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MULTIPLE ALLELES 
 

 Allele is a shorter term than allelomorph (another form) is the alternate form of gene. 

Many genes have two alternate forms but several other have more than two alternate forms. 

More than two alleles at the same locus give rise to a multiple allelic series. Multiple alleles can 

be defined as a series of forms of a gene situated at the same locus of homologous 

chromosomes. According to Mendel, each gene had two alternate forms or allele morphs are 

being dominant and the other being recessive. Dominant being the wild type from which 

recessive mutant was evolved through mutation. Likewise, a wild type can mutate in many ways 

and produce many mutant forms and a mutant can again undergo another mutation and give 

rise to a new mutant.  Hence, a gene can exist in more than two allelomorphs. Usually wild type 

allele is dominant over its recessive allele. wild allele is represented as + . 

Multiple alleles can be defined as a  

 series of forms of a gene  

 situated at the same locus of homologous chromosomes  

 affecting same character.   

Multiple alleles are  

 different forms of the same gene  

 that is the sequence  of the bases is slightly different in the genes located on the same 

place of the chromosome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Multiple alleles are alternative states at the same locus. Remember: each individual will 

only have two alleles for a trait but there are several alleles to choose from.) The classical 

example for multiple alleles is human blood group self incompatibility in tobacco, coat colour in 

rabbit, self incompatability genes in brassica. 

The number of possible genotypes in a series of multiple alleles is  ½ n (n+1) 

   n = no of alleles 

 Di-allelic genes can generate 3 genotypes. 

 Genes with 3 alleles can generate 6 genotypes.  

 Genes with 4 alleles can generate 10 genotypes.  

 Genes with 8 alleles can generate 36 genotypes 

Important features of multiple alleles 
1) Multiple alleles always belong to the same locus and one allele is present at a locus at a time 

in a chromosome 

2) Multiple alleles always control the same character of an individual 

3) Wild type allele is dominant over other alleles  

4) There is no crossing over in the multiple alleles 

5) In a series of mutiple alleles wild type is always dominant 

6) When two mutant types are crossed wild form cannot be recovered 

7) The cross between two mutant alleles will always produce mutant phenotype. Examples of 

multiple alleles are 1) fur colour in a rabbit, 2) ABO blood group in man 3) Wing type in 

drosophila 4) Eye colour in drosophila etc. Fur colour in Rabbit. In rabbit, three alternate forms 

of genes, which controls coat colour. C causes wild type and its alleles.  

 
Skin colour in rabbit 
 In rabbits, four kinds of skin colour are known. 

 

 
CC, Ccch, Cch, Cca   -  Agouti (wild type) 

cch, cch, cchch, cchc   -  Chinchilla (salivary grey hair) 



ch ch, ch c             -  Himalayan (white except black feet nose ear tail) 

cc   -  Albino (complete white). 

Agouti 
 This has full colour and is also known as wild type. This colour is dominant over all the 

remaining colour and produces agouti colour in F1 and 3:1 ratio in F2 when crossed with any of 

the other three colours in rabbits. C represents this colour. 

Chinchilla 
 This is lighter than agouti. This colour is dominant over Himalayan and albino and 

produces chinchilla in F1 and 3:1 ratio in F2 when crossed either Himalayan or albino. This is 

represented by cch.  

Himalayan 
 The main body is white while the tips of ear, feet, tail and snout are coloured. This colour 

is dominant over albino and produces 3:1 ratio in F2 when crossed with albino. This is 

represented by ch .  
Albino 
 This has pure white fur colour and is recessive to all other types. This is represented by 

c. Thus the order of dominance for fur colour in rabbits can be represented as follows.  

 Agouti   Chinchilla   Himalayan   Albino 

   (C)     (cch)        (ch)      (c) 

ABO Blood group in man. 
Antibody 
 Antibody is a type of protein, which is commonly referred to as immunoglobin. It is 

usually found in the serum or plasma. The presence of antibody can be demonstrated by its 

specific reaction with an antigen.  

Antigen 
 An antigen refers to an substance or agent, which when introduced into the system of 

vertebrate animal like cow, goat, man etc induces the production of specific antibody, which 

binds specifically to this (Antigen) substance Antigen are located in the red blood corpuscles 

(RBC). If a person has a particular antigen in his RBCs, his serum has usually antibodies 

against the other antigen. In human RBC two types of antigens viz A and B are present. 

