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m INTRODUCTION |
- It is universally accepted  that
\_chromosomes. During cell divisim::l C?fht
unit. It may, therefore, be expecte tha , .
chromosome would move together to thc'same polc' durmgdCCH
division. As a consequence, such gencs fail to s'how independent
segregation and would to be inherited together. Tl.“s P hefmmenon of
in\ﬁe;itance of genes together and to retalfl their Parental
combination even in the offsprings is known as linkage. The genes
located in the same chromosome and being inherited together are
known as linked genes. The characters controlled by these genes are

" called linked characters.

'- The tendency of two or more genes to stay together during
" inheritance is known as linkage. Linked genes do not show

independent segragation. As a consequence, the dihybrid ratios
obtained in F, and test - cross generations are significantly different

from the expected ratios of 9:3:3:1and 1:1:1: 1 respectively. The
parental character combinations appear in much higher frequency
than the recombinant phenotypes.

The difference between linkage and independent assortment
could be understood by the following two examples :

. Example (1) : Genes located on different chromosomes assort
independently givinga1:1:1: 1 test cross progeny.

AABB x aabb
OO

AaBb

- genes are Jocated in
chromosome behaves as a
genes located in the same
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- Aa Bb scaa bb

Tt (1 (,\m (ADb) (aB) (ab) (ab)

\'-\‘.m“i‘“"‘ \a B Aa by :aa Bb ran (518

" | % o : .

!
[inked genes do not assort independently but
%) ¢ Lnkeu Jxree lamblows #@ sy were in the
Bramp e " -l ¢ in the same combination as t.Iu_},l wx,;,«. ‘Hll}‘u(
! Ly oether \ R— o the slash line
y remam tog! ing o\i\lnplc; the genes left l It " th
nosome ¢ '

{\"\\l: {
parents
(/) arc !
homolagous chrom

on one chror
0s0MC.

AB/AB x ab/ab

Parents :
® |

Fy: AB/ab

Test Cross : AB/ab x ab/ab

Gametes:  (AB) (ab) X (ab)

F, . AB/ab ab/ab
1 : 1

mlscovmw OF LINKAGE

The theory of linkage was proposeded byT.H. Morgan in 1'911.
But, its existence was predicted even before that and was described
below under different names :

1. Suttons Hypothesis : Sutton /1903) suggested that cach
chromosome bears more than one gene and ail the genes situated in
one chromqsome arc inherited together in the offsprings. This
theory provideds a physical basis for heredity.

o ~ . Y « 7 . -
" 2 (oup!mg and Repulsion Hypothesis : The phenomenon of
inkage was first observed by Bateson and Punnet ir

lant. They f n 1906 in pca
ANt e 2l ; S e ¥ : '
P 'y tormulated the hypothesis of 'coupling and repulsion

to explai Y€ ; 3 ’
Plain the unexpected Fy results of a dihybrid cross in peas,
i. i 1 * Y i -
homoz) Coupling phase : Bateson and Punnet (1906) crossed -
for blli;g/ons e pea (Lathyrus oderatus) having dominant allelc-
e/purple flowers (BB) and lono Hag-acnant atr
another homoy v : ong polien grains {LL) with
o 1'0.un1 oi/.l.ygous double recessive plant (bb i) with red flo
d pollen grains. All the | ~per (00 1) with red fos
0. 1e l< . : .
pollen (BL/ b1y, fe £y offspring show

‘el

showed blue and long
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hybrid was

sriment, the F 4 l
"L/l”/l)L/b ll‘\' equa
( est crossed with the
F, offsprin

According to law of independent asse
N N
expected to produce four types of gamets

number,  Further when the Fy hybrid was (
len (b1/b1), th»

recessive parent (red and round po i,
| o J11:1:1
sho'ved a test cross ratioof 7: 1157 instead of normal
ratio. ;
Parents  w-—=  Blue, Long X Red, Ro;m
BL/BI. bl/b
; lue, Lon
F, Hybrid — B ‘.'5L bl &
' . % Red, Round
Test cross : , Bl%:/l:]ng bl/bl
@@@ ©
=
BL/bl Bi/bl bL/bl bl/bl
Test cross : Blue, long Blue, Round Red, Long Réd, Round
progeny : 7 1 1 7
The above results indicate that, the parentai phenotypes

(Blue, Long and Red, Round) are in greater proportion then the non -
parental phenotypes (Blue, Round and Red, Long). This shows that
the gametes with genes BL and bl are more common. Tliis iendenicy
of the alleles coming from the same parent to enter the same gamete
and to inherit together was fermed as gametic coupling by Bateson
and Punnett. ' T
(ii) Repulsion Phase : Later, Bateon and Punnet made another
cross which involved the same characters but in a different
combination. A pea glant bearing blue flowers and round potlen
fgxl\/m)oi‘f:;\s (;T/Zid “;ﬁh another pea plant having red fiower and
&P /bL). The F, hybrids were found to be heteroz, gous
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The F, hybrid when test crossed with recessive

“plue, long (BI/OL): ssed
I‘;;'t{‘n pfn‘n! the test Cross progeny appeared in 1 :7 :7 : 1 ratio
/ b l- '

1:1:1:1 ratio.

instead of 1
dlue, Round  x Red, Long
Parents =% 1 Iucl; y glm /oL
. Blue, Long
F, Hybnd s— Bi/bL
| . Lon x  Red, Round
Test cross : Bhg/bl. & b1/bl

