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Principles of Inheritance & Variation

Genetics -  branch of biology dealing with

heredity & variation among organrisms.

Father of Gemetics = Purmr Gregor J. Mendel (1822-89).
Father of Modern Genetics - T.H. /Mor:gan (Drosophilal
Mendel worked on ﬁarden pea (Pisum sativum).

Hereo’fh/ vs Variation
He»v'edffy - fransmission of traits From parent fto

ofFs prinﬂ ;

Variation - differences amonﬂ individuals Cwithin

a Species).

Why Pea?

/.  Short Iike cycle, easy to grow

2, Manry dllsf:t'ncf', stable, cOnf'rash'ny traits

3. Bisexval Hlowers; can be self / cross-pollinated
7. Large, easy fto eSSk emasculate

$°.  Large progeny - statistical analysis possible

Mendel's Method
(i?  Selected Pure»breedfnﬂ lines

(i) Crossed conf'rash'nﬁ parents
Giii)  Fecorded results numerically

[+
(iv) Statistical aralysis™ -7 ratios
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Mendel's 7 Contrasting Traits
: ~
e

Character Dominant Kecessive
Sterm height tall dwarf
Flower colour : violet E white
Flower position axial terminal
Pod shape Y infated . consStricted
Pod colour green yel/ow
Seed shape round wrinKled
Seed colour yellow green

\

,X(_

Lmportant Terms
Allele ' alternate +orms of same gene (7T / +
Homozyﬂous " same alleles (TT or +)
Heferozyjous ditferent alleles (Tt)
Phenofype expressed appearance (Tall)
Genotype geretic madgup T T, #)
Dominant expre.s.sed n he:‘erozyyofe
fecessive masKed in heferozxgofe'
Borr e Parent, /st filial, 2nd filial ger

Gene Symbols

Capital letter = dominant (T) ? small = recessive (+)
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/Monbhyb_ﬂd Cross

Cross involving ONVE pair of contrasting traits.
Tall. (TT) x Dwarf (++) -7 F/ all Tall (T+)

SelE Flo-2 F2 - 2 Tall =/ Duark

ATEAL e
Punnett Square . (T+ x T+
T
a7 .
i T+
£olmr
ng. /M’onohybnb’ (B e R Tt H

/

Law of Dominance

When two alleles are present in hef'erozyyous
individual, onlky the DOMINANT one is expressed.

Law of .S'e"qre"qahbh .

Dun’nﬁ ?am@f‘e ﬁormah'on, two alleles of each gene
SEGREGATE cleanly so that each gamete carries
only one allele. .

(Law of purity of ﬂaméfes).
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Test Cross

- T dominant phenotype (TT or T+7) with
i homozyﬂous RECESSIVE (++) f'o-defermine '3enofype.

Case /  :  TT » ++
All oppspn'nﬂ TALL (_Tf')

=7 parent was homozygous (TT).

L

TT x t+ -7 all Tr TH % B - gy

Case 2 : T+ x H _ i
Half offspring Tall (T+), half dwarf CH) e )
=7 parent was heterozygous (Tt).

Bawk Cross

Cross of F/ hyorid with one of its PARENTS.

AR parent is homozyyous recessive, back cross

—

= ftest cross.

Uses
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th:/bﬂ'd Cross (9 .: 2 - 2 %

Cfos.'s fnvolw'nﬂ TWO pairs of confrasfmy traits.
FRound }/ellow (RRYY)  x wrinKled green ¢ rryy)
FI - all Reund Yellow (R¥y)

Se/-p/:/—'7:‘:'22‘7@/.'3/?’7/:3;'}/.‘/:'7/.

-

Y x Y 'Punneﬁ' (/?ryy x /?ryy)

’Y |\rrvY |RRYy | R | Ry

ﬁyf ﬁ’ﬁ’yy Ry Wry Reyy

f}/ ’?}jyf Wf?f Wff yffy

ry |Rry |Byy |Yoy oy

F{g. Jo-cell d:'hybﬂ'a' Ponnett square

& FPhernotypes (1 - 3 : =2 o\ /)
9 Round-Yellow . : 3 ﬁound-ﬁreen

3 wrinkled-Yellow — :  / wrinled-green.
Confirms demmmaree law of independent assortment.

