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Genetic Engineering

Our body is made up of cells

Cardiomyocyte Red blood cell Neuron Keratinocytes Eye photoreceptors

The human body: 

~1x1014 (100 trillion) cells 
200+ different cell types

Gut epithelial cells
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ciliated cells

Hepatocytes Endothelial 
cells

Cell function is exerted by proteins

Keratinocytes

Keratin, 
skin barrier

Eye photoreceptors

Opsin, 
light sensor

Cardiomyocyte

Actin and myosin, 
contraction

Red blood cell

Hemoglobin, 
oxygen transport

Neuron

Receptors 
for neurotransmitters, 

movement and sensitivity

Granulocyte

Various enzymes, 
destruction of microorganisms

T-lymphocyte

Perforin, 
killing of virus-infected cells

Hepatocytes

Various enzymes, 
metabolism

Endothelial cells

Junctional proteins, 
vessel impermeability

Flow of genetic 
information
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0.3% of sequence might still have errors. Includes X but 
not Y chromosome. Count excludes mitochondrial DNA.
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COMPLETING THE HUMAN GENOME
Researchers have been filling in incompletely 
sequenced parts of the human reference 
genome for 20 years, and have now almost 
finished it, with 3.05 billion DNA base pairs.

the original boundaries.”
He says that for the 90-million to 70-million-

year-old ecosystems he studies from the Cre-
taceous period, “there’s nowhere else better 
on Earth” for fieldwork than Grand Staircase–
Escalante. Fossils of relatives of Tyrannosaurus 
rex found here recently bolstered evidence 
that the animals hunted in packs (A. L. Titus 
et al. PeerJ 9, e11013; 2021), and around 20 new 
species of dinosaur in total have come from 
here and Bears Ears, Sertich says.

Bears Ears preserves swathes of “critically 
important” fossil history from the Triassic 
period (252 million to 201 million years ago) 
and Cretaceous period (145 million to 66 million 
years ago) that is exposed in rocks nowhere else, 
adds Jessica Theodor, president of the Society 
of Vertebrate Paleontology (SVP), which is 
based in McLean, Virginia, and represents some 
2,000 palaeontologists globally.

This is why researchers were alarmed when 
Trump cleaved a total of more than 8,000 
square kilometres from the monuments in late 
2017, shrinking Bears Ears by 85% and Grand 
Staircase–Escalante by almost half. This led the 
SVP to join a coalition of Native American and 
conservation groups to sue the Trump admin-
istration. A judgment is yet to be made on the 
lawsuit, but might no longer be necessary if the 
cuts to the monuments are reversed.

Fossil poaching risk
Trump’s move opened up public land, which 
was previously protected by its national mon-
ument status, to ranching and resource extrac-
tion, including coal and uranium mining. The 
decision also removed certain protections that 
had been afforded to fossils, exposing inver-
tebrate and plant fossils to the risk of ‘casual 
collection’, according to one report.

The rangers and resources afforded to 
national monuments make the sites better 
equipped than most public lands to safe-
guard fossil beds, and by removing land from 
the monuments, Trump made some sites vul-
nerable to looting. In 2018, The Washington 
Post reported that “extremely rare” vertebrate 
fossils from the Triassic period had been 
removed from a fossil bed now outside Bears 
Ears’ boundaries.

Kevin Madalena, an independent geologist 
who works on Indigenous land issues in the 
region, met with Haaland during her visit in 
April. He says that looting of cultural and fos-
sil sites is an ongoing problem in the region, 
and that areas excised from the monuments 
are at greater risk than those still protected 
by national monument status. Given that fos-
sils of dinosaurs such as T. rex routinely sell at 
auction for millions of dollars, scientists are 
concerned that, without adequate protection, 
important specimens could be lost to science.

Shrinking the monuments has also had 
other effects. Sertich, who has worked on 
fossil digs at Grand Staircase–Escalante 

for 17 years, says that he hasn’t seen direct 
evidence of increased looting or vandalism, 
but has noticed more four-wheel-drive traffic.

Madalena, who is Jemez Pueblo, one of the 
tribes with cultural ties to the region, says 
the biggest threat could be from resource 
extraction. Mining and oil-drilling leases were 
expedited during the Trump administration, 
he says. “I was kind of staggered. It seemed like 
flame stacks doubled overnight.”

