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Genetic Pedigrees

Dominant allele, e.g. Huntington's disease (Huntington's chorea)

Since the condition is shown in some of the first generation offspring but not in some others, this is not a
simple cross between 2 different homozygotes. One parent must be heterozygous, and the allele for the
condition must be dominant to the allele for absence of the condition. The dominant allele is denoted by
an upper case letter e.g. H as distinct from the lower case version of the same letter h for the normal
allele (recessive, in this case).

Note also that in this case the appearance of the condition is independent of the sex of the individual.
family tree

KEY
. affected Hh or HH
. female

affected

male Hh or HH

unaffected
ol C == .

unaffected

male hh
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Genetic Pedigrees

Recessive allele, e.g Cystic fibrosis

Since the condition is not shown in any of the offspring in the first generation but it reappears in the
second generation, it must be caused by a recessive allele. The recessive allele is denoted by a lower case
letter e.g.

f as distinct from the upper case version of the same letter F for the normal allele (dominant, in this case).
Once again, in this case the appearance of the condition is independent of the sex of the individual.

family tree
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Genetic Pedigrees

Sex-linked recessive allele, e.g haemophilia

(also applies to red-green colour blindness) example 1: Affected male
Since there are different results depending on the sex of the parents in these 2 examples, this allele must
be sex-linked, and carried on the X chromosome. Females (genotype XX) have 2 copies of this
chromosome so dominance can occur, resulting in symptomless carriers. Males (genotype XY) have only
one X chromosome so they are either affected or unaffected. There are no carrier males.

The recessive allele on the X chromosome is denoted by a superscript lower case letter e.g. Xh as distinct
from the upper case version of the same letter XH for the normal allele (dominant, in this case). In males,
a Y chromosome, not carrying an equivalent gene, is also present.

family tree KEY FF

. affected XX
female
affected
. male xY
] O unaffected XX
female
unaffected
male XY
O symptomless xX (carrier)
female - carrier

All females are carriers all males are unaffected



Genetic Pedigrees

Sex-linked recessive allele, e.g haemophilia

(also applies to red-green colour blindness) example 2: affected female

Since there are different results depending on the sex of the parents in these 2 examples, this allele must be sex-
linked, and carried on the X chromosome. Females (genotype XX) have 2 copies of this chromosome so dominance
can occur, resulting in symptomless carriers. Males (genotype XY) have only one X chromosome so they are either

affected or unaffected. There are no carrier males.

The recessive allele on the X chromosome is denoted by a superscript lower case letter e.g. Xh as distinct from the
upper case version of the same letter XH for the normal allele (dominant, in this case). In males, a Y chromosome, not

carrying an equivalent gene, is also present.
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Genetic Pedigrees

Sex-linked recessive allele, e.g haemophilia

(also applies to red-green colour blindness) example 3: affected female

Since there are different results depending on the sex of the parents in these 2 examples, this allele must be sex-
linked, and carried on the X chromosome. Females (genotype XX) have 2 copies of this chromosome so dominance
can occur, resulting in symptomless carriers. Males (genotype XY) have only one X chromosome so they are either

affected or unaffected. There are no carrier males.

The recessive allele on the X chromosome is denoted by a superscript lower case letter e.g. Xh as distinct from the
upper case version of the same letter XH for the normal allele (dominant, in this case). In males, a Y chromosome, not

carrying an equivalent gene, is also present.

family tree
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1944 — Oswald Avery, MacLeod & McCarty
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1952 — Alfred Hershey and Martha Chase
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Linus Pauling
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1953, James D. Watson and Francis Crick
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1955 — Marianne Grunberg-Manago and Severo Ochoa
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MmRNA

Francis Crick 1950
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..CCCN YoM 01m LAAA NN IO 1IN0 NmMwpa KOO NN NNa
Marshall Nirenberg and Heinrich J. Matthaei, 1961
MY OV NN MION N2 NI XY UUU ... DN IMLPA RDS 9'Nna wviny
1961 — J. Heinrich Matthaei
M1¥7 X712 DNA XD NMVPIN DMNMTIN IN'W Y'Y (UUUH 1MIORMA DY NMpn N
Har Gobind Khorana, 1961
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Francis Crick, Sydney Brenner, Leslie Barnett and R.J. Watts-Tobin, 1961

