History

1859 Evolution Theory by Natural Selection. Charles Darwin & Alfred R. Wallace.

1865 Heredity Transmitted in Units. Gregor Mendel.

1869 DNA Isolated. Frederick Miescher.

1879 Mitosis Described. Walter Flemming.

1900 Rediscovery of Mendel’s work. Botanists DeVries, Correns, and von Tschermak
independently rediscover Mendel’s work while doing their own work on the laws of
inheritance.

1902 Chromosome Theory of Inheritance (Meiosis). Walter Sutton.

1902 Orderly Inheritance of Disease. A British physician, Archibald Garrod, observes that
the disease alkaptonuria is inherited according to Mendelian rules.

1909 The Word Gene. Wilhelm Johannsen coins the word “gene”.

1911 Chromosomes Carry Genes. Thomas Hunt Morgan and his students study fruit fly
chromosomes.

1941 One Gene, One Enzyme Hypothesis. George Beadle and Edward Tatum’s
experiments.

1943 DNA Has a Regular Periodic Structure. William Astbury, a British scientist, obtains
the first X-ray diffraction pattern of DNA, which reveals that DNA must have a regular
periodic structure.

1944 DNA Transforms Cells. Oswald Avery, Colin MacLeod, and Maclyn McCarty show that
DNA (not proteins) can transform the properties of cells --thus clarifying the chemical
nature of genes.



1944 Jumping Genes. Barbara McClintock.

1952 Genes Are Made of DNA. Alfred Hershey & Martha Chase show that only the DNA of
a virus needs to enter a bacterium to infect it, providing strong support for the idea that
genes are made of DNA.

1953 DNA Double Helix. Francis H. Crick and James D. Watson described the double helix
structure of DNA.

1955 DNA copying enzyme. Arthur Kornberg and colleagues isolated DNA polymerase.

1958 Semiconservative Replication of DNA. Matthew Meselson and Franklin Stahl
demonstrate that DNA replicates semiconservatively.

1961 mRNA Ferries Information. Sydney Brenner, Frang¢ois Jacob and Matthew Meselson
discover that mRNA takes information from DNA in the nucleus to the protein-making
machinery in the cytoplasm.

1966 Genetic Code Cracked. Marshall Nirenberg and others figure out the genetic code
that allows nucleic acids with their 4 letter alphabet to determine the order of 20 kinds of
amino acids in proteins.

1968 First Restriction Enzyme Described.

1972 First recombinant DNA.

1973 First animal gene cloned. Researchers fuse a segment of DNA containing a gene from
the African clawed frog Xenopus with DNA from the bacterium E. coli and placed the
resulting DNA back into an E. coli cell.



1975 DNA Sequencing. Two groups, Frederick Sanger and colleagues, and Alan Maxam and
Walter Gilbert, both develop rapid DNA sequencing methods. The Sanger method is most
commonly employed in the lab today.

1976 First Genetic Engineering Company. Herbert Boyer founds Genentech. The company
produces the first human protein in a bacterium, and by 1982 markets the first
recombinant DNA drug, human insulin.

1977 Introns Discovered. Richard Roberts’ and Phil Sharp’s labs show that eukaryotic
genes contain many interruptions called introns.

1981 First Transgenic Mice and Fruit Flies.

1982 GenBank Database Formed.

1983 PCR Invented.

1987 Yeast Artificial Chromosomes.

1989 Microsatellites Are New Genetic Markers.

1991 ESTs, Fragments of Genes.

1993 miRNA.

1994 FLAVR SAVR Tomato. The Food And Drug Administration.

1996 Dolly Sheep.

1997 E. coli Genome Sequenced.

1998 M. tuberculosis Bacterium and Roundworm C. elegans Sequenced.

2000 Human Genome Working Draft Completed.

2003 Completion of the Human Genome Sequencing.

2005 Next Generation Sequencing.

2013 CRISPR
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Nucledsidos y Nucleétidos
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Phosphate groups
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Only nucleotides that are
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DNA synthesis.



