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• Long before chromosomes were visualized under a microscope, the 
father of modern genetics, Gregor Mendel, began studying heredity in 
1843. With the improvement of microscopic techniques during the late 
1800s, cell biologists could stain and visualize subcellular structures 
with dyes and observe their actions during cell division and meiosis. 
With each mitotic division, chromosomes replicated, condensed from 
an amorphous (no constant shape) nuclear mass into distinct X-shaped 
bodies (pairs of identical sister chromatids), and migrated to separate 
cellular poles. 

 

• The speculation that chromosomes might be the key to understanding 
heredity led several scientists to examine Mendel‘s publications and re-
evaluate his model in terms of the behaviour of chromosomes during 
mitosis and meiosis. In 1902, Theodor Boveri observed that proper 
embryonic development of sea urchins does not occur unless 
chromosomes are present. That same year, Walter Sutton observed the 
separation of chromosomes into daughter cells during meiosis. 
Together, these observations led to the development of the 
Chromosomal Theory of Inheritance, which identified chromosomes as 
the genetic material responsible for Mendelian inheritance. 

 



(a) Walter Sutton and (b) Theodor Boveri are credited with developing the 

Chromosomal Theory of Inheritance, which states that chromosomes 

carry the unit of heredity (genes). 



Chromosomal Theory Of Inheritance 

The Chromosomal Theory of Inheritance was consistent with Mendel‘s 
laws and was supported by the following observations: 

• During meiosis, homologous chromosome pairs migrate as discrete 
structures that are independent of other chromosome pairs. 

• The sorting of chromosomes from each homologous pair into pre-
gametes appears to be random. 

• Each parent synthesizes gametes that contain only half of their 
chromosomal complement. 

• Even though male and female gametes (sperm and egg) differ in size 
and morphology, they have the same number of chromosomes, 
suggesting equal genetic contributions from each parent. 

• The gametic chromosomes combine during fertilization to produce 
offspring with the same chromosome number as their parents. 

 



Salient Points in Support of Chromosomal Theory of Inheritance: 

 

1. Link between one generation and the next is through male and 
female gametes (i.e., sperm and egg). The two must carry all 
genetic/hereditary traits (characters). 

2. Both the gametes contribute equally in the heredity of the offspring. 
The male gamete (sperm) provides only its nucleus to the female 
gamete (egg). Hence it follows that hereditary characters are controlled 
by nuclear materials, fusion of male and female gametes takes place 
during fertilization. 

3. Nucleus possesses chromosomes. Hence, chromosomes must carry 
the hereditary traits. 

4. Loss of a complete or part of the chromosome produces structural 
and functional deficiencies in the organism. 

5. Like the hereditary traits, the chromosomes retain their number, 
structure and individuality throughout the life of an organism and from 
generation to generation. The two neither get lost or mixed up. They 
behave as units. 

 

 



6. Both chromosomes as well genes (mendelian factors) occur in pairs 
in the somatic or diploid cells. 

7. A gamete contains only one chromosome of a type and only one of 
the two alleles (of a trait). 

8. The paired condition of both chromosomes as well as Mendelian 
factors is restored during fertilization.  

9. Genetic homogeneity and heterogeneity, dominance and 
recessiveness can be predicted by chromosomal type and behaviour. 

10. Homologous chromosomes undergo synapsis during meiosis and 
then separate or segregate independently into different cells which 
establishes the quantitative basis for segregation and independent 
assortment of hereditary factors. 

11. In many organisms, sex of an individual is determined by specific 
chromosomes called sex chromosomes. 

12. Biochemical studies reveal that hereditary units (genes) are 
composed of DNA in eukaryotes and RNA in some prokaryotes. The 
major amount of DNA is found in chromosomes proves beyond doubt 
that chromosomes are the carriers of hereditary units what we call 
genes. 



• In 1909, Frans Janssen observed chiasmata—the point at 
which chromatids are in contact with each other and may 
exchange segments—prior to the first division of meiosis. 
He suggested that alleles become unlinked and 
chromosomes physically exchange segments.  

• As chromosomes condensed and paired with their 
homologs, they appeared to interact at distinct points. 
Janssen suggested that these points corresponded to regions 
in which chromosome segments were exchanged.  