Depending upon the presence or absence of antigen A and B the blood group in man is of four 

types viz A, B, AB and O. A person with blood group A has antigen A on the surface of RBCs: 

protein with blood group B will have antigen B those with blood group AB have antigens A and 

B; and those with blood group O have no antigen on the surface of their RBCs. 



 

Blood 
Group 

Genotype Antigen 
found 

Antibody 
present 

Compatible 
blood group 

A  IAIA, IAIA A  B  A and O 

B  IBIB, IbIb B A B and O 

AB IAIB AB None A,B, AB,O 

O ii None AB O 

 

 Recent studies shows that antigen is galactosamine and B is galactose Antibodies A, B, 

AB and None and are naturally present in the serum of individuals having A,B,AB, and O blood 

group respectively. The agglutination or coagulation of RBCs leads to clotting of blood due to 

interaction between antigen antibody. The blood group B cannot be transferred to an individual 

having blood group A because the recipient has antibody against antigen B which is present on 

the RBCs of blood group B. Similarly the reverse transfusion is not possible. The blood group 

AB does not have antibody A and B. Hence individuals with AB blood group can accept all types 

of blood, viz., A, B, AB and O. Such individuals are known as universal acceptors or 

recipients. The O blood group does not have any antigen and has antibody against antigen A 

and B, It cannot accept blood group other than O. Individuals with blood group O are known as 

universal donors, because transfusion of blood group O is possible with all the four blood 

types. The consideration of Rh (rhesus) type is important in blood transfusion. Each blood group 

has generally two types of Rh group, viz positive and negative. The same type of Rh is 

compatible for blood transfusion Opposite type lead to reaction resulting in death of the 

recipient. These are few examples of multiple alleles Now it is believed that multiple alleles are 

present almost for all genes.  

 

Multiple alleles in plants 
 The classical example of multiple alleles in plants is ‘self incompatability alleles’ which 

prevents self fertilization.  
 
Multiple alleles in Maize 
 Multiple allelic series affecting seed color is seen in Maize. 

A Mutation  a   Mutation   a’ 

             (purple)      (white)    light purple 

 



Multiple allele in cotton 
L     mutation    l  mutation       lB    ll  mutant    lI 

narrow leaf  Broad leaf mutant broad              lacinated                   mutant intemediat 

  

For information 

 About 30% of the genes in humans are di-allelic, that is they exist in two forms. 

 About 70% are mono-allelic, they only exist in one form and they show no variation. 

 A very few are poly-allelic having more than two forms. 

 

Pleiotropism 
 In general one gene affects a single character. But many genes are known to affect 

more than one character such genes are known as pleiotropic genes and the condition is 

termed as pleiotrophy. An example of a pleiotropic gene in human beingsis the recessive gene s 

which produces sickle cell anemia in the ss homozygotes. These gene causes changes in two 

or more parts of characters, which are not related, then the gene is said to be pleiotropic gene. 

E.g. In cotton the Punjab hairy lintless gene lic produces seeds without lint. This gene also 

causes incomplete lancinations of the leaf, reduction in boll size and fertility. In a plant a gene 

may produce red pigment in several organs, such as flowers stem, leaves but still it is not 

correct to say that the gene is pleiotropic because the gene has only one general effect, the 

production of pigment. A gene for wing may be vestigial gene can be called as bristle gene or a 

fecundity gene. A number of other recessive genes produce marked and often detrimental effect 

in human beings. They are referred as syndromes. 

Penetrance 

 Most genes produce identical phenotypes in all the individuals in which they are present 

in the appropriate genotype. For example, all the seeds having the w gene governing the seed 

shape in pea, in the homozygous state (ww) have uniformly wrinkled shape. Similarly, those 

seeds that have either WW or Ww genotype are uniformly round. The ability of a gene to 

produce identical phenotypes in all the individuals carrying it in the appropriate genotype is 

known as complete expressivity. As opposed to this, many genes have incomplete expressivity 

in that they produce variable phenotypes in the individuals that have this gene in the appropriate 

genotype.  

Expressivity 

 In general, genes express themselves in all the individuals in which theya re present in 

the appropriate genotype, this is known as complete penetrance. But many genes do not 



produce the concerned phenotype in all the individuals which carry them in the appropriate 

genotype. Such a situation is known as incomplete prenetrance. When a gene is present in the 

appropriate genotype, the per cent of individuals in which it is able to express itself is a measure 

of its penetrance. Thus the chlorophyll deficiency gene in lima beans has a penetrance of 10 %. 