9¥111 TN212 rlIB 1ANY T4 (OXMDPIA DI, TRAMILPIIIWNNYN
VAIININDMY TNA DDA NADINY Y 12N NND D'D'DA NDIONY DY provlavin NaDIn 'y

D92NYN DI D'Wa NAON X1 D'DDI NYHOY DaD1IYWI X ,DWa 125N NINN NN
bRk
frame-shitf "N12DN NrN" NXLIN S AVINN

1961 Marshall Nirenberg, Philip Leder, Har Gobind Khorana, Sydney Brenner &Francis Crick
VAN MpN OY DWOaM1LN DI NIYA

1972 — Walter Fiers and his team
N2ASTIN QXM DI DY NaLYNN NIAON DY NWKRIN 1N QX
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1955, Robert W. Holley
RNAO 1IN MMM S DpYanmp Nt
1960s by Alex Rich and Don Caspar, Jacques Fresco

tRNA DY Nmianin 1pn

1965, Robert W. Holley
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1970 — Hamilton Smith and Daniel Nathans
D™MDN X121 P71 D2 MNN DNA DW (restrictiony 71NN MMTIN
1970 — Howard Temin and David Baltimore
D'ax1NYa90NY D'DAN DNA DN RNA D'PNYNN ONATIN
1977 — Walter Gilbert and Allan Maxam
NNNMNMIVPIN 'Y DNAaXTI NYAPO NLW
1977 — Frederick Sanger et al.
DD1M Y DN 9X7
1984 — Alec Jeffreys
DWW MNT IN'YY NI MYAXN NYav
1990 — French Anderson et al.
D) DINWNAY INND NP N, DTN MK LI A1
1990 — Napoli, Lemieux and Jorgensen
N25N 5w MDA DT 721 °YAD RNA NN DN AN MO IRNA 1D
1996 — Dolly the sheep
DNA XD5 n'X¥'15 D1 NDIDN- P HYW DAW
2003 (April 14)
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Historical Landmarks



c. 520 BC — Alcmaeon of Croton distinguished veins from arteries and discovered the optic nerve.

c. 450 BC — Sushruta wrote the Sushruta Samhita, describing over 120 surgical instruments and 300 surgical
procedures, classifying human surgery into eight categories, and introducing cosmetic and plastic surgery.[1]

c. 450 BC — Xenophanes examined fossils and speculated on the evolution of life.

c. 350 BC — Aristotle attempted a comprehensive classification of animals. His written works include Historion
Animalium, a general biology of animals, De Partibus Animalium, a comparative anatomy and physiology of animals,
and De Generatione Animalium, on developmental biology.

c. 300 BC — Theophrastos (or Theophrastus) began the systematic study of botany.

c. 300 BC — Herophilos dissected the human body.

c. 100 BC — Diocles wrote the oldest known anatomy book and was the first to use the term anatomy.

c. 50-70 AD — Historia Naturalis by Pliny the Elder (Gaius Plinius Secundus) was published in 37 volumes.

130-200 — Claudius Galen wrote numerous treatises on human anatomy.

c. 800 — Al-Jahiz describes the struggle for existence,[2][3] introduces the idea of a food chain,[4] and adheres to
environmental determinism.[5]

c. 850 — Al-Dinawari is considered the founder of Arabic botany for his Book of Plants, in which he describes at least
637 plants and discussed plant evolution from its birth to its death, describing the phases of plant growth and the
production of flowers and fruit.[6]

c. 900 — Rhazes (865-925) distinguishes smallpox from measles, and compiles a casebook of his experiences as a
physician, al-Hawi.

c. 1010 — Avicenna (Abu Ali al Hussein ibn Abdallah ibn Sina) published The Canon of Medicine (Kitab al-Qanun fi al-
tibb), in which he introduces clinical trials and clinical pharmacology,[7] and which remains an authoritative text in
European medical education up until the 17th century.[8][9]

c. 1150 — Avenzoar adheres to experimental dissection and autopsy, which he carries out to prove that the skin
disease scabies is caused by a parasite, a discovery which upsets the theory of humorism;[10] and he also introduces
experimental surgery,[11] where animal testing is used to experiment with surgical techniques prior to using them on
humans.[12]