• It is now known that the pairing and interaction between 
homologous chromosomes, known as synapsis, does more 
than simply organize the homologs for migration to separate 
daughter cells. When synapsed, homologous chromosomes 
undergo reciprocal physical exchanges at their arms in a 
process called homologous recombination, or more simply, 
―crossing over.‖ 



Genetic Linkage And Distances 

• The phenomenon is which the genes located on same 
chromosome move together into same gamete during the 
gametogenesis is called linkage. 

• Linkage violates  independent assortment , because in 
linkage the proportion of parental gametes will be more 
than the recombinant gametes.  

• Linkage was discovered by Bateson and Punnet in Sweet 
pea (Lathyrus odaratus).In dihybridation experiment they 
found predominantly parental gametes (87.5%). 

• However, observations by researchers in Morgan‘s 
laboratory suggested that alleles positioned on the same 
chromosome were not always inherited together. During 
meiosis, linked genes somehow became unlinked. 

 



The following are major postulates of the theory of 
linkage : 

1.Genes are located on the same chromosome have 
tendency to remain together and enter to same 
gamete during the gametogenesis. 

2.All the genes located on single chromosomes 
consistent Linkage group = Chromosome 

• Crossing over is responsible genetic 
recombination when genes are located on same  
chromosome. 

• Crossing over is characterized by formation of X-
shaped structure call chaisma.  

 



Crossing over affects by  following factors: 
•  Sex: in organism the frequency of crossing over 

occur more in female compare to male 
• Age :Frequency of crossing over decrease as age 

increase 
• Temperature: temperature increases CO increase 
• Distance: As distance increase B/W genes the 

linkage strength decreases and therefore CO 
frequency increase , 

• The recombination frequency increase until 50% 
after which the recombination frequency remain 
constant because frequency b/w two genes in 
50% 





Inheritance patterns of unlinked and linked genes are shown.  

 

• In (a), two genes are located on different chromosomes so 
independent assortment occurs during meiosis. The offspring have an 
equal chance of being the parental type (inheriting the same 
combination of traits as the parents) or a nonparental type (inheriting 
a different combination of traits than the parents).  

• In (b), two genes are very close together on the same chromosome so 
that no crossing over occurs between them. The genes are therefore 
always inherited together and all of the offspring are the parental 
type. 

•  In (c), two genes are far apart on the chromosome such that crossing 
over occurs during every meiotic event. The recombination frequency 
will be the same as if the genes were on separate chromosomes.  

• (d) The actual recombination frequency of fruit fly wing length and 
body color that Thomas Morgan observed in 1912 was 17 percent. A 
crossover frequency between 0 percent and 50 percent indicates that 
the genes are on the same chromosome and crossover occurs some of 
the time. 



Molecular basis of inheritance 

• Frederick Griffith in 1928, carried out a series of 
experiments with Streptococcus pneumoniae (a bacterium 
that cause pneumonia). 

•  He observed that when these bacteria (Streptococcus 
pneumonia) are grown on a culture plate, some of them 
produce smooth, shiny colonies (S-type), whereas, the 
others produce rough colonies (R-type).  

• This difference in character (smooth/rough) is due to a 
mucous (polysaccharide) coat present in the S-strain 
bacteria, which is not present in the R-strain. 

• In his experiments, he first infected two separate groups of 
mice. The mice that were infected with the S-strain die from 
pneumonia. 

 



• ‗S‘ strains are the virulent strains causing pneumonia. 

• The mice that were infected with the R-strain do not develop 
pneumonia and they live. 

• S-strain (virulent strain) → Inject into mice → Mice die 

• R-strain (non-virulent strain) → Inject into mice → Mice live 

• In the next set of experiments, Griffith killed the bacteria by 
heating them. The mice that were injected heat-killed S-strain 
bacteria did not die and lived, whereas the mice that were 
injected a mixture of heat-killed S-strain and live R-strain 
bacteria, died due to unexpected symptoms of pneumonia. 

 

• S-strain (heat killed) → Inject into mice → Mice live 

• S-strain (heat killed) + R-strain (live) → Inject into mice → Mice 
die. 

