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Gene and Genome
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Gene

A gene Is a seguence of nucleotides In
DNA or RNA that encodes the synthesis
of a gene product, either RNA or protein.

Wilhelm Johannser§1857 1927) was a
Danish pharmacist, botanist, plant
physiologist, and geneticist. He is best
known for coining the terms gene,

a DNA molecule phenotype and genotype.

chromosome



Genome

Genome: The sum of all genetic material in an organism.

A The "general dictionary" of an organism's genetic information.
A The "general program" controlling development in an organism.

A The "general archive" of biological evolutionary history.
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Hans Winkler (187-1945 Dresden,
Germany), Botanist

He is remembered for coining the
term '‘genome in 1920, by making a
portmanteau of the word$sEMN and
chromoOME

I 3ASy2YS Aa |y 2NHI
of DNA (or RNA in RNA viruses). The
genome includes both the genes (the
coding regions) and the noncoding DNA
as well as mitochondrial DNA and
chloroplast DNA.




Genomeg The Periodic Table of Life Sciences

PERIODIC TABLE OF THE ELEMENTS
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century physics and chemistry research and development!

T T = = =
=

§E§§ ;E-.;EQ;S“;

Mt atni= e sl

2 "__.:',_Ef__

105 408 a 108 gun (06 oy 107 10R g 109 el 110 ounf 110 g 2 sl 113 e 114 om 118 1 g 18 o
Ac-Lr f Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Ts Og
57 inw 88 s 9 ol 0w 61 e 62 B3 i B4 ims 65 e 66 wen 67 i 88 e 69w § 7

La| | ‘Ce || Pr |[Nd 'Pm| Sm: | Eu| Gd | Tb| Dy | Ho | Er | Tm | ¥b|| Lu

ol e ) e i e ] il ] R Bl B k! L
i R T s B M B B s A 0 e 2 o 10D
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

GERLL gy

(ﬂlﬂl;‘;""n'h
Viloy oy g LD

o0 0D 4 SO0 (140

T

ST Drgmn

i
)
1C)
[~

DO Rgrgee i

>
R Qe

T
o
Dy

. _ _ _ Thegenomelays the foundation for life science research and
Human anatomy diagranaid the foundation the development of the bigndustry in the 21st century.
for the development of modern medicine.



. Genomics
efinition:

A crosddisciplinary field that studies the structure, function, evolution, assembly, and editing eintime
genome of an organism.

A Assembling the complete genome sequence of an organism.

A Systematicallnalyzinghe functions of all genes.

A Clarifying the interactions between genes.

A Revealing the regulation of genes in the growth and development of an organism.
A Elucidating the evolutionary laws of the genome.

A Brief Guide to Genomics NHGRI FACT SHEETS

genome.gov
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Genetics vs. Genomics

Fishing in a More Effective Way!

10



The Differences between Genomics and Genetics

Genomics Genetics

Whole genome level Single gene level
Gene interactions and their Mechanisms of gene inheritance
environmental influences from parent to offspring

Complex diseases caused by

. : Singlegene inheritance and its trait:
polygenic inheritance

Themain differencebetween genomics and genetics is that genetics
scrutinizes the functioning and composition of the single gene, whereas
genomics addresses all genes and their interrelationships in order to identify
their combined influence on the growth and development of the organism.

11



Genomics: Born alongsid
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Human Genome Project

The Human Genome Project (HGP) was proposed
In 1985 and officially launched in 1990.

It involves the participation of the United States, the .
United Kingdom, France, Germany, Japan, and Chin?/




AATCG

A Fourcharacter book

A 3 billion characters

A 23 pairs of chromosomes
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The Mysteries of Genes
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Genetic Code

Code in Life DNA Code
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Decoding the amazing genetic code

Precision Medicine

17



The History of GenomicsPrelude

Learning from history and looking to the future allows us to see the bigger picture.

18



The Origin of Species | ...

1831-1836, Global survey

In 1859, Darwin published "On the Origin of Species," proposing the
theory of biological evolution.

