

lll

take part in transmission of characters from generation to generation is called

wheriiance. Since 'cytop’lasmié" inheritance is based on cytoplasmically located,

.sel_f—replicatihg, extra chromosomal DNA molecules, it is also called extra

inhcritance.

- The smiallest inheritable éx{ra-chro'r_n_.o'somal. uriit is called as plasma gene and all the ‘

: -p'fasmagenes af a cell constitute the Plasmon (like the genome).

. : . . - . | ) s - v ) . . .
‘Cytoplgsmic inheritance 1s due to the plasmagenes, located in cell organelles that are

J l y y ’ : . . ¢ )
integral. tonstituents ‘of -normal cells. The characteristic features .of .this_inheritance are

: suminan'ﬂed b

clow.

- 1: Differénces|in reciprocal-crosses

“InMen

- — sex li éd inheritance). If the character is tranSnﬁtted"through cytoplasm, the reciprocal

cross results wiill be different.

2. Somatic segregation

" Plasma

peres generally show somatic segregation during mitosis, a feature of rare

+ occurrende in the case of nuclear genes.

3. Non - map;i}ability

Géne

1

(@]

batrolled characters show linkages and hence they are mappable. But the

character. transmitted through cytoplasm show no linkage. Hence, they are non mappable.

4. Non-S¢gregation

Se%regatioﬁ is typical of Mendelian heredity. The cytoplasmic heredity faiis to show’

segregatign. Sqmetimes, segregation may occur in cytoplasmic heredity alse. Buat it will not be -

s

consistent with

5. Indif_fer'e-n-c

T ;\y}_{en the nucleus is transplapted, no change is found in the cytoplasmic.nhcritance.

the scgregation of chromosomes.

to nuclear substitution
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chromosomes, varibus organelles of cytopl'asm also contain DNA. The{.
ndria genetic characters themselves. Themechanism in whichcytoplasmic™

r.-,'alpha, beta sigma zand képpai'part:icles) and drgan_eilcs (plastids, mitochondria, -

Helian inheritance, the results of reciprocal crosses are identical (one exceptional



]

-

N,

SETR

.

T AR

o

SRR 3‘ L‘;':v ?_J\',l

| Praj §. B. ‘-S»h"in.dé-, Department of Agril. Botany, K._K. Wagh College of Agl

6. Infection like transmission S

- Cytoplasmic inheritance seems like intection through some agents.

Maternal mherltance '

I

Matemnal effects are produced due to- the|'mﬂuence of mother’s nuo

- i)henotypc of its progeny and last for one gene[ahon. Char_z_icters showing

exhibit clear cut differences in Fy for reciprochl crosses. One of the ex

effect 1s coilihg_pattem of shell in snail Lininea. In this snail the direqg

tion

is controlled by single nuclear gene-D / d, the dominant allele D pr

cmhng, wh1164ts recessive allele d | produces leﬁ-handed coiling. The

in an individual is governed by the genotype of i lts female parent and

dire
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lear genoty'pe' on the
the matemal effect
amples for maternal
0f coiling of its shell
bduces right-handed

btion of shell coiling

not By its own genotype.

As a result, reciprocal crosses show differences in coiling in Fy and there is no phenotypic

segregation in F, the phenotypic =ffect of segreghtidn is observable in

Crosses between females with left-handed coil (dd) and males
(DD), produce Fl progeny (Pd) with left—handed coil, since the geno
fs dd in F» ségregétion of Dd produces three gepotypes (DD, Dd, dd)

havi
ype

n tl

F3 OIIl.ly .

hg right handed coil
0f the female parent

e ratio of 1:2:1 But

the F, snails with DD, Dd as well as dd .genoﬁ-_ypes exhibit right¥h21ndéd coiling since their

female parent has the genotype Dd ‘which det?n'nines right-handed
(irr'es-pec-tive of the genthpes of the prog'e'n.y).__TIfie Fs _progeny from th
genotypes DD and-2d will show right-handed cc?ili‘ng, while-those frg
exhitit left-handed coiling-of their shells; thus prpduces the typical 3:1

| The reciprocal c-ross (DD x dd), .on the otl‘éle'r hand, yields right
(Dd) as we]l as in the three genotypes, lDD 2Dd - 1dd, obtamed in
the progenies show right-handed coiling since thf:y are denved from K
genotypes DD and Dd. The remaining 1/3 of the Fs progemes exhibit
their female parents hand the genotype dd; this yields the typical mon

the 1:3

CFZ

the

eft-h

ohyb

The direction of coiling in this snail is defermined by the plane or

first mitotic division of the cygote. The direction uf the first mitntid
The plane of the first division, of the other hand, is determined by <
present in the egg cell. Obviously, thesc substances are produced by

result, they would produze the phenotype ap_priopriat’e‘ frr the matg

divi

0me

rnal

coiling in the. progeny

individuals with the

m dﬁ F, individuals will
ratio in F,

handed coiling in the F,

2. But in F3 2/3 of

2 individuals having the

anded coiling since

rid ration of 3 :1 in

he direction of the
si0n1 of the zygote.

substances already

the female parent; as

Fenotype_ Further

i rtrmmeememmarne:

icult

—

ire, Nashil-3 !
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parent. [Therefore, phenotypes appear one generation later than the appearance of the'
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“concemngd genotypes, producing 'd¢layed segregation in F -

'Inherita*hc_e'q.f kappa particles i'n:[ Paramecium

and: other dogs not have such. paﬁic]es (Fig: 12.1). The presence of kappa particles in the ¢ A

K, kappa

- cannot produc

1f the

. all cxcoq

- phenodtypes g

s allowd
heterozygote (
| sensitive will 1
recéive kappa

Kk.

genotype
Plastid in
'_ Pl4
..Chloroplas

(plastid p

B

ugai]

d. I

iller (KK) and sensit]

at lacks képpa part;iclé. Thus the strﬁih_with kappa particle is known as killer

e them-de novo.

heri
stids
tids,

r1mo

tance

1t without kappa partidlc is called as sensitive strain.

particles can not multiply and in the absence of kappa particles dominant allele k

f conjugation’ does ! not persist long enough for exchange of cytoplasm,

\

are minute cytoplasmic organelles in plant cells. Most important are the
"which carry chlorgphyll. Plastids arise from smaller cytoplasmic particles

rdia) that contain DNA. They duplicate themselves indepcndenty. They are -

transmitted tln'Pugli the cytoplasim of the egg.