Irreplaceable data on prehistory
But not all researchers agree that monument 
status is essential for protecting or advancing 
scientific research on public land. “We already 
have laws protecting fossils on federal lands,” 
says Brooks Britt, a palaeontologist at Brigham 
Young University in Provo, Utah, and a member 
of the Bears Ears National Monument Advisory 
Committee. “If things get too locked down, it 
can be difficult to do science,” he notes.

Speaking outside his capacity as a council 

member, Britt says that research on public 
lands can be hindered by onerous restrictions 
and requirements for government permits, 
and that national monument status is not 
always necessary to safeguard fossil resources.

However, Theodor argues that the number 
of palaeontologists not in favour of restoring 
Bears Ears and Grand Staircase–Escalante to 
Obama-era boundaries are “vanishingly small”.

Researchers aren’t sure what the recommen-
dations from Haaland — who is Laguna Pueblo, 
another tribe with ties here — will look like, 
but most expect that the review will call for at 
least a partial enlargement of the monument 
boundaries.

Former SVP president David Polly, a palae-
ontologist at Indiana University Blooming-
ton, says he thinks it’s a “logical conclusion” 
for Grand Staircase–Escalante. Madalena is 
also hopeful, adding “there’s irreplaceable 
data from past environments that needs to 
be preserved”.

Researchers added 200 million DNA base pairs and 
115 genes — but they’ve yet to finish the Y chromosome.

A COMPLETE HUMAN 
GENOME IS CLOSE: HOW 
THE GAPS WERE FILLED

By Sara Reardon

When the sequencing of the human 
genome was announced two dec-
ades ago by the Human Genome 
Project and biotech firm Celera 
Genomics, the sequence was not 

truly complete. About 15% was missing: tech-
nological limitations left researchers unable to 
work out how certain stretches of DNA fitted 
together, especially those where there were 
many repeating letters (or base pairs). Scien-
tists solved some of the puzzle over time, but 
the most recent human genome, which genet-
icists have used as a reference since 2013, still 
lacks 8% of the full sequence (see ‘Completing 
the human genome’).

Now, researchers in the Telomere-to-Telomere 
(T2T) Consortium, comprising 30 institutions, 
have filled in the gaps. In a 27 May preprint 
entitled ‘The complete sequence of a human 
genome’, genomics researcher Karen Miga at 
the University of California, Santa Cruz, and her 
colleagues report that they’ve sequenced the 
remainder, discovering about 115 new genes that 
code for proteins, for a total of 19,969 (S. Nurk 
et al. Preprint at bioRxiv https://doi.org/gj8jk3; 
2021).

“It’s exciting to have some resolution to the 
problem areas,” says Kim Pruitt, a bioinforma-
tician at the US National Center for Biotech-
nology Information in Bethesda, Maryland, 
who calls the result a “significant milestone”.

The newly sequenced genome — dubbed 
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• Telomere-to-Telomere (T2T) 
Consortium, 30 institutions 

• 115 new genes that code 
for proteins, for a total of 
19,969 

• cells from a hydatidiform 
mole, a tissue that forms in 
humans when a sperm 
inseminates an egg with no 
nucleus (chromosomes 
only from the father) 

• new sequencing 
technology, which uses 
lasers to scan long 
stretches of DNA isolated 
from cells 

• T2T-CHM13 represents 
only one person’s genome 

The human genome
Number of chromosomes:                       46

Size of the human genome:    ~3x109 bp

Number of genes:	         ~20.000


Genes:	 30%

Extragenic DNA	 70%

Coding regions	 <2%

Non coding regions	 >98%

(!)