1200 — Abd-el-latif observes and examines a large number of skeletons during a famine in Egypt and he discovers that
Galen was incorrect regarding the formation of the bones of the lower jaw and sacrum.[13]



c. 1200 — The Andalusian-Arabian biologist Abu al-Abbas al-Nabati develops an early scientific method for botany,
introducing empirical and experimental techniques in the testing, description and identification of numerous materia
medica, and separating unverified reports from those supported by actual tests and observations.[14]

c. 1225 — Ibn al-Baitar, al-Nabati's student, writes his Kitab al-Jami fi al-Adwiya al-Mufrada, a botanical and
pharmaceutical encyclopedia describing 1,400 plants, foods, and drugs, 300 of which are his own original discoveries; a
later Latin translation of his work is useful to European biologists and pharmacists in the 18th and 19th centuries.[15]
1242 — Ibn al-Nafis publishes his Commentary on Anatomy in Avicenna's Canon, in which he discovers the pulmonary
circulation[16] and coronary circulation,[17][18] which form the basis of the circulatory system.[19]

1543 — Andreas Vesalius publishes the anatomy treatise De humani corporis fabrica.

?? — Jan Baptist van Helmont performed his famous tree plant experiment in which he shows that the substance of a
plant derives from water, a forerunner of the discovery of photosynthesis.

1614 — Santorio Santorio weighed himself before and after eating, sleeping, working, sex, fasting, drinking, and
excreting. He found that most of the food he took in was lost through what he called "insensible perspiration".

1628 — William Harvey published An Anatomical Exercise on the Motion of the Heart and Blood in Animals

1651 — William Harvey concluded that all animals, including mammals, develop from eggs, and spontaneous
generation of any animal from mud or excrement was an impossibility.

1658 — Jan Swammerdam observed red blood cells under a microscope.

1663 — Robert Hooke saw cells in cork using a microscope.

1668 — Francesco Redi disproved spontaneous generation by showing that fly maggots only appear on pieces of meat
in jars if the jars are open to the air. Jars covered with cheesecloth contained no flies.

1672 — Marcello Malpighi published the first description of chick development, including the formation of muscle
somites, circulation, and nervous system.

1676 — Anton van Leeuwenhoek observed protozoa and calls them animalcules.

1677 — Anton van Leeuwenhoek observed spermatozoa.

1683 — Anton van Leeuwenhoek observed bacteria. Leeuwenhoek's discoveries renew the question of spontaneous
generation in microorganisms.



1767 — Kaspar Friedrich Wolff argued that the tissues of a developing chick form from

nothing and are not simply elaborations of already-present structures in the egg.

1768 — Lazzaro Spallanzani again disproved spontaneous generation by showing that no

organisms grow in a rich broth if it is first heated (to kill any organisms) and allowed to cool

in a stoppered flask. He also showed that fertilization in mammals requires an egg and

semen.

1771 — Joseph Priestley demonstrated that plants produce a gas that animals and flames

consume. Those two gases are carbon dioxide and oxygen.

1798 — Thomas Malthus discussed human population growth and food production in An

Essay on the Principle of Population.

Henri Dutrochet (1776-1847) and Francois Raspail (1794-1878) cells - the basic unit of life
but thought new cells are created within old cells

1832 Barthelemy Dumortier (1797-1878) detected cell division in plants

1802 Franz Bauer describe nucleus, named in 1831 by Robert Brown (1773-1858) [of the

Brownian motion]

Jan Purkynie (1787-1869), or Purkinje — cells build plants AND animals

Read more: http://www.biologyreference.com/Gr-Hi/History-of-Biology-Cell-Theory-and-
Cell-Structure.html#ixzz2gkmOnKC8



1801 — Jean-Baptiste Lamarck began the detailed study of invertebrate taxonomy.

1802 — The term biology in its modern sense was propounded independently by Gottfried
Reinhold Treviranus (Biologie oder Philosophie der lebenden Natur) and Lamarck
(Hydrogéologie). The word was coined in 1800 by Karl Friedrich Burdach.

1809 — Lamarck proposed a modern theory of evolution based on the inheritance of
acquired characteristics.

1817 — Pierre-Joseph Pelletier and Joseph Bienaimé Caventou isolated chlorophyll.