The I*o{n‘— O cleck plant, Mirabilis jolapa, has branches that procuce either green,

“white or mixed green-wiite (variegarted) leaves. I crosses Letween flowers of these branches

the, ciisp

Prof S.B.

hin

de, Department 'of-'Agn"il.

ing lare all green if the ‘maternal parenf is-a fiower from a green branch. Such

e e ]
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of coiling since its g?éne products are not involved in déterrnining this trait. Ac a

There are two types of strains in paramecium. One has kappa particles in its cytoplasm

ts (the cellss«f:par'atirjig'after.-conjuga_tion) wi_il. have the samne genotype Kk., The -

f _.t_h_e-se'.ex_conjugants:g will however depend updn duration of which conjugation

Kk) exconjugants will only have parental.phenotypes. It means that killers and )

emain as sehsitive after conjugation. if conjugation persists, sénsitive strain will :

the zygote its=If has mo effect of the plane-of first division and consequently, cn

irection of coiling in: an individual is governed by the genotype of its female*

vduction of kap_pa pafticles is dependent on a dominant allele K, so that the kiiler

| or Kk and seﬁsit‘ivei strains are ordinarily kk. In the absence of dominant allele _

ve (kk) and sensitive (kk) strains are allowed to conjugate,

-

ledds to- production of a toxin-known as paramecin. This.texin can kill the strain -

3
particles and will become killer, so that exconjugants will be killers having -

e



.

PR TV e & A

 carry either green or pale plastids or both. Coﬁsequently; three kin

offspring remain green throughout subsequent generations:as loﬁé

4’([nciples of Genetics

as the maternal plant is

green. Similarly, as long as the maternal parerit is from a white qugn'ch, the offspring are all

white, when variegated branches are used as f‘gmale source; both green and pale plastids are

pale and variegated plants would be obtained ('I‘;ab_le 12. l).
Table 12.1. Inheritance of leaf colour in Mirabilis jalapa

present in cells of female parent in cells of fkmale parent. Therefore, female gametes may

s-of plants namely green

“double stranded DNA molecules found in bacteria. In effect,

Egg source - - | Pollen Source ' Progeny
White Greeni I | Whitg
. White B
_ Variegated - \
Green 7 |Green " 7 | Green|
White
. Variegated _
| Variegated Green 3 Green
: White - - White
Variegated . ' Variegated ' ]
Plasmids - o ' -

i i S. are ‘éxtra chromosomal, ¢
Plasmids are called episomes They g cl .

{reuls r, covalently closed

plasmids are aceessory

chromosomes. - Plasmids can replicate autononio’usly of the host chromns_ome*. The#size of

plasmid ranges from two to several hundred kilobases.

Plasﬁdds carry genes for the inactivalionéof antibiotics, metab
and pfqduction of toxins. The F factors are inipoftant plasmids of Esc
Mitochondria (mt DNA)

Mitochohdﬁon is present in living organisms arise from pr
Th’ey. are small cytoplasmic organelles present in animal- and plant

bacteria and viruses. Mitochondria provide cellular energy through o

blism of natural products

nerichia coll,

> exipting mitochondria.
cellg but not present in
xidat{ve phosphorilation.

ed nimber of structures

Mitochondria contain a small circular DNA molecule codes for limi

and functions. The size of mtDNA ranges from dbout 16 kb in mamm!a]s upto several hundrad

kilo base pairs in higher plants (eg 570 kb in maize) and mt DNA usually found i muttiple
I . .

copics per organelle. The mtDNA play a significant role in cro

P umprovement. Recent

eviuences showzd hat the eytoplasmic genetic male sterility of mitochondrial genome to the

nuclear zenome.

Prof. S. B. Shindz, Department ot Agrii. Botany, K. K. Wagh College of Ag
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AR,

(Clhlorgplast of the plant cel? contain circular DNA molecule which are self — replicating
i_n nature. The isolated chloropladt found to capable of protein synthesis in the presence of*
light. The .DNA -analysis rcVealcd that 30-60° copies of the chloroplast geﬂomé are found in’,

each chloroplast -of higher plants; The 'chlqroplast genome contain herbicidal resistant and- b

streptomycin fesistant genes 3
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' DNA AS GENEFIC MATERIAL

Introductlon

riffith experlment ' . R -
[ The pheriomenon of transformation prlemc)coccus bacterium wag discovered Fredrick
~ Griffith in1928. There are two types A’neumococcus bacteriia —

. . 1. o . B
and Aviruler (non-pathogenic) Virulent 'strainsihave polysacchand Caps

Pi‘incipleS of Genetics

birulent (pathogénic)

les and give smooth

colonies. Avirulent strains have capsules and glve rough colonies. The¢ virulent strain . has

ant1gemc property with serotype IIl and szruleht has serotype IT.
|

Virul‘ence | Colony . | S&otyp‘e 7 Designation
morp‘helogy ' '

Virulont Smooth i s

Aviralent Rough i IR

Live IL. Rjnd heaLkLlledJIIS are.not.lethaLwhep.,mJected into| the r

a mixtare of l1ve II R and heat kllled HIS was lethal to the mice. The
contained live IIIS. The heat lqlled HIS had tranafonned l1ve I R intojlive

called this phenomenon transfonnatlon Thus tlue transformatlon of|non

cells to virulent Type IIIS. cells cannof be explalned by mutat1on rather 3

the dead Type IIIS cells must convert living Type IR cells to type IIIlS.

The same phenomenon occurred in the test tube when live Tyge II

nice separately. But -
blood of dead mice
lIIS Gnffith (1928)
v1rulenu Type IT'R

ome component of

R cells were grown

in the presence of dead type III S or extract of .T:éype TIS cells. It was] cleafly shows stage for

determining the chemical basis of hereditary in Priieulhococcus.
Proof that the DNA is the genetic material | |

The first direct evidence showing that the genetic material is DNA
or RNA was published by O. T. Avery, C. M. Macleod and M. Mc Carty

definite experiments ¢onducted by them provided that the DNA was the trar

rather than protein
n 1944, The most

wlorming princip)

(DNA 15 the genelic material) involved the use of enzymes il uegl d{t DNA RNA, or

protein. in separaie expenrnenls highly purified )NA from Type 11 lS cells

was ueated with

(1) Deoxyribonucleic (DNA ase which degrades DNA) (2) Rivo lm(tlease (RNA ase which

degrades RNA) cr (3) I'roteases (which degrade proteins} and ihen fested {o1 iis ability to

