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Introduction to Linkage

* “Tendency of genes to remain together in their
original combination during inheritance 1is called
linkage”

» The phenomenon of linkage was firstly reported by
Bateson and Punnet in 1906.

* T H Morgan put forth the theory of linkage and
concluded that coupling and repulsion were two phases

of single phenomenon, linkage.
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Chromosomal theory of inheritance

» Sutton and Boveri proposed the chromosomal
theory of inheritance.

* According to chromosome theory of inheritance,
it is well established that many genes are located in
each chromosome in a linear fashion.

« And all genes located in same chromosome
would move to same pole during cell division.

* As a consequence, such genes will fail to show
independent segregation and would tend to be

inherited together.
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Figure 3.3: Arrangement of linked and
unlinked genes on chromosome
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Why genetic linkage ?7?7?

“Because in organisms genes are far more in number than the

chromosomes, which implies that each chromosome contains many loci.”

example: humans
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No. of genes

Number of chromosomes

|3.234.83 Mb (Mega-

basepairs) per haploid
genome

6.469.66 Mb total (diploid).

1 M- 200HH) genes are
present

23 pairs (46 chromosomes)
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Types of Linkage

* Linkage is generally classified on the basis of three

criteria
(1) Crossing over
(i1)) Genes involved

(i11) Chromosomes involved

JgAUdl & PR
o JEAUAT BT ATHIR W dIF AFES] b YR

R giffed fpar ST §

i, SPIRAT 3flaR & STYR W
i, Ol QMHA &b YR TR
iii. UL QA b YR TR



Types of Linkage:
Based on Crossing over
Linkage may be classified into

a)

K/
0’0

complete and (b) incomplete / partial
linkage

Complete linkage: It is known in case of
males of Drosophila and females of
silkworms, where there 1is complete
absence of recombinant types due to
absence of crossing over.

Incomplete / partial linkage: If some
frequency of crossing over also occurs
between the linked genes, it is known as
incomplete / partial linkage. Incomplete
linkage has been observed in maize, pea,
Drosophila female and several other
organisms
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Figure 3.4: Cis-Trans arrangement of genes






Based on genes involved : Depending on whether all
dominant or some dominant and some recessive alleles
are linked together, linkage can be categorized into

¢ Coupling phase: Dominant alleles present on the
same chromosome and recessive alleles present on

same chromosome shows coupling phase

¢ Repulsion phase: Dominant alleles of some genes
are linked with recessive alleles of other genes on

same chromosome shows repulsion phase
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Based on chromosomes involved XHT W & STEMV GV

Based on the location of genes on the chromosomes, WW Si & T & YR W, eaddl $ Jufieg fobar

linkage is categorized into STl

% Autosomal linkage: It refers to linkage of those % ST EIVEEHIE” : Yg ST S P EIEEIFIEII.ﬁ Wﬁh
genes which are located in autosomes (other than RN § Sl ST (Yo hIHII & i) # U &

sex chromosomes).
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«* Allosomal linkage / sex linkage: It refers to
s s g X ATY (IR W X))

linkage of genes which are located in sex
chromosomes 1.e. either ‘X’ or ‘Y’ (generally ‘X”)



Characteristics of Linkage

1. Linkage involves two or more genes which are
located in same chromosome in a linear fashion.

i1. Linkage reduces variability.

1. Linkage may involve either dominant or
recessive alleles (coupling phase) or some
dominant and some recessive alleles (repulsion
phase).

iv. Linkage usually involves those genes which
are located close to each other.

v. The strength of linkage depends on the
distance between the linked genes. Lesser the
distance, higher the strength and vice versa.

vi. Linkage can be determined from test cross
progeny data.
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Linkage groups

» Linkage group refers to a group of genes
which are present in one chromosome. In other
words, all those genes which are located in one

* Chromosome constitute one linkage group.
The number of linkage groups is limited in each
individual. The maximum number of linkage
groups 1s equal to the haploid chromosome
number of an organism.

» Eg- For example there are ten linkage groups
in corn (2n = 20), seven in garden pea (2n =
14), seven in barley (2n =14), four in
Drosophila melanogaster (2n = 8) and 23 in
man (2n = 46).
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Detection of linkage

» Test cross is the most common method of
detecting the linkage. In this method, the F,
heterozygous at two loci (AB/ab) is crossed to a
double recessive parent (ab/ab) and the phenotypic
ratio of test cross progeny is examined.

» If the phenotypic ratio of test cross progeny
shows 1:1:1:1 ratio of parental and recombinant
genotypes, it indicates absence of linkage.

« If the frequency of parental types and
recombinant types deviate significantly from the
normal dihybrid test cross ratio of 1:1:1:1, it
reveals presence of linkage between two genes
under study.
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Gene Linkage & Recombination

E m

Two genes are linked as shown here
e AN

The genes are far apart such that crossing-over between the alleles occurs
occasionally. Which statement is true of the gametes?

A, All of the gametes will be Em and eM
B. There will be equal numbers of EM, EM, eM and em

C. There will be approximately equal numbers of EM and eM gametes

\.D.JThere will be more Em gametes than em gametes
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Complete vs. Incomplete Linkage
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P gametes

F, genaration

Key = GgRr 7 ggr = Gor
G = gray body gray body black body black body black body gray body
g :‘;‘;‘;‘:‘-‘-‘Y red eyes purple eyes purple eyes red eyes purple eyes
r = purple eyes 50% 50% 47% 3% 3%
a. b.
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