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Gene and Genome

https://inacrutshell.com/2017/08/21/genetics-the-real-book-of-life/ 3



Genome

https://old-ib.bioninja.com.au/standard-level/topic-3-genetics/31-genes/genome.html 4



¢ƘŜ DŜƴƻƳŜ ά.ƻƻƪέ

https://www.melbournegenomics.org.au/what-genomics-1
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Gene

A gene is a sequence of nucleotides in 
DNA or RNA that encodes the synthesis 
of a gene product, either RNA or protein.

Wilhelm Johannsen (1857 1927) was a 
Danish pharmacist, botanist, plant 
physiologist, and geneticist. He is best 
known for coining the terms gene, 
phenotype and genotype.
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Genome

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

Å The "general dictionary" of an organism's genetic information.

Å The "general program" controlling development in an organism.

Å The "general archive" of biological evolutionary history.

Hans Winkler (1877-1945, Dresden, 
Germany), Botanist
He is remembered for coining the 
term 'genome' in 1920, by making a 
portmanteau of the words GENe and 
chromosOME.

Composition:

Nuclear

Mitochondria

Chloroplast

! ƎŜƴƻƳŜ ƛǎ ŀƴ ƻǊƎŀƴƛǎƳΩǎ ŎƻƳǇƭŜǘŜ ǎŜǘ 
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.

Nuclear Mitochondria Chloroplast
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Genome ς The Periodic Table of Life Sciences

The discovery of the periodic table laid the foundation for 20th-
century physics and chemistry research and development!

Human anatomy diagrams laid the foundation 
for the development of modern medicine.

The genome lays the foundation for life science research and 
the development of the bio-industry in the 21st century.

8



Genomics
Definition: 
A cross-disciplinary field that studies the structure, function, evolution, assembly, and editing of the entire 
genome of an organism.

Å Assembling the complete genome sequence of an organism.

Å Systematically analyzing the functions of all genes.

Å Clarifying the interactions between genes.

Å Revealing the regulation of genes in the growth and development of an organism.

Å Elucidating the evolutionary laws of the genome.

https://www.genome.gov/about-genomics/fact-sheets/A-Brief-Guide-to-Genomics
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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 
environmental influences

Mechanisms of gene inheritance 
from parent to offspring

Complex diseases caused by 
polygenic inheritance

Single-gene inheritance and its traits

The main difference between 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.
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Genomics: Born alongside the Human Genome Project

Human Genome Project
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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 China.
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¢ƘŜ ƘǳƳŀƴ ƭƛŦŜ άōƻƻƪέ

Å A, T, C, G
Å Four-character book 
Å 3 billion characters
Å 23 pairs of chromosomes
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The Mysteries of Genes

Which genes determine a person's eyelid 
shape (single or double eyelids), hair 
color, blood type, etc.
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Genetic Code

Code in Life DNA Code
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Decoding the amazing genetic code

Precision Medicine
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The History of Genomics - Prelude

Learning from history and looking to the future allows us to see the bigger picture.
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The Origin of Species

On the Origin of Species

1831-1836, Global survey

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

Charles Darwin
(1809-1882) 19



Mendel's Laws of Inheritance

ÅFrom 1856 to 1864, Mendel conducted eight 
years of pea hybridization experiments, 
cultivating and analyzing tens of thousands of 
plants. 

ÅIn 1865, based on these experiments, he 
proposed the concept of hereditary factors and 
summarized what later became known as 
aŜƴŘŜƭΩǎ ƭŀǿǎ ƻŦ ƛƴƘŜǊƛǘŀƴŎŜΦ

ÅIn 1900, genetics entered the Mendelian era.

Gregor Johann Mendel 
(1822-1884) 20



Gene

ÅIn 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." 

ÅSince then, the term "gene" has been used 

synonymously with "hereditary factor" and 

continues to be used to this day.

Wilhelm Johannsen (1857-1927)
Denmark
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Description of the Gene Concept

Lƴ мфнсΣ aƻǊƎŀƴΣ ƛƴ ά¢ƘŜ ¢ƘŜƻǊȅ ƻŦ ǘƘŜ DŜƴŜέΣ 
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. 

