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CONSTRUCTION OF
GENETIC MAPS
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oy .The umber of genes usually exceeds the number of
1

: ChromOSOmCS in a species, 5o many genes will be located in the
omosome.

discovery of the phenomenon of linkage and crossing over
han established the following facts,

same I
). The genes are arranged in a linear order in a chromosome,
All the genes present in a chromosome inherit together and
{orm one linkage group.
4. The number of linkage groups correspond to the number of
chromosome pairs i.e. gametic number e.g. 4 in Drosophila.

5. The linked genes are bccasionally separated from‘ the members
of their linkage group by crossing over.

6. The frequency of recombination or crossing over between two

| genes depends upon the distance between them. Closely

r placed genes will have less chances of crossing over.

' 7. Each gene has a specific order and location in a linkage group

! of chromosome.

Based upon the above observations STURTEVANT (1913), a
* student of MORGAN developed the idea that the percentage of
crossing over could be used as a tool to determine the relative
positions of genes in chromosomes. Working on this concept, he
{_ emerged with the first chromosome map of Drosophila. This

showed the positions of five genes on the X - chromos?me of
- Drosophila. These five genes were for yellow body (Y), wl‘ute eyes
k (W), vermilon eyes (V), miniature wings (m) and forked bristles (f).
.
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Known as chromosome map or genetic map. '
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Fig. 61 : Linkage maps of four different chromosomes of D'sofﬁgs
showing alignment of different genes on the four chromo
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CONSTRUCTION OF GENETIC MAPS

‘ DEFINITION

The graphic representation of relative distance between
jinked genes of a chromosome is called linkage or genetic map of

osome. The genes are represented by points on a single straight
jline in the same order in which they are normally present in the
chromosome.  In sqch a representation, the distance betwee
,,eigthOl'ing genes is propqrtional to the fre
(%) between them. The‘gmts used in the mapping are called map
units or Cnti Morgan units (CM). A map unit is that distance in a

chromosome which permits one percent of recombination among two
linked genes. The map unit is an imaginary distance and it does not
represent the actual distance between linked genes in the

chromosome. Therefore, a map unit does not have a unit of
measurement e.g. A%, i etc. '

E:ONSTRUCTION OF CHROMOSOME MAPS

The entire process o
following steps.

Determination of Linkage groups :

Before starting the genetic mapping of a chremosome of a
species, we have to know the exact number of chromosomes present in
that species. Then, we have to determine the total number of genes
of that species by making hybridization experiments between wild
(original) and mutant strains. Linkage groups of the species have to
be worked out by studying the percent cross over.

The number of different linkage groups in a species, is as a rule,
€qual to its gametic chromosome number. For example, the number of
linkage groups in Drosophila melanogaster is 4, in barley it is 7, in
maize it is 10, while in man it is 23.

Determination of Map distance :

After knowing the total number of genes in each linkage group,
the relative distances between each linked gene have to be
€alculated. This distance is calculated according to the percer?tage
of €rossing over, because cross over frequency is dlrf:ctly proportional
. 1o distances between the genes. For example, if the percen'ta%S
\ €10ssing over is 10%, the map distance between two linked genes is

201

n two
quency of recombination

f chromosome mapping includes the
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The tﬂtal n"ap dig!ahce hetween two goﬁ(‘s Of a ‘!T‘\Kc”.g() oy,

may exceed 50 or even 100. But it does not mean that they . P
show more than 50% recombination. The frequency O_f recoml-’iﬁat:.-'.:
between two linked genes can not exceed 307> which is the freq,, "
in case of independent segregation. There is a 1:] corresponden,.
between map distance and the observed recombination frequency.,
20 map units. But, there is a progressive decline in the frequenc, &
observed recombination for every additional map unit distan,,
beyond 20 map units. . )

Two genes belonging to the same€ ll.nkage §TOUp are gy,
syntemic. Such genes may show linkage or independent Segregatiy,
depending on the distance between them.

Determination of gene order:
ative distances between the gene .

After determining the rel _ ;
lace genes in their proper lineay

a linkage group, it becomes easy top
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C c
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coNsTRUCTIQH OF CENETIC MAPS |
B o cr <09
eder. For example, if there are three pene:
; _ g
‘ﬂﬂc chromosome (i.e. these are linked), ¢
S¢ . 4
R any one of the followi selane +
be Png(,nl in any o ik ().Il(,nvm;; orders, These are A~ B . ¢ A
. porB-A-C ltisobvious that in one case B is present A !i
Thile i > - casoe - HB present in the
middle, W hile in the other cases C and A ar0 present in the mi ; HI'
" . - " & ’ s L | . ( »
rherefore, N finding out the linear order, we have to find m',,”u
e : . ‘ - nave out the
cone whuh. is prsscnl}n..\ }l‘h'e centre. For thisg purpose, a three point
test - CrOss 15 Made, WICh involves crossing of a trikiybrid ABC /b
ined from a cross ABC/ABC x ab } with ety i
(obtar <abc/abc) with triple }'u_n‘rlo'/,y;;ou';

cecessive parent abe/abe. The progany obtained vl v oot
gametes formed by the hybrid. &eny obtained will represent the

g A
v A, B oand ¢ present in the

N these three
e three genes man

Presuming A - B-Cas the order of genes, results expected can
be diagrammatl.cally represented as in Figure 6.2, The hypothetical
frequencies of eight types of progrenics are listed in the Table belov.