——
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transform T e. I R cells to ”Iii“ype.II-IS Oxilf-' ‘Deoxyribonuclease had any effect on the
transforfning act1v1ty of the DNA preparation. It totally eliminated all transforming activity.
. The results o tamed by Avery and co-workers clearly established that the genetic information®

in prieunocdccus, was present m DNA. We now know that the segment of DNA in the'

chromol ome|of pneumococcus that carries the genetic mfonnahon specnfymg the synthesis of-
~a Type Ill ca sule.is physically m‘tegrated into the chromosome of the Type II R recipient cell’
by a spegific ecombination proceSs occumng during transformation. | —
. The Hexshey — Chase Experlment _
The aflditional direct evquence indicating that DNA is the genetic material was
published in|1952 by A. D Hershey (1969 Nobel Prize Winner) and M. Thase. These

experiments ghowed that the genetlc information of a particular bactenal virus (bacteriophage

T,) was 1‘rese nt in DNA. - .

se$ are-the smallest living organi.sms They never as such enters the cell’ only' the
1.1-'

~ tail contgcts the host and Cuz.yulducml y culs a small hote tmough the membrane and then the

nucleic acid of the virus head flows to the cell. This idea was tested by Hershey and chase in -

the following way. Phase. DNA wab labeled with rd(llO isotope 32P in place of in place of =

normal igotope 31P where as protem coat was labeled with 35S in the place of normal isotope -

"

328. These labels are thhly spec1ﬁc because DNA does not contain sulphur and the protem

coat is dgvoidof phosphorus A sample ofan E COll culture as infected with labeled T2 phage. |
~After a short 1 cubation perlod the su3pen51on was spun for a few minutes in warring Blender
at 10,000 rpm|. Thls treatment sewed thc connections between the viruses and bacteria. The
1esultmg suspelsion was centnfuged The pellet contained mfected bacterla where as .- -
supernatant canteined smaller particles. These fractions were analysed for 32P and 35S to )
. determing the Jocation of the phage DNA and the prbteln coat. The results of the experiment .
were:.

[. |Mos! of the phage DNA was found in the bacteria

2. ‘Mos of the phage protein was found in the supernatant i
3. |The plender treatmen! did nut picvent tiie infection
4. |The progeny of T phage contained the parental P and not the parental »p,

"Prof. S. B. Shm e, Depa*tme“t olAgril. Bdtanj}, (e Wagh Coltege of Agriculture, Nashik-3 | 104
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_coats of TMV from RNA. Moreover, this proc%.ess is reversible; by mix

- genetic information of TMV is stored in RNA and, not in protein.

o

protective. part-protein. The_protein:]_ coat serves as a vehicl)

necessary information for the new gef_leration of phages.

RNA as genetic material in small viruses

In viruses the genetic information are pr'psen_t either in DNA or R1

coat {fig. 13.4). 'By using _the appropriate cherhical treatments, ong can-

Crinciples of Genetics

e - . . : . .o
5. This led to the .conclusion that the Qhage has a genetic part-DDNA and non-genetic

e. Only DNA cairy

NA. Tobacco mosaic

-+ viras (TMV) is an RNA virus. It consists of a-siﬁglc molecule of RNA surrounded by a pratein

separate the protein

ing the proteins iand

RNA under appropriate conditions “reconstitution” will occur producing complete. infective .

TMVﬁarticles. o o L A
| Fra;kél'«-:onrélhi éﬁd.Singer.( 1957) took twio different strain of TMV

. .

sep-ar'a‘ted" the RNA

from the protein coat and reconstituted mixed virus by mixing the proteirs of one strain with

leaves, the progeny viruses produced were. always found to |be

" the RNA of second strain and' vice-versa. When these mixed virus were uged to infect tobacco -

phenotypically and

genotypically identical to the parent strain from%whi_ch the RNA had| beer] obtained, Thus the

—

oo

——
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compdsed 0 repeatmg sub umt#; called nucleotldes Each nucleotlde composed of (i) a -~ ‘
phdsphmc grﬁup (11) a ﬁve carbon ldeoxynbose sugar (iii) cychc mtrogen containing compound a
called nifrogenous base (Fig. 14. l)L _ -
) ' . . o
(A) - A pucleotide - '{
. ' '
'p -

!
.: ’
Fig.:Chemical structﬁre of the diffefrcnt Str‘uctﬁral .components of DNA - L
Structurg o_f NA molecule (Watsion and Crick’s DNA double helix model) L

The Correct structure of DN%X was proposed by I.D. Watson and F.H.C. Crick (1953). ',':
The double helix model proposed I);‘If them 1s based. on two evidences. e
1. Chargaff’s chemical analysis | -
Ch '1rg;1f2f’s (1950} found thz-ill a specific quantitative relationship is present between
purines a:d pyrumidines of DNA mlg_)lecule. In DNA molecule, the ratio of adenire to thymine |
and guanine to lcytosine are 101 that is _ |
u S -

e ST, -
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Almunt.q_f purine - = Amount of pyrimid{ne
| A+G , = T+C
A = T
G - iC
AT # !;GC.

It is called as Chargaff’ s rule..
2. Crystallographic studies by Wilkins and Franklins

The X- -Tay diffraction patterns and crystalllographlc data on DNA structure form studies
of MHF. Wilkins and R. Franklins showed that DNA is hlghly Of.dﬁfed_lllu»lﬁsple_stpand

- structure with repeatmg subumt structures sphced in every 3.4 A° along the axis of fhc' :

molecule. I R '
Structure of DNA |
On the basis of Chargaff’s chemical da{ta and crystallograp

T

branklms Watson and Crick proposed the struqture of DNA. The ulnporlant features of their

1. DNA exists in double helix m wluchitwo polynucleohde chaip coiled about oné_

_ another splral way. : o
2. Each- polynucleoude chain consist of %sequence of nucleotides li‘nked-togcther by
- “phosphodiester bonds and two polynu*:leotlde chains held together by hydrogen

_ bonding between bases. . I

3. The base pa1rs ‘are stacked between two chains perpendidular |to the axis of “the
molecule similar to the steps of a spiral %talrcase. The base pairs in DNA lstacked 34
A’ apa{n with 10 base pairs per turn (360’0? of the double lfelix.
4. The base pairing in DNA molecule 1s S‘pé:iéiﬁc ie Adenine pairfs wi.th Thymine (A = T)
-and Cytosine pair with guanine (C = G). $o each baSe palr comsists lone purine and one

pynmidine (Fig. 14.3.)