Gametes . @h@/ @
| ==

BL/bl Bl/bl bL/bl bl/bl

Tost cross : Blue, long Blue, Round Red, Long Red, Round
Progeny:  1/16 7/16 7/16 1/16

The above results show that the two dominant alleles (B and
L) or recessive alleles (b and 1) repelled each other because they
came from different parents. The gametes with genotypes Pland bl
were formed in more number. Hence, the Blue, Rou:id and Red, Long
plants were produced in more number. This peculiarity was called
Repulsion by them. _
Bateson and Punnett could not give the exact ress-cns fo:
-coupling and repulsion. It was MORGAN in 17217, who discovered
that coupling and repulsion are essentiali the two aspects of the
same phenomenon called Linkage. The torrms (75 and Trans wers
coined later (Haldane, 1942), for coupling and repaision.
'3- Morgan's concept of i.inkage : T.H. Morgan (1910} while
- working on Drosophila found that coupling or repulsion was not
COmp!ete. He further suggested that the two genes are found in
coupling phase or in repulsion phase, becatise they are present on the
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-t e+ homologous
S:“\\'\ Ci-‘“.\‘}n\(",‘so‘ﬂ‘l(‘ (&‘OHP."”'\} or On !\\”.) dl[t(((‘;:“k('d (r(’”\’fg_’g'_‘d
A e ! ] 9 Apd (' lL‘ > 0" )

chromosomes (Repulsion). Such genes art Ul. is called linkage by
the phenomenon of inheritance of linked genes 1= =
Morgan,

. - \ tendency of li.nked gen§5

Morgan further stated that th, - due to thetr location in
remaining together in original comhinah.on 115 degree OF strength of
the same chromosome. According to o ;ltehe linked genes in the
linkage depends upon the distance betwee

. developed the
. the linkage )
chromosome. Morgans concept about 5 (e chromosome. This

theory of linear arrangement of genes P of - emetic or inkage

helpea the cytogeneticists in the construc

maps of cgrhomosomes; o : . Morgan antd Ctisattle have
e e i . It states :

formulated the Chromosome Theory of Linkage et herted
i) Genes located in the same chromo

d show linkage- T ion i
togemzz)a;\hes o ed genes are arranged in 2 linear fashion in the

duom?isi?)m'l?l;edegree of linkage is determined by the distance bet-
ween the two genes. Linkage strength is inversely proportional to

" the distance between the two genes. Closely relatedliici(r\es show
' strong linkage, while genes widely located show weakl, kage. |

(iv) Linked genes show two types of arrangement In
heterozygous individuals :

(a);gCis - arrangetnent : The dominant genes of both the pairs

(A and B) are located in one member of the chromosome pair and

their recessive alleles (a and b) are located in the other chromosome

of the pair. This arrangement is known as Cis - arrangement

(AB/ab). The heterozygotes with such arrangement are known as

Cis - heterozygotes. In such cases, the genes are said to be in coupling
phase. ‘

T (D
QOO O O>

- Cis - heterozygote

iy | Trans - heterozygote
Fig. 4-1: Cis-Trans arangement of genes
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' (b) Trans apvangement t The dominant gene of one pair Snr\
are located on one chromosome. Th-n

o of othet pair
first pair and the dominant gene of the second

seond chromosome pair (Ab/aB). This

and one recessive gene in the same

{ o the homologous pair is know as trans - arrangement
» 1

svpotes with such arrangement are called trans -
{ the heter ;:\}1:&1\ case, the genes show repulsion.

R‘ Linkage groups All 'l.hc genes which are l%cate;llpnkthe
5. LINEER. e constitute a finkage group. The number o mage
omosome ¢¢ al to the haploid chromosome number of

4 species, is equ of
‘ }This ;s pecause, the homologous chromosomes sho

essive gen
e Of the
Wi are ated 1IN the 8¢
AN . '
nnm‘nwnl of one dnmn\m\l
Arrany,

the N
wsive Bt

PO
v o

!u'h'm::luqnh‘s.

same chr
groups of
that species.
. dentical genes:

Examples : |

1. Drosophila has 4 pairs of chromosomes and 4 linkage
groups. |

¢ chromosomes and 23 linkage groups:

5. Man has 23 pairs 0
3, Corn (Zea mays) has 10 pai
10 linkage groupe:

rs of chromosomes and show

KINDS OF LINKAGE
Linkage is of two types. They are : (i) Complete and

(ii) Incomplete linkage, depending upon the absence or presence of
non - parental (recombinant) combinations of linked genes in the test

cross progeny.

Complete Linkage :

It is the phenomenon in which linked genes are transmitted
together to the offsprings only in their original or parental
combination for two or more gencrations. In this case, the linked
genes are closely associated and do not separate to form the new oOr
non - parental comb:nations. As a result, only parental character
combinations are recovered in test Cross progeny-

Complete linkage is a very rare phenomenon. According to
?R}(DSE all the genes of male Drosophila remain completelv
inked. '

~

. Example : Complete linkage in Male Drosophila
osophila, grev body colour is dominant (B} over black colo:

ana ! urinere WD P . 5 ¥ 1ck colov

a fong winge V) is dominapt over vestiglal Wings (v). Whe

i
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