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Lecture 2:

History and Review (l)

Course 485

Introduction to Genomics
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AIMS

* Review basic molecular biology/genetics
concepts.

 Highlight significance of findings and its relation
to the study of genomics.
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Chronological Review of concepts and
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Gregor Mendel

The rediscovery of
Mendel's work by
Carl Correns, Erich
von Tschermak-
Seysenegg, and
Hugo De Vries
prompted the foun-

The nucleic acids
were isolated and
studied by Friedrich

The laws of inheritance Miescher. dation of genetics.
were described. H
1865 1869 1900

Gene as a discrete heredity unit

A term invented almost a century ago, ‘genc; with
its beguilingly simple orchography, has become a
central concept in biology. Given a specific meaning
atiits coinage, this word has evolved into something
complex and elusive over the years, reflecting our
ever-expanding knowledge in genetics and in life sci-
ences a large. The stunning discoverics made in the
ENCODE Project—like many before that signifi-
cantly entiched the meaning of this term—are har-
bingers of another tide of change in our understand-
ing of what a genc is.

454 sCiEnces

The first appearance
of the word ‘gene;’ constructed the
derived from the Greek
genesis or genos.

Gene: An Evolving Concept

Thomas Morgan

Studies in Drosophila melano-
Qgaster suggest a linear model
of genes on chromosomes,
like ‘beads on a string.”

1910

Gene as a distinct locus
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Alfred Sturtevant

first genetic map.
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one protein. . determined. GENSCAN, a computer  genome 14
The DNase experiment 3 Protein F program for gene  sequence
Artificial trans- by Avery, MacLeod, and b4 Tho fret argo.seale ShuCture prediction,  were pub- Aterative promoters
mutation of the McCarty suggested The ‘Central Dogma Gons 3} nction became available. lished
gene by X-ray transformation is The DNA  of molecular biology . i : The ENCODE Project highlighted
was reported by induced by DNA.  double helix  was proposed by expvyession ir? geast the complexity of gene tran-
Hermann Miller. H structuvelwas Francis Crick. y scription and regulation.
solve
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Gene as a physical molecule
Gene as a protein blueprint

1928 1952 1961 1965

Griffith’s experi-

ment demon- i
strating type- N S The genetic code
switching in Chas:j:';fnﬁ‘:gg The operon, described \a¢ eciphered by
pneumococcus eiDNAliE S by Francois Jacoband vy rghall Nirenberg,
genetic material.

Jacques Monod, demon-
strated transcriptional
control.

suggested a
transforming
principle.
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Gene as transcribed code

1977

Introns and the mechanism of
RNA splicing were discovered by
Phillip Sharp and Richard Roberts

Gene as ORF sequence pattern

Gene as annotated genomic entity

Gene as ...
2003 2007
The ENCODE The pilot phase of the ENCODE

demonstrating ‘split gene structure.’

Har Gobind Khorana,
and others.
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1865 - Mendel and his peas

Gregor Mendel (Johann) studied heredity by the
systematic breeding experiments of garden pea
(Pisum sativum)
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Monohybrid experiment

Somute oo S 1st law:
A Segregation of
NIE &3 Mendel's factors
— : (alleles)
e T
@ o

-



LLLLLLR e ataedieteniedy

Dihybrid experiment
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Do alleles of any two traits independently
assort?
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Lucky Mendel

Why didn’t Gregor Mendel find linkage?

IT is quite often said that Mendel was very fortunate not to
run into the complication of linkage during his experiments.
He used seven genes and the pea has only seven chromosomes.
Some have said that had he taken just one more, he would have
had problems. This, however, is a gross oversimplification. The
actual situation, most probably, is shown in Table 1. This
shows that Mendel worked with three genes in chromosome 4,
two genes in chromosome 1, and one gene in each of chromosome
5 and 7. It seems at first glance that, out of the 21 dihybrid
combinations Mendel theoretically could have studied, no less
than four (that is, a—i, v—fa, v—le, fa—le) ought to have resulted
in linkages. As found, however, in hundreds of crosses and
shown by the genetic map of the pea?, a and i in chromosome 1
are so distantly located on the chromosome that no linkage is
normally detected. The same is true for v or /e on the one hand,
and fa on the other, in chromosome 4. This leaves v—/fe, which
ought to have shown linkage.

Mendel, however, seems not to have published this particular
combination and thus, presumably, never made the appropriate
cross to obtain both genes segregating simultaneously. It is
therefore not so astonishing that Mendel did not run into the
complication of linkage, although he did not avoid it by choos-
ing one gene from each chromosome.