Almost all the genes showing incomplete penetrance exhibit incomplete expressivity as well. 

Thus incomplete penetrance is in fact an expression of incomplete expressivity in that some 

individuals show such a small expression of the gene that the trait is not detectable. 

Isoalleles 
 These alleles, which are similar but on testing it proves to be a different one. Blood 

group A person have three slightly different types such as IA1, IA2, IA3 which are similar but 

found to be different after testing.  

Pseudoalleles 
 The genes that are so closely linked can be separatable only by rare crossing over. 

Such genes are called pseudoalleles.  
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It can dramatically reduce 
the quality of life of people 

affected, as well as their family, 

friends and caregivers1. 

Haemophilia A is the most 

common form – affecting

In a healthy person, proteins called 

clotting factors work together to form a 

blood clot and help stop bleeding.

People with haemophilia A either 

lack or do not have enough 

of a clotting factor called

which leads to their blood 

not being able to clot properly.

Haemophilia is an inherited, serious 
bleeding disorder where a person’s 

blood does not clot properly, leading 

to uncontrolled bleeding which can 

occur spontaneously or after minor trauma. 

Repeated bleeding into muscles and 

joints, which can lead to long term 
disability or joint disease5,6

Prolonged and 
uncontrolled bleeding 

following injury or surgery8

Spontaneous bleeding, 

which can be life threatening if 

it occurs in vital organs, such 

as the brain7

Bruising

Life for people with haemophilia and their 

caregivers is often centred on treatment 
infusions, taking up a large amount of 

time and having a significant impact on 
their lives9.

People with haemophilia A report 

difficulty balancing treatment 
with daily life, so compliance 

can be a challenge10,11 leaving 

them vulnerable to potentially 
dangerous bleeds.

The mainstay of current treatment for haemophilia A 

is factor VIII replacement therapy, which is taken 

on-demand (as needed to treat bleeds), or on an 

ongoing basis (to prevent bleeds).

It is short-acting and so needs to 

be administered frequently (at 

least twice a week)2 by the patient 
or a caregiver and for some, 

especially children, finding a vein for 

medicine infusion can be difficult12.

1. Flood E, et al. Illustrating the impact of mild/moderate and severe haemophilia on health-related quality of life: hypothesised conceptual models.

European Journal of Haematology 2014; 93: Suppl. 75, 9–18. 2. WFH. Guidelines for the management of hemophilia. 2012. Last accessed 24 May 2017: 

http://www1.wfh.org/publications/files/pdf-1472.pdf 3. Berntorp E, Shapiro AD. Modern haemophilia care. The Lancet 2012; 370:1447-1456. 4. Marder VJ, et al. Hemostasis 

and Thrombosis. Basic Principles and Clinical Practice. 6th Edition, 2013. Milwakee, Wisconsin. Lippincott Williams and Wilkin. 5. Franchini M, Mannucci PM. Hemophilia A in 

the third millennium. Blood Rev 2013:179–84. 6. Young G. New challenges in hemophilia: long-term outcomes and complications. Hematology Am Soc Hematol Educ 

Program 2012; 2012: 362–8. 7. Zanon E, Iorio A, Rocino A, et al. Intracranial haemorrhage in the Italian population of haemophilia patients with and without inhibitors. 

Haemophilia 2012; 18: 39–45. 8. Chen SL. Economic Costs of Hemophilia and the Impact of Prophylactic Treatment on Patient Management. AJMC 2016; 22 (5): 126-133. 

9. Elder-Lissai A, Hou Q, Krishnan S. The Changing Costs of Caring for Hemophilia Patients in the U.S.: Insurers’ and Patients’ Perspectives. Presented at: American Society 

of Hematology Annual Meeting; December 6-9, 2014; San Francisco, CA. Abstract # 199. 10. Remor E. Predictors of treatment difficulties and satisfaction with haemophilia 

therapy in adult patients. Haemophilia 2011; 17, e901–e905. 11. Hacker MR, et al. Barriers to compliance with prophylaxis therapy in haemophilia. Haemophilia. 2001; 7: 

392-6. 12. Ljung R. The risk associated with indwelling catheters in children with haemophilia. British Journal of Haematology 2007; 138: 580–586. 13. Gomez K, et al. Key 

issues in inhibitor management in patients with haemophilia. Blood Transfus. 2014; 12: s319–s329. 14. Whelan SF, et al. Distinct characteristics of antibody responses 

against factor VIII in healthy individuals and in different cohorts of hemophilia A patients. Blood 2013; 121: 1039–48. 15. Astermark J. Overview of Inhibitors. Semin Hematol 