THE ORIGIN OF SPECIES
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Mendel's Laws of Inheritance

B Ao %3

A From 1856 to 1864, Mendel conducted eight
years of pea hybridization experiments,
cultivating andanalyzingens of thousands of
plants.

A In 1865, based on these experiments, he
proposed the concept of hereditary factors and
summarized what later became known as
aSYRSftQa flga 2F AYyKS

A In 1900, genetics entered the Mendelian era.

Gregor Johann Mendel
(18221884) 20



Gene

A In 1909, the Danish geneticist Johannsen
coined the term "gene" In his book
"Principles of Precision Genetics," drawing
from the Greek meaning "to give life," as a
substitute for Mendel's hypothesized
"hereditary factor."

A Since then, the term "gene" has been used
synonymously with "hereditary factor" and
continues to be used to this day.

Wilhelm Johannsen (1851027)
Denmark

21



Description of the Gene Concept

LY MpHCcE az2NAHFIYSX AYy a¢KS
drew a map of the Drosophila genome, providing

the first and most comprehensive description of

the gene concept at the time:

These linearly arranged units of heredity on chromosomes
are not only functional units that determine traits, but also
units of mutation and exchange.

Thomas Hunt Morgan (186B45),
American biologist

Morgan was awarded the Nobel Prize in Father of experimental genetics

Physiology or Medicine in 1933 for discovering
the mechanism of chromosome inheritance and
establishing the theory of chromosome
Inheritance.
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Genetic material

The Hershey-Chase
Blender Experiment

phosphorus labeled
DNA core

., sulfurlabeled
protein capsule

1
wiruses infect
bacteria

viruses are
removed firom
cells in the
blender

cells and phages
are separated

by centrifugation
no sulfur detected in cells phosphorus detected in cells

sulfur detected in no phosphorus detected W
supermatant in supermatant

HersheyChase experiment

DNA rather than protein is the genetic material of life.

Martha Chase (1927-2003)
Alfred Hershey (1908-1997), 1962 Nobel

In 1952, isotopes 32P and 35S were used to

confirm that DNA is the genetic material. -



In 1950, it was publicly published that:

Chargaff law

A (adenine) = T (thymine)

G (guanine) = C (cytosine)
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Erwin Chargaff (1905-2002)
Austria-Hungary American

This provides important clues and evidence for
exploring the structure of DNA molecules.
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DNA double helix structure

n Sugar

P
74 ~B air
> *‘h ase p
Adenine *
= — Francis Crick
e (1916;2004)
Thymine : — e o
Guanine
Cytosine
Fig_10-07
Genetics, Second Edition
© 2005 W.H. Freeman and Compan . .
i In 1953, the discovery of the DNA double helix model James Watson
marked the entry of life sciences into the molecular era. (1928;2025)
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Significance of DNA double helix

nfwo features of DNA structure  account for

much of its remarkable impact on science: its

digital nature and its complementarity  , whereby
one strand of the helix binds perfectly with its

partner. DNA has two types of digital

iInformation & the genes that encode proteins |,
which are the molecular machines of life, and the
gene regulatory networks that specify the
behaviour of the genes. 0

The digital code of DNA. Nature 2003

26



The Nobel Prize in Physiology or
Medicine 1962

Photo from the Nobel Foundation Photo from the Nobel Foundation Photo from the Nobel Foundation
archive. archive. archive.

Francis Harry James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The father of DNA

27



The mother of DNA: Frankili
01

One of Franklin's most famous works, thea¥
RATFNIOUGAZ2Y LIK2023INI LK 2F |
provided crucial clues for establishing the double helix
structure of DNA.

2 p MO

AN Pioneering research
", into the molecular Rosalind Franklin Maurice Wilkins
| structure of viruses. (192(;1958) (1916;2004)
. | ;c‘-.'. e Wilkins (1916- )
Team member . - r.l,ullmn diﬁrat'liun data on DNA.
N o '.:“L.'n;m ETtoD i 1953 of th s
Aaron Klug (1926 R e kg g

2018) was awarded R Gk ot
the Nobel Prize in

Chemistry in 1982.