STIG BLixt
Weibullsholm Plant Breeding Institute,
Landskrona, Sweden
and
Centro Energia Nucleare na Agricultura,
Piracicaba, SP, Brazil

Received March 5; accepted June 4, 1975.
1 Blixgt, S., in Handbook of Genetics, 2 (edit. by King, R. C.), (Plenum, New York,
1974),

Table 1 Relationship between modern genetic terminology and
character pairs used by Mendel

Character pair used by Alleles in Located in

Mendel modern terminology chromosome
Seed colour,

yellow—green I-i 1
Seed coat and flowers,

coloured-white A-a 1
Mature pods,

smooth expanded-wrinkled

indented Vv 4
Inflorescences,

from leaf axils—umbellate in

top of plant Fa—fa 4
Plant height,

> Im-around 4.5 m Le-le 4
Unripe pods,
- green-yellow Gp-gp 5
Mature seeds,

smooth-wrinkled R-r 7

Perfect independent
assortment is due

chromosomal location
of genes responsible

for the traits.

Blixt, S. Why didn't Gregor Mendel find linkage? Nature 256, 206 (1975)
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Lucky Mendel
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The genes of Mendel's traits are located on
different chromosomes or far apart on one
—
chromosome. Z

Ellis et. al. Mendel, 150 years on (2011) Trends in Plant Science, 16(11) 590-596
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What if alleles do not independently assort?
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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!

Verm kK White \lnm tu Rudimentan
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What is the chemical identity of Mendel’s
factors?
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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.
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Miescher’s gray/white precipitate
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Fig. 5. Glass vial containing nuclein isolated from salmon sperm by
Friedrich Miescher while working at the University of Basel. The faded
label reads “Nuclein aus Lachssperma, F. Miescher” (Nuclein from salmon
sperm, F. Miescher). Possession of the Interfakultdres Institut fur
Biochemie (Interfacultary Institute for Biochemistry), University of
Tiibingen, Germany; photography by Alfons Renz, University of Tiibingen,
Germany.
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Nuclein: the chemical of the nucleus

* 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).

daneben aber sehr reich an Phosphor. Die alte Tradition von
den phosphorhaltigen Eiweissstoffen hat also doch einen reellen Hinter-
grund.
I. gr. 0,1915 losliches Nuclein gaben 1811 Pt. = 13,47 N.
Die Kerne waren nach der Isolation nicht mit Alkohol extrahirt.
Die folgenden Versuche sind an ganzen, mit Alkohol heiss er-
schopften Kernen gemacht.

Miescher, Friedrich (1871) "On the chemical composition of pus cells”, Medicinisch-chemische
Untersuchungen, 4 : 441-460.
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Where do Mendel’s factors reside?
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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.

-
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Chromatin

Walther Flemming
' 8 band structure in
dividing cells (1879)

L1

» 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).

—
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Chromatin
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The nucleus v
content separates % ’ "
during cell division.
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Chromosomes

Hermann Fol and Oscar Hertwig
(1870-1880)

« Observed fertilization and fusion of the eggs
and sperms nucleil.
 Chromatin is called chromosomes.

-
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advancements in cell biology,
microscopy, and staining techniques
allowed visualizing the genetic material.

This also contributed to the development
of “cytogenetic maps”

-



Cytogenetics
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Factors on chromosomes

Morgan and the fly room

Thomas Morgan found evidence to
% ) associa’lte. factors (genes)
T to specific chromosome.
—_—
Studies in Drosophila melano- How??

gaster suggest a linear model
of genes on chromosomes,
like ‘beads on a string.

1910
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Genes on chromosomes

EXPERIMENT

P
Generation

F,
Generation

RESULTS

Fs
Generation

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?

-
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Genes on chromosomes
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The Gene
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First genetic map

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

1
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First genetic map

When does assortment of chromosomes
happen?

Do you know what cross-over is?

-
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Cross-over
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First genetic map

x Meiosis | x Meiosis 11 b'v:g‘ b vg b‘m' _ﬁ vg*

Recombinant

chromosomes
(a) Production of recombinant gametes by a dihybrid female

Copyrg © Peamon T axcation Inc , putishing s Decgamen Cumemings

Dihybrid and cross over: what are the
resulting gametes?
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First genetic map

F, dihybeid Doniie

parents  Normal (= —_ 9 d' ca=m (black
wings) bw i o vg wih

»s in (a) \/ Meiosis wings)

| S —— R eumand L. -———— i J
Parental-type offspring Recombinant offspring

391 recombinants
Recombination frequency = 2.300 total offspring x 100 = 17%

{b) Production of recombinant offspring

et L e Lhn e v phdemy i B p——
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First genetic map
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Based on the frequencies of recombinants,

genetic distances between genes can be
estimated.
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Fly Room - Significance

Genes on chromosomes
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Fly Room - Significance

Each chromosome - many genes
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Fly Room - Significance

Linkage maps + cytogenetic maps
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The chemical identity of the gene

What is the gene made of?