2006; 43 (suppl 4):S3-S7. 16. Rocino A, et al. Immune tolerance induction in patients with haemophilia a and inhibitors: effectiveness and cost analysis in an European 

Cohort (The ITER Study). Haemophilia 2015: 10. 17. Mancuso ME, et al. US Immune tolerance induction in haemophilia. Clinical Investigation. 2015; 5(3), 321–335. 18. 
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One in four (25–30%) people with severe 

haemophilia A develop ‘inhibitors’ to 
factor VIII replacement therapies13. 

People with haemophilia A with inhibitors 

may need more frequent treatment 
infusions, as well as ‘immune 
tolerance induction’ (ITI), where the 

patient is given very high doses of factor 

VIII over a long period of time.

Inhibitors are antibodies that attack 
and destroy the replaced factor 
VIII, because it is recognised as 

foreign14. As a serious complication 

of treatment15, many people with 

haemophilia A live in fear of 

developing inhibitors.

‘Bypassing agents’ are another 

treatment for people with inhibitors, 

often used after ITI fails. However, 

these are short-acting, needing to 
be taken often and give variable 
bleeding control18.

However, ITI can take 

many years, is very costly 

and is ineffective in 
~30% of people16,17.

Further effective and safe treatment options 
for people with haemophilia A are needed to 

enable them to better manage their condition and 
live their lives with less burden from treatment.

blood of a person

50-60% of 

whom have severe 

haemophilia4.
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INTRODUCTION

 Each species of organism must contain 
hundreds to thousands of genes

 Yet most species have at most a few dozen 
chromosomeschromosomes

 Therefore, each chromosome is likely to
carry many hundred or even thousands of 
different genes

 The transmission of such genes will violate 
Mendel’s law of independent assortment
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 In eukaryotic species, each linear 
chromosome contains a long piece of DNA

 A typical chromosome contains many hundred 
or even a few thousand different genes

5.1  LINKAGE AND 
CROSSING OVER

or even a few thousand different genes

 The term linkage has two related meanings

 1.  Two or more genes can be located on the 
same chromosome

 2.  Genes that are close together tend to be 
transmitted as a unit
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 Chromosomes are called linkage groups

 They contain a group of genes that are linked together

 The number of linkage groups is the number of 
types of chromosomes of the species

 For example, in humans
 22 autosomal linkage groups

 An X chromosome linkage group

 A Y chromosome linkage group

 Genes that are far apart on the same chromosome 
may independently assort from each other

 This is due to crossing-over

5-4Copyright ©The McGraw-Hill Companies, Inc. Permission required for reproduction or display



Crossing Over May Produce 
Recombinant Phenotypes

 In diploid eukaryotic species, linkage can be altered 
during meiosis as a result of crossing over

 Crossing over Crossing over

 Occurs during prophase I of meiosis at the bivalent stage

 Non-sister chromatids of homologous chromosomes 
exchange DNA segments

 Figure 5.1 illustrates the consequences of crossing 
over during meiosis
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The haploid cells contain 
the same combination of 

alleles as the original 
chromosomes

The arrangement of linked 
alleles has not been altered

5-6
Figure 5.1



These haploid cells contain a 
combination of alleles NOT 

found in the original 
chromosomes

These are 
termed 
parental or 
non-
recombinant 
cells

This new combination of 
alleles is a result of 

genetic recombination

These are termed 
nonparental or recombinant 

cells

5-7
Figure 5.1

cells





Bateson and Punnett Discovered Two 
Traits That Did Not Assort Independently

 In 1905, William Bateson and Reginald Punnett 
conducted a cross in sweet pea involving two 
different traits

 Flower color and pollen shape Flower color and pollen shape

 This is a dihybrid cross that is expected to yield a 
9:3:3:1 phenotypic ratio in the F2 generation

 However, Bateson and Punnett obtained surprising 
results

 Refer to Figure 5.2

5-8Copyright ©The McGraw-Hill Companies, Inc. Permission required for reproduction or display



Figure 5.2

A much greater proportion 
of the two types found in 
the parental generation

5-9

the parental generation



Bateson and Punnett Discovered Two 
Traits That Did Not Assort Independently

 They suggested that the transmission of the two 
traits from the parents was somehow coupled

