
Lecture 2: 

History and Review (I) 

Course 485 

Introduction to Genomics



AIMS

• Review basic molecular biology/genetics 
concepts. 

• Highlight significance of findings and its relation 
to the study of genomics.



Chronological Review of concepts and finding in 
genetics and molecular biology



1865 - Mendel and his peas
Gregor Mendel (Johann) studied heredity by the 
systematic breeding experiments of garden pea 

(Pisum sativum)



1st law: 
Segregation of 

Mendel’s factors 
(alleles)

Monohybrid experiment



Dihybrid experiment

2st law: Independent 
assortment of factors 

(alleles)



Do alleles of any two traits independently 
assort?



Lucky Mendel

 Blixt, S. Why didn't Gregor Mendel find linkage? Nature 256, 206 (1975)

© 1975 Nature Publishing Group

© 1975 Nature Publishing Group

© 1975 Nature Publishing Group

Perfect independent 
assortment is due 

chromosomal location 
of genes responsible 

for the traits.



Lucky Mendel 

Ellis et. al.  Mendel, 150 years on (2011) Trends in Plant Science, 16(11) 590-596

The genes of Mendel’s traits are located on 
different chromosomes or far apart on one 

chromosome.



What if alleles do not independently assort?



Linkage maps
If not independent assortment then what?

Genes on the same chromosome and distance 
between genes can be determined through the 

numbers of resulting combinations. 

We will revisit this later!



What is the chemical identity of Mendel’s 
factors?



Nuclein: the chemical of the nucleus

 Fredrick Miescher bloody bandages (1869)

Miescher, Friedrich (1871) "On the chemical composition of pus cells”, Medicinisch-chemische 
Untersuchungen, 4 : 441–460.



Miescher’s gray/white precipitate

the past two years, I have avidly yearned for the meat pots of
the laboratory in Tqbingen Castle again (also see Fig. 4), for I
had no laboratory here and was (. . .) merely tolerated in a
small corner of the chemistry laboratory, where I could hardly
move.. . .Q He continued, bYou can imagine how it must feel
to be hindered in the energetic pursuit of an endeavor on
account of the most miserable conditions, knowing that I may
never have such a fine opportunity again. . ..Q (His, 1897b).

Nonetheless, he worked on and discovered that sperm
cells proved to be an ideal source material for the isolation of
large quantities of very pure nuclein (Miescher, 1871c,
1874b). Miescher chose these cells due to their simple
composition with their heads comprised almost exclusively
of a nucleus (Miescher, 1872a). Finally, he saw a possibility
of obtaining sufficient amounts of nuclein to perform the
exhaustive quantitative experiments he had already intended
to do in Tqbingen.

Basel’s location on the Rhine river with its annual
upstream migration of salmon to their spawning grounds
had a flourishing salmon fishing industry and there was an
abundance of freshly caught salmon at Miescher’s disposal.
Thus, in the autumn of 1871, he started to work on salmon
sperm and developed numerous, ever more sophisticated
protocols for the isolation of nuclein [seeMiescher, 1874b, as
well as the paper by Miescher’s coworker Oswald Schmiede-
berg (Schmiedeberg and Miescher, 1896), which was
published after Miescher’s death], which allowed him to
obtain considerable quantities of the purest nuclein he had
ever isolated (Fig. 5).

With this nuclein, he repeated the initial analyses of the
elementary composition carried out in Tqbingen. He
confirmed that nuclein contained carbon, nitrogen, and
hydrogen atoms and was indeed devoid of sulfur but rich in
phosphorous (Miescher, 1872a,b,c). When having achieved
the highest purity in isolating nuclein, he determined the
proportion of P2O5 in salmon nuclein to be 22.5% of its total
mass (Miescher, 1872b)—a figure very close to the actual
proportion of 22.9%—and correctly stated that all the
phosphorous contained in the nuclein is present in the form
of phosphoric acid (Miescher, 1874b).

Further analyses of the nuclein isolated from sperm
confirmed its acidic properties, showing that it must be a
bmultibasic acidQ (Miescher, 1872b), a statement, which he
refined to bat least three basic acidQ (Miescher, 1874d) and
eventually bat least four basic acidQ (Miescher, 1874b).
Miescher also noticed that nuclein was not well diffusible
and concluded that it must be a molecule with a high
molecular weight (Miescher, 1872c; see also Miescher,
1874b). Later however, Miescher determined an approx-
imate atomic weight of 5–600 for nuclein (Miescher, 1873e)
and postulated several approximations of an atomic formula,
including the formulae of C22H32N6P2O16 (Miescher,
1874d) and C29H49N9P3O22 (Miescher, 1874b).