Photo 51, taken by Rosalind E. Franklin and R.G. Gosling
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Other DNA model: Linus Pauling

'
/&

(1901c 1994)

_ _ Nobel Prize in Chemistry (1954)
Triple helix model Nobel Peace Prize (1962)
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The Central Dogma

Proposed by Francis Crick in 1957

Reverse transcriptase
1975 Nobel Prize

CENTRAL DOGMA : DNA TO RNA TO PROTEIN ACIHAIE
DNA RNA

=8 Howard Temin
8 (1934-1994)
Uus

Protein

Transcription

>

Translation

Reverse

transcription David Baltimore

(1938-)
us

*
-y a
- "
--------------------

Replication

Renato Dulbecco
A (1914-2012)
“ Italian US
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Ribonucleic acid

GrFrcOOPrPLOOCCOOPFPFOOORFPC OO

Codon 1

Codon 2

Codon 3

Codon 4

Codon &

Codon &

Codon 7

Genetic code

In 1961, the first genetic code was
deciphered: polyU was added to a
celHree protein synthesis system
containing ribosomes and other
cellular components required for
protein synthesis, revealing that |
UUU encodes the amino acid ('\ﬁgr;?r.‘l.az"oqg)e'&frg
phenylalanine Phe.

Shared a Nobel Prize in Physiology or Medicine in
1968 with Har Gobind Khorana and Robert W.
Holley for "breaking the genetic code " and
describing how it operates in protein synthesis.

31



Sanger Sequencing

5

Template (original) DNA sirand
9

5.

j L.
M, E ¢ )] T
felf=7 fa\ /¢
unlabeled dNTPs fluorescently labelled dadMTPs
[ | £y
T
| f A
i
| [ Ay
| [
| S o
| ! G
— LAk
T
"I —
T —
[ —
— { Ee—

Sanger Sequencimieveloped by Fred Sang
et alin 1977

Uses dideoxynucleotides fohain

termination, generating fragments of

Frederick Sanger

different lengths ending in ddATP, ddGTP, (1918-2013)
ddCTP or ddTTP Nobel Prize in
Chemistry (1958
and 1980)
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PCR and MPSS

1983- Polymerase
Chain Reactio(PCR)
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History of Genomics Development
- Human Genome Project



The Prelude and Climax of the Genomics Era

C Accumulation of Science and Technology (Mid-19th Century1 1 9 7 0 s )

C Policy Environment:

Arhe Lasker Legacy (1950s): Post-war U.S. national investment shifted toward biomedical
research.

Arhe Bayh-Dole Act (1980s): Attracted top global talent and ensured rapid conversion of new

technologies into intellectual property, becoming the foundation and driving force of technological
innovation and industrial development.

C Discussions on the Human Genome Project (19831 1984): Laying the groundwork for the initiative.
C Technological Development and Preparation (198371 9 9 3 )

C Large-Scale Launch of the Human Genome Project (1995): Marking the beginning of full-scale
implementation.

35



The Lasker Legacy

Mary Woodard Lasker (191994) was a champion of medical research.
She and her husband, pioneer advertising executive Albert Davis Lasker
(1880;1952), established a legacy of effective philanthropy through their
own efforts and their public support of important causes.

Mrs. Lasker was one of the country's best known and most effective activists in the cause
of increased public funding for medical research . For decades, she tirelessly
persuaded the American public that the national investment in medical research would
yield invaluable benefits for human health. Her simple warning was, "If you think
research is expensive, try disease!" Mrs. Lasker's early efforts focused on developing
public support to advance basic research on cancer. She founded the Citizens Committee
for the Conquest of Cancer and took her cause to Congress and the American public as a
leading proponent of the National Cancer Act, which was signed by President Nixon in
1971. Her ardent advocacy for greater government funding of all the medical sciences
contributed to increased appropriations for the National Institutes of Health as well as
the creation of several NIH institutes , including the Heart, Lung, and Blood Institute.
Mrs. Lasker's work transformed the medical research enterprise, which earned her the
Presidential Medal of Freedom and the Congressional Medal of Honor. As a permanent
monument to her efforts, in 1984 Congress named the Mary Woodard Lasker Center for
Health Research and Education at the National Institutes of Health.

https://laskerfoundation.org/about/lasketegacy/
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The Lasker Awards

The Lasker Awards are among the most respected science prizes in the world. Since 1945, the
Awards Program has recognized the contributions of scientists, physicians, and public servants
who have made major advances in the understanding, diagnosis, treatment, cure, and

prevention of human disease.

