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Chapter 6 Heredity and Variation

The discovery of the DNA double helix

marked the birth of molecular biology Chapter 6 Heredity and Variation

We know that all organisms can demonstrate heredity and variation.
But, we still need to find out: how do heredity and variation occur? What
part of the organism is mainly responsible for this? And what are the
fundamental regulations for heredity and variation? In the last hundred
years or so, scientific research has examined this question, and great
progress has been made. In the 1960s, the geneticist Gregor Mendel (1822-
1884) revealed two basic genetic laws by studying beans. In the mid-20"-
century, scientists have been able to study genetics at the molecular level.
Now, as biological technology has developed, many important industrial
and biological questions having a direct bearing on human beings have been
studied or resolved by using genetic recombinations at the molecular level.
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Chapter 6 Heredity and Variation

What properties do you think
genetic material should have?

Section 1 Material Basis of Hi

As we know, the characteristics of organisms descend from
one generation to the next through their genetic inheritance, which
is mainly responsible for heredity. Now then, what is this inheritance?
What are its structure and functions? How does it play its role in the
genetic passages of organisms?

1. DNA is major genetic material

By the end of the 19" century, scientists recognized that chromosomes
played a very important role in the inheritance of organisms by
examining cell mitosis, meiosis and fertilisation process. Chromosomes
mainly consist of proteins and DNA. The question was, which of the two
carried the genetic material? Many scientists once believed that proteins
initiated all biological activities, and therefore were the key to inheritance
in organisms. Later, more experimental results proved that DNA is the
major genetic material, rather than protein.

How did they prove that DNA is the major genetic material?
Scientists did this by first isolating DNA from proteins and then
analyzing functions of the DNA separately and directly. Following
are two famous experiments that prove DNA to be genetic material.

Transformation experiments of streptococcus pneumoniae

In 1928, the English scientist Frederic Griffith (1877-1941)
carried out experiments on mice using the bacterium streptococcus
pneumoniae. In his experiments two different strains of this bacteria
was used. One strain was called the R type, which has a rough
appearance without capsular polysaccharide, and is avirulent. The
other strain was called the S type and has a smooth appearance and
capsular polysaccharide, and was virulent.

The transformation experiment of streptococcus pneumoniae

was carried out in four groups as follows (Figure 6-1):

(1) The live bacteria of the R type (not lethal) was injected into mice. Mice did not die.
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(4) Finally a mixture of the live benign R type and the heat-killed S type was injected into
mice, and the mice died from hemolysis.

Figure 6-1 Transformation experiment of streptococcus pneumoniae

From the dead mice of group 4, the virulent live bacteria of the
S type were isolated by Griffith, showing that benign R type
bacteria were changed to virulent S type bacteria after being mixed
with heat-killed S type bacteria. In addition, Griffith found that the
offspring of the changed S type also had virulent S type bacteria. So
it proved that a transformed characteristic could be inherited.

Why was the benign bacteria type transformed into the
virulent S type? Griffith speculated that the heat-killed S type
bacteria in group 4 must contain a substance which could initiate
the inheritance of characteristics ‘transforming principle at that
time’. However, Griffith did not know what the transforming
principle was.

In order to clarify inheritance in nature, the American scientist,
Oswald Avery(1877-1955), and his colleagues in 1944 separated
three classes of molecules, i.e., DNA, proteins and polysaccharide
from live bacteria of the S type, and then R type bacteria individually.
He found that only the R type bacteria in the group containing
foreign DNA were changed into S type, and the purer the DNA, the
more effective the change. Avery also found that the changes to the
R type bacteria could not happen if the DNA taken from the S type
bacteria was treated with DNase, indicating that the changes come

¥
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head DNA

protein

tail

Figure 6-2 Model of bacteriophage

What is the reason for
choosing °°S and %P as
radioisotopes to label protein
and DNA? Can we use "“C and

80 for the same purpose? /

about through DNA. Based on the work of Avery et al, we know
that only DNA induces stable genetic changes in R type bacteria,
in other words, DNA carries the genetic information.

