
Chapter 13:  The Molecular Basis 
of Inheritance 



The Search for the Genetic 
Material 

  The discovery of the genetic role 
of DNA began with research by 
Frederick Griffith in 1928 
  Worked with two strains of a 

bacterium, one pathogenic and 
one harmless 

  When he mixed heat-killed 
remains of the pathogenic strain 
with living cells of the harmless 
strain, some living cells became 
pathogenic 

  He called this phenomenon 
transformation, now defined as a 
change in genotype and 
phenotype due to assimilation of 
foreign DNA 

  Later work by Oswald Avery and 
others identified the transforming 
substance as DNA 



The Search for the Genetic 
Material 

  More evidence for DNA as the genetic 
material came from studies of viruses 
that infect bacteria 
  Such viruses, called bacteriophages 

(or phages), are widely used in 
molecular genetics research 

  A virus is DNA (or RNA) enclosed by a 
protective protein coat 

  Viruses must infect cells and take over 
the cells’ metabolic machinery in order 
to reproduce 

  In 1952, Alfred Hershey and Martha 
Chase showed that DNA is the genetic 
material of a phage known as T2 
  Designed an experiment showing that 

only the DNA of the T2 phage, and not 
the protein, enters an E. coli cell during 
infection 

  They concluded that the injected DNA 
of the phage provides the genetic 
information 



DNA Structure 



DNA Structure 
  In 1950, Erwin Chargaff reported that DNA 

composition varies from one species to the 
next 
  Two findings became known as Chargaff’s 

rules 
  The base composition of DNA varies 

between species 
  In any species the number of A and T bases 

is equal and the number of G and C bases 
is equal 

  James Watson and Francis Crick were first 
to determine the structure of DNA 

  Maurice Wilkins and Rosalind Franklin 
were using a technique called X-ray 
crystallography to study molecular structure 
  Franklin produced a picture of the DNA 

molecule using this technique 

  The pattern in the photo suggested that the 
DNA molecule was made up of two strands, 
forming a double helix 



DNA Structure 

  Franklin concluded there were two 
outer  sugar-phosphate 
backbones, with the nitrogenous 
bases paired in the molecule’s 
interior 

  Watson built a model in which the 
backbones were antiparallel (their 
subunits run in opposite directions) 
  Determined that adenine (A) paired 

only with thymine (T), and guanine 
(G) paired only with cytosine (C) 

  Watson-Crick model explains 
Chargaff’s rules: in any organism the 
amount of A = T, and the amount of 
G = C 

  Watson and Crick noted that the 
specific base pairing suggested a 
possible copying mechanism for 
genetic material 
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DNA Replication 

  Watson and Crick’s 
semiconservative model 
  Each daughter molecule will 

have one old strand (derived 
or “conserved” from the 
parent molecule) and one 
newly made strand 

  Experiments by Matthew 
Meselson and Franklin 
Stahl supported the 
semiconservative model 



DNA Replication:  A Closer Look 

  Origins of replication - where the two 
DNA strands are separated, opening up 
a replication “bubble” 

  At each end of a bubble is a replication 
fork, a Y-shaped region where the 
parental strands of DNA are being 
unwound 

  More than a dozen enzymes and other 
proteins participate in DNA replication 
  Helicases - enzymes that untwist the 

double helix at the replication forks 
  Single-strand binding proteins - bind 

to and stabilize single-stranded DNA 
  Topoisomerase - relieves the strain 

caused by tight twisting ahead of the 
replication fork by breaking, swiveling, 
and rejoining DNA strands 

  DNA polymerases – add nucleotides 
to new growing strand 
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DNA Replication:  A Closer Look 
  DNA polymerases cannot initiate synthesis 

of a polynucleotide; they can only add 
nucleotides to an already existing chain 
base-paired with the template 
  The initial nucleotide strand is a short RNA 

primer 
  Primase - starts an RNA chain from a single 

RNA nucleotide and adds RNA nucleotides 
one at a time using the parental DNA as a 
template 

  The primer is short (5–10 nucleotides long) 
  The new DNA strand will start from the 3ʹ′ end 

of the RNA primer 

  Enzymes called DNA polymerases 
catalyze the elongation of new DNA at a 
replication fork 
  Most DNA polymerases require a primer and a 

DNA template strand 
  The rate of elongation is about 500 

nucleotides per second in bacteria and 50 per 
second in human cells 
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DNA Replication:  A Closer Look 
  The antiparallel structure of the double helix 

affects replication 

  DNA polymerases add nucleotides only to the 
free  
3ʹ′ end of a growing strand 
  A new DNA strand can elongate only in the 