Table 6-1: Hypothetical frequenics of different

gene types and
phenotypes obtained in a cross P

_——state of Crossing over Genotype Phenotype Frequency-
1. Non - cross over ABC/abc ABC 37
abc/abc abc 38
2. Crossing over (A-B) Abc/abc Abc 12
| aBC/abc aBC 8
3. Crossing over (B—-C) | ABc/abc AEBc 28
abC/abc abC 12
4. Double crossing over | AbC/abc AbC 0-6
(A-B) & (B-C) aBc/abc aBc 04
Total 100

Crossing over (A -B) =12+ 8 + 0:6 + 04 =21%
Crossing over (B —C) =28 + 12+ 0-6 + 04 = 5%
Crossing over (A-C)=12+8+ 28 +12=24%

In this case, recombination value A - C (24%) is close to (A - B)
+(B-C)=21 - = 26%. Therefore, B should be located between A
and B. The slight difference between the two total individuals and
the third value is due to the fact that in the third value (A - C)

ﬁuble cross - overs are not included.
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D] 1 inkage Map :

We can now map the genes A B and o 4, 444 order /
the distance of 21 and 5 map units, res pectively

A 2 I " (
| |

Fig. 6:3 : A linkage map of the genes A, i s
1[} Coefficient of Coincidence :

Double cross overs are produced by two simultaneey. Cren,
overs one ecach on either side of the gene (B) located h""w(-,,.; ity
genes (e.g. Between A and B and between B and C), 1f the (fﬂj'(’;’$y;,,
crossing over in the two regions (e.g. between the genes 4 "M';',' r f,,
between B and C genes) were independent of each (’th(-; and
frequency of double cross overs will be the product of the g o *f
of crossing overs in the two regions. The independence Cr;;'-(z(,‘.
over in the two regions means that, the occurence of Crossing ()';;f:i:{
one region -does not affect the chance of its occurence i the (; iy
region. Therefore, the expected frequency of double cross gye, rnafnf'
estimated from the data of Table - 6.1 as follows Joe

Vit

Frequency (%) of crossing over between A and B (=u)=2
Frequency (%) of crossing over between Band C (= ) =5
The Expected frequency (%) cf double cross overs = ¢y B/1m
=(21x5)/100
=1-05%
The actual frequency of double cross overs is = 1%. The

between the observed and the expected frequencies of double oz
over is called coefficient of coincidence. Thus,

Coefficinet of Coincidence

_ Observed frequenc 7 of double cross over
~ Expected frequency of double cross over

. -
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This value indicates the degree of T
- ved and the expected fl‘cql.let.\c:ieg
ﬁ\dicatcs the strength of interference
complete (1:0) no (‘ioublc Cross over w
comes zero. - On the othe

rhand .
be . @ When jnerf
(becomes less than 1) coincidence inc '

Ordiﬂi“’ﬂy vary between 0 ang L

Coefficiency of Interference .

agreement betwe

'y en the
Of double ¢ -

v )SS Overs, It also
CoVheNn the ineas ‘
il ; the Mterference 5
1 e obseryeq. and coincidence
erence decre

ases
C(‘)mcidence v

reases, al
dlues

_ S OVer to reduce the

cross over in the vicinity is calleq interference, This ph

was discovered by Muller in 1917 ASHEE ko
The degree of interference ma

greatest over a distance and decrea

interference is inversely proportio

neighbouring points of Crossing over. The intensity of interference |

may be estimated as coefficient of interference, which is equal to one
minus the coefficient of coincidence,

Y vary in different regions. It is
Ses as the distance increases i.e.,
nal to the distance between the

Coefficient of interference = Coefficient of Coincidence
=1-095=005 |
And coefficient of interference (%) = 0-05 x 100 = 5%

m TWO - POINT TEST CROSS

The percentage of crossing over between two linked genes is
calculated by test cross, in which an F, dihybrid is crossed with a
double recessive parent (Aa Bb x aa bb). Such a test cross is called
tWo point test cross, because it involves crossing over at two points.

The distance between two genes can be calculated by taking
the example of Maize. When a maize plant with seeds having
colour and full endosperm (CSh/CSh) with another plant having
Tecessive alleles for shrunken colourless and seeds (csh/csh), all the

l Fy hybrids produced coloured and full seeds (CSh/csh). When F;

J )
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femate Wyvbrids are test cronted with (’rml:ll- re Pay..
’ i se arc -
{vuhy /e h), fovar “ 1”“' of soeds are ".fuv’llt od . fheoe ar
. . 964 of the
Coloueed, full (CSh/csh) — A0} il offeor:
. ' / _ 5 total ';ff‘,',r}—'
Coloutiess, shrunken (csh/csh) — 4025 s
¢ ') {’! (4 | ”,r
Coloured, shrunken (Csh/csh) — 149 } total ’: .
- > f 'S ./: ( Il’ Drir
Colourless, full (¢Sh/csh) e B l ) "WL-?'
———
Total 8365
i

