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Introduction

 Definition- The phenomenon of two or more genes affecting the expression of each other in various ways in the
development of a single character of an organism is known as gene interaction

» Most of the characters of living organisms are controlled/ influenced/ governed by a collaboration of several different
genes.

« Mendel and other workers assumed that characters are governed by single genes but later it was discovered that many
characters are governed by two or more genes.

« Such genes affect the development of concerned characters in various ways; this lead to the modification of the typical
dihybrid ratio (9:3:3:1) or trihybrid (27:9:9:9:3:3:3:1).

* In gene interaction, expression of one gene depends on expression (presence or absence) of another gene.
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Gene Interaction

1. Intragenic interaction
(i). Incomplete dominance
(i1). Co-dominance
(iii). Multiple alleles
(iv). Lethal genes

. Intergenic interaction
(i). Complementary genes
(ii). Supplementary genes
(iil). Epistasis
(iv). Duplicate genes
(v). Pleiotropic genes




Types of Gene Interactions
» Gene interactions can be classified as
a) Allelic/ non epistatic gene interaction - This type of interaction gives the classical ratio of 3:1 or 9:3:3:1

b) Non-allelic/ epistatic gene interaction- In this type of gene interaction genes located on same or
different chromosome interact with each other for their expression Discovery of non allelic gene interaction
has been made after Mendel and can be best understood by studying phenotypic trait of gene.
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Epistatic and Hypostatic gene

00 Epistatic gene - When a gene or locus which suppress or mask the phenotypic expression of another gene at
another locus such gene is know as epistatic gene. Epistatic is Greek term and meaning is standing up

[0 Hypostatic gene - The gene or locus which was suppressed by a epistatic gene was called hypostatic gene

GENE A: BLACK HAIR (EPISTATIC GENE): SUPPRESSES THE EXPRESSION OF GENE B

a = GREY HAIR

GENE B: BLUE EYE COLOR (HYPOSTATIC GENE) : CANNOT EXPRESS IN PRESENCE OF
GENE A; b=BLACK EYE COLOR

AaBb: BLACK HAIR/BLACK EYES

AaBB: BLACK HAIR/BLACK EYES
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Classification of epistatic gene interaction

« Epistatic gene interaction Gene is classified
as follow on the basis manner by which
concerned genes influence the expression of
each other

1. Supplementary gene action (9:3:4)
2. Complementary gene action (9:7)
3. Inhibitory gene action (13:3)

4. Duplicate gene interaction (15:1)
5. Masking gene action (12:3:1)

6. Polymeric gene action (9:6:1)
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DIHYBRID CROSS PHENOTYPIC: 9:3:3:]1

TOTAL=16



Supplementary gene action
* In supplementary gene interaction, the dominant
allele of one of two gene governing a character
produces phenotypic effect
« However dominant allele of the other gene
does not produce a phenotypic effect on its own.
« But when it is present with dominant allele of
the first gene it modifies the phenotypic effect
produced by that gene.
 For example development of agouty (gray) coat
color in mice.

Phenotypic ratio- 9 Agouti : 3 coloured : 4 Albino
Dominant allele- C produces Coloured phenotype
while dominant allele A produces no phenotype
(albino) but when dominant allele A present with C
It produces agouti (grey) phenotype
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Dominant allele- C produces Coloured phenotype while dominant allele A
produces no phenotype (albino) but when dominant allele A present with
C it produces agouti (grey) phenotype

Parents CCaa CCAA
Coloured Albino
Gamete € 1‘ &
F, CcAa
Selfing of F, Agoul:
Gametes CA Ca cA ca
CA CCAA CCAa CcAA CcAa
Agouti Agouti Agouti Agouti
CCAa CCaa CcAa Ccaa
F, Ca |agouti |Coloured| Agouti | Coloured
Generalion
CcAA CcAa CCAA ccAa
SA lagouti |Agouti |Abino |Aibino
CcAa Ccaa ccAa ccaa
Ca | Agouti Co‘omed{ Albino | Albino