Morgan was awarded the Nobel Prize in 
Physiology or Medicine in 1933 for discovering 
the mechanism of chromosome inheritance and 
establishing the theory of chromosome 
inheritance.

Thomas Hunt Morgan (1866-1945), 
American biologist 

Father of experimental genetics
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Genetic material

Hershey-Chase 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.
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Chargaff law

In 1950, it was publicly published that:

A (adenine) = T (thymine) 

G (guanine) = C (cytosine)

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

Francis Crick
(1916ς2004)

James Watson
(1928ς2025)

In 1953, the discovery of the DNA double helix model 
marked the entry of life sciences into the molecular era.
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Significance of DNA double helix

ñTwo 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

information ð the genes that encode proteins ,

which are the molecular machines of life, and the

gene regulatory networks that specify the

behaviour of the genes.ò

The digital code of DNA. Nature 2003
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The father of DNA
27



The mother of DNA: Franklin

One of Franklin's most famous works, the X-ray 
ŘƛŦŦǊŀŎǘƛƻƴ ǇƘƻǘƻƎǊŀǇƘ ƻŦ ŀ 5b! ŎǊȅǎǘŀƭΣ ϦǇƘƻǘƻ рмάΣ 
provided crucial clues for establishing the double helix 
structure of DNA.

Rosalind Franklin
(1920ς1958)

Maurice Wilkins
(1916ς2004)

Pioneering research 
into the molecular 
structure of viruses. 

Team member: 
Aaron Klug (1926-
2018) was awarded 
the Nobel Prize in 
Chemistry in 1982.

YƛƴƎΩǎ /ƻƭƭŜƎŜ [ƻƴŘƻƴ
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Other DNA model: Linus Pauling

Nobel Prize in Chemistry (1954)
Nobel Peace Prize (1962)

(1901 ς 1994)

Triple helix model
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The Central Dogma
Proposed by Francis Crick in 1957
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Genetic code

In 1961, the first genetic code was 
deciphered: poly-U was added to a 
cell-free protein synthesis system 
containing ribosomes and other 
cellular components required for 
protein synthesis, revealing that 
UUU encodes the amino acid 
phenylalanine (Phe).

Marshall Nirenberg

(1927ï2010) US

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.
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Sanger Sequencing

Frederick Sanger

 (1918-2013)

32

Sanger Sequencing developed by Fred Sanger 

et al in 1977

Uses dideoxynucleotides for chain 

termination, generating fragments of 

different lengths ending in ddATP, ddGTP, 

ddCTP or ddTTP Nobel Prize in 

Chemistry (1958 

and 1980)



PCR and MPSS

33

1983 - Polymerase 
Chain Reaction (PCR)

1990 - Lynx Therapeutics - 
Massively Parallel Signature 

Sequencing (MPSS)



History of Genomics Development 
- Human Genome Project
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The Prelude and Climax of the Genomics Era

Ç Accumulation of Science and Technology (Mid-19th Century ï 1970s)

Ç Policy Environment:

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

research.

ÅThe 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.

Ç Discussions on the Human Genome Project (1983ï1984): Laying the groundwork for the initiative.

Ç Technological Development and Preparation (1983ï1993)

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

implementation.
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The Lasker Legacy
Mary Woodard Lasker (1901ς1994) was a champion of medical research.
She and her husband, pioneer advertising executive Albert Davis Lasker
(1880ς1952), 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/lasker-legacy/
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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 

popularly known as ñAmericaós Nobelsò. Eighty -six Lasker laureates have received the 

Nobel Prize, including 32 in the last two decades .
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²Ƙȅ IŀǾŜƴΩǘ ²Ŝ ά/ǳǊŜŘέ /ŀƴŎŜǊΚ

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"...

Å In 1971, President Richard Nixon declared a 

ñWar on Cancerò with the hope to find a cure.

Å34 years later, ~1500 American citizens die of 

cancer each day.

