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Crossing over

ytological basis of crossing over
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Blssen first detected the CHIASMATA in
Iblans
t evidence of crossing over was first obtained
D31
. Stern in Drosophila between genes for eye
or (carnation/ red) and eye shape (Bar/ normal)
y H. B. Creignton and B. McClintoc in Maize on
romosome no 9. The crossing over observed
)etween the genes for Kernel color (colored/
olorless) and types of carbohydrates in the
ernel (starchy/ waxy)




Morgan and Crossing Over

omes are long and contain many genes. To
idual genes re-shuffled, there needs to be a
Ism of recombining genes that are on the same
some. This mechanism is called “crossing over.
n proposed that the chiasmata visible on

osomes were regions of crossing over.




J(@88INng over occurs in prophase of meiosis 1,
MO8l the homologous chromosomes

pse”, which means to pair closely with
other. DNA strands from the two
mosomes are matched with each other.
result of crossing over can be seen in the
roscope as prophase continues, as X-
aped structures linking the homologues.

e genetic consequence of crossing over IS
at each chromosome that goes into a gamete is
combination of maternal and paternal
chromosomes.




Mechanism of crossing-over

5

Homologous
chromosomes

A
\/ Breakage and Reunion:

Chromatids crossing over exchange
complete

sell, iGenetics: Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.
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Significance of crossing over in

Plant Breeding:

Increases variability

ns to break linkages

Kes possible to construct chromosome maps




kage: Independent Assortm

Independent assortment: Two genes on
two different homologous pairs of chromosomes

Gametes




Linkage without Recombination

(b) Linkage between two genes on a single
pair of homologs: no exchange occurs
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4l Inkage with recombination
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(¢) Linkage between two genes on a single pair of

homologs: exchange occurs between tw
nonsister chromatids Lij nkage
,ﬁ - = g Nonsister WL
= - | = a
o e b — chromatids| Recombination
a R e b
Most Frequent four types of
\ gametes
A _ B A b
= il L m R B —- .
Noncrossover Crossover in two frequency
gamete gamete classes
- Gametes
a B a b
—  ——O - moneeOvm — Most Frequent
Crossover Noncrossover ——

gamete gamete




orences between crossing over and
linkage

Crossing over

Linkage

Is to separation of linked

It keeps the genes together

olves exchange of segments
een non-sister chromatids of
ologous chromosomes

It involves individual
chromosomes

e frequency of crossing over
an never exceed 50 %

The number of linkage groups
can never be more than haploid
chromosome number

It increases variability by forming
new gene combinations

It reduces variability

It provides equal frequency of
parental and recombinant types in
ast Cross progeny

It produces higher frequency of
parental types than recombinant
types in test cross progeny
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One crossover

(Can be between any
nonsister pair.)

Two crossovers

(Holding one crossover
constant and varying
the position of the
second produces four
equally frequent two-
crossover meioses.)
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0Ssing over can occur In three differe

Two-
strand
double
crossover

Three-
strand
doublile
crossover

Three-
strand
double
crossover

Four-
strand
double
crossover

8 o
16 50%




onfuse to frequency of crossing over with the
cy of crossover or recombinant chromosome.

No. of recombinant progeny from a test cross

f crossing over (%) =  —-----mmmmmm oo x 100
Total number of progeny

e IS no chromatid interference occur than the ratio of
Stranded to three stranded to four stranded double
5s over will be 1:2:1

equency of multiple crossover with an even no.

changes (yielding parental combination) will
pproximately equal to the frequency of multiple crossover
Ith an odd no. exchange (yielding recombinant
ombination) if considering any two non sister chromatids




Imum recombination between
two linked genes is 50%
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Interference:

rence of crossing over in one region of a chromosome
UNIVERSITY with its occurrence In t_he neighboring segment is known as
FEIREeIeIBINCe. |t may also be defined as the tendency of one

over to prevent another crossing over from occurring in

m interference was coined by Muller.

be positive or negative interference (Eg: Aspergillus,
riophages. )

effect of interference reduces as the distance from the first
bSing over increases.