Phenotypic ratio- 9 Agouti : 3 coloured : 4 Albino




Epistasis

AaCc

8

AaCc

AC Ac ac
AACC AaCC AACc AaCc
AC
AaCC aaCC AaCc aaCc
ac
Ac
ac
Genotypes

Agouti
9/16

1 Dlaanatisrmis ratisn

Black
3/16

e

Albino
4/16




Complementary gene interaction (9:7)

« If both gene loci have homozygous alleles and both of them produce identical phenotypes the F2 ratio become 9:7
instead 9:3:3:1

* In such case, the genotype aaBB, aaBb, Aabb, aabb produce one phenotype.

» Both dominant alleles when present together each other are called complementary genes and produce a different
phenotype.

In sweet pea Presence of genes CC, cc, PP and pp in homozygous condition produces no color (white) because expression
of chromogen doesn’t occur in homozygous condition while expression of chromogen occurs when these two genes present
In heterozygous condition
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In sweet pea Presence of genes CC, cc, PP and pp in homozygous condition
produces no color (white) because expression of chromogen doesn t occur in
homozygous condition while expression of chromogen occurs when these two

genes present in heterozygous condition

White White
Parents CCpp ccPP

Gametes 1@ X 1

Fy Generation CcPp

@ @' @ @

ccrPP CCPp CePP CcPp
L PLavLE UG ruRaeLn
PP

CCPp | cC CcPp Ccpp
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Complementary Gene Interaction (9:7 Ratio)

* Bateson and Punnett crossed two pure-breeding strains of white flowered sweet peas
* They found all the F1 were purple flowered; the F1 x F1 cross yielded 9/16 purple and 7/16

white flowered progeny

* They recognized that the two genes interact to produce the overall flower
color; when genes work in tandem to produce a single gene product, it
is called complementary gene interaction
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Complementary gene interaction occurs
when genes must act in tandem to
produce a phenotype. The wild-type action
from both genes is required to produce the
wild-type phenotype. Mutation of one or
both genes produce a mutant phenotype.

© 212 Seerwen Eaatun v

Example: sweet pea flower color
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Purple
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C P
Precursor | -+ Precursor Il — = Anthocyanin -»

c p
Precursor | L+ Precursor Il —=—» No plgment

c P
Precursor | = No precursor |l 1, No pigment

e P
Precursor | =+ No precursor i 0. No pigment

9:7
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e
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w16
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o Precursor | converts 1o precursor |l in presence of C

o Precursor |l converts to anthocyanin (which gives purple
color) in presence of P

o Genotype CP: purple phenotype



p ICCpp‘ X ccPP‘

[

CcPp X CcPp (Crossing 2 Fys)




Duplicate gene interaction

« When dominant allele of both gene loci produce the same phenotype without cumulative effect
* In that case the ratio becomes 15:1 instead of 9:3:3:1
* Duplicate gene interaction occurs in shepherds purse plant.

In shepherds purse plant seed capsule occurs in two shapes i.e. triangular and ovoid shapes. Ovoid shape seed capsule
occurs when both genes are present in homozygous recessive condition
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In shepherds purse plant seed capsule occurs in two shapes i.e. triangular
and ovoid shapes.
Ovoid shape seed capsule occurs when both genes are present in
homozygous recessive condition

Yﬂ.n@d&t Ovoid ?
P AABB y 20 bO
Gametes AB ab
F !nangu!ar TriangulatY
' AaBb X  AaBb
Male gametes
F AB Ab aB ab

AB YMBB YMBD YAaaa YAaab
Comate B YAABD YAAbb Yuao an
P e YAaaa YAaaa Yusa Yaaab
ab Yuao YA-w Ynaa ,ubb

thi Summary: 15/16 triangular, 1/16 ovoid




22.3 DEVIATION FROM MENDEL’S LAWS INCOMPLETE DOMINANC

In the four O’clock plant Mirabilis jalapa and Snapdragon or Antirrhinum law of
dominance does not hold good. Thus when a homozygous red flowered plant (RR)
is crossed to a homozygous white flowered plant (rr), all flowers in the F, are pink
while when F, plants are self pollinated, the phenotypic ratio in the next generation is
found tobe 1 :2: I.