Infection of bacteria by phage

Bateriophage T is a kind of virus that specifically lives in a
bacterial cell (Figure 6-2). When bateriophage T infects a bacterial
cell, it synthesizes within bacterial cell and multiplic many times
using bacterial substances. This process is controlled by the phage’s
own genetic code. Bacteriophage T- coat encloses (or packages)
the head and tail, and consists of proteins. DNA molecule exists in
its head. Then question is: which component contains the genetic
code, the protein or DNA?

To find out scientists labeled proteins of baceriophages in
one test group, with radioactive isotope **S and labeled DNA in
the other with radioactive isotope *’P. The two groups of labeled
bacteriophages were then used to infect different bacteria (Figure
6-3). After the bacteriophages had propagated rapidly, labeled
compounds were tested. The results showed that labeled proteins of
bacteriophges did not enter bacterial cells, but were left outside
instead. But, DNA did enter bacterial cells. Therefore, propagation

Protein coat is
/ labeled with S
)

g
B
4 3 ) No radioactivity is
g obtained in bacterial cell
Phage is Bacterial cell is
labeled with infected with
radio-isotope labeled phages

DNA is labeled

/ with 2P

A0 g W
¢ 3
oy

o

= i ok

Radioactivity is obtained
in bacterial cell

Figure 6-3 Infection of bacteria with phage Tz
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of phage in bacterial cell is controlled by the phage’s own DNA.
These experimental results showed that the substance keeping

continuity of parent and progeny in phage is DNA, rather than Contare g

In the chemical composition of |
bacteriophage Tz, ©0% is
protein, 40% is DNA. Further
analysis of protein and DNA |
shows that S (sulphur) is |
present only in protein
molecules and 99% of P
(phosphorous) is in DNA
molecules.

protein. In other words, phage characteristics in its progeny are
transmitted from its parents through DNA. So DNA carries the real
genetic code.

Modern scientific research demonstrates that RNA is another
kind of genetic material in addition to DNA. Some viruses contain
protein and RNA with no DNA, for example TMV (tobacco mosaic

virus). Proteins extracted from TMYV can not infect tobacco, but
RNA extracted from TMV can. Therefore, RNA carries the genetic
code in these viruses. Since DNA carries genetic code in most

[ dddd

N A e A S

organisms, we may say DNA is main or major genetic material.

[Experiment 11] DNA extraction and identification

Experimental principles

The solubility of DNA in saline varies with the
concentration of NaCl solution. When the concentra-
tion of sodium chloride is 0.14 mol / L, the DNA
solubility is at its lowest. Based on this principle, we
can extract DNA from a NaCl solution.

DNA does not dissolve in ethanol, but some substances
in the cell do. We can use this method to purify DNA.

As DNA becomes blue in boiling water bath
when benzedine is added, benzedine can be used as
a specific reagent to identify DNA.

Purposes and requirements

To grasp the methods for crude extraction and
identification of DNA, and observe the appearance
of extracted DNA preparation primarily.

Materials and appliances

Chicken blood cells (5-10ml).

Iron or steel stand and rings, tweezers, tripod,
alcohol burner, asbestos meshes, slides, glass rod,
filter paper, pipettes, cylinders (1 of 100ml), beakers
(1 of 100ml, 2 of 50mml and 500ml, each), test tube
(2 of 20ml), funnel, tube clips, and gauze.

95% ethanol (V/V) (placed in refrigerator for 24
hours before use), distilled water, 0.1g/ml of sodium
citrate, 2mol/l and 0.015mol/l of sodium chloride,
and benzidine reagent.

Methods and steps

To prepare fresh chicken blood cell suspension
(by teacher): @ In a 500ml beaker, add 100ml of
0.1g/ml sodium citrate (an anticoagulant) and then
about 180ml of fresh killed-chicken blood. @ Stir
the mixture with a glass rod until blood and sodium
citrate mix enough to prevent coagulation. 3 Transfer
the blood mix into a centrifuge tube. Spin at 1000

5 I
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rpm for 2min. Blood cell pellets now precipitate
onto bottom of centrifuge tube. @ Remove the
supernatant with a pipette. Now chicken blood cell
solution is ready. (If a centrifuge is not available,
place the beaker containing the blood mix in a
refrigerator overnight, allowing the blood cells to
precipitate well.)