5. The two strands of the DNA are complefmentary in nature (n¢n-id¢ntical) ie once the:

sequences oi bases is one strind is known; the sequences of bages i thie other strand is
. . - " - . - I
also known because ol ::|'>"x‘|l|«,_ hase p[all‘mg, The complel nente ry nature IS very
l .
mmportant far storing and transonttng the gene.tir:. informauon.
i

l

e mm ettt et St —
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Miner
‘groave >

Major
groove

‘Base pair

, | 5‘end R ' S 3'end
|

Sugar—pho:‘phate
backbone

!
-
.
E

Fig.: The Watson Crxlck model of doublestranded DNA mivlecule

6. The pu rme and pyrimidine Fases are on the inside of the helix where as the phosphate

cQ
cq

7. Tl

d dcoxyubose unit are oh i the outside. The sugar phosphate backbones of the two

frm 3] carbon of one nucldotxde to 57 carbon of the adjacent nucleotlde Where as the -

mpl mentary strand go 'ﬁiom 5’ to 3’ carbon. This mechanism is very important in
nsidering the mechanism Zof replication of DNA.

1e high degree ofstability.!pf DNA is due to more number of hydrogen bonds.

DINA rep

the sith

COAtamrg

-. syntl

=3
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Witson|and Crick propbéec{ that during DNA replication, the two sirands of DNA '

le eparate atter the breakagq‘l‘t of hydrogen bonds and each strand acts as a template for -

sis' 0f a new companiol} strand. Thus, resulting daughter DMNA molecules each

an told strand derived {from: pareni DNA molecute and another strand newly

hesizdd. Tlus type of distribution of parental strands is cal'ed a5 semi-conservative.

_-‘M-
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|
mplg¢mentary strands arc:l antiparallel. Among two strand of DNA, one strand g0 |
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However in considering possible mechanisms of DNA replication; three

1. Semi-conservative method

- In this method two strands of {he parentﬁl DNA molecule ‘Separate;

asa templafe for the synthesis of new complementary strand. Thu:

modes are apparent in addition to semi conservative method of repligation.

Principles of Gendiics

fifferent hypothetical

s and each strand act

5 tesylting daughter DNA

molecules each contain one old strand derived from parental DNA fnolecule and anofthe‘r

- strand newly synthesis of new complementary s&and. Thus r_csultil}g

each contain one old strand derived from parental DNA molecule

synthesized

. - i
2. Conservative method

In this method, two parental DNA strand -separa-tes‘ and é’ach s

rrand

daughter DNA molecules

and another strand newly

act as a template for

syﬁth¢sizing a complementary strand. The _resﬁlfing progeny DNA: n“olec+le c¢omposed of two -

n.ewly‘synthesizéd strand and parental DNA “strands remain intact

répl'ication)

3. Dispersive method

In this method a segments of parental strands and progeny or

(tot

ally conserved after-

[72]

tent strands become

interspersed through some land of fragmentation; synthesis and rejoinjing process.

Proof :for semi-conservative methpd of bNA ‘replication

Experiment

Mesdlson and - Stahl’s

E. coli were grown for many generation in a medium that ¢ortajned 15.N, the heavy

isotope as the sole nitrogen source (added as I5SNH4C.L.) Their DNA thus labeled with °N,

was denser than ordinary DNA. This density difference can be distinguished by ‘cesium

chloride density gradient equilibrium sediménfation technique’ thén tiese bacterial were

tran.sferre.(l to "N medium. The bacterial cells were sampled at various tilnes to ascertain the

density of DNA. The sample time con‘esponde!d with the doubling

' . [ .o 15
generation, the ®NA of daughter bacteria had rllelther original "N

of the cells. After one

lensity nor the pure "N

density. Instead, this DNA had an intermediate (pr) hybrid density. Instead, this DNA had an

. Lo o ’ 15 gy - b
intermediate (or) hybrid density | recisery betw%en N - "N densitfes).

DNA indicated that the parental DNA was not :%yntnesize(l eatirely

strancls of the daughter DNA mulecule, one strand was derived from !

o

c— ypa— ———
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the othr strand was newly synthesized from "N source. Hence, the daughter ("N ") gives

receives| one| strand from the p[arent molecule. This strand is conserved through much

_Mecha sm o DNA rephcatlon

xation of packed DNA-

|
|
|
ighly packed super Uw1sted DNA molecules are: relaxed by the enzyme, DNA
‘n

2. Unwinding of DNA strands

s, DNA polymerzise_caﬂ not mutiate the DNA  synthesis. Since RINA

Proj.jbi,_. B. fﬁinie, Department of Agr»l. Botany, K. K. Wagh College of Agriculture, Nashik-3 1~1—6

hC]I results agreed. perfectly w1th the Watson — Crick hypothe31s of DNA:-

eselson and Stahl concldded that during DNA duplications, each daughter moleculei'

o
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N

v
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5. Elongation o f new DN/—‘ strand ‘

DNA Polymerasc III begins to add ddoxyribonucletides tg the

the RNA primer. The chain elongation reaction joccurs BY means of 4
3’-OH tcrminus_‘ of the primer on the inner mast phosphorus atom ¢

- nucleoside triphosphate a phosphor diester bridge is formed and pyrophosphate is released.

The subsequent hydrolysis of pyrophosphate drives the pol
elongation of the DNA chain proceeds in the 53 direction. The po
that is, many nucleotides are added without the release of the enzym

polymerase -catalyses 'the formation of a phdsphor-diester bond

incoming nucleotide is complementary to the base on the template “star;ld'. J‘Thus DNA

polymerase 15 a template dll’CCth strand..

6. Proof reading by DNA polymerase-1.
. DNA polymerase—I have (1) 5 —3’ polymerase activity (ii) 3

activity and (iii) 5> 3° exonuclease activity.

i Function of 5’ 3’ exonuclease activity

- Step by step addition of nucleotides if the chain elongation -

i Function of 5" 3’ polymerase activily
- DNA repair: Removal of DNA Segmpnt damaged by uv
- . Renwoval of RNA primer: Which are gused in DNA synthe
i Function 3° —» 5’ exanucleose aai:tivity |
.Used for proof reading and editing funcit-ion. _

7 Continuous and dis-continuous synthesis of DNA strands -

m-_———m--dm
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’ —‘h_ydroxyl end of

nucleophilic attack of the

f the inéoming deoxyribo

erization forward. The
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> from the template. DNA

if the base on the
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|
Introd tio l\

bonucleic acid | o _ _ .
B RNAlis found in cells of a‘ll living organisms. It is foundi both in chromosomes m

-nucleus and 'bosomes in cytopl-alsm It contains ribose 'sugar' nitrogen bases and phosphate’ A

group. The njtrogen. bases mclud}: adenine, guanine, cytosine and uracil and pairing occurs

between|AU and-GCEThe- ﬁmctlmirﬁf—RNA—ls transfer of- genetlcmessagxrﬁ’om*nucleus to the

_ cytoplas and synthesis of proteld in the nbosomes [n some viruses, RNA acts as the genetic

material and regulates the gene action '_ : o !