Guanosine triphosphate deoxyribonucleotide (dGTP)
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Relative Proportions (%) of Bases in DNA

Organism A T G C
Human 30.9 29.4 19.9 19.8
Chicken 28.8 29.2 20.5 21.5
Yeast 31.3 32.9 18.7 17.1
E. coli 24.7 23.6 26.0 25.7
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Prokaryotes gene structure

5' Untranslated

l ”I N VN R e e i N Rt Ey o ] ".7'-?.-'.'::}'.'}'.'.'-'.'}'.‘5 I“ I I
DN '4'-,' ----------------- .._-,' AT LT
, o Lrr 8 R g oy e e B By o Mgl o M e By L BB, R AR TR A LA T

4 4 4
FPromoter Start codon Stop codon

Transcription Coding Region 3' UTR
start site



Eukaryotes gene structure
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RNA transcription
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Protein synthesis

Eukaryote: cap dependent
Prokaryote: RBS
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First letter

Genetic code
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CODON USAGE IN E. COLI GENES!

Codon | Amin 72 Raticd | Codon AminGg % Ratio Codon | Aming " Ratio Codon Aming % Rario
| anidd azid i 1l i 1l |
Ulvuu|pred) | 19 | 051 |vcu | sa@ | 11 |09 |vau| Tmm | 16 | 053 |veu |cws@| o4 [o04s | U

UuC | Phe@) | 18 | 049 |Ucce | se@m | 10 | 017 |Uac| Tim | 14 | 047 |Uce | eysia|os |os7 | C

UUA | Lenmy | 10 | 011 |Uuca | se@m |07 [012 |usa| sror | 02 | D62 |UGA | sror |01 |030 [A

UUG | Leny | 11 | 011 |uce | sea@m | 08 | 015 |use| sror | 003 [om9 |uee |Tipow| 14 |10 |G
Cleww|Lenw | 10 | 010 |ccu| Pro@ | 07 |06 |cau| Hisgm | 12 | 052 |cou | arem |24 |04z |U

cuc | Lenq |09 | 010 |coc | Prom | 04 |00 |cac| Hism | 11 | 048 |cee | aem |22 |o37 |C

CUA | Lenq |03 | 003 |cca|Prom | 08 | 020 |caa|Gme | 15 | 031 |coa|aem |03 |oos |A

cuG | Lenmy | 52 | 055 |cce | Prom | 24 | 055 |cac | o | 29 | 089 |coe | argm |05 |ooe |G
Alavw| nem |27 | 047 |acU | Tem | 12 | 021 | AAU| Asupn | 16 | 039 |AGU | Sergm |07 |015 |U

AuC | Ikem |27 | 046 |Aacc | Tmm| 24 | 043 | Aac | aspy | 25 | 061 |aGe | sem | 15 |o27 |C

AUA| Tem |04 | 007 |AcA |Tmm |01 (030 |AsA|Lys@®) | 38 | 076 |AGA | Argm |02 o004 [A

AUG |Metpn | 26 | 100 |AcG [ Tmm | 13 | 023 |aac | Lysm | 12 [ 024 |AGe | aiem |02 |00 |G
Glouu| vam |20 | 029 |Gou | an | 18 |09 |GaU| Aspm | 33 | 059 |eeu | ciye |28 |o3s |U

Gguc | valm | 14 | 020 |Goe | Al | 23 | 025 |cac | Aspm | 23 | 041 |cee | cy@ |30 040 |C

GUA| vaim | 12 | 017 |oca | an@ | 21 |022 |cas| clum | 44 | 070 |Gea | Glye |07 [oos |A

GUG | Valm | 24 | 034 |oce | an | 52 | 034 |cac| cmm | 19 | 030 |eee | eive |09 |01 |G

U C A G
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