1. Extract nuclear substance from chicken blood
cells

Add 5-10ml of well-
prepared chicken blood
solution into a 50ml beaker.
Then add 20ml of distilled
water into the beaker and stir
with a glass rod at a higher
speed in same direction for =
Sminutes in order to speed
up cell breakage. Filtrate it
with layers of gauze through

a funnel into a 500ml beaker. L
——

Keep the filtrate for use.
2. Dissolve nuclear DNA
Vi Add 40ml of 2mol/L
> sodium chloride to the
filtrate. Stir with a glass rod
in the same direction for |
minute in order to mix well.
DNA in the solution is now

dissolved.

3. Precipitate the viscous substances in which
DNA is contained

Pour the distilled water into the beaker against
the inner wall very slowly and at the same time stir
with a glass rod in the same direction very gently.
After a short time, a viscous fibre appears in the
beaker. Now observe the color of the viscous fibre
carefully. Add more distilled water, and the viscous
fibre will increase. If no more water is added when
the amount of the viscous fibre stops increasing

6

(concentration of sodium chloride in solution is
about 0.14mol/1 at the time).

4. Filtrate DNA-containing viscous substance

Filtrate the liquid obtained in step 3 into a
500ml beaker by using layers of gauze in a funnel.
Discard the filtrate, and keep the viscous fibres on
the gauze for use in the next step.

5. Redissolve the viscous fibroid DNA

Pour 20ml of 2mol/l sodium chloride into a
20ml beaker. Transfer the gauze containing the
viscous DNA into a NaCl solution with blunt
tweezers. Stir in the same direction for 3 minutes to
make the viscous substance dissolve as much as
possible.

6. Filtrate NaCl solution of DNA

Filtrate the liquid
obtained in step 5 into a .&
100ml beaker with two
layers of gauze in a |
funnel. Keep filtrate that
contains DNA.

7. Make DNA preps with fewer impurities

Pour 50ml of pre-cooled 95% (V/V) ethanol
into the filtrate obtained in step 6 very slowly (the

reason for using pre-cooled ethanol is for better
precipitation of DNA ), and stir in the same direction
very gently. Silky pellets with fewer impurities will
appear. Pick up the pellets with a glass rod, press it
against the beaker wall to get rid of the water or suck
up the water with a sheet of sterile filter paper. The
major component of the pellets is DNA. Observe the
color of the silky
pellets.

8. Identify DNA
preparations

Add 5ml of
0.015mol/L sodium
chloride each to two
20ml-test tubes.




Transfer the silky pellets into one of the tubes, stir
with a glass rod to dissolve the pellets. Then, add
4ml of benzidine reagent to each tube, mix
thoroughly, and heat the tubes in boiling water for 4
minutes. Observe and compare the change of color
in the two tubes when they cool.

Conclusions

Write down the phenomena observed and
conclusions and fill them in your laboratory
notebook.
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Discussions

1. Why does the blood supernatant have to be
removed when you want to extract DNA from
chicken blood?

2. In stepl and step3, it is necessary to add
water. The role water plays is the same in the two
steps? Why?

3. The diameter of the DNA molecule is about
2nm. Does the diameter of the fibre in the experiment
represent the diameter of a DNA molecule or not?

Review

1. Fill in the following blanks
(1) The well-established experiments for demonstrating
that DNA is the genetic material are

and

(2) During 1940s to 1960s, scientists showed that DNA
carries the genetic code through various experiments.
In all these experiments, scientists tried to separate

and , in order

to reveal the function of DNA

2. Mark the following statements (+ correct, — incorrect)

(1) All species of DNA in cells are the component of
chromosomes ( )
(2) All genetic material in eukaryotic cells is DNA,
and that in a virus is RNA ( )
3. Give a short answer
In the experiment transformating the bacterium
streptococcus pneumoniae, which is the experiment
design that demonstrates that DNA has the genetic
code? What must one do to implement this design?
What connections are there between science and

technology?

2. Structure and replication of the

DNA molecule

We already know that DNA carries the genetic code, by which

biological characters pass from parents to children. Now, we ask

how DNA is able to play its hereditary role. It is very closely related

to the properties of its structure and function.

The structure of DNA molecule

By 1940s and 1950s, scientists already knew that DNA is a kind
of macromolecular compound, consisting of four deoxyri-

bonnucliosides. However, it was still a mystery how the DNA