-
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Griffith’s transformation experiment

VoLvve XXVII JANUARY, 1928 No &

£

THE SIGNIFICANCE OWRU.\(O( OVCCAL TYPES,
By FRED. GRIFFITH, M. B
(A Meodiead ’))‘nr of the ."nmnlry of Health.)

(Fram the Hematry's Pathodopen! Labaratory.)

CONTENT
LA
Lo Omsantarioss o8 Caasmas Mavesini Ha
Tapen in FLabar Prrsmonia (18]
\uut_\ ol '.'l"" Mpartems from the samer "
N Roagh Virsbent Siran Hs
A Birsin agrietinating spocically with two Gfervae Cosap 1Y Semn Ho
I Esrsmidesest Mo » In
AMtrwosatoom i | wllpre I~
1) Srometh fmmane N - X
12 Growdh o St Wodia i
(3} INServmens Sdwvan Judiesdunl I and X colewise 122
Neveodon fem Heoagh to Saseh 125
A tgen of the B S0aine wand 123
N Fosaye -j( R Sosinn 12
' Nassor Dosage stk £ 1) i»
Pooeniatinm of v B and Ll XN collvems »
Frofiminary Krperimanis »
Groap lV Xewltsre s R and 1) L M
Ty I Senbarc o R ad | (S
Tape JII B cultors « R and IT 121}
Tepw l] Scalbare o R T (%)
Topnn J and JI X tatwven o R Gvsup I L
Iniwadation of living and dend B cultones a7
HL Dascrsspox 14n

IV, 3owwany 187

—
o
Griffith, F. (1928). The Significance of Pneumococcal Types. The Journal of Hygiene, 27(2), 113-1509. Z/
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Griffith’s transformation experiment

« Griffith’s conclusion: R changes into S by
acquiring a molecule.

* He called the molecule (transforming principle).

S 7 »
‘J

heat-treated S :_::' B

LR

heatlreated S '
+R De >

-
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Avery’s transformation experiment

STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOOOCCAL TYFES

Ispocmos or TeassroxmaTion 3v A Desoxvamsostoerse Aan Fracton
Jeotarzo yeom Prerswococces Tyex [

By OSNALD T, AVERY, M.D, OOUIN M. MaAROD, MDD, &
MACLYN MeCARTY " M D
(Frows She Honpial of The Rachefulior Juasitace for Molical Rosancl)
Pams |
(Recsiwed for peblication, November 1, 1945)

Biologiats dave koag atlempied by chemical mears to indece in higher
oeganisers predictable and specific changes which therealer coudd be trans-
mitted in series a5 beredizary chamctens. Amosg momdrganiasss the most
striking exammple of labericable and specifc alierstioon & cell structooe and
fasction that can be experimentally indsced and are repeoducible vader well
defined and adequately comtrolled coaditions & the Lraasformation of specibe
ypes of Poeumoooores.  This phescmencn was first descrided by Geilith (1)
who woceeded In tumaforming s stteamased sxd sco-encapudated (R)
variant derived fraes ane specific type &ato fully encapeciatod asd vicclest (5)
cells of & beterologons specific type. A typical isstance will suffice 1o Tlcstrate
the Lechaiques originglly wsed and serve o indicate the wide variety of Loass-
formsations that are possidbide within the lmins of this dacterial speches,

Gtk found that mice injected subcutascously with & soaall amoest of & lving
R cultere derived from Pocamococon Type 13 together with & lagge bocdhes of
Beat-kiled Type LI (5) cells freguently soccambed to fection, and that the hearts
Bood of e andmads yielded Type 11 pos oock In e oulky The fact that
e B stoain was avirdient and incapulde by Baell of cossing fatal bacteremin e 1he
sddiional fect that Whe hentnd sespension of Type 111 colls contained no viakie oo
paniaem browght coavindag evidende that The R borms ptowing sader these condi
tiors bad newly soquired the capealer stracture sad blolagieal specificity of Type HI
pooEmococe.