Lasker Awards often presage future recognition by the Nobel committee, so they have become
popul arl y Akne o wrt a & sa Eigldybsex|Lasker laureates have received the

Nobel Prize, including 32 in the last two decades

37
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Conquering cancer has been the dream of several generations, and it is
the series of new technologies and concepts spawned by the "Human
Genome Project" that has truly initiated the "real battle"...

A In 1971, President Richard Nixon declared a
n War on Cancero with the

A 34 years later, ~1500 American citizens die of
cancer each day.

Richard Nixon (19X3994)
The 37th US President
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The BayHDole Act

The Bayh-Dole Act was established to address and promote the commercialization of scientific research
achievements. Proposed by then U.S. Senators Birch Bayh and Robert Dole, it was passed by Congress
in 1980.

A BayhDole Act (P.L. 9617, Patent and Trademark Act Amendments of 1980) forms the foundation for
technology transfer at US research universities.

A Intent is to enhance transfer of federalyponsored research to business and industry for public benefit.

A Prior to 1980, IP derived from federal funding was to be claimed by the federal agency, virtually no exclusive IP
was licensed.

Core Mission:
Encourage Commercialization; Promote Public Use; Stimulate Economic Growth.

1930

BAYH-DOLE ACT
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BayhDole Act 45 Years (Dec 12 2025)

Driving the Innovation Economy

U.S. Academic Technology Transfer in Numbers
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Transforming ideas into Opportunities
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universities and other academic institutions marage the
complex process of shepherding ideas from the lab to the marketplace — from evaluating and protecting
discoveries to commercializing the nventions through new and existing companies.
Transforming ideas into Jpportunities
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The Significance of the Baybole Act

"Possibly the most inspired piece of legislation to be
enacted in America over the past half-century.”

0 The Economist, 2002

Birch Bayh

The BayFDole Act marks the transition of the United States from a "manufacturing economy" to a
"knowledge economy".

In 2002, an article ilhe Economiseferred to the BaykDole Act as the "golden goose of innovation”
and noted: "The Baybole Act may be the most exciting piece of legislation implemented in the United
States in the past hatfentury." The Act achieved two remarkable feats: on the one hand, it transferred
the ownership of federally funded university research achievements from government agencies to the
universities; on the other hand, it ensured the motivation of researchers in their scientific endeavors.

41



Discussion of the Human Genome Project

A In 1984, at an international conference on environmental mutagenesis and carcinogen protection
funded by the U.S. Department of Energy (DOE) in Utah, scholars discussed how to detect human
gene mutations and explored the significance and prospects of sequencing the entire human
genome.

A In May 1985, at a meeting organized by the U.S. DOE in Santa Cruz, California, a proposal to
sequence the entire human genome was put forward, leading to the drafting of the DOE's "Human
Genome Project " with a budget of $3 billion.

A In March 1986, the feasibility of the project was discussed in Santa Fe, New Mexico, after which the
DOE announced its implementation, with an initial plan to invest $5.3 million.

A In 1986, geneticist Tom Roderick from the Jackson Laboratory in Bar Harbor, Maine, coined the
term "Genomics" at a human genome conference held in Maryland.

42



Opposing Voices

Although the Human Genome Project was an exceptionally creative idea, it surpassed the practical
technological capabilities of the time, leading to widespread skepticism and opposition. The main
reasons for this resistance are as follows:

A Scientific Perspective: Only about 2% of the huntadng genome c
sequences. This raised the question of whether it was worthwhile to sequence the entire human
genome.

A Technological Perspective: Sequencing technology was not yet
could sequence at most 1,000 base pairs per day. Given that the human genome consists of
approximately 3 billion base pairs, it would have required 1,000 individuals working for 3,000
years to complete the task.