1820 — Christian Friedrich Nasse formulated Nasse's law: hemophilia occurs only in males
and is passed on by unaffected females.

1824 — J. L Prevost and J. B. Dumas showed that the sperm in semen were not parasites, as
previously thought, but, instead, the agents of fertilization.

1826 — Karl von Baer showed that the eggs of mammals are in the ovaries, ending a 200-
year search for the mammalian egg.

1828 — Friedrich Woehler synthesized urea; first synthesis of an organic compound from
inorganic starting materials.




1836 — Theodor Schwann discovered pepsin in extracts from the stomach lining; first
isolation of an animal enzyme.

1837 — Theodor Schwann showed that heating air will prevent it from causing putrefaction.
1838 — Matthias Schleiden proposed that all plants are composed of cells.

1839 — Theodor Schwann proposed that all animal tissues are composed of cells. Schwann
and Schleinden argued that cells are the elementary particles of life.

1815-1865 Robert Remark — 1852- cell division, not “crystallization” suggested by Schlieren
1821-1902 Rudolf Virchow — “Omnis cellula e cellula” cell only come from cells. No credit
Remark...

1817-1905 Albert von Kolliker — tisue embeding, sectioning and staining

1843 — Martin Barry reported the fusion of a sperm and an egg for rabbits in a 1-page
paper in the Philosophical Transactions of the Royal Society of bunchie

1856 — Louis Pasteur stated that microorganisms produce fermentation (of sugar to
alcohol by yeast).




1858 — Rudolf Virchow proposed that cells can only arise from pre-existing cells; "Omnis
cellula e celulla,” all cell from cells. The Cell Theory states that all organisms are composed
of cells (Schleiden and Schwann), and cells can only come from other cells (Virchow).




1865 — Friedrich August Kekulé von Stradonitz realized that benzene is composed of carbon
and hydrogen atoms in a hexagonal ring.

1869 — Friedrich Miescher discovered nucleic acids in the nuclei of cells.

1871 — Miescher JF isolated cell nuclei from bandages, treated with pepsin

1874 — Jacobus van 't Hoff and Joseph-Achille Le Bel advanced a three-dimensional
stereochemical representation of organic molecules and propose a tetrahedral carbon

atom.



1876 — Oskar Hertwig and Hermann Fol independently described (in sea urchin eggs) the
entry of sperm into the egg and the subsequent fusion of the egg and sperm nuclei to form
a single new nucleus.

1878 — Wilhelm Kiihne (1837-1900) coined the term enzyme.

1880 - 1890: Walther Flemming, Eduard Strasburger, and Edouard van Beneden elucidate
chromosome distribution during cell division

1884 — Emil Fischer began his detailed analysis of the compositions and structures of
sugars.

1889 —Richard Altmann purified DNA (later found to be contaminated with proteins)

1889: Hugo de Vries postulates that "inheritance of specific traits in organisms comes in
particles”, naming such particles "(pan)genes”

1892 — Hans Driesch separated the individual cells of a 2-cell sea urchin embryo and shows
that each cell develops into a complete individual, thus disproving the theory of
preformation and showing that each cell is "totipotent,"” containing all the hereditary
information necessary to form an individual.

1897 — Eduard Buchner began to study the ability of yeast extracts to ferment sugar
despite the absence of living yeast cells.

1898 — Martinus Beijerinck used filtering experiments to show that tobacco mosaic disease
is caused by something smaller than a bacterium, which he names a virus.




1900 — Two biologists independently rediscovered Mendel's paper on heredity.

1902 — Walter Sutton and Theodor Boveri, independently proposed that the chromosomes,
which segregate in a Mendelian fashion, carry the hereditary information. (see urchine- all
chromosomes needed for development, grasshoppers-equal segregation in meiosis)

1902 — Archibald Garrod — alkaptonuria abundant in children of family-related parents
1905 — William Bateson coined the term "genetics" to describe the study of biological
inheritance.

1906 — Mikhail Tsvet discovered the chromatography technique for organic compound
separation.

1906 — Hardy GH & Weinberg W — equilibrium frequency of allels in populations

1907 — Ivan Pavlov demonstrated conditioned responses with salivating dogs.