Parents RR X rr

Gametes R.Rxrr

F, Rr Pink

F, I Red : 2 Pink : 1 White

I RR : 2 Re:: 1.1¢
You will find that the heterozygous (Rr) plants have an intermediate colour pink.

You must have also noticed that the genotypic ratio I RR : 2 Rr: I rr and phenotypic
ratio 1 Red : 2 Pink : 1 white are the same, thatis, 1 : 2 : 1.
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Lethal genes

Have you ever seen a yellow mouse? Probably not. The yellow coat colour in mice
is due to the presence of the gene (y) which is also responsible for killing the mouse
in homozygous (yy) condition at the zygotic stage indicating thereby that the mice

homozygons for dominant “Y" allele (that is, true breeding for yellow oat colour)
are never borne. Such a combination of genes (y) are termed lethal genes. and the
phenomenon is called lethality. Some lethal genes Kill an individual only in the
homozygous condition and are recessive lethals. .

Pleiotropy

While a gene may have multiple alleles and thus give multiple genotypes, one gene
may control several phenotypes. For example the recessive gene for white eye in
Drosophila when present in the homozygous condition affects several other features
such as wing shape and shape of abdomen. Thus, a white eyed Drosophila is also
born with vestigeal wings and curled abdomen.



o AABBCC: BLACK/NEGRO
o aablbcc: white/albino
o AaBbCc: intermediate
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Polygenic or quantitative inheritance

When a trait (feature or character) is controlled by a single gene representing an
allelic pair it is termed monogenic inheritance. However, many traits or features
are controlled by a number of different genes present at different loci on the same
chromosome or different chromosomes. For example, the height and skin colour
of humans and the kernel colour of wheat results from the combined effect of several
genes, none of which are singly dominant. Polygenes affecting a particular trait are
found on different locion many chromosomes. Each of these genes has equal
contribution and cumulative effect. Three to four genes contribute towards
formation of the pigment in the skin of humans. So there is a continuous variation
in skin colour from very fair to very dark. Such an inheritance controlled by many
genes having additive or cumulative effect in terms of expression of the phenotypic
character, is termed as quantitative inheritance or polygenic (poly meaning or
due to many genes) inheritance.



59 U favras (nEfa 9 @) U S gr e 2 © 9 39 Ushel AT S9inTta
(FMIFA) FEd €| 9gd 4 faviw (STHA M q40) qgd H FeM-2 WER F A
gr ffa 2 €1 3SR & 4R W A | &9 6 0 9 W F §H H O FE S
% T UWE F FROT Bl 2, 390 G FE 9 el TuE T8 21 U faeiees 1 genfad
FH 91 S (polygenes) SHFT UG § UF A g1 3 9 S FT FHA q9E
3= FE H TAE 9 SO ATEH Bl @) A @l % e o | 9 A =9n
ST ST Hedm Bia1 2| 31 = % U1 9gd Y 9 9gd oA & | Afates—
Ufad g1 81 5gd S g FEfa 39 YR 1 SR 61 A a9md A1 Sgei
(J5d ¥ SHl & FRO SOA) - SIME Fed B
R{R{R5R, X 111,171

\/

]l R)l")

NGIE




Nk,

I

| O : 4 TEW e ;6 e ;4 Tl el ;| %R

RiR;

Rll'p_ r|R2 N

RiR{RsR, RiRRyr; RirRyR, RirRorp
ol RIERA !Kfllail e !!Ellm !!ﬂ'm
RiRRor; RiRrpr; RiriRorp Ryrjror,

MU ATl T[cATsl UGIE HEMRIGIC]]
RirR;R, RirRyR, rriRyR; 1Ry

RIEEA !!Gl'al !!EHE" !!E||d| oohl !!(_'lldl
RirRyrp Ryryron rirRor [r0o0)

NEIEL

Rl T[Tl

B! T[Tl




Thank you