Flow of genetic information ;

- DNA - ‘—'——> " RNA ——>  Protein

- (Transcription) {Translation)

Structur - of RINA ' !

Fig.:Structure of Uracil

acil | <
] | il
| f. <
| T R wf
| a. i
|
'l
‘.
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Three i};pes RNA : _ :
1. Messenger RNA or mRNA g .

It is a kind of smgle strand RNA molecule which is complementaf
DNA molecule produced by transcription of sttuctural genes in thel DN

a o

carries the genetic message from the chromosomg to the site of protem syn

mRNA molecule corresponds to each gene that is expressed
2. Transfer RNA or RNA :

tRNA is a kind of RNA molecule consist§ of 75 nucleotides dnd it

all RNA molecules.

They carry the activated amino acids to thg ribosome for protein synthesis.

There is a specific tRNA for each of the twenty amino acids.
i rhe 5 end of tRNA have poly G and it is ghosphorilated.

(RNA contains many unusual bases between 7 and 15 per moleduie.

4. tRNAs folded into a clover leaf pattem It has five following specia

L CXIA end _
.Jhe base sequence in 3’ end o-f--al—LtRNA—i—

to 3’ hydroxyl group of the terminal adenosine'.

Involved in the binding of the t-RNA to r1b¢some
iii. Autlcoden loop _
It consists of seven bases with followmg sequences )
Pyrimidine — pyrimidine - X-Y-Z - Puiine miodified

Anticodon variable
(coden recogrition site) »
Condon recognition site is complementary t¢ codons omeNA

iv. DHUarm

It 1s the site for the recognition of amino aciq!‘i activated enzymes.

v. Extra arm ‘
Some tRNA have extra arm.

3. Ribesomal RNA or rRNA :
i Itis akind of RNA molecule servij—l_g as a 1i1;1_jux' component of i

i /2 coli has three kind of IRNA L. 235, 16, 5 5

- f2NA s transeripl of rRNA genes

. I . .
A e Ay
- T
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'y to sense strand of
A sequence. mRNA
thesis i.e. ribosome. -

become smallest of

al region as follows.

$ CCA--The ectiv'atejL amino-acid is-attached

ibosomes.
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&- it becomes evident that the genes controlled the structure of polypeptides, attention’

f:)cuscd on how the sequénce of four base pairs in DNA control the sequence of 26,

amino acids found i in protems

Definition of genetic code ‘

S« 1) )

. _ Principles of Genetics

Thegenetie-cod is—t-he\relati.onship_between _the sequences of bases in DNA (or its.

DNA (dr its mRNA) that spemﬁfzs a particular: amina acid in the progein synthe51s 1s called

éenetic Eode

Co-linearity |between Gene and gi)rote'-i-n

1d

polypeptide-products. This cc-lindarity gives the clue that specific arrangement of nitrogenous "

information i written by four- letter language of DNA mtrogen base.
Characteristic features of genetlb code

L. Tripl¢t code '

f There are 20 kinds of amiﬂ’o acids in the cytoplasm but only four kinds of nitrogenous
|

bases Al smglet code 15 madequate because it codes for only 4 amino acids and also a doublet.

code is also i adequate since it ches ford x 4= 16 amino acids only. A triplet code is orﬂy
adequatd sinck it codes for 64(4 x h x 4) amino acids (Table 16. 1)

- Al groﬁrp of three bases that ;bodes for one amino acid is called codon.

-2 ngé]hs have degeneracy

The occurrente of more than one godon per amino acid'is called degeneracy. The amino acids
like methining and tryptophan has only one codon each.. Where as the amino acids leucine,

serine aJtd arginine have six coddn each. The codons. that specily the same amino acid are

called synonyms. For example theE codons CAUand CACT code for histidine and most ot the

synonymjs differ only in the last b:as»a of the triplet. The degeneracy helps Tor minimiang the

deleteriohs ef%‘ect of mutation

Prof.S. hinde, Department of A i_ril‘. Botany, K. Wagh College of Agriculture, N mhlk 3 114

" Henzer revealed that th'eke is a linear correspondence between a gene and its

" bases I 'DNA determines the sﬁeciﬁc sequence of arrﬁno acid 'in' protein. So the 'genetic ‘

mRNA) and the sequence of amlpo amd in the protem The sequence of three nucleotldes in °
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Table 16.1. An.ins acids coded by the 64 possi

ljpl‘e codons of the triplet cade

 Principles of Genetics

First base Second bas#; position TA[,,{ base
position § end _Mﬁng 3 -
U C l: A G | erd
UUU Phe  UCU éer UAUTyr  UGC Cys .
v : UUC Phe UCC Ser |UACTyr . UGE Cys - €
UUA Leu UCASer - UAAStop UGA Seop , A
UUG Leu UCGSer PAGStop UGG Trp G
CUU Len  CCUPro '%C'A'U' His — CGU Arg ]
. 1 _ CUC Leu CCC Pro %_?AC His  CGCArg ‘¢
_ ‘ e
CUA Leu CCAPro q',‘AA Glu - CGA Arg A
CUG Leu | . CCG Pro ’c{mg; Gm  ~ CGG Arg’ ' G
AUU Tle - ACUTEr ,I_Mv Asn I,_xcu Ser T
: S i
A AUC lle  ACCThr ;li.AC Asa  AGC Ser c
. . AUA né ACA 'l-‘hr_ A;[AAL.ys AGA Arg A
B . . I X
AUG Met  ACG Thr- A%AC Lys AGG Arg_ G
GUU Val  GCU AR (%AU A GGUGly U
G : GUC Val  GCC Ala diAC'Asp GGC Gly C
GUA Val-  GCA Al QAA C;_lu GGA Gly A
GUG Vat  GCG Ala- G;AG Glu GGG Gly G
l [

3. Codons have wobbling

The hydrogen bonding between the bases% in the anticodon bf tRNAk and the codon o f

FEENA appears to follow strict base pairing rules énly for the first twol basek of the caodon. The

base pairing invblving third third base of the ¢odon s apparently| less

wobbling at this site.

stringent, allowing

S’ base in anticodon 3 b:ase in codon in the Mrnh B
G d or C : .
C . e G
A L U )
L u Ao G -
| 1 (inosine) AUC