2 intensity of interference may be estimated as coefficient of
erference.

officient of interference = 1 - coefficient of coincidence
Interference value between 0-1 = + ve Interference
In the absence of interference, coefficient of interference




Coincidence:

s ieretolll the occurrence of two or more distinct crossing overs at the

Empowering Copmnrypjtios

In the same region of a pair of homologous chromosomes and
It, a double cross over product is obtained. Coefficient of

ce Is estimated by using the formula:

Observed frequency of double cross over
lent of coincidence =
Expected frequency of double cross over

2 ratio between the observed and the expected frequencies of
ble crossovers is called coefficient of coincidence)
In the absence of interference, the Coefficient of coincidence will

De equal to 1.




Detection of Linkage

s the most common method of detecting the linkage. In this

e F, heterozygous at two loci (AB/ab) is crossed to a double
parent (ab/ab) and the phenotypic ratio of test cross progeny is
l. If the phenotypic ratio of test crosses progeny shows 1:1:1:1
arental and recombinant genotypes, it indicates absence of

If the frequency of parental types and recombinant types deviate
antly from the normal dihybrid test cross ratio of 1:1:1:1, it reveals
ce of linkage between two genes under study.

er way to detect the presence or absence of linkage is to self-

ate the individual heterozygous at two loci. If there is complete
Inance at each locus and no epistasis, the segregation ratio of the
geny will be 9:3:3:1. Presence of linkage either in coupling or repulsion
Ase will lead to significant deviation from 9:3:3:1 ratio. The deviation of
served values from the expected ratio is tested with the help of x? test.




Jetecting Linkage through
Testcrosses

] genes are used for mapping. They are
by looking for deviation from the

encies expected from independent
yrtment.

stcross (one parent iIs homozygous
essive) works well for analyzing linkage

f the alleles are not linked, and the second parent Is
heterozygous, all four possible combinations of traits
will be present in equal numbers in the progeny.

* A significant deviation in this ratio (more parental and
fewer recombinant types) indicates linkage.




Chromosome map

me maps can be prepared by genetical or
| methods

iIcal method: This is the general method and is
upon cross over data. The resulting map is the

je map.

age map (cross over map or genetical map) may
efined as a line on which the relative positions of

es proportional to the amount of crossing over between
M IS represented.

rule widely followed in plotting genes is that if genes A
d B are known to be linked and if a particular gene is
ound by experiment to be linked with gene A it must also
De linked with gene B. This principle follows from the fact
hat two linked genes are on the same chromosome. The
enes, which are linked together on the same

A AacArfmac Aarms ~allad avinntanir AN A




etic mapping of chromosomes is
2d on the following assumptions:

Centurion
UNIVERSITY
Shaping Lives...
Empowering Commpmitigs

2 genes are arranged in a linear order.
0ssing over Is due to breaks in the
hromatids

Crossing over occurs by chance and is at

random

. The percentage of crossing over between

o Andenec i€ N indev nf their dicetance anart




Map distance:

ation frequencies between the linked genes are
ed from appropriate testcrosses. These percent
les are used as map units for preparing linkage maps.

nit is that distance in a chromosome, which permits one
recombination (crossing over) between two linked

D unit is also called a centri-Morgan, after the name of the
tist Morgan, who first constructed the linkage map In
sophila.

s 5 % crossing over between genes A and B is taken to
2an that they are situated 5 map units of distance apart on the
me chromosome. If a third gene C with 7 % crossing over
atween A and C is included the relationship of linkage between
e three genes A, B and C is indicated as below:




Dse the correct one between these two alternatives, one
formation i.e. either the order of arrangement of the three
5 or the cross over value between B and C is required. Eg: If
ossover value between B and C is found to be 2 % by actual
Iments, the second arrangement is the correct one.




pat 1s a three point cross?

CSRRTESIIBINt cross refers to using 3 points (genes) to
UNIVERSITY '
TasteElic the order and distance between the genes.

Empowering Communities

hy are three point crosses
Important?

solving a three point cross you can determine two
portant things:

order of the genes on a chromosome.
determine the distance (in map units) between each
pair of genes.




tions for a Three Point Cross

notype of the organism must be heterozygous at
that will be used for the cross. Homozygous

ere must be a sufficient number of offspring produced
0 give a representative sample this is large enough to
et accurate results.




enclature in 3-pt crosses

alleles are represented by letters (s, v, w, Sc,

pe (non mutant) alleles are signified by a + sign.
ree alleles that are on a single chromosome are
en together.

+ v = two mutant alleles and one wildtype allele
+ + = all wildtype alleles

SCO- single crossover

DCO-double crosso
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