In the spring of 1872, Miescher presented his results on
sperm to the Naturalist Society in Basel (His, 1897b). Among
descriptions of the spermatocyte morphology, he reported

that in the heads of salmon spermatocytes, the bmultibasicQ
acid nuclein is bound in a saltlike state to a basic molecule,
which he called bprotaminQ (see also Miescher, 1872a,c,
1874b) and that together nuclein and protamin made up
almost the entire mass in the sperm heads (Miescher, 1874b).

In the years 1872 and 1873, Miescher extended his
studies to the sperm of carp, frogs, chicken, and bulls
(Miescher, 1872a, 1873a,b,c,d,f), but with less success than
he had previously had with salmon sperm. However, in all
sperm examined he did find nuclein (Miescher, 1873b). The
complete account of these analyses was published in 1874
(Miescher, 1874a,b,c).

Miescher owed a great deal of his success in isolating
and characterizing DNA to his choice of cells for his
experiments. Both leucocytes and spermatozoa are not
embedded in a tissue or extracellular matrix and can thus
easily be purified. Moreover, in both, but especially in the
spermatozoa, the nuclei are large compared to the cyto-
plasm, facilitating an enrichment of nuclear components in
purification protocols.

Theories on the role of DNA, gametogenesis, and
fertilization

Miescher’s 1874 publication on the occurrence of nuclein
in the sperm of various vertebrates (Miescher, 1874b)
caused some interest in the scientific community at the

Fig. 5. Glass vial containing nuclein isolated from salmon sperm by

Friedrich Miescher while working at the University of Basel. The faded

label reads bNuclein aus Lachssperma, F. MiescherQ (Nuclein from salmon

sperm, F. Miescher). Possession of the Interfakult7res Institut fqr
Biochemie (Interfacultary Institute for Biochemistry), University of

Tqbingen, Germany; photography by Alfons Renz, University of Tqbingen,
Germany.

R. Dahm / Developmental Biology 278 (2005) 274–288 281



• The molecule is different than other molecules 
(contain C, O, N, H, and P – not known to be in 
proteins). 

• Since the molecule came from nucleus, he called it 
Nuclein (today called DNA).

Miescher, Friedrich (1871) "On the chemical composition of pus cells”, Medicinisch-chemische 
Untersuchungen, 4 : 441–460.

Nuclein: the chemical of the nucleus



Where do Mendel’s factors reside?



Chromosome(Theory(

If#Mendel#factors#segregate#during#meiosis,#
then#something#in#the#cell#must#do#the#same.#

A#physical#entity#with#specific#chemical#
properties#inside#the#cell#behaves#similar#to#

Mendel’s#factors.



Chromatin

Walther Flemming 
band structure in 

dividing cells (1879)

• Used cells of salamanders and staining 
techniques to study cell division (he called it 
mitosis). 

• The intensely stained parts of the nucleus he 
called chromatin (chroma is Greek for color).



Chromatin

The nucleus 
content separates 
during cell division. 

What is this 
substance?



Chromosomes

Hermann Fol and Oscar Hertwig 
(1870-1880)

• Observed fertilization and fusion of the eggs 
and sperms nuclei. 

• Chromatin is called chromosomes.



advancements#in#cell#biology,#
microscopy,#and#staining#techniques#

allowed#visualizing#the#genetic#material.#

This#also#contributed#to#the#development#
of#“cytogenetic#maps”



Cytogenetics



Factors on chromosomes

Morgan and the fly room 
found evidence to 

associate factors (genes) 
to specific chromosome. 

How?



Genes on chromosomes

Using a mutant (white eyed fly) and series 
of crosses, Morgen found white-eye trait 
sex-linked (associated white eye factor 

(gene) on X chromosome). 

Details?



Genes on chromosomes



The Gene



First genetic map

First genetic map constructed by Alfred 
Sturtevant (1913) - Morgan’s student



First genetic map

When does assortment of chromosomes 
happen? 

Do you know what cross-over is?



Cross-over



First genetic map

Dihybrid and cross over: what are the 
resulting gametes?