 

• Griffith concluded that the live R-strain bacteria, were 
transformed by the heat-killed S-strain bacteria. 
 





• He proved that there was some ‗transforming principle‘ 
that was transferred from the heat-killed S-strain, which 
helped the R-strain bacteria to synthesise a smooth 
polysaccharide coat and thus, become virulent. That 
was due to the transfer of the genetic material. 

• However, he was not able to define the biochemical 
nature of genetic material from his experiments. 

Biochemical Characterisation of Transforming Principle: 

• Oswald Avery, Colin MacLeod and Maclyn McCarty 
(1933-44) worked to determine the biochemical nature 
of ‗transforming principle‘ in Griffith‘s experiment in 
an in vitro system. 

 



• From the heat-killed S-cells, they purified biochemicals 
(proteins, DNA, RNA, etc.) to observe, that which 
biochemicals could transform live R-cells into S-cells. 

 

• Therefore, they discovered that DNA alone from heat-killed S-
type bacteria caused the transformation of non-virulent R-type 
bacteria into S-type virulent bacteria. 

 

• Protein-digesting enzymes (proteases) and RNA-digesting 
enzymes (RNases) did not cause this transformation. This 
proved that the ‗transforming substance‘ was neither the 
protein no RNA. 

 

• DNA-digesting enzyme (DNase) caused inhibition of 
transformation, which suggests that the DNA caused the 
transformation. Thus, these scientists came to the conclusion 
that DNA is the hereditary material. 
 





Hershey and Chase Experiment: 

• The proof for DNA as a genetic material came from the 
experiment. Alfred Hershey and Martha Chase (1952) 
carried out some experiments with the viruses that 
infect bacteria. These viruses are called bacteriophages. 

 

• The genetic material of bacteriophage enters the 
bacterial cell after the bacteriophage gets attached to 
the bacteria. The bacterial cell treats the genetic 
material of the virus (bacteriophage) like its own 
genetic material and then produces more virus particles. 
Hershey and Chase experimented to find out whether it 
was protein or DNA from the virus that had entered into 
the bacteria. 



For this, they took two separate media for growing these 
bacteriophages: 

• (i) Out of two, one medium contained radioactive 
phosphorus and the other medium contained radioactive 
sulphur. Viruses (bacteriophage) were then grown on each 
medium. 

(a) The viruses grown in the presence of radioactive 
phosphorus (32P) contained radioactive DNA (but not 
radioactive protein). This is because DNA contains phosphorus 
not protein. 

(b) In the same way, the viruses grown in the medium 
containing radioactive sulphur (35S) now contained 
radioactive protein (not radioactive DNA). This is because 
DNA does not contain sulphur. 

• (ii) These radioactive viruses (bacteriophages) were then 
allowed to attach to bacteria (E. coli). As the process of 
infection with virus continued, the bacteria were agitated in 
a blender and the viral coats of the bacteria were removed. 

 



(iii) When they were spinned in a centrifuge, the 
virus particles were separated from the bacteria. 

(iv)They observed that the bacteria that were 
infected with virus containing radioactive DNA 
were radioactive, whereas the bacteria that 
were infected with radioactive proteins were not 
radioactive. 

(v) This indicates that only DNA not the protein 
coat entered the bacterial cell. 

(vi) Thus, the genetic material that is passed 
from virus to bacteria is DNA. 

 







Properties of Genetic Material: 

From the Hershey and Chase experiment, the fact was established that 
DNA acts as a genetic material. But later, studies revealed that in some 
viruses (e.g., Tobacco Mosaic Viruses, QB bacteriophage, etc.) RNA is the 
genetic material. 

 

Following are the criteria that a molecule must fulfil to act as a genetic 
material: 

 

•  It should be able to replicate. 

•  It should be chemically and structurally stable. 

• It should provide the scope for slow changes 

• It should be able to express itself in the form of ‗Mendelian characters‘. 
According to these criteria, both DNA and RNA have the ability to 
direct their duplications (because of the rule of base pairing and 
complementarity). Both the nucleic acids (DNA and RNA) have the 
ability to direct their duplications, whereas the other molecules in the 
living system, fail to duplicate, e.g., protein. 

 
 