1907 — Hermann Emil Fischer artificially synthesized peptide amino acid chains and thereby
shows that amino acids in proteins are connected by amino group-acid group bonds.

1908 — Hardy-Weinberg law derived: allele and genotype frequencies in a population will
remain constant from generation to generation in the absence of other evolutionary
influences. These influences include non-random mating, mutation, selection, genetic drift,
gene flow and meiotic drive. Because one or more of these influences are typically present
in real populations, the Hardy—Weinberg principle describes an ideal condition against
which the effects of these influences can be analyzed.

1909 — Wilhelm Johannsen coined the word "gene.”

1910 — Thomas Morgan — sex-linked traits — white eyed Drosophila

1911 — Thomas Hunt Morgan proposesd that genes are arranged in a line on the
chromosomes.

1913 — Alfred Sturtevant makes the first chromosome map of a chromosome: show
chromosomes containing linear arranged genes.




Ruptured linkage — cross over. Frequency proportional to distance
A-B 2% crosses
B-C 5% croses A ----2%----- B -----mmooee- 5% -------------- C
C-—--- 3%------------ A ---2%----B

A-C 7% or 3% - Sturterant 3 point segregation -> chromosome maps




1918 — Ronald Fisher publishes "The Correlation Between Relatives on the Supposition of
Mendelian Inheritance" the modern synthesis of genetics and evolutionary biology starts.
1922 — Aleksandr Oparin proposed that the Earth's early atmosphere contained methane,
ammonia, hydrogen, and water vapor: the raw materials for the origin of life.

1923 — Frederick Griffith — DNA carries genes responsible for bacteria pathogenicity

1926 — James B. Sumner showed that the urease enzyme is a protein.

1928 — Otto Diels and Kurt Alder discovered the Diels-Alder cycloaddition reaction for
forming ring molecules.

1928: Frederick Griffith discovers that hereditary material from dead bacteria can be
incorporated into live bacteria.

1928 — Alexander Fleming discovered the first antibiotic, penicillin

1929 — Phoebus Levene discovered the sugar deoxyribose in nucleic acids.

1929 — Edward Doisy and Adolf Butenandt independently discovered estrone.

1930 — John Howard Northrop showed that the pepsin enzyme is a protein. Later also for
trypsin and chymotrypsin.

1931 — Adolf Butenandt discovered androsterone.

1931 — Crossing over is identified as the cause of recombination

1932 —Krebs, Sir Hans Adolf: metbolism. identifies the Urea cycle 1937-citric acid cycle
1933 — Jean Brachet is able to show that DNA is found in chromosomes and that RNA is
present in the cytoplasm of all cells.

1933 — Tadeus Reichstein artificially synthesized vitamin C; first vitamin synthesis.

1934 James Sumner crystallized Urea and show it is a protein

1935 — Rudolf Schoenheimer used deuterium as a tracer to examine the fat storage system
of rats.




1935 — Wendell Stanley crystallized the tobacco mosaic virus.

1935 — Konrad Lorenz described the imprinting behavior of young birds.

1937 - James B. Sumner showed further that the enzyme catalase is a pure protein.

1937 — Dorothy Crowfoot Hodgkin discovered the three-dimensional structure of
cholesterol.

1937 —Krebs, Hans Adolf discovered the tricarboxylic acid cycle.

??7? - Gustav Embden, Otto Meyerhof, and Jakob Karol Parnas discovered that glycolysis is a
strongly determinant process for the efficiency and production of the human body.

1937 — Theodosius Dobzhansky In Genetics and the Origin of Species, applies the
chromosome theory and population genetics to natural populations in the first mature
work of neo-Darwinism, also called the modern synthesis, a term coined by Julian Huxley.
1938 — Marjorie Courtenay-Latimer discovered a living coelacanth off the coast of
southern Africa.

1940 — Donald Griffin and Robert Galambos announced their discovery of echo-location by
bats.

1941 — Edward Tatum and George Beadle show that genes code for proteins (neurospora)
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1942 - Salvador Luria- Max Delbrueck experiment — Fluctuation test -—.—-,
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Mutations occur spontaneously, in absence of selection.
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1944 — Robert Burns Woodward and William von Eggers Doering synthesized quinine.