First genetic map



First genetic map

Based on the frequencies of recombinants, 
genetic distances between genes can be 

estimated.



Fly Room - Significance
Genes on chromosomes



Fly Room - Significance
Each chromosome - many genes



Fly Room - Significance
Linkage maps + cytogenetic maps



The chemical identity of the gene 

What is the gene made of?



Griffith’s transformation experiment

Griffith, F. (1928). The Significance of Pneumococcal Types. The Journal of Hygiene, 27(2), 113–159.

VOLUME XXVII JANUARY, 1928 No. 2

THE SIGNIFICANCE OF EUMOCOCCAL TYPES.
BY FRED. .RIFFITH, M.B.

(A Medical Officer of the Ministry of Health.)

(Fromtt the Ministry's Pathological Laboratory.)
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I. 6BSERVATIONS ON CLINICAL MATERIAL.
SINCE communicating my report' on the distribution of pneumococcal types
in a series of 150 cases of lobar pneumonia occurring in the period from April,
1920 to January, 1922, I have not made any special investigation of this
subject. In the course, however, of other inquiries and of the routine examina-
tion of sputum during the period from the end of January, 1922, to March,
1927, some further data have been accumulated2.

Table I gives the results in two series and, for comparison,those previously
published.

1 Reports on Public Health and Medical Subjects (1922), No. 13.
2 I owe many thanks to Dr J. Bell Ferguson, formerly Medical Officer of Health for Smethwick,

for sendirg me many specimens from cases of lobar pneumonia.
Jouri.. of Hyg. xxvii 8



Griffith’s transformation experiment
•  Griffith’s conclusion: R changes into S by 
acquiring a molecule. 

•  He called the molecule (transforming principle).



Avery’s transformation experiment

STUDIES ON T H E  CHEMICAL NATURE OF T H E  SUBSTANCE 
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES 

INDUCTION OF TRANS]~ORMATION BY A DESOXYRIBONUCLEIC ACID FRACTION 
ISOLATED I~RO~¢ PNEUMOCOCCUS TYPE III  

BY OSWALD T. AVERY, M.D., COLIN M. MACLEOD, M.D., AND 
MACLYN McCARTY,* M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
PLATE 1 

(Received for publication, November 1, 1943) 

Biologists have long attempted by chemical means to induce in higher 
organisms predictable and specific changes which thereafter could be trans- 
mitted in series as hereditary characters. Among microSrganisms the most 
striking example of inheritable and specific alterations in cell structure and 
function that can be experimentally induced and are reproducible under well 
defined and adequately controlled conditions is the transformation of specific 
types of Pneumococcus. This phenomenon was first described by Gri~th  (1) 
who succeeded in transforming an attenuated and non-encapsulated (R) 
variant derived from one specific type into fully encapsulated and virulent (S) 
cells of a heterologous specific type. A typical instance will suffice to illustrate 
the techniques originally used and serve to indicate the wide variety of trans- 
formations that are possible within the limits of this bacterial species. 

Gri~th found that mice injected subcutaneously with a small amount of a living 
1~ culture deri, ed from Pneumococcus Type H together with a large inoculum of 
heat-killed Type III (S) cells frequently succumbed to infection, and that the heart's 
blood of these animals yielded Type HI pneumococci in pure culture. The fact that 
the P~ strain was avirulent and incapable by itself of causing fatal bacteremia and the 
additional fact that the heated suspension of Type HI cells eoataincd no viable or- 
ganisms brought convincing evidence that the 1~ forms growing under these condi- 
tions had newly acquired the capsular structure and biological specificity of Type III 
pneumococci. 

The original observations of Griffith were later confirmed by Neufeld and Levin- 
thal (2), and by Banrherm (3) abroad, and by Dawson (4) in this laboratory. Subse- 
quently Dawson and Sia (5) succeeded in inducing transformation in ~tro. This 
they accomplished by growing R cells in a fluid medium containing anti-R serum and 
heat-killed encapsulated S cells. They showed that in the test tube as in the animal 
body transformation can be selectively induced, depending on the type specificity 
of the S cells used in the reaction system. Later, Alloway (6) was able to cause 

* Work done in part as Fellow in the Medical Sciences of the National Research 
Council. 
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Avery, O. T., MacLeod, C. M., & McCarty, M. (1944). STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE 
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES!: INDUCTION OF TRANSFORMATION BY A 
DESOXYRIBONUCLEIC ACID FRACTION ISOLATED FROM PNEUMOCOCCUS TYPE III. The Journal of Experimental 
Medicine, 79(2), 137–158.