Prof. S. B. Shinde, Dep‘-a.‘tr-ne_.nt ongril. Bbtany,_ K. K Wagh College -ongficult
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Y ' " »
4 Gene ic code in non- overlapplrlg L : -
4 . % .\‘
that no single base\| can take part in the formation of more than one codan -
5. Genetic code is commaless : #

dchre), UAA (Amber) and UGA (opal) are only the three codons that donot

specify ming acid. They designate chain termination. These codons are not read by (RNA |} jv
molecul _" but by specific proteins called release factors. The codon AUG (methlomme) and
GUG (inne) act as starting codon for translatlon o _ o
7. Genetic code in universal ; S e . ' i :

With ‘one or.two exceptions the génetic code is same or nearly same in all the _ <
orgarﬁsm;. The codon UGA code| for tryptophan in human mitochondrial system. Whereas g
UGA— is a te matlon codon for rpon—nntochondrlal system. Mutation that produce chain — ' !
termination tnplets ‘within genes is ‘called as non-sense mutation Whereas mis- sense mutation ""
cause -change 4 tnplet to another mﬁ)let spemfymg a dlfferent amino acids. : ,; \,

L4

v

¥’
T S B9 Q ar'ch.‘:[')}’} t.:'-..l’. ’-”' &iﬁi
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. : '
| w  PHOTEIN S?{NTHESIS
)
:“- Introduc’tioh 5
P I. The central dogma
& ~Yhe sequence of amino acids in a protein is determined by the|base| sequence of DNA.
M through the m RNA. The flow pf genetic information is
1."u _
e Transcription - Translatior
: ~ DNA - — | mRNA| B Protein
i Rcv;nue transcription - " ' '
] T II.  Transcription '
- 1. Onlyone strand of DNA is transcribed } o B _
7-;’ ’ R_NA polymerase synthe.sizer% m RNA wit&m DNA écting és temple. Synthesis of m RNA
"!:: is 6allec__i-— transcription. Only one strarjd.of DNA Eis trénscr_ibed. The ?ther ét_ra_ﬁd LS never used
' '?' fof-trahééription. | - : ) - o 7 ' '
Jj o 2. RNA polymerase .
" - RNA polymerase is a holoénzyrﬁc, -mad[e' up of six polypepildes and two of these
) polypeptides are identical and thus enzymes lconsii-sts of five distinct sub unt 20, B, B', @ and o.
| ,t RNA polymerase without the sigma gub unit is (i:al'led the .co-ré'enzyme (@p, B, B, @). Tae p'
4: S.ub.unit_ ca.uses 'binding with DNA tem?léte %nd the P _SUb unit helps in the binding of
¥ ribonucieoside triphosphate. The o syb unit partliapates tn the selectjon of initiation sites for
‘1,"_ transcription. The synthesis of m RNA by 'RNf%\ polymerase takes placel in three ‘stages (i)
’E‘; initiation of transcription (i) elongation and (ili) termination. |
" i. Initiation of transcription B
_}} The transcription starts at spedific sites, (i;al!cd promoters on the DNA te;ilplate. The
. .
;_,;,“‘, promoter sites consist of about 40 bape pairs (al-ébout 140 AO'). The 2q, B, B/, m core of RNA
.; *1 pcl_ymer'ase 1s unable to start transcription at prdmoter stiec. Tlle 2a] B, B, © holoerzyine is
B essential for specific initiation. In adgition) sigiha subunit (iis.socia,lqs from the holoenzyme
after the new RNA chain is started. The core ]'_;;olynm';:lsc continuesé to transcribe the DNA
_-temp.late. The role of the holoenzynje 1S sclecli@-on and initiation, Mheieds that of -the: core
i

e P |

- Proy. 8. B. Shinde, Department of Agril. Botany, K. K. Wagh College OngI}iCUI_':JI'G, Nééhik& ;"1‘7'1




" 23
a2

group at its 3’ terminus. In contrbst with D

can be formed denovo.

of transcription |
. ' i

. DNA synthesis, the lgrowth of

RNA pqlymerase moves along th«% DNA ten

'~~~temp-1até =

nolecule synthcs'ized| an entire

polymer
_ transan
DNA unwind
.- lljl. contrast with DNA polymelase
eotlde chain. . Hence, th}b ﬂdehty

5. Thc maximum rata of elongali

. polynucl

_ .rcp?lic.z-iti..m.:[.ae error rate of RNAl synthesis-

lower fi 'e'lfty—of RNA synthesis | ‘Cdn be to

transcnpts of p gene. |

il Termmatmn of transcription '. _
The DINA template contam$ stop sign

'GC_“ri‘ch region is followed by |‘an AT n

Principles of Genetics

A synthesis, primer is not nesded. RNA chaing”

ion is about nucleotldes per second.

‘transcription by interfering with the binding of
9

phate group at its 5° terminus and a free hydroxyl«

an RNA chain is in the 5' —> 3’ direction. The’
plate strand in the 3' — 5 directio_n because the |
nd--is -antiparallel . 1{0 the new-ly synthesized RNA strand. The same RNA
ranscript that is, transcription is processive. The

ed rc,glon of DNA remalps its douﬁple — helical conformation. as the next section of

RNA polymerase does not edit the nascent -

s of the order of-one mistake per 10" or 10°. The

lerated because; a cell -synthesized many RNA -

of transcription is much lower than that of

o~
£

J—

als for transcription: Before the termination site,

ich sequence. The most distinctive feature of

terminatibn s quences is the two i|fold symnpetry of their GC rich region. Hence, the RNA -

transcript of this region is self—ccimplement
structure) In
specified|by alseties of A bases in the AT =1

features ¢ause| RNA polymerase td pause wl
participates in|the termination of tréinscripti.on.

IL 'I ranslatlo

Symnthesis of polypeptide chu; 2 from.m}

1. Activalion 'nd lmkage o[ammo acids to {

ch region of the DNA template. These structural

en it encounters such a signal. The rho protein

MA rolecuie s caiizd transiation.

RN A

Thie amino acids are activaled by ATP. Jn the [est step, the carboxyl group of the amino

acyl ades ylat

synthems in t epxeseuce of md;znesmm The

?'md releasirg pyr_Ophos bhaie.

Thus reaction 1s catalyzed by amino acyl

amino acyl synthetase is amino acid specific.