The main genomes sequenced 
before the human genomeANNO ORGANISMO DIMENSIONI GENOMA

(Mbp)
N. GENI

1984 Bacteriophage lambda 0.049

1991 Smallpox virus 0.186 187

1995 Haemophilus infulenzae 1.8 1,740

1996 Saccharomyces cerevisiae 12.1 6,000

1997 Helicobacter pylori 1.67 1,590

1997 Escherichia coli 4.64 4,288

1998 Coenorabditis elegans 97 19,099

2000 Drosophyla melanogaster 180 13,061

2000 Pseudomonas aeruginosa 6.3 6,000 ?

2000 Arabidopsis thaliana 100 25,000

2001 Homo sapiens sapiens 2,910 26-38,000

Mus musculum

Plasmodium falciparum
(chr 2 and 3)

SIZE NUMBER 
OF GENES

Confrontando il
DNA di due
individui sani si
riconoscono circa
3 milioni di
differenze (1
nucleotide ogni
mille)

Approximately 3 x10^6 differences exist 
between the genomes of two healthy 
individuals (1 every 1000 nucleotides)



Kary B. Mullis

Applications of PCR:

1. Detection of pathogens

2. Diagnosis of genetic diseases

3. Identification of criminals, forensic medicine, paternity test

4. Monitoring gene expression

5. Evolutionary tracing

6. DNA cloning

The molecular 
bases of DNA 
replication

Thermus Aquaticus is a Gram Positive bacterium that is classified under a group 
called thermophiles. Thermophiles are defined as organisms that thrive and 
reproduce at temperatures that are above 45 Degrees Celsius. Specifically, 
Thermus Aquaticus optimally thrives and reproduces at 70 degrees celsius.

Taq polymerase is a DNA polymerase 
derived from Thermus Aquaticus

PCR amplification
PCR cycles



The PCR cycleDenaturation of DNA 
sample to separate DNA 

strands
(94∞C, 5 min)

Annealing of primers
(30-70∞C, 1 min)

Denaturation of DNA strands
(94∞C, 1 min)

Polymerization
(72∞C, 1 min)

Continued rounds of amplification 
swiftly produce large number of 
identical fragments. Each fragment 
contains the DNA region of interest.

Gel Electrophoresis Separates DNA 
Molecules of Different Sizes

The story of the 
human gene 
defective in 
alkaptonuria

1898

1902

1908

HGO: homogentisate 1,2- 
dioxygenase

1992

1995

1996

Embryo selection



25 26

Temperament: dynamic organization of 
the psychobiological 
systems that regulate 
automatic responses to 
emotional stimuli

Nature Genetics 12, 3-4 (1996)

e.g.: extravert with mature creative character: 
HIGH Novelty seeking 

 LOW Harm avoidance (optimistic) 
 HIGH Reward dependence (sociable) 
 LOW Persistence

Four temperament domains: 
 Novelty seeking 
 Harm avoidance 
 Reward dependence 
 Persistence

e.g.: antisocial alcoholics: 
LOW Novelty seeking 

 ~ Harm avoidance (optimistic) 
 LOW Reward dependence (sociable) 
 ~ Persistence

10% of variation in Novelty seeking is accounted for by a 
polymorphism of the D4 dopamin receptor gene (D4DR) 

Long alleles: HIGH Novelty seeking 
 (exploratory, thrill seeking, excitable) 
Short alleles: LOW Novelty seeking 
 (deliberate, rigid, orderly)

Ebstein et al. Nature Genetics 12, 78-80 (1996) 
Benjamin et al. Nature Genetics 12, 81-84 (1996)
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For males, a bit of aggression and risk-
taking can earn rewards—just ask real-estate
magnate Donald Trump. But inappropriate
aggression can lead to violence, addiction,
early death, and, the worst fate of all in evo-
lutionary terms, no offspring.

Now, researchers have found signs of this
balancing act in the genes of our primate
cousins. At the meeting, a team of geneti-
cists traced one genetic variant, an allele that
predisposes men to aggressive, impulsive,
and even violent behavior, to chimpanzees,
gorillas, and other primates. They conclude
that this and similar variants arose at least 25
million years ago in a
monkey ancestor.

In order to be re-
tained for so long,
these variants must
have conferred some
selective advantage on
the monkeys—and hu-
mans—who carried
them, says author Tim
Newman, a biological
anthropologist at the
National Institute on
Alcohol Abuse and Al-
coholism (NIAAA) in
Rockville, Maryland.
What we see today as
dangerously inappro-
priate behavior could
be “simply out of con-
text,” says Newman. “Bold, aggressive
males might have been quicker to catch prey
or detect threats.” Others agree: “If this [al-
lele] has been around that long, then it must
be maintained by balancing selection,” says
biological anthropologist Henry Harpending
of the University of Utah in Salt Lake City.