 The two traits are not easily assorted in an independent 
mannermanner

 However, they did not realize that the coupling is 
due to the linkage of the two genes on the same 
chromosome
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Morgan Provided Evidence for the 
Linkage of Several X-linked Genes

 The first direct evidence of linkage came from 
studies of Thomas Hunt Morgan 

 Morgan investigated several traits that followed an 
X-linked pattern of inheritanceX-linked pattern of inheritance

 Figure 5.3 illustrates an experiment involving three 
traits

 Body color

 Eye color

 Wing length
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Figure 5.3
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P Males 
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 Morgan observed a much higher proportion of the 
combinations of traits found in the parental generation

P Females 

 Morgan’s explanation:

 All three genes are located on the X chromosome 

 Therefore, they tend to be transmitted together as a unit 



 However, Morgan still had to interpret two 
key observations

Morgan Provided Evidence for the 
Linkage of Several X-linked Genes

 1.  Why did the F2 generation have a significant 
number of nonparental combinations?

 2.  Why was there a quantitative difference 
between the various nonparental combinations?  
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Gray body, red eyes 1,159

Yellow body, white eyes 1,017

Gray body, white eyes 17

Yellow body, red eyes 12

Total 2,205

 Let’s reorganize Morgan’s data by considering the pairs of 
genes separately

But this nonparental 
combination was rare

5-15Copyright ©The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Total 2,205

Red eyes, normal wings 770

White eyes, miniature wings 716

Red eyes, miniature wings 401

White eyes, normal wings 318

Total 2,205

It was fairly common 
to get this nonparental 
combination

combination was rare



 To explain these data, Morgan considered the 
previous studies of the cytologist F.A Janssens

 Janssens had observed chiasmata microscopically
 And proposed that crossing over involves a physical 

exchange between homologous chromosomes

 Morgan shrewdly realized that crossing over  Morgan shrewdly realized that crossing over 
between homologous X chromosomes was 
consistent with his data

 Crossing over did not occur between the X and Y 
chromosome
 The three genes were not found on the Y chromosome
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 Morgan made three important hypotheses to 
explain his results
 1.  The genes for body color, eye color and wing length 

are all located on the X-chromosome
 They tend to be inherited together

 2.  Due to crossing over, the homologous X 
chromosomes (in the female) can exchange pieces of 
chromosomes

 This created new combination of alleles This created new combination of alleles

 3.  The likelihood of crossing over depends on the 
distance between the two genes

 Crossing over is more likely to occur between two genes that are 
far apart from each other

 Figure 5.4 illustrates how crossing over provides 
an explanation for Morgan’s trihybrid cross
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Figure 5.4

These parental phenotypes are 
the most common offspring

5-18because the genes are far apart

These recombinant offspring 
are not uncommon



Figure 5.4

because the genes are very close together

These recombinant offspring 
are fairly uncommon
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because the genes are very close together

These recombinant offspring 
are very unlikely
1 out of 2,205 













Chromosome MappingChromosome MappingChromosome MappingChromosome Mapping



Chromosome mapping is a
technique used in autosomal DNA
testing which allows the testee to
determine which segments of DNA
came from which ancestor. In order
to map DNA segments onto map DNA segments on
specific chromosomes it is
necessary to test a number of close
family relatives



Recombination :  in meiosis , recombination generates haploid genotypes differing from the 

haploid parental genotypes . The recombinants can be most easily visualized by test crosses. 

Gene Linkage All the genes that are located on the same chromosome and that control the 

dissemination of one or two trait of certain  

Linkage :  is  a method that allows us to determine regions of chromosomes that are likely to 

contain a risk gene , and rule out areas where there is a low chance of finding a risk gene  ,  

number of linkage as number of chromosome in organism  ex: 23 pairs of chromosome in 

human= 23 linkage  . human= 23 linkage  . 

Kinds of Linkage : 

1- Complate linkage : The genes closely located in the chromosome show complete linkage 

as they have no chance of separating by crossing over and are always transmitted together to 

the same gamete and the same offspring . Thus , the parental combination of traits is 

inherited as such by the young one . 

2- In complete Linkage : The gene distantly located in the chromosome show incomplete 

linkage because they have a chance of separation by crossing over and of going into different 

gametes and offspring . 



chromosome  Theory of Linkage  : 

1- Genes are found arranged in a linear manner in the chromosomes 

2- Genes which exhibit linkage are located on the same chromosomes

3- Genes generally tend to stay in parental combination , except in cases of crossing over 

4- The distance between linkage genes in a chromosome determines the strength of linkage

Recombination by crossing over : 

1- Recombinant frequency significantly less than 50% shows that the genes are linkaged . 