' ProfS B. Shm e,DepL rtmentm Agml dotany
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iry and so, it can base pair to form a hairpin

2

ddition, the nascerit RNA chain ends with several U .residues, which are : -

~ v
-

)

A

'}",

J
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-

2

[N

{

-

»



-
Y

-
o
e

_l“.;"

* Watson — Crick type of base pair with

" mRNA. This increases the-efficiency

forms amino acyl tRNA. The samg

‘amino acyl tRNA product is fonngd, adenosine!'monophosphate and

are released.

The attachment of a amino ac1d toa tRNA is 1mtpoﬂant because .
i.  Amino acids themselves cannot recogmzke the codons on mRNA.

ii. Amino acids are carried to the nbosomes‘i by specific tRNA wh

. mRNA.

ii. Thus, the speciﬁc {RNA act as adaptor mfplccules.

-Speciﬁéity of aminoacyl — tRNA sy+thetases 5
The correct translation the gengetic meseage depends on the hig

amino acyl — tRNA synthetases. The amino- acyl tRNA synthetase c

site and hydrolytic site. The synthetig

one whereas the hydrolytic site destroys acuv;ated mtermedlatcs t

carrect species. In fact, the synthetase corrects 1t$ own errors.

2. Wobble hypothesis

A codon of m RNA is recogmzed by the zéanticodc-)n of a tRNA |

anticodon are antipa}allel in b ase pairing. Some fRNA molecules can

codon. For example, the yeast alanine

is explained by Wobble hypothesis.

3. Ribosomes — the site of protein synthesis g _ 6Vea b edz.f\g\

The E. coli ribosome has a sed

a large subumit (50 S) and a small s

their constituent proteins and RNAs. The 30 S subunit contains tweny;

RNA molecule. The 50 S subunit cont
a23 S speciesanda 5 S

process, That is, non-ribosomat factors

The ribosome of eukaryotic cel]

In the second step,; the enzywlmc bound[ amino acyl adcnqu

species. Thg formation of a rihosome in vit

tRNA bmd§ to three codons G(

bunit (30°'S). T}

are not needed. i

|

Iy,

enzyme @cts to transfer the afino

h de

site re!ech amine acids that :t lariger than the coryect
Lat a

one

Principles of Genetics

te reacts with tRNA and

acid to tRNA. When

the: afnino' acyl synthetase

tich recognizes codons on

{éregof speciticity of

taink' two sites synthetic

t are smaller:*than the

basl_:s' of codon-forms a
a complementary base on the antico ddn.-.T']'?e codon -and

recognize more than one

U, GUC and GCA. This

mentation ficoefﬁc'ient of 70 S. It can|be dissociated into

hese sub-units Fan He further split into

broteins and a 16 S

. [ .
AIns about thirty four proteins apd two RNA molecules,

ro g a 2Af - assembly

/

s 18 Jarger 1t has sedimentuiion cogfficent of 80 S It

dissociates into 60 S and 40 S sub upits. Many nbosomes can sjmfltandou.sly__l‘lza-ns-l::e an

Prof. S E.'-Shi:nde, Depart_ment of Agril.

lof u.tilizatlzpn_ of the mRNA |

he grov

f ribosomes
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" Principles of Genetics -

nRNA is called a pol?“rribosome or & polysome. In this unit, the ribosomes operate.

7 y, each synthes1zmg a complete polypeptlde chain. The maximum density of .
ribosomes on mRNA is about onelribosome per e1ghty nucleotides. Ribosomes near the 5* end ™
of the mRNA havé shortest poly;ptidee' chains, whereas those néar the 3’ end have almosti,
finished| chains. Ribosomes dissciciate mto|30 S and 50 S subunits after the pOlypeptid(’;l
product {s released. = | _ _ ' ' :

-4, Initiagion of translatlon

Protein synthesis is 1n1t1ated by fomnyl meth ¢nine tRNA | - A
N-formyl methionine (f Met) is a mpodified methionine which has a formy! group ;_ R

attached|to it5 terminal amino grovup. Ablocked amino acid like N-formyl methionine can be -

“used only to start protem synthesm ' | ' - - -

. P]Lote1 synthems starts w1tlll the assodiation of mRNA, a 30 S ribosomal sub-unit and
formylmethionyl — tRNA to form'a 30 3 injtiation complex. The formation of this complex A
rcquires' GTT and three protein faotors called 1F-1,1F-2, and IF- 3 1F-3 mediates the binding . _} v

-4 . .

of mRNA to 2 308 subumts forms commg together to form a dead end 70 S complex devoido -

»
fm RNA. |IF-1 and 1F-2 enhaJnce the binding of 1mt1at0r (RNA to. the mRNA — 30 S » >
- subunlt_ gomplex. _ 7 | oo s
_ . Al50 S rlbosomal subunit tlllen Joms al30 S initiz_x_tibn compléx to form a 70S initiation.u )

cdmplei ' The| bound GTP is hydrcllyzcd in t "s_st'ep. The 70S initiation complex is ready for .
the élén'g ation phasc of protein syhthes1° Ribosome contains two sites A aad P. The Met - ;

tRNA mplecy le_ occuples the P (peptldyl) site on the ribosome. The other site for a tRNA , T
molecule] on the ribosome, the A (aminoacyl) site is empty. The anticodon of f Met ~ tRNA -- R

Mpairs with the [initiatin AUG (or GQA.) codon pn mRNA . Thus, the reading frame is deﬁﬁ.ed by '

specific ipteractions of the ribosome and of Mt RNA with RNA. - :

5.'El'0"i1thion of Translation

THe eldngation cycle in protein synthess consists of three steps:
) Binding of aniinoacyl - tRNA (codon recoznition)
1) Peptde vond formation Y

i) Translocution

" S ——— . s o . .

L —— e N .

Pro[ S. BlShmde., Departi.ient of Aghi. Botany, K. . Wagh College cof Agriculture, Nashix-3 120
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~in the A site. The complementary a{mmo acyl

-_acyl tRNA 1s premsely posmoned an the ribospme “A site”.

. stage is set for-the formation -of 4

- of elongation.

nucleotides distance correctly. Thal isi the movement ol a triplet codo

(l) Bmdmg of 2 amino acyl (RNA in A '“JF" :

The'cycle'begins with the insertion of an aminoac_yl tRNA inLto th

the nbos{)me The particular species mserted depen'ds!’:oh_ the mRNA|

elongation factors callcd EF-Tu and|EF-T. GTP bound to EF-Tu.is

@Gi) ' Formation of a peptide Hound

When amino acyl
_peptide ﬂond:' This reaction
tran<ferase an enzyme that is intggral paxt ;of the -50 s subuni
methionine unit 'of fMet — tRNA (in the p °lt6) 1s transferred to
aminoacyl RNA (in the A site) to foﬁn a depeptldyl —tRNA.
The t,R_NA occupiés. the “P site
f_blloWj—rxg:thé;f@mnati,on,ofj.p_ep_ti.dal ond. (Fig.. 1,7 2)
(i) .