The gene, found on the X chromosome,
codes for an enzyme called monoamine
oxidase A (MAOA), which breaks down
several neurotransmitters in the brain, such
as dopamine and serotonin, thus prevent-
ing excess neurotransmitters from interfer-
ing with communication among neurons.
But the gene is polymorphic: A repeat se-
quence of 30 base pairs has been inserted
from three to five times into the promoter
region. Fewer repeats mean that less
MAOA enzyme is produced and fewer
neurotransmitters are removed.

The MAOA gene’s effects have been
linked to aggression. Lab mice that lack the

enzyme are more aggressive, and one hu-
man family whose members do not produce
the enzyme at all has been linked with vio-
lent behavior (Science, 18 June 1993, p.
1722). Men who carry the short allele, and
so presumably produce a limited amount of
enzyme, have been shown to be more likely
to be aggressive, impulsive, and even violent
if they were abused as children or drink al-
cohol. Men who had the short variant and
were mistreated as boys were four times
more likely than other men to have commit-
ted violent crimes such as rape, robbery, and
assault, according to one study that tracked

boys from birth in New Zealand (Science, 2
August 2002, p. 851). (Women also inherit
the allele, but the effects are easier to study
in men, who have only one X chromosome.)

These findings intrigued psychiatrist
Klaus-Peter Lesch of the University of
Würzburg in Germany, who works with the
NIAAA group. His team first found, in
macaques, a similar 18-base-pair repeat that
also modulates MAOA enzyme activity. And
macaques with less enzyme were more ag-
gressive than other macaques when compet-
ing for food, says Lesch.

Newman then sampled all apes and many
monkeys—almost 600 primates in all—and
found the same 30-base-pair repeat seen in
humans or the shorter 18-base-pair repeat,
among other forms. He noted that apes and
Old World (Asian and African) monkeys
carried these alleles, whereas New World
(South American) monkeys did not. That
suggests that the allele arose after New

World and Old World monkeys split, but be-
fore apes and Old World monkeys diverged
about 25 million years ago.

During those 25 million years, aggressive
and risk-taking behavior must have had re-
productive payoffs for some males, says
Newman. But the gene didn’t sweep through
populations, because if a male was too vio-
lent, he probably died before reproducing.
Newman suggests that the MAOA gene may
offer a rare example of so-called balancing
selection, in which selection favors two or
more forms of a gene and maintains all the
forms in a population. “The human social
environment required the development of all
kinds of emotional and cognitive capabili-
ties, and [it] demanded variation in impul-
sivity in humans,” agrees David Goldman, a
member of the NIAAA team. “It’s what I
call the warrior vs. the worrier.” In other
words, primate politics has long favored
more than one route to success.

Primatologists have long known that chim-
panzees can be demonic: Bands of males
routinely head to the borders of their terri-
tory to seek, and sometimes destroy, for-
eign chimpanzees. But what triggers these
patrols, and why do males of the troop—
who compete f iercely with one another
most of the time—seem to cooperate while
on patrol? The answer, it seems, may be a
mob mentality. 

In a study of a group of 150 chimpanzees
at Ngogo in the Kibale National Park in
Uganda, researchers found that chimpanzees
went on patrol only after they had assembled
enough members to have overwhelming
force. Patrols require “safety in numbers”
because attacking a foreign chimpanzee is
dangerous, explains primatologist John 
Mitani of the University of Michigan, Ann
Arbor, co-author of the study with primatol-
ogist David Watts of Yale University. 

Once a patrol formed, its members exhib-
ited frequent displays of male bonding. “Co-
operation among males is rare among ani-
mals,” says Watts. “It is conspicuous that
closely related chimpanzees and humans
deindividualize to engage in this coalitional
aggression against outsiders.”

Tracking the Evolutionary 
History of a “Warrior” Gene 

TAMPA, FLORIDA—About 1200 researchers at-
tended the 73rd Annual Meeting of the Ameri-
can Association of Physical Anthropologists
here from 14 to 17 April to hear talks on pri-
mate genes,behavior,and fossils.