Richard Nixon (1913ς1994)
The 37th US President 
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The Bayh-Dole 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.

Å Bayh-Dole Act (P.L. 96-517, Patent and Trademark Act Amendments of 1980) forms the foundation for 
technology transfer at US research universities. 

Å Intent is to enhance transfer of federally-sponsored research to business and industry for public benefit.
Å 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.
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Bayh-Dole Act 45 Years (Dec 12 2025)
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The Significance of the Bayh-Dole Act

"Possibly the most inspired piece of legislation to be 

enacted in America over the past half-century."

ð The Economist, 2002

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

In 2002, an article in The Economist referred to the Bayh-Dole Act as the "golden goose of innovation" 
and noted: "The Bayh-Dole Act may be the most exciting piece of legislation implemented in the United 
States in the past half-century." 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.
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Discussion of the Human Genome Project

Å 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.

Å 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.

Å 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.

Å 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.
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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:

Å Scientific Perspective:  Only about 2% of the human genome consists of protein-coding 

sequences. This raised the question of whether it was worthwhile to sequence the entire human 

genome.

Å Technological Perspective:  Sequencing technology was not yet mature. At the time, a person 

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.

Å Funding Perspective:  The Human Genome Project was estimated to cost $3 billion. Such a 

massive expenditure was seen as likely to divert funding from other vital research areas in the life 

sciences.
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Why launch a large-scale genome project?

ñWe have two options: either try to discover the genes

important in malignancy by a piecemeal approach,

or to sequence the whole genome of selected animal

speciesò.

Renato Dulbecco. A Turning Point in Cancer

Research: Sequencing the Human Genome. Science

1986, 231: 1055-1056.

Renato Dulbecco
(1914-2012)
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."
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The Launch of the Human Genome Project (HGP)

Å 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.

Å 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 ProjectsðHow Big, How Fast," which endorsed 

the initiative.

Å In 1988, the United States established the National Center for Human Genome Research, with 

James Watson appointed as its first director.

Å 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

Å 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.

Å The initial goal of the HGP was to invest $3 billion over 15 years (1990ï2005) to complete the 

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

Å 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.
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Human DNA

Sequencing

46 complete haplotype chromosome sequences

Χ!/!//D!/!¢D/DA/D!/!¢D/DΧ

LŘŜŀƭ ǿƻǊƭŘΧ
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wŜŀƭ ǿƻǊƭŘΧ

Chromosome level assembly

¸ Genome assemblies represent models for the 
actual genome, and thus are never perfect:

Å It is nearly impossible to eliminate all possible 
technological or algorithmic errors (there is a 
continuous effort to improving technology 
and algorithms!) 

Å A single assembly cannot represent all the 
diversity within populations of a specie 
(genome assemblies are usuallymadeout 
one individual!)

We need Genomics to rebuild the genome!



How should we interpret the genome? Genomics!

ACACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGG

GGCAAGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACCTGTC

CTCTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCACAAAGCACCTGGATGATCTCAAGG

GCACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATC

CATTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGATACCACTGAGCTCACTG

CCCATGATTCAGAGCTTTCAAGGATAGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTGCTGAGAGATCACACATTTGCTTCTGACACAACTG

TGTTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTG

GTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAAC

CCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCT

GCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCAC

CAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAG

GTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCAC

ACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGG

CAAGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACCTGTCCT

CTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCACAAAGCACCTGGATGATCTCAAGGGC

ACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCA

TTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGATACCACTGAGCTCACTGCC

CATGATTCAGAGCTTTCAAGGATAGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTGCTGAGAGATCACACATTTGCTTCTGACACAACTGTG

TTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGT

GGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGT
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The Genome War

In May 1998, Craig Venter founded Celera Genomics to 

compete with the International Human Genome Project.

The inventor of 

shotgun sequencing

1946-

Goal: The $300 million Celera effort was

intended to precede the sequencing of the 

human genome at a faster pace and at a

fraction of the cost of the roughly $3 billion

publicly funded project.

Venter was a scientist at the NIH during the

early 1990s when the project was initiated.
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