Translocation _ . ; :

Thj‘ec mox‘)emchts occur the dﬂscharged tRNA' leaves the “P's

—

rinciples of Genetics

e empty “A site” on

Codon that is positioned

tRNA 1s delivered to the

A site by a proa-t-bin

hydiolyzed as the amino

— tRNA éc supied the A site and fMet RNA oc ’

upies the P site. the

is cdtalyzed by pepridy!

t. The -activated formyl

the

37
te”,

amino group of the

e” thrqas a dlpeptldvl tRNA ocpupies-the “A” gite,

and mRNA move_S a

dlstance of'three nucleotides. The resplt is that ti‘LC next codon is pos tioned in the A site” for

reading by the incoming aminoacyl - tRNA Translocahon requnes a thud elongatlon factor,

EF-G (wranslocase). The GTP -bomd to EF G i1s hydiolysed du*mp translocation. - After

translocation, the “A site” is emply, rk:ady to bmﬂ an aminoacyl —

 Normally at each translocatiop step, the:mRNA template ad

o _
precisely. The movement of pepitdyl (RNA from the “A site”

binding to an anticodon 1y tRNA. .

6. Termination of translation i

Protein synthesis is ternunatediby realcase actors. Anninoacyl

tRINA tg

anc

o “Psite” p

118 ¢

J

the “A site” of a nihosome if he coden 15 TIAaA, 'l/f‘-\(? L NI

anticodons complementary (o these stop signals are absent. Inste d(j

recognized by

M

velease factors, wlhiciv are pnutegn_s_ e

i 17

ima

lhc

1(”\,[0] l{l T

¢ v

start another round

s three nucleotides :
us the mRNA three

comsequence of its

IRINA does not bind *o

I cells, (RNAs with
s¢ stop signals are-

cognizes UAA or

|

CA
iRy

Lricul

ure, l'\ea.shlk--g 2 i




with_ high spe

is supplied by the splitting of GTPlinto GDP

The bmdmg of release factor to a ter

'trans.fere
“P site”.

into 30 §

.'_.

ccognizes UAA or YGA. Thug

i
!
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and phosphatb

H
h -

Prof 5B,

mnatlon codon in the “A site” actlvates peptldyl

|
The polypeptldc cham thlr,ri leaves the nbosome The 70 S nbosome then dlssocmtes

and 50 S subumts as the ;ljrelude to the synthesm of another protem molecule.

tiege of Agricultor
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, proteins.can TECO gnjze trinucieotide sequences

|H

cxﬁcﬁy The release; factor arg bound tc GTP. Termination reqmrcs energy that s

a:

ase in such a way to hydrolyze the bpnd between the polypeptide and the tRNA n. the.
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1. INTRCDUCTION
Statisiics, its meaning and definition
Statistics is a branch of applied matnematics and is concerned with

obsewatlonal data.

The word statistics is generally used in two dlfferent ways.

(1) When it is used.in plural, it means the quan_tltatlve.data affécte.d to a
marked extent by a multiplicity of causes. When we say ‘,collect statistics’
means collect tHe numerical data which are to be analyzed and
interpreted. e.g. | ' ' o |
(i) Wheat production-affected by various causes.”

- (i) Colleci the data of height.of the stydents of second semester.

(2) When itis used in singular, it means "the science of collecting, classifying .
and~ usina the data-for- fufther--«»statisiical treaime'nts"' At involves..the

| methods’ of anaIyS|s ‘used in the analysis and intei pretatlon of data and

they are known as statistical methods.

Definitions: _ .
(1) R. A. Fisher:it is a study of po.pulatidn, variation and tne methoas for

reduction of tha dafa

(2) A.L Bowley: ltisa science of calculatnons and averages.

-(3) Boddington : Itis a science of estimate ahdiprobabllliy.

All these definitions are ot satisfactor)'/rbecausé they cover only a part

“of the subject.

In general : Statistics may be deflned as the science and art of co'lectlon

organization, Bfg_sentatlon,_@y&s_and _lntar__pretatl_qn of numerical da__ta‘ OR ;
Statistics is concerned with sciéntiﬁc methods fo'r"col'iecti'ng oi'qanizing,;f '
summanzmg, presenting and analyzmg the data as well as drawmg valid
conclus;ons and making reasonabIe deusmns on the basis of such analyscs
However it is not used for all these CUrposes ln all the f(elds e! g
administrative and exracutlve departments stahstnc;ans are mterested omy in
coHectmg and presentation of data Such as crop y;°lds birth and death rates

etc. On the other hand a researcher employs the m:ethods which relate to

- design of experiments and analysis of experimental results.




Biometry: When the principles of statistics are applied on Iivihg thing or
organisrns, the science is called bicmetry.

" Stat:st!cal methods: The methods by which statistical data are anaiyzed are -

— —_ - ——

called statistical methods.

Aims of studylng statistics

baels of sample data

‘phenomena observed under one set of conditions are never duphcated'

‘exactly under another—set-of similarconditions.” ‘Therefore, repetition of
experiment is necessary to account all the factors causing variation. In

thns funct:on that ha° wnde apphcat.on

(3): To express the facts in summary form (the facts that-are based on lalge

- number of observations) e. @. It is not nossible for one to form-a precise

-~

jidea about the income position of the population of India from the .reco_rds
of individuals. '

{4) To provide correct rhethod(s) for taking sample (samph’ng).

' (5) To provido proper method for comparisen of two or more things.

'(6) it helpe in predmtlon/forecastmg the yneld of a partlcular crop for a

par”ur ular year on the basis of the past records

-L-im)t.atlons of Statistics

~Statistics with its wide applications in almost every sphere of human

activity is not without limitations. The following are the important limitations. -

1) itdoes not deal with individual.

S———

2) Itdeals only with quant!ta&ve characters.

)

- 3Y Statistical results are true only on an average.

4) Statistics can be misused.

P

5) ltdoes not reveal the entire story.

s P,

¢y & xped knowledgemliggst to handle the statistical data.
(1) 1t does not study individuals
Statistics deals with an aggregate of objects and does not give any
soeciic recogmtnon to the individual items of a series. e. g. the individual

figures of agricultural production of any country for a partlcular year are

(3]

: (1) To study the populatlon The study of populatlon of any kind.is on *he' o
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