Chimpanzee Gang
Warfare

Meeting   American Assoc iat ion of  Phys ica l  Anthropologists

Mad macaque. A genetic variant linked to violence in men has counter-
parts in primates and can make macaques like this one more aggressive.
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RS3 allele “334” present in 2 our 5 men 

PARTNER BONDING: Renders men distant and 
disagreeable rather than emotionally close and 
available 

MARITAL STATUS: Is predictive of men not 
getting married (32% of the man with two 
alleles were living to women without getting 
married vs. 17% of men without any allele) 

PERCEIVED MARITAL PROBLEMS: Men with two 
copies of the allele had twice the risk of 
experiencing marital dysfunction with a threat of 
divorce 

V1aR gene RS3 allele 334

the "cheating gene" 
the "infidelity gene" 
the "divorce gene" 

the "committment gene" 
the "bonding gene" 
the "monogamy gene"

Nature Genetics 14, 125-126 (1996)

"Hello, said Mr. Happy. 
"I'm Mr. Happy." 
"Oh, are you indeed", 
sniffed the person who 
looked like Mr. Happy but 
wasn't. "Well, my name is 
Mr. Miserable, and I'm 
the most miserable 
person in the world." 
"Why are you so 
miserable?" asked Mr. 
Happy. 
"Because I am." replied 
Mr. Miserable.

Happy Talk

Longitudinal study of 1,380 pairs of twins born between 
1936-1955. Measure of happiness by the Well Being 
scale of the Multidimensional Personality Questionnaire

Correlation for Well Being scale: 

If twins grew up together: 
0.44 for monozygotic twins 
0.08 for dizygotic twins 

If twins were separated at infancy: 
0.52 for monozygotic twins 
0.02 for dizygotic twins

40-50% of happiness hereditable 
0% due to shared environment 
 including parenting style, socioeconomic status and 

educational system 

50-60% due non shared environment  
 including unique life experiences

After 5 years: 
 cross-time correlation: 0.5 for both type of twins 
 cross-time 
 cross-twin correlation:  0.40 for monozygotic twins 
   0.07 for dizygotic twins

0.4/0.5 = 80% of stable 
happiness is genetic

Lykken and Tellegen. Psychol. Sci. 7, 186-189 (1996)



L’infarto del miocardio in soggetti 
giovani (prima dei 40 anni)

Meccanismi molecolari della crescita tumorale

POLIMORFISMI/ MUTAZIONI    PROTETTIVI:

CCR5  E HIV

ANEMIA 
FALCIFORME 
E MALARIA

Human Identity Testing

• Forensic cases -- matching suspect with evidence 

• Paternity testing -- identifying father 

• Historical investigations 
• Missing persons investigations 
• Mass disasters -- putting pieces back together 

• Convicted felon DNA databases

Sources of Biological Evidence
• Blood 
• Semen 
• Saliva 
• Urine 
• Hair 
• Teeth 
• Bone 
• Tissue

Brief History of Forensic DNA Typing

• 1980 - Ray White describes first polymorphic 
RFLP marker 

• 1985 - Alec Jeffreys discovers multilocus 
VNTR probes 

• 1985 - first paper on PCR 
• 1988 - FBI starts DNA casework 
• 1991 - first STR paper 
• 1995 - FSS starts UK DNA database 
• 1998 - FBI launches CODIS database



Restriction nucleases Restriction Fragment Length Polymorphism (RFLP)

Polymorphism refers to the DNA sequence variation between individuals of a species.  If the 
sequence variation occurs at the restriction sites, it could result in RFLP.  The most well 
known example is the RFLP due to b globin gene mutation. 

Restriction Fragment Length Polymorphism (RFLP) resulting from b-globin gene mutation.  In the normal cell, the 
sequence corresponding to 5th to 7th amino acids of the b-globin peptide is CCTGAGGAG, which can be recognized by the 
restriction enzyme MstII.  In the sickle cell, one base is mutated from A to T, making the site unrecognizable by MstII.  Thus, 
MstII will generate 0.2 kb and 1.2 kb fragments in the normal cell, but generate 1.4 kb fragment in the sickle cell.