DNA was known to consist of 4 repeating units

Proteins were much more complex
Therefore — Proteins were believed to carry inheritance

Two kind of pneumococci bacteria — S-smooth and R-rough
Smooth kill infected mice (capsule has no polysacharides recognized by immune system)
Rough do not (immune system kills bacteria)

Showed that Smooth bacteria appear by spontaneous mutation.

Extracted DNA from Rough bacteria, added the soup to Smooth bacteria and recovered

capability to kill mice. rough strain | smooth strain heat-killed | rough strain &
(neoviutent) | (virulent) smooth strain | :;::m'::nln
oo = e . ‘ * z ." *

Ellaborately purified DNA from all remaining proteins.

. .*
Yet largely accepted skeptically, and did not get Nobel price ’
Till he died!!! hi E ,\! E ,] g 7 g
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@“@Q

mouse lives  mouse dies mouse lives mouse dies




1945 — Dorothy Crowfoot Hodgkin discovered the three-dimensional structure of
penicillin,

1948 — Erwin Chargaff showed that in DNA the number of guanine units equals the
number of cytosine units and the number of adenine units equals the number of thymine
units. Pyrimidines(Thymine = Adenine) purines (Cytosine = Guanine)

1948 — Barbara McClintock discovers transposons in maize, later found in bacteria & flies



1951 — The research group of Robert Robinson with John Cornforth (Oxford University)
publishes their synthesis of cholesterol, while Robert Woodward (Harvard University)

publishes his synthesis of cortisone.
1951 — Fred Sanger, Hans Tuppy, and Ted Thompson completed their chromatographic

analysis of the insulin amino acid sequence.

1952 — American developmental biologists Robert Briggs and Thomas King cloned the first
vertebrate by transplanting nuclei from leopard frogs embryos into enucleated eggs. More
differentiated cells were the less able they are to direct development in the enucleated egg.

Labeled phage coat with sulfur S3> and the DNA with phosphorus P32
And showed P radioactivity, not S inside infected bacteria

@ Bacteriophages
/&\ /3\ phosphorus labeled
| DNA (green)

sulfur labeled protein
capsule (red)

&
O

Q )
qp qg 1. Infection
O 2. Blending

l |

After contrifugation no : After centrifugation
sulfur in cells. phosphorus in cells




1952 — Rosalind Franklin concluded that DNA is a double helix with a diameter of 2 nm and
the sugar-phosphate backbones on the outside of the helix, based on x ray diffraction
studies. She suspected the two sugar-phosphate backbones have a peculiar relationship to
each other. This was despite the Pauling % Corey’s 1953 Nature paper that DNA is tripple-

helix

DNA fiber diffraction

W\

Diffraction from NaCl crystal
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Double helix explains:
Replication and division of genetic information and heredity
Linear information for making proteins A
Mutations by breaking the bases N Poymerase oL TS TS

3

gt

Topoisomerase

DNA Polymerase (Polb }/
Helicase

Single strand,
Binding proteins

1953 — Stanley Miller showed that amino acids can be formed when simulated lightning is
passed through vessels containing water, methane, ammonia, and hydrogen

1954 — Dorothy Crowfoot Hodgkin discovered the three-dimensional structure of vitamin
B12.



1955 — Alexander R. Todd — Adenine three phosphate - ATP, Flavin Adenine Dinucleotide-FAD
1955 — Marianne Grunberg-Manago and Severo Ochoa discovered the first nucleic-acid-
synthesizing enzyme (polynucleotide phosphorylase), which links nucleotides together into
polynucleotides.

1955 — Arthur Kornberg & Severo Ochoa - DNA polymerase enzymes — test tube synthesis
1956 — Joe Hin Tjio, while working in Albert Levan's lab, established the correct chromosome

number in humans to be 46
1958 — John Gurdon used nuclear transplantation to clone an African Clawed Frog; first cloning

of a vertebrate using a nucleus from a fully differentiated adult cell.