P
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Mendel's Three Laws

law I - Law of Dominance

(é) Characters are controlled by units called FACTORS

(row called yene.{).

(b) Factors occur I(n pAaIrs.
() In dissimilar pair, ONVE Lactor dominates the other.

Law LI - Law of Segregation

Alleles do not show b/endfnﬂ; pboth characters

recouerec/ in F2 ﬂeneraﬂon.

Gametes are PURE - each carries only one allele.

Universal law - Brtg—Sommtioms ALWAYS troe.

Law IIL - Independent Assortment

When two pairs of traits are combined in a hybrfd,
segregation of ore pair is INMDEPENDENT of the other.
Explains 7 + 3 ¢+ 3 /[ ralios e c/f'hybn'o(.

Limitation - true only For geres on DIFFERENT

chromosomes (or +ar apart on same chromosome).

Why Mendel was right

(a) Used pure'breediny parents
(b) Prcked f'raf'rts controlled by SIM=LE gene

(c) Traits had cear dominance

(d) Genres werg on different chromosomes
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Incomplete Dominance

PHEAMOTYPE intermediate between

Hef‘erozyﬂofe shows
NMeither allele A//ly dominant.

the two homozyﬁ_ofes;

Snapdragon (Mirabilis Jjalapal
RR (fed) x rr (white) 7 F/ = Fr (PINK)
F7 = J Fed - 2 Bk L el (2 1)

.

C'renof'ype ratio = Phenofype ratio (ro maSKiny).

fed Pink White
5 RR e r

— Mode of Inrheritance

Neither allele is Fully domirant -7 blending.
hair  texture (c'urly 5 sf'ra::ghf'),

Other examples S

Hower colovr in Antirrhinum.

< r
R | RR R
r Rr rr
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Co-dominance & ABO Blood Groups

Co-dominance

BOTH alleles expressed independently in

heferozyﬁof'e (ro b/endfny).

ABO Blood Group (Karl Landsteiner)

— —

&ol T Ba: 2 gl - 2 oA, T B, i
& A and I 5 - CO-DOMINVANT

Both are DOMINANT over recessive |I.

Blood Grovp Table

Genotype FPhenotype Antigen Antibody

I A I A or I P A Anti-3

PBiE B oo T B4 B 3 Anti-

£ A I 3 A3 A + B NMone

i 0 Aore Anti-A 4+ Anti-B

Universal Donor / Recipient

0 - Universal donor - (no anf'{gen)

AB - Universal recipient (no anﬁbody)

Multiple Alleles
More than 2 alleles for same 'j‘éne in a population

any individual has only 2/

Scanned with CamScanner



Date : Page :

P le:bf'rogz & P olzgenic Lnheritance

Pleiotropy

OnE gene -7 MUILTIPLE phenotypic effects.
Ej._ Sickle-cell  anaermia gene (HoS)
-7 araemia (chronic)

-7 Joint pain

-7 spleen damaje

-7 resistance to malaria (he'-f”'erozyyof'es on/y.’)
Eﬁ. Phenyl%er‘onun’a CERU).: = mental ref'ardah'on,
reduced hair + suin p{gmenf‘aﬂon.

Poly‘qenic Inheritance
Trait cofaf'rolled by THREE OF Y= genes.

Each gene contributes addfﬁvely to phenof’ype.
.Eﬂ. Homan suin colour (3 gemes: A, B, C)
Allele combinations -7 continvum (uer7/ dar«

to very fair).

Other examples He{ghf', eye colour, wefght

very dar intermediate very Lair

; F,y Po."yyenr'c trait -7 bell-curve distribution
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Chromosomal Theory of- Inheritance

Sutton & Boveri (/702) - independently noted
that chromosome behavior in meiosis parallels :

Mendel's Hactor behavior.