Avery’s transformation experiment

Avery’s controls!



Hershey and Chase experiment
I N D E P E N D E N T  FUNCTIONS OF VIRAL P R O T E I N  AND NUCLEIC 

ACID I N  GROWTH OF BACTERIOPHAGE* 

B~ A. D. HERSHEY AND MARTHA CHASE 
(From the Department of Genetics, Carnegie Institution of Washington, Cold Spring 

Harbor, Long Island) 

(Received for publication, April 9, 1952) 

The work of Doermaml (1948), Doermann and Dissosway (1949), and 
Anderson and Doermann (1952) has shown that bacteriophages T2, T3, and 
T4 multiply in the bacterial cell in a non-infective form. The same is true of 
the phage carried by certain lysogenic bacteria (Lwoff and Gutmann, 1950). 
Little else is known about the vegetative phase of these viruses. The experi- 
ments reported in this paper show that  one of the first steps in the growth of 
T2 is the release from its protein coat of the nucleic acid of the virus particle, 
after which the bulk of the sulfur-containing protein has no further function. 

Materials and Methods.--Phage T2 means in this paper the variety called T2H 
(Hershey, 1945); T2h means one of the host range mutants of T2; UV-phage means 
phage irradiated with ultraviolet light from a germicidal lamp (General Electric 
Co.) to a fractional survival of 10 -5. 

Sensitive bacteria means a strain (H) of Escherichia coli sensitive to T2 and its 
h mutant; resistant bacteria B/2 means a strain resistant to T2 but sensitive to its 
h mutant; resistant bacteria B/2h means a strain resistant to both. These bacteria 
do not adsorb the phages to which they are resistant. 

"Salt-poor' broth contains per liter 10 gin. bacto-peptone, 1 gm. glucose, and 1 
gin. NaC1. "Broth" contains, in addition, 3 gin. bacto-beef extract and 4 gm. NaCl. 

Glycerol-lactate medium contains per liter 70 m~ sodium lactate, 4 gin. glycerol, 
5 gin. NaC1, 2 gin. KCI, 1 gin. NI-I_aCI, 1 mm MgC12, 0.1 m~t CaC12, 0.01 gm. gelatin, 
10 rag. P (as orthophosphate), and 10 mg. S (as MgSO4), at pH 7.0. 

Adsorption medium contains per liter 4 gin. NaC1, 5 gm. K~SO4, 1.5 gin. KH~PO,, 
3.0 gm. Na~-IP0,, 1 mE MgSO,, 0.1 m_~ CaC12, and 0.01 gm. gelatin, at pH 7,0. 

Veronal buffer contains per liter 1 gm. sodium diethylbarbiturate, 3 mE MgS04, 
and 1 gin. gelatin, at pH 8.0. 

The HCN referred to in this paper consists of molar sodium cyanide solution 
neutralized when needed with phosphoric acid. 

* This investigation was supported in part by a research grant from the National 
Microbiological Institute of the National Institutes of Health, Public Health Service. 
Radioactive isotopes were supplied by the Oak Ridge National Laboratory on alloca- 
tion from the Isotopes DivisiOn, United States Atomic Energy Commission. 
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Hershey#A,#Chase#M#(1952).#"Independent#functions#of#viral#protein#and#nucleic#acid#in#growth#of#
bacteriophage"#.#J#Gen#Physiol#36#(1):#39–56.



Hershey and Chase experiment 1

• Labeled proteins with radioactive S35. 

• Labeled proteins do not enter the bacteria 
cells. 

• Proteins are not the genetic material.



Hershey and Chase experiment
• Labeled DNA with radioactive P32. 

• Labeled DNA enters the bacteria cells. 

• DNA is the genetic material.



Expectations

• You knowledge about basic concepts 
strengthens. 

• You know some of the key findings and its 
relation to the study of genomes.



Disclaimer

 Figures, photos, and graphs in my lectures are 
collected using google searches.  I do not claim to have 

personally produced the material (except for some). I 
do cite only articles or books used. I thank all owners of 

the visual aid that I use and apologize for not citing 
each individual item.  If anybody finds the inclusion of 
their material in my lectures a violation of their copy 

rights, please contact me via email. 

hhalhaddad@gmail.com
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