Three postulated methods of DNA Replication
Grew bacteria on >N isotope UATNGANGATNGATN A
Then turned to regular 1*N medium wwmm<:/ﬁwwwww
H geneton L ronn Semi-Conservative
OO DOD>
DO OO <L
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Semo‘
CsCL Replication yq II (l N |I ( (l D(
g I 2 5 S Generaiion M(%W <: m@@
5l > i ive*
% 2 - @ Dispersive ;
£18 - @ Newly, synthesized strand
> = m = R Y . Original template strand * not found to be
biologically significant




1957-8 — R.W. Holley M. Nirenberg H.G. Khorana — tRNA sequence — RNA codon->amino acid
1959 — Max Perutz comes up with a model for the structure of oxygenated hemoglobin.
1959 — Severo Ochoa and Arthur Kornberg received the Nobel Prize for their work.

1960 — John Kendrew described the structure of myoglobin, the oxygen-carrying protein in
muscle.

1960 — Four separate researchers (S. Weiss, J. Hurwitz, Audrey Stevens and J. Bonner)
discovered bacterial RNA polymerase, which polymerizes nucleotides under the direction of
DNA

1960 — Robert Woodward synthesized chlorophyll.
1960 — Robert K. Crane revealed his discovery of the sodium-glucose cotransport as the
mechanism for intestinal glucose absorption.

Second base
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1961 — Joan Ord found that concentrated solutions of ammonium cyanide in water can
produce the nucleotide adenine, a discovery that opened the way for theories on the origin
of life.

1961 . Crick & Sydney Brenner — Shift mutation. Brenner, Jacob & Meselson- mRNA

1961 — 1967 — Combined efforts of scientists "crack" the triplet genetic code, including
Marshall Nirenberg, Philip Leder, Har Gobind Khorana, Sydney Brenner & Francis Crick:
homo&hetero RNA

1962 — Max Perutz and John Kendrew shared the Nobel prize for their work on the
structure of hemoglobin and myoglobin.

1964 — Howard Temin showed using RNA viruses that the direction of DNA to RNA
transcription can be reversed

1965 — David Chilton Phillips solved the 3D structure of the enzyme lysozyme by
crystallization and x-ray: beginning of the field of structural biology.

1966 — Kimishige Ishizaka discovered a new type of immunoglobulin, IgE, that develops
allergy and explains the mechanisms of allergy at molecular and cellular levels.

1966 — Lynn Margulis proposed the endosymbiotic theory, that the eukaryotic cell is a
symbiotic union of primitive prokaryotic cells. Richard Dawkins called the theory "one of the
great achievements of twentieth-century evolutionary biology."

1968 — Fred Sanger used radioactive phosphorus as a tracer to chromatographically
decipher a 120 base long RNA sequence.

1969 — Dorothy Crowfoot Hodgkin deciphered the three-dimensional structure of insulin.
1970 — Hamilton Smith and Daniel Nathans discovered DNA restriction enzymes.

1970 — Howard Temin and David Baltimore independently discovered reverse transcriptase
enzymes.



1972 — Albert Eschenmoser and Robert Woodward synthesized vitamin B12.

1972 Stanley Norman Cohen & Herbert Boyer — restriction endonucleases + DNA legase ->
recombinant DNA. 1980-patent for gene cloning -> Genentech

1972 — Paul Berg — “cloned” phage lambda gene into circular DNA

1972 — Stephen Jay Gould and Niles Eldredge proposed an idea they call "punctuated
equilibrium", which states that the fossil record is an accurate depiction of the pace of
evolution, with long periods of "stasis" (little change) punctuated by brief periods of rapid
change and species formation (within a lineage).

1972 —Jonathan Singer and Garth L. Nicholson developed the fluid mosaic model, which
deals with the make-up of the membrane of all cells.

1972 — Walter Fiers and his team at the Laboratory of Molecular Biology of the University
of Ghent (Ghent, Belgium) were the first to determine the sequence of a gene: the gene for
bacteriophage MS2-RNA coat protein.[14]

1974 — Manfred Eigen and Manfred Sumper showed that mixtures of nucleotide monomers
and RNA replicase will give rise to RNA molecules which replicate, mutate, and evolve.

1976 — Kevin Struhl : yeast genes expressed in bacteria




1974 — Leslie Orgel showd that RNA can replicate without RNA-replicase and that zinc aids
this replication.

1977 — John Corliss and ten coauthors discovered chemosynthetically based animal
communities located around submarine hydrothermal vents on the Galapagos Rift.

1977 — Walter Gilbert and Allan Maxam present a rapid DNA seqguencing technique which
uses cloning, base destroying chemicals, and gel electrophoresis.