RFLP

Short Tandem Repeats (STRs)

the repeat region is variable between samples while the 
flanking regions where PCR primers bind are constant

7 repeats

8 repeats

AATG

Homozygote = both alleles are the same length 

Heterozygote = alleles differ and can be resolved from one another

13 CODIS Core STR Loci 
with Chromosomal Positions

CSF1PO

D5S818

D21S11

TH01

TPOX

D13S317

D7S820

D16S539 D18S51

D8S1179

D3S1358

FGA
VWA

AMEL

AMEL

Real Time PCR



The amplification plot

MM    1      2      3     4      5     6      7     8

RT    noRT RT    noRTRT    noRT

1 2 3

350pb

300pb

250pb

Gene expression analysis

Traditional PCR

Real Time PCR

Multiplex PCR
• Over 10 Markers Can Be Copied at Once 
• Sensitivities to levels less than 1 ng of 

DNA 
• Ability to Handle Mixtures and Degraded 

Samples 
• Different Fluorescent Dyes Used to 

Distinguish STR Alleles with Overlapping 
Size Ranges

DNA Use in Forensic Cases
• Most are rape cases (>2 out of 3) 
• Looking for match between evidence and suspect 
• Must compare victim’s DNA profile

• Mixtures must be resolved 
• DNA is often degraded 
• Inhibitors to PCR are often present

Challenges

International Society of Forensic Genetics 

August 30, 2001 
John Butler        Rich Schoske     Pete Vallone

Highly Multiplexed Assays for 
Measuring Polymorphisms on 

the Y-Chromosome

STR Markers 
DYS19 
DYS389I/II 
DYS390 
DYS391 
DYS392 
DYS393 
DYS385 
YCAII 
DYS437 
DYS438 
DYS439

Y

There is a growing interest in the Y-chromosome to 
aid forensic and paternity testing… 
(>50 presentations here at ISFG on Y markers)
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Human Genome

1     2     3    4     5     6     7     8     9    10   11   12

  13   14   15  16   17   18   19   20   21   22   X     Y

We need: 

•Population data 

•Multiplex assays 

•Standards



http://www.ystr.org/europe/

European Y-STR Haplotype Reference Database 
  

Created by Sascha Willuweit and Lutz Roewer 
Institute of Legal Medicine, Humboldt-Universität Berlin, Germany 

in cooperation with Michael Krawczak (Cardiff), Manfred Kayser (Leipzig) and Peter de Knijff (Leiden) 

This database has been accessed 14809 times since 01/01/2000. Last haplotype entry 3/26/2001   

Current state of the database:  45 European population samples 
  5529 minimal haplotypes, 2196 of these are extended haplotypes 

n = 850 mt-DNA D-Loop sequences (data kindly provided by the 
Institute of Legal Medicine Magdeburg, Germany) 
n = 2196 extended European haplotypes logged in the database

More markers = 
greater power of 
discrimination

436

H4A7.1
439 435 438 19

392 391 437
Dye 
blob

436

H4
A7.1 439 435

438 19

392 391
437Dye 

blob

Dye 
blob

Male 1

Male 2

Female

HIV life cycle Natural history of HIV infection

Correlation between HIV load in plasma  
and progression to AIDS

Adapted from D. Ho

Years after
 infection

The HIV viral load is helpful in several areas: 

 • The test can be used for diagnosis, because it can 
detect a viral load a few days after HIV infection. This 
is better than the standard HIV (antibody) test, which 
can be "negative" for 2 to 6 months after HIV 
infection.  

 • For prognosis, viral load can help predict how long 
someone will stay healthy. The higher the viral load, 
the faster HIV disease progresses. 

 • For prevention, viral load predicts how easy it is to 
transmit HIV to someone else. The higher the viral 
load, the higher the risk of transmitting HIV. 

 • Finally, the viral load test is valuable for managing 
therapy, to see if antiretroviral drugs are controlling 
the virus. Current guidelines suggest measuring 
baseline (pre-treatment) viral load. A drug is 
"working" if it lowers viral load by at least 90% within 
8 weeks. The viral load should continue to drop to less 
than 50 copies within 6 months. The viral load should 
be measured within 2 to 8 weeks after treatment is 
started or changed, and every 3 to 4 months after 
that.