The origiaal cbesrvatioon of Geifth wese ter confiomed by Nesfeld and Lovin-
thal (1), and by Basrbess (J) abooad, and by Dawson (4) ko ths bbomatory. Sebee-
qeently Dewson and S (5) secoseded Ia ndecing taosionmation i nive, This
They scvomplahed by growing K oells in & Buid madiam ootaning ant’ R serem and
bt hilled enonpealaned 5§ oefls.  They shawnd (hat in the 3o0t bube o I the animal
body trasaformation caa be selectively induceld, depeadiag on the 1ype spedficty
of the 8 cells wed & the tenction sytem.  Later, Allowny (5] was abie to canse

* Work dooe in part o Fellow in the Modical Schenom of the Natioaa] Rescurch
Conmell,

ur

o
Avery, O. T., MacLeod, C. M., & McCarty, M. (1944). STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE o
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES : INDUCTION OF TRANSFORMATION BY A
DESOXYRIBONUCLEIC ACID FRACTION ISOLATED FROM PNEUMOCOCCUS TYPE IIl. The Journal of Experimental

Medicine, 79(2), 137—158. ‘
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Avery’s transformation experiment

Avery’s controls!
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Hershey and Chase experiment

INDEFENDENT FUNCTIONS OF VIRAL FROTEIN AND NUCLEIC
ACID IN GROWTH OF BACTERIOPHAGE®

By A D MENSHEY oo MAKTHA CHASE

(From e Dapartment of Gonenics, Carnapie Tnauison of Warkiagion, Cold Spring
Werbor, Lang Tiand)

(Reveived for pudiioation, Apedl 9, 1953}

The work of Docrmans (1M8), Doermans and Disosway (1949), and
Andernon aad Doermeara (1952) Sas shown that bacteriopbages T2, T3, and
T4 meltiply i the bacterial cell in & too-nfective Sorm. The same s troe of
the phage carried by certain Dysegenic bacteria (ool and Getmaan, 15500,
Littie else is known about the vegetative phase of thase virmes. The experi-
monts reportad in this paper show that one of the firet steps in the growth of
T2 in the release froee its protein coat of the oedieic acid of the virus particle,
after which the bulk of the sclfer<valaisieg protein has 50 further fusction

Mosoriads and Mahols —Phage T2 means in s paper B warity called T2
(Henbey, 1960); TIA meass oo of the bost aage satants of T2, UV ghage wenns
phage Fxadiated with sltewviclet light foom o premicidal lamgp (Geseral Elocuric
Co) to a fractiooa) servival of 1074,

Senative tacteria reaza & staain (M) of Eachewbia ool sexaitive to T2 and its
A amant; reviatant Dacteria TI/2 meeass & strals reddetaat to T2 bot samitive (o it
A matanl; resotant bacteria 528 means & strads resistant 50 3ofh. Thewe bactera
do sot adsorh the phages 1o which they atr restant

Salpooe™ Beoth coataku per liter 10 g bactopeplone, | g ghocone, and |
o5 Nall. "Booth ™ cootales, b addition, § g bacto-beef extrnet and 4 g, NaCl,

Glycercd dactate mediam contalas per Ber 70 mu sodiun lnctale, & g, ghyoerol,
S o NaCl 2 g KCL 1 o NMAY, 1 mum Mg(h, 0.1 s CaCly, 004 oo, griatin,
10 we P (s orthophosphase), aad 10 mg. § das MgSOQ, at pHl 70,

Adsorption mediam ceatakm per biser 4 g NaCl, 3 g K80, 1S pa. KHJO,,
30 po. NadIPO, 1 s MgSO, .1 seu CaCly, and 001 g pelatia, a2 pH Y0

Vieroaal bufer contaios per Ster 1 po. sodises dethyBachinusate, J mu MgSO,
sad | g pelatia, ot pH 40

The HCN refored to in this paper combts of seoler sl cyunide wiction
poctralioed when mooded with phosphocic ackl

* This Ivvtigation was mpporied in past by & reseandh grant from e Natiooal
Microbiolegioal Tratituse of e Naticeal lastitates of Health, Pulie Flaalth Service.
Radiaasive otopes were sappliod by e Ouk Ridge Nationsd Labonatory on aloca-
thon Sooen Dhe Daotopes Dividon, Unitod Seates Atemie Eaengy Comenision.

»

Hershey A, Chase M (1952). "Independent functions of viral protein and nucleic acid in growth of

bacteriophage"

. J Gen Physiol 36 (1): 39-56.

'
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Hershey and Chase experiment 1

Labeled proteins with radioactive S3°.

Labeled proteins do not enter the bacteria
cells.

Proteins are not the genetic material.
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Hershey and Chase experiment
Labeled DNA with radioactive P32,

Labeled DNA enters the bacteria cells.

DNA is the genetic material.

0 W nbuatuwy biind phages [ Agtte mabienier e ) Comtuge Q Vesrsnow
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Expectations

* You knowledge about basic concepts
strengthens.

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

-
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Disclaimer

Figures, photos, and graphs in my lectures are
collected using google searches. | do not claim to have
personally produced the material (except for some). |
do cite only articles or books used. | thank all owners of
the visual aid that | 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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