Parallels

Chromosomes Genes /) Factors

In pairs In pairs

Seﬁm‘gare in  mesis Seﬂre‘gafe in gametes

Assort r'ndependenffy Independent assortment

One +rom each parent " One From ceach parent
,)k,

Verification - T. H. Morgan

Drosophila melanogaster used as model.

}/ellow body + white eye jmne_s -7 located on

X chromosome -7 Mo::gan's Sex-h'nv(ed discoveries.
NMobel FPrize /933.

hnmolo‘gous chromosomes

9 9

5] B

L]
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LinKage & /ecombination

L:'nKaQQ

(renes on the SAME chromosome tend to be inherited

foyef'her - do MNMOT assort fndependenﬂy.

/Morjan (/9/0) demonstrated h'rw(aje in Drosophila
yellow body (7/) + white eye () genes

always inherited f'oyef'her (orn X chromosomel.

Fecombination - Cros.sfnq Over
Linued genes can still FECOMBINE f'hroujh crossinﬁ
over in meiosis L (pachyf’ene of prophase‘.f).

Frezuency proportional to Femmeer DISTANMCE befween genes.

X <- Shiasma

Frequency = Distance

fecombination prezuency o= % recombinants in o@c_fpﬂ}’)ﬂ

/ % recombination = / cenﬁ?/Mortgan (1)

Used by Alfred .Sf'urf'euanf' tQ -mawe Hrst W GENETL

of Drosophila X chromoSOrne
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Sex Determination Mechanisms

(Genetic Methods

*

Type Female Male Examples

XXXV XX hid Humans, Drosophila
XX-XO. XX X0 : Grrasshopper, cowroach
ZZ- 2 2Zin 2Z Birds, buttertlies

22-20 20 ZZ Some insects

Honeybee - - Haplod:}:lo:kfy

Female (ZueEn L orker) = diploid (2n = 237
Male (drone) %  haploid (n = 16/

Males develop From untertilised e99s (partherogenesis).

Homan Sex Determination

94 gutosomes 1 2 sex chromosomes (XX or XV
/MALE (producef X or ¥ SPermS).-

Hei‘eroﬁamef'ic Sex =
Mother always ﬂfues . Lather determines Ssex.

Mother GI9+XX Father 99+XY

zz o \22+X 224X \22+V

Dauﬂhrcr Dauﬂhrer Son Son
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Sexfi» Linked Inheritance

Genes located on SEX chromosomes (X or Y.

Inheritance pattern differs +rom adtosomal.

X-Linked [Recessive
Males have only ONVE X -7 iF affcted allele present,

they DEFINITELY express disease (hemizyjous).
_Fémalesu are car}:‘ers n hef‘erozyjous State.
Examples - Haémophiim Colour blmdness

Duchenne muScular dy:frophy

H.f:iemophflch‘ ¢ ﬁosml Disease)

Defective clof'h'nj; Factor -7 ron-stop bleec/iny
From minor cuf'si.
- Famous case — Queen Victoria's deScendanf's.

errates= Males much more atfected.

Carrier mother x Normal Father
X b X s XV
= /'/"7’ X h X (carrier daughf'er)'
//’7’ XX (normal dauyhf'er)
//"/ X n ¥ (haemophllgc Son)r
‘/‘/‘7’ XY Lkt fan) ‘

|
Colour B lmdnes.s

F
|
{
|
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Mendelian Disorders

(1) Sickle Cell Andernia
Avtosomal recessive (Chr /; HoS allele).

Motation : Glo (6th aa of beta-globin) -7 Val
(GAG -7 C-rUGr; missense / point mutation)

R3Cs become SICKLE-shaped under low 02.
.Hgf-grozyyof'es (Ho 4 He S are CARRLERS, partial

resistance to malaria - pleiotropic etfect.

> ND@?C S“c «le

(2)  Phenyiketonuria (PKU) -

Autosomal recessive.