Potential end-points of HIV-vaccine 
efficacy trials Genetic Engineering

• Recombinant proteins 
• Genetically  modified plants 
• Genetically  modified animals 
• Gene therapy 
• Gene editing

Restriction enzymes Recombinant DNA molecules

Genetic Engineering

• Recombinant proteins 
• Genetically  modified plants 
• Genetically  modified animals 
• Gene therapy 
• Gene editing

Recombinant DNA technology



cDNA

Biopharmaceutical Products

Insulin
Human Growth Hormone (hGH)
α−Interferon
Hepatitis B Vaccine
Tissue Plasminogen Activator (TPA)
Erythropoietin-α
γ-Interferon
Granulocyte Colony Stimulating Factor (G-CSF)
Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF)
Interleukin 2
Factor VIII
β-Interferon
DNase (Pulmozyme®)
Glucocerebrosidase (Cerezyme®)
ReoPro®

Source: Consulting Resources Corp.

Product

1982
1985
1986
1986
1987
1989
1990
1991
1991
1992
1992
1993
1993
1994
1994

Product

The 3D structure of a 
protein kinase

The ATP (which donates 
the P group) and the 
substrate are held in the 
active site, between the 
orange and yellow loops

70

72



Tyrosine kinase inhibitors 
Tyrosine kinase inhibitors are also called TKIs. They block chemical messengers (enzymes) called tyrosine kinases. Tyrosine kinases help to send growth signals in 
cells. So blocking them stops the cell growing and dividing. Cancer growth blockers can block one type of tyrosine kinase or more than one type. TKIs that block more 
than one type of tyrosine kinase are called multi-TKIs. Genetic Engineering

• Recombinant proteins 
• Genetically  modified plants 
• Genetically  modified animals 
• Gene therapy 
• Gene editing

Many 
crops 
never 
existed 
in nature

Fragraria chiloensis 
Chile

Fragraria virginiana 
Eastern North America

Fragraria ananassa 
Paris Botanical Garden, 1766

X

Seedless fruits are not natural More than one way to alter a 
plant

Traditional Plant Breeding Genetic Engineering

Agrobacterium  
Gene Gun



Why do we need GMOs?
Protect crops from biotic and abiotic stresses


Reduce environmental footprint of agriculture


Improved nutrition 


Improved quality and consumer appeal


Bioremediation


Plants and animals as Factories

Nutritionally Enhanced:  
Golden Rice

Vitamin A deficiency is a leading cause of 
blindness often leading to mortality 
throughout the developing world.

Without vitamin A proper development does 
not take place and 2 million children die by 
the age of 4 or 5 every year.

Many more children dye from vitamin A 
deficiency than from AIDS, tuberculosis or 
malaria. 


The solution: golden rice, engineered 
to !produce beta-carotene, the 
precursor of vitamin A

La patata in Australia
PLRV (Potato Leaf Roll Virus) e’ il principale problema per le coltivazioni 
di patate in Australia
Inserendo un gene di PLRV la patata diventa resistente all’infezione

Trasporto e lavorazione innescano un processo di ossidazione che 
conferisce alle patate uno sgradevole colore brunastro

Tale processo può essere prevenuto inserendo una copia antisenso del 
gene responsabile, la PPO (polifenol-ossidasi)

Le patate geneticamente modificate, resistenti 
all’infezione da PRLV e all’ossidazione, sono disponibili sul 
mercato australiano dall’anno 2000

In Europa ad un acceso dibattito intorno ai rischi degli 
OGM non corrisponde una adeguata conoscenza del 
problema dal punto di visto scientifico

• 35% della persone intervistate ritiene che i 
pomodori non contengano geni, mentre li 
contengono soltanto quelli geneticamente 
modificati 

• il 24% ritiene che “Se una persona mangia OGM 
I geni si trasferiscano a lui”

Eurobarometer Survey, 2000

Salinity and drought: two serious 
threats to agricultural yield 

~80% close to drought condition
~50% threatened with salinity

India

Haryana, Punjab, Rajasthan and Delhi (the grain baskets of India) lost 109 cubic 
km of  ground water in last 6 yrs (2002-08) 