1977 — Frederick Sanger and Alan Coulson presented a rapid gene sequencing technique -
which uses dideoxynucleotides and gel electrophoresis [PAGE]. DNA is sequenced for the
first time by Fred Sanger, Walter Gilbert, and Allan Maxam working independently. Sanger's
lab sequence the entire genome of bacteriophage ©-X174.

1978 — Frederick Sanger presented the 5,386 base sequence for the virus PhiX174; first
sequencing of an entire genome.

1982 — Stanley B. Prusiner proposed the existence of infectious proteins, or prions. His idea
is widely derided in the scientific community, but he wins a Nobel Prize in 1997, following
the burst of the mad cow disease.

1982 — FDA approves Genentech’s recombinant insulin.

1983 — Kary Mullis invented "PCR" ( polymerase chain reaction), an automated method for
rapidly copying sequences of DNA.

1984 — Alec Jeffreys devised a genetic fingerprinting method of digested DNA
1985 — Harry Kroto, J.R. Heath, S.C. O'Brien, R.F. Curl, and Richard Smalley
discovered the unusual stability of the buckminster-fullerene molecule C,, and / \*\\
deduce its structure (Fuller’s geodesic dome) T\/ /\ KA

NP7




1986 — Alexander Klibanov demonstrated that enzymes can function in non-aqueous
environments.

1986 — Rita Levi-Montalcini and Stanley Cohen received the Nobel Prize in Physiology or
Medicine for their discovery of Nerve growth factor (NGF).

1986 — Jeremy Nathans -color blindness sex-linked genes.

1989 — The human gene that encodes the CFTR protein was sequenced by Francis Collins and
Lap-Chee Tsui. Defects in this gene cause cystic fibrosis.

1989 — Thomas Cech — RNA can catalyze chemical reactions

1990 — French Anderson et al. performed the first approved gene therapy on a human patient
1990 — Napoli, Lemieux and Jorgensen discovered RNA interference (1990) during experiments
aimed at the color of petunias.

1990 — Wolfgang Kratschmer, Lowell Lamb, Konstantinos Fostiropoulos, and Donald Huffman
discovered that Buckminsterfullerene can be separated from soot because it is soluble in
benzene.

1992 — techniques for testing embryos genetic abnormalities — amniocentesis 1'aw n

1993 — Phillip Sharp & Richard Roberts: introns and exons, RNA splicing - nobel

1994 — Michael Stratton & Richard Wooster — BRCA | & Il genes in breast cancer

1996 Alex Rich Z-DNA

1995 — Publication of the first complete genome of a free-living organism: bacterium
Haemophilus influenzae.

1996 — Saccharomyces cerevisiae , a yeast species, is the first eukaryote genome sequence to
be released

1996 — Dolly the sheep was first clone of an adult mammal.

1998 — The first genome sequence for a multicellular eukaryote, Caenorhabditis elegans, is
released




1999 — Researchers at the Institute for Human Gene Therapy at the University of Pennsylvania
accidentally kill Jesse Gelsinger during a clinical trial of a gene therapy technique, leading the
FDA to halt further gene therapy trials at the Institute.

2000 — full genome sequence of Drosophila melanogaster

2001 — Publication of the first drafts of the complete human genome.

2002 — First virus produced 'from scratch', an artificial polio virus that paralyzes and kills mice.
2003 (14 April) — Successful completion of Human Genome Project with 99% of the genome
sequenced to a 99.99% accuracy

2004 — Merck vaccine for Human papillomavirus causing cervical cancer

2007 — Michael Worobey — evolution of AIDS

2008 — Introgen develops first gene therapy replacement for P53
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DNA repair

DNA unwinding

DNA

DNA unpairing in replication fork

DNA transcription fidelity — proof reading

DNA mutations on one chain — mostly corrected
Mutation and evolution.

Promoter regions on DNA bind to several specific transcription factor proteins (with
activator and suppressor regions) and initiate transcription of mRNA

Termination codon — ends mRNA translation to amino-acid chain

MmRNA is spliced, intron regions extruded.
Protein folding is carried during translation, aided by chaperons.

Differentiation:
HOW ALL CELLS THAT HAVE SAME DNA ARE DIFFERENT ?
Stem cells — pluripotent.
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