5ʹ′ to 3ʹ′ direction 
  Along one template strand of DNA, a 

leading strand is continuously 
synthesized 

  To elongate the other new strand, called 
the lagging strand, DNA polymerase 
must work in the direction away from the 
replication fork 
  Synthesized as a series of segments 

called Okazaki fragments 
  DNA polymerase I removes the RNA 

primers and replaces the nucleotides with 
DNA 

  The remaining gaps are joined together by 
DNA ligase 



Proofreading and Repairing DNA 

  DNA polymerases proofread 
newly made DNA, replacing any 
incorrect nucleotides 

  In mismatch repair of DNA, 
other enzymes correct errors in 
base pairing 

  In nucleotide excision repair, a 
nuclease cuts out and replaces 
damaged stretches of DNA 

  DNA can be damaged by 
exposure to harmful chemical or 
physical agents such as cigarette 
smoke and X-rays; it can also 
undergo spontaneous changes 



Problem with Eukaryotic 
Replication of Chromosomes 

  Limitations of DNA polymerase create 
problems for the linear DNA of eukaryotic 
chromosomes 
  The usual replication machinery cannot 

complete the 5ʹ′ ends of daughter strands 
  Repeated rounds of replication produce 

shorter DNA molecules with uneven ends 

  Telomeres – special nucleotide sequences 
at the ends of eukaryotic chromosomal 
DNA molecules 
  Do not prevent the shortening of DNA 

molecules, but they do postpone it 
  Shortening of telomeres may be connected to 

aging 
  If chromosomes of germ cells became shorter 

in every cell cycle, essential genes would 
eventually be missing from the gametes they 
produce 

  Telomerase – an enzyme that catalyzes the 
lengthening of telomeres in germ cells 



DNA Packaging 

  Bacterial chromosomes 
  Double-stranded, circular DNA 

molecule associated with a small 
amount of protein 

  DNA is “supercoiled” and found in a 
region of the cell called the nucleoid 

  Eukaryotic chromosomes have linear 
DNA molecules associated with a large 
amount of protein 
  Chromatin - a complex of DNA and 

protein found in the nucleus of 
eukaryotic cells 

  Chromatin undergoes striking changes 
in the degree of packing during the 
course of the cell cycle 

  Heterochromatin – condensed form of 
chromatin  

  Euchromatin - more dispersed, less 
compacted chromatin 



DNA Technology 

  Genetic engineering - the direct 
manipulation of genes for 
practical purposes 

  Nucleic acid hybridization - the 
base pairing of one strand of a 
nucleic acid to another, 
complementary sequence 

  DNA cloning 
  To work directly with specific 

genes, scientists prepare well-
defined segments of DNA in 
identical copies 

  Methods 
  Cloning vectors – bacterial 

plasmids 
  Polymerase Chain Reaction 

(PCR) 



DNA Cloning 

  Plasmids - small circular DNA 
molecules that replicate 
separately from the bacterial 
chromosome 
  To clone pieces of DNA, 

researchers first obtain a plasmid 
and insert DNA from another 
source (“foreign DNA”) into it 

  The resulting plasmid is called 
recombinant DNA 
  Requires restriction enzymes 

  Gene cloning - production of 
multiple copies of a single gene 
  Useful to make many copies of a 

gene and to produce a protein 
product 



Gene Cloning Using Plasmids 



Recombinant DNA 

  Bacterial restriction enzymes cut 
DNA molecules at specific DNA 
sequences called restriction sites 

  A restriction enzyme usually makes 
many cuts, yielding restriction 
fragments 
  Most useful restriction enzymes 

cleave the DNA in a staggered 
manner to produce sticky ends 

  Sticky ends can bond with 
complementary sticky ends of other 
fragments 

  DNA ligase can close the sugar-
phosphate backbones of 
recombined DNA strands 

  Cloning vector - a DNA molecule that 
can carry foreign DNA into a host cell 
and replicate there 



Gel Electrophoresis 

  To see the fragments 
produced by cutting DNA 
molecules with restriction 
enzymes, researchers use 
gel electrophoresis 

  Separates a mixture of 
nucleic acid fragments 
based on length 



Polymerase Chain Reaction 

  PCR - can produce many 
copies of a specific target 
segment of DNA 

  A three-step cycle brings 
about a chain reaction that 
produces an exponentially 
growing population of 
identical DNA molecules 

  The key to PCR is an 
unusual, heat-stable DNA 
polymerase called Taq 
polymerase 



PCR and Gene Cloning 



DNA Sequencing 

  Once a gene is cloned, complementary base pairing can 
be exploited to determine the gene’s complete nucleotide 
sequence 

  This process is called DNA sequencing 

  Sequence by synthesizing the complementary strand of a 
single, immobilized template strand 