Defective péhenylalamhe hydroxylase -7 Phe pbuilds up

-7 phepylpymvafe. accumvulates -7 mental retarda

'( 3)  Thalassemia

Avtosomal reces'sfve defect in Synf'hesfs of alpha

or k::ef'a ﬂlobin chains.
alpha-thal on s+ Chr /o ; beta-thal on Chr //.

Cavses ANAEMIA - chronic, severe.
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Chromosomal Disorders

Due to mfssiny /) extra / abrormal chromosomes.

Cavsed by MON-DISTUAMCTION m in mMeiosis.

“Aneuploidy  vs  Polyploidy

Aneuploidy - loss / 9ain of CHROMOSONMES .
/Monosomy (2 /7, Trfsomy _(Zn + /)
Polyploidy - increase in cHROMOSOME SET

Triplofd (gn), Te'f'rap/ofd (‘7’n_) - compmion In plants

(a) Down's Syndrome

Trisooy 2/ = o0 2/

Slanting eyes (/Monﬁoh'an #old),‘ broad face, short
stature, palm crease, retarded mental development.
Ffm‘f’ described by Lanﬁdon Down (/566).

Risk =orestarsd= increases with mother's age (72c).

(o) Klinefelter's Syndrome
7 MMV Male wl:‘f'h extra X

Feminine traits, yynaecomasﬁa , Sterile.

(c) Turner's Syndrome

95, X0 - Female with only ore X
Short stature, webbed neck, no breast dev.,

rud:'menf'ary ovaries { sterile).
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Karyotype Trisomy 2/

Karyofype - oryanfsed dtkpiay of all chromosomes
of an individval in h%moloyous pairs.

Used to dmjnose chromosomal dt'.sorder.s.

I ISRl 1L 11 )

= & F & 7.

L n e

/6 7 % 9 20 ZH3Tr) 32

<j-- extra chr 2/ = Tr.v'somy

Other Trisomies

Trf.mnvy /3 - Patau syndrome \
Tﬂisorrv /¥ - Edward's .SyhdrOme

Both are very serfou_s; 1Cew Survive be70nd a vear.

~ Sex-Chromosome Anreuploidy

e Klinetelter (XXY), Turrer (XO), Triple X (XXX)
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Pedigree Analysis

Ped{gree chart - ﬁamily tree ShOwt'ny inheritance

of a trait fhrouyh multiple 9eneraflbn5.

SZmbols

‘)K‘

Male Female Aflected . Carrier

u O = ®

(Szua/e) (circle?

P ec/g'qree Conventions

Horizontal line between Szuare 4+ crcle = maﬁnﬁ

Vertical line below mah'nj = oﬁ@:prfhy
foman nrumerals (f, S RTES EFE) = ﬂeneraﬁons

Arabic numerals = individvuals in a 3enerah'on

Uses

(i) Trace ancestry of a trait

(i) Predict trait expression in future ofFspring
Girhd-Ld enf'f-lfy carriers

(iv)  Determine £ trait s dominant / rece.é:fue,

@

avtosomal / X - linked.

Grenetic Counselling
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fecap - Why Mendel was LucKy -

Mendel's 7 genes happened to fall on different .
chromosomes (or very 3y dpart) =- g lirw(aye

to spoil independenf' assortment ratio.

Modern View - Gene = DNA segment
Each Mendeliarn factor = a stretch of DA
(u.wally codfnﬁ for a sinyle protein / RAA).

Concepts Summary

Mendel's  experiment /861565
/?ed:'.scovery 1900 (de Vries, Correns, Tschermax)
Chromosomal theory Sutton + Bowvern /902
Lin«age Mo»:gan /970
Genetic map Sturtevant /9/32
DAA  structure Watson + Crie /943
Genetic code Wirenkberg + Khorana
Homan Genome Completed 2003
- ]
%

Indian Contributions

M. S. Swaminathan - Father of Green ﬁeuo/b'hbn
Har Gobind Khorana - cracv(ed je.neﬂc code
P. Maheshwari - émbryoloyflsf

Vasudev Sahni - paleobotanist
<

.
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Important Terms - Glossary