From the test cross data, it becomes clear that the ger.. c
Sh were located in the same chromosome znd zre linked ¢ e
Only 3-6% individuals were obtained due to crossing over ;.J:‘" e
the genes C and Sh. Since, the percentage of crossing over ind: ,
the relative distance between the linked genes, we czq deter, .“,
the distance between the genes C and Sh to be 26 centi ), {,-%;

map units. Thus, we may draw a genefic mzp of thz sy
chromosome in which these genes are located 2s -

\\‘

Fad
.y

C Sh
I |
| 36units |

ETHREE - POINT TEST CROSS

A three point test cross or trihybrid test cross 6, ves 1
information regarding the relative distances between three
genes. It also shows in the linear order in which these .
present in the chromosome.

-
=
-

"

p.
B &7

uﬂ

The preparation of a linkage map czn be explained by i
an example from maize involving three endosperm characiers

Dominant Recessive
(i) Coloured aleurone (C) ... Colourless aleurone &
(ii) Ful endosperm (Sh) ~~ ...... mm@aﬁ
(iii) Starch endosperm (Wx) ... Waxy endosper™ )

T > s 1 .
*he cross made by Hutchinsm (1922) is shown below -

a
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A test - cross for the three
maize yield eight types
recessive parent (c sh wx/c
recessive alleles ¢ sh and .
of test cross progeny. Two of the €ig ty

ON OF GENETi-~ - *
ION OF GENETIC mapg | P—
s ¢ Coah W /C wh Wy . | - L 207
parent o X CSh /gy,
H)l\‘lllll‘lL,'_h'““l‘.”; M Wi
non waxy colony)y 5, full,
\l Wa “ y
—~ b
\;‘n\h‘\\“‘f H k‘ | h W X ) ( ¢ f.’l-‘ Wx )
!
¢, Hybrid . Csh Wx/c 5h wy
. Coloured, Shrunken, Waxy
Tost (1088 C sh Wx/c Shwx cshwx/c sh w
coloured, ln;l, N100 Waxy colourless, shrunken, Wz‘m"/
Q gametes ¢ gametes cshwx mf;;;;en}"“
C sh Wx C sh Wx/c sh wx
non coloured, shrunken, non Waxy 2538
> crossing 5246
over cShwx | € Sh wx/c shavx
Colourless, full, Waxy 2798
C Sh
‘ C Shwy . wx/c shwx e
single coloured, full, waxy
Cross over 229
> I ¢ sh Wx/c Sh wx
(C - sh) ¢ sh Wx 13
colourless, shrunken, non waxy
C sh Wx/c sh wx ,
Single C sh Wx 601
crog’s T coloured, shrunken, waxy . } -
(sh = Wx) ShW ¢ Sh Wx /csh Wx 626
¢ X | Colourless, full, non waxy
CSh Wx /csh wx 4
_s Prootlbb :)Cvcr Go Wx coloured, full non waxy } 6
(C =sh), ¢ sh wx/c shwx 2
(¢ = Wx) cshwx | lourless, shrnnken waxy
Total {6,708

of gametes

wx, and show no €

linked genes €.g. ¢ sh and WX iln
and pheonotopes. The. tt}r‘q:he
; butes gametes only with the
B ff:ct on the phenotypes

pes of progeny (e.g. Csh Wx
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and ¢ Shwy) are the most {requent and l‘l‘l"_i‘svnt the Pam. 'Q&\
1§§~\\\111~i1\.\)\l types; while two others (e.p C Sh Wy and . "'-\l ol
the least frequent and are duul\lv. CrOss overs, The “"“\"“;“"\'x)"”
types are produced by single crossing overs between g, ﬂuj 8 oy
genes. Therefore, »
\ Frequency (%) of crossing over between C and s
" ,
- ngo:;b X100 = 3-5%

Erequency (%) of crossing over between sh and Wi

1227 + 6
=708 x 100 = 184%

Frequency (%) of crossing over between C and Wy

229 + 1227
=708 x 100 = 2179,

In this case, recombination value of C - Wy (21:7%) i
the recombination value of (C - sh) + (sh - Wx) = 3.5 ;. 184 ‘close b
This shows that ‘sh’ gene is present between C and Wy, On &121991‘.
~ of the above values, the linkage map of genes C, sh anq wxeba&
shown as below. Can by

C sh Wx
| 35 | 184 |
| | |

Fig. 6-4 : A linkage map of the genes C, sh and Wx of Maiza

Questions

1. Give a brief account of the procedure used in preparing 2
chromosome map with the help of three point test cross,

. Ina three - points test cross (ABC/abc x abc/abc) the following
progeny in obtained.
ABC abc . aBc AbC ABc abC aBc Abe
220 240 9 104 138 142 12 8 =

Find out the correct linear order of genes and calculate thems
distance values.

3. Write short notes on -

(a) Chromosome or genetic maps
(b) Two - point test cross

(¢) Interference and Coincidence.

4
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