2-Recombinant frequency significantly  50% generally means  that the  genes are  un-linkaged 

on separate chromosomes . 

Note : 
1- 0 % Less than 50%  is considered a full link   
2- Less than 50%  is considered a link but not fully
3- more than 50%  is considered a unlink  





Creating a genetic map : which shows the order of and relative distance between genes 

on chromosome , can be made by noting the frequency of crossing over between genes 

on sister chromatids . The unit of distance in a genetic map is called a map unit : one 

map unit is equal to one percent recombination .  

Gene mapping has important applications : 

1- locating the position of genes on chromosomes

2-Estimation genetic risk 

3-Human genome project is the mapping of all  human genes

Chromosome map unit :

Unit of map distance between genes , and is termed 

as centi-morgan (cM) by Morgan  geneticist . 



Example :

In Drosophila , on X chromosome the genes have recessive mutations , and  are linked  in 

these chromosome  : The mutations (vermillion eyes (V) , cross-veinless wings (cv) , and cut 

wings(ct))  . Female homozygous has  vermillion eye was mated with male homozygous has 

cross veinless and  cut wing edge  , if you have the following F2 generation ,

1- calculate the recombination and draw the map distance between these genes :

The three-point test cross:

2-Consider the following data for the percents of crossing over between the genes  

3- What is the order of the three genes?



PHENOTYPE GAMETES #  
PROGEN

Y

vermillion eyes, normal wing vein, normal wing 
edges

v   cv+   ct+ 580

normal eyes, no cross vein, cut wing edges +   cv   ct 592

vermillion eyes, no cross vein, normal wing v   cv   ct+ 45

F2 progeny:

vermillion eyes, no cross vein, normal wing 
edges

v   cv   ct+ 45

normal eyes, normal wing vein, cut wing edges v+   cv+   ct 40

vermillion eyes, no cross vein, cut wing edges v   cv   ct 89

normal eyes, normal cross vein, normal wing 
edges

v+   cv+   ct+ 94

vermillion eyes, normal cross vein, cut wing 
edges

v   cv+   ct 3

normal eyes, no cross vein, normal wing edges v+   cv   ct+ 5

1448



Step 1: identify non-crossover classes: (parental types as the most       
frequent pair of products)

Step 2: identify double crossover classes (as least frequent
pair of products)

Step3:  identify Single cross over classes. Usually these can be 
divided into groups of two with roughly equal numbers in each of 
the two classes in a group. 

Step 4: calculate recombinant frequencies

Step 5: Compare the parental and double crossover products
to determine  the order of the three gene loci

the two classes in a group. 

Map Distance :
Crossing 1 + Crossing 3 / total  X  100 =  % m.u.
Crossing 2 + Crossing 3 / total  X  100 =  % m.u.



using double recombinants to 
deduce gene order

Double recombinants have the middle 
gene“flipped” relative to parental arrangement:

parental: v     cv+ ct+parental: v     cv ct
v+ cv      ct

Double : v      cv+ ct
(DCO) v+ cv    ct+

This is flipped must 
be in the middle

So, the right order of the genes is:    v       ct       cv



In dco products, the central marker is displaced
relative to the parental types



Recombination frequency v and ct= 89+94+3+5X100= 13.2%
1448

Recombination frequency cv and ct=40+45+3+5 X 100= 6.4%
1448  

ctv cv
13.2 6.4

19.6



Question ; 

On chromosome 3 in drosophila , there are the following mutations : 

Lyra (LY) , bright red eyes (br) and between of them there is a stubble mutation (Sb) . 

A Female homozygous for the 3 mutations was mated to a wild type male . If you have the 

following F2 generation , 

1- calculate thyhe recombination and draw the map distant between these genes :  

2-Consider the following data for the percents of crossing over between the genes  

Phenotype Genotype F2 generation

Lyra, stubble, bright red LY     Sb   br 404Lyra, stubble, bright red LY     Sb   br 404

Wild type +  +  + 422

Lyra  LY  +   + 18

Stubble , bright  red +  Sb   br 16

Lyra ,bright red LY  +   br 75

stubble +  Sb  + 59

Lyra,stubble Ly   Sb  + 4

bright red +  +  br 2

Total 1000
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