Allele

Locus
Homoiojous
Karyotype
Auvtosomes
Hgfero\gameﬂc
Homojameﬁc
Cro.ssfnﬁ over
Chiasma
Test cross
Back cross
Co-dominance
Plef'of'ropy
Pcf\/jem'c
Aneuplor'dy
Paly,olm'dy
Lethal 3enes
Epistasis
Fernetrance
Expre'ssa’uiry

.

altermate forms of a gene
Posiﬁbn of gene ory ¢hromosome
matching pair of chromosomes
ordered display of chromosomes
chromosomes other than sex {1=72)
proa’uces 2 types of ﬁamefes Xy
proa’uces / type (XX
exchange of 5ejmenr5
wisible point of wrossing over

X recessive hopoZygore

F1 X parent :

both alleles ex,o:*esszd .
one gere -7 many traits

one trait -7 many 3ene5

wron‘g number of chromosomes

extra Full sets of chromosomes

«ill orﬁam'.fm in homozygovs form

one gemne mMASKS another

& of carriers expressing trait

extent of expression

i meinsis-L
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Practice Problerns

Q/ Blood Groups
Father - AB ; Mother - 0. Possible children? -

= A 3D x =7 T A4y (Al ; i B 4d3
Children car _on'ly pbe A or '3/‘ NWEVER A3 or 0.

Q2  Carrier Mother

Haemophﬂfac Lather x carrier mother.

X ¥ e X X

Davghters : //2 X h X h (haemo) + //2 X h X (carr
Sons : 1])2 X k¥ (haemo) + 1/2 X ¥ (rnormal)

Q3 thybrid

AaBb % caablb -7 7

/ AaBe : /I Aaekb > ) aaBp ) aabb (1101

QY Siekle Cell

Both parents hef'erozyﬁous (Ho A Ho <7,

F/l ratie : / normal : 2 carriers & / ar')aemfc

ac P olyploid Plant:

Banana, watermelor - triploid (3n) seedless varieties.
Wheat - hexaploid (on).

Qe  Sex of Bee
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Lethal Alleles & Epi.sf'a.sfs .

Lethal Alleles

Genes that «ill the ofganf.cm

in homozygous form.
Example - yehlow body in mice (AY).

AY AY s embryo lethal

AY a 4 7/ello'w live mouse

a4 g black  live mouse

AY a x AY a -7 ratio = 2 7/ellbw s/ black (not 3:/

Epistasis
One gere mascs the expression of another gene.

Exampie - Albino (cc) masKs all coat colours.
Modified Mendelian c/ihybrid ratios

.

12 0% e (dominart epista sis)
2 -2 g (recessive epistasis) _
/5 - = (dominant- recessive) ’

Fc 7 ( dupl:'caf'e recessive)

Hybﬂ'd Vg'qou; (Heterosis)
F/ hybrid often shows traits SUPERLZOR +o either
parent (f'a/[er, healf'hief, more \/fe/d).

Ej. hybrid corn yfelds 2x parent yield.

Inbreeding Depression

Iepeated selhing -=> homozygosity -7 weax progeny.
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Motable Scentists -  Quick [Recap

Mendel (1822-59) 0 Laws of inheritance ; pea plants
Suf;on & Bouveri Chromosomal theory (/902)

T.H. Msrgan L;'no(aﬁe, Sex i:h%aye in Drosophila
Sturtevant Genetic mapping (/73

(Jarrool

Inborn errors of metabolism

Beadle & Tatum Ore gene - one emzyme (Meurospora)
Karl Landsteiner AB0 blood grovps (1900

Watson & Cricx Double-helie DA (/96°3)

Khorana C-reneh'é code (Mobel /968)
NMirenberg Cracked codon table
Hardy + Weinberﬂ : Population genetics (19087

I

Mumbers to [Remember

HUman_ chromosomes - 96 (99 + XX or 99 + X¥)
Mendel's pea traits - 7
Mon\ohybrfd F2 ratio - e
thybrid F2 ratio e
Test cross ratio W

Lncomplete dominance F2 - 127

Enc? of Chapter 4 "
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