A Funding Perspective: The Human Genome Project was esti mat
massive expenditure was seen as likely to divert funding from other vital research areas in the life
sciences.



Why launch a largescale genome project?

AnWe have two options: either @ discover th
important in malignancy by a piecemeal approach,
or to sequence the whole genome of selected animal

speci eso.

Renato Dulbecco. A Turning Point in Cancer Renato Dulbecco
Research: Sequencing the Human Genongeience (19142012)
1986 231: 10551056. 1964 Lasker

1975 Nobel
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Mapping and Sequencing the Human Genome

In 1988, the Committee on Basic Biology of the Division of Life
Sciences at the U.S. National Academy of Sciences appointed 15
scientists to form the National Research Council, which submitted a
research report titled "Mapping and Sequencing the Human

Genome."

The Human Genome Project Requires New and Distinctive
Funding of About $200 Million per Year

To create the multidisciplinary centers suggested, new laboratories will
need to be built, equipped, and staffed. Universities cannot be expected to
provide the necessary resources without a major new source of funding from
outside. The estimated cost of an effective project to map and sequence the
human genome is $200 million per year. (This level of funding would be
reached only during the third year of the project, with the first 2 years having

lower levels of funding to allow a scale-up to an effective project.)
45



The Launch of the Human Genome Project (HGP)

A In 1987, while launching human genome sequencing, parallel genome sequencing of other
model organisms such as Escherichia coli, yeast, Caenorhabditis elegans, fruit flies, and mice
was also initiated.

A The U.S. Congress and the Committee on Commerce commissioned its Office of Technology
Assessment to investigate the Human Genome Project. The office subsequently submitted a
report titled "Mapping Our Genes: The Genome Projectsd How Big, How Fast," which endorsed
the initiative.

A In 1988, the United States established the National Center for Human Genome Research, with
James Watson appointed as its first director.

A On October 1, 1990, the U.S. HGP was officially launched after approval by the U.S. Congress.
The project was planned to span 15 years with a budget of at least $3 billion.
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Human Genome Project

A In the HGP, the study of five biological genomes was also included: Escherichia coli, yeast, C.

elegans, fruit flies, and mice, collectively referred to as the five "model organisms" for humans.

A The initial goal of the HGP was to invest $3 billion over 15 years (1990i 2005) to complete the

analysis of the 3 billion nucleotide sequences across the 24 human chromosomes.

A The ultimate goal of the HGP was to decode life, understand the mechanisms of biological
processes, identify the causes of differences between species and individuals, uncover the
mechanisms of disease occurrence, and explore phenomena such as longevity and aging,

thereby providing a scientific foundation for the diagnosis and treatment of diseases.

47
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Shotgun reads _——
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Genome assemblies represent models for the
actual genome, and thus areever perfect

A Itis nearly impossible to eliminate all possible
technological or algorithmic errof¢here is a

continuous effort to improving technology
and algorithms!)

A A single assembly cannot represent all the
diversity within populations of a specie
(genome assemblieare usuallymadeout
oneindividual!)

We needGenomicgo rebuild the genome!
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How should we interpret the genome? Genomics!

ACACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACA
GGCAAGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTC
CTCTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCACAAAGCACCTGGAT
GCACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGT
CATTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGATACCACT
CCCATGATTCAGAGCTTTCAAGGATAGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTGCTGAGAGATCACACATTTGCTTCTGAC
TGTTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG
GTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGT
CCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACAC
GCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAA
CAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTT
GTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTC
ACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAG
CAAGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGC
CTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCACAAAGCACCTGGATGA
ACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTT
TTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGATACCACTGA
CATGATTCAGAGCTTTCAAGGATAGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTGCTGAGAGATCACACATTTGCTTCTGACAC
TTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGA
GGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGT



The Genome War

In May 1998, Craig Venter founded Celera Genomics to
compete with the International Human Genome Project.

Venter was a scientist at the NIH during the
early 1990s when the project was initiated.

1946-
Goal: The $300 million Celera effort was The inventor of
Intended to precede the sequencing of the shotgun sequencing

human genome at a faster pace and at a
fraction of the cost of the roughly $3 billion
publicly funded project.
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