NASA satellites unlock secret to Northern India’s vanishing water

Nature, Aug 2009

Sneh L Singla-Pareek 
ICGEB, New Delhi

Triple transgenic rice plants for 
durable stress tolerance

Triple (GIy+GlyII+NHX) transgenic  rice  plants show better reproductive 
growth as compared to double (GlyI+GlyII) or single (NHX1) transgenic 

lines and WT plants under salinity stress conditions
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Sneh L Singla-Pareek 
ICGEB, New Delhi



Biopesticide based on insect symbiont bacteria for 
agriculture and horticultural crops developed and  
commercialised, over 300,000 litres /year

Biological pesticides for pest 
control

Genetic engineering for biofuel 
production

Biofuels provide a potential route to 
avoiding the global political instability and 
environmental issues that arise from 
reliance on petroleum. Currently, most 
biofuel is in the form of ethanol 
generated from starch or sugar (Brazil 
supplies one quarter of its ground 
transportation fuel with ethanol from the 
fermentation of sugarcane sugar), but this 
can meet only a limited fraction of global 
fuel requirements. In addition, starch and 
sugar that are used for for the production 
of ethanol compete with food supplies. 

Conversion of cellulosic biomass, which 
is both abundant and renewable, is a 
promising alternative. However, the 
cellulases and pretreatment processes 
involved are very expensive. Genetically 
engineering plants to produce 
cellulases and hemicellulases, and to 
reduce the need for pretreatment 
processes through lignin modification, are 
promising paths to solving this problem, 
together with other strategies, such as 
increasing plant polysaccharide content 
and overall biomass.

Genetically modified mosquitoes 
to combat Zika virus

Aedes mosquito transmits Zika, dengue, yellow fever and chikungunya

Big companies and GMOs

Journal of Innovation & Knowledge 3 (2018) 61–65

Journal  of  Innovation
&  Knowledge

https://www.journals.elsevier.com/journal-of-innovation-and-knowledge
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a  b  s  t  r  a  c  t

More than  800 million people suffer from hunger in  the  world. Using modern plant breeding methods
to  generate so-called GMOs (Genetically Modified  Organisms), agricultural scientists have shown that
crop  yields and  nutritional quality can be greatly improved. Many GMO varieties have been specifically
developed  with the aim  of being  resistant to  pests, tolerant to  drought  and containing beneficial  nutrients.
This  leads to a reduction in  the use of insecticides in water and  on land. If anything,  the GMO varieties
are  safer  than traditionally bred varieties  because they  are made  in  a very precise manner. However, the
scientific  evidence on this issue  is being ignored by the Green  Parties such  as Greenpeace who continue
to  deny the science and  mislead the  public. 129 Nobel Laureates have joined in  a campaign to  convince
the  Green Parties and  the public that they should  support  the use of GMOs, especially for the sake of the
developing  world.

© 2018 Journal of Innovation  & Knowledge.  Published by  Elsevier España, S.L.U.  This is an open access
article  under the CC  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The majority of the people who suffer from hunger in the world
live in developing countries (FAO, 2017). According to statistics
from the U.N. Food and Agriculture Organization (FAO), in 2016
there were 815 million people who go to bed hungry every night.
This is up from 777 million in 2015. 98% of these people live in
developing countries and 75% of them live in rural areas, especially
in Asia and Africa where they are reliant on locally grown food
(Table 1). The FAO estimates that about 50% of the people who suf-
fer  from hunger in the world are small farming communities who
live in marginal areas prone to be affected by natural disasters such
as  drought or floods. Another 20% consist of the families of land-
less farmers, while around 10% live in communities that depend
on fishing, farming and forest resources as a means of subsistence.
The remaining 20% live in slums that are on the periphery of the big
cities in developing countries. Although women are the main pro-
ducers in the world due to cultural traditions and social structures,
they are the most likely to be affected by hunger and poverty. In
turn they are also more likely to give birth to children with growth
retardation or low birth weight and the subsequent developmental
consequences that produces.

There are many factors that lead to low agricultural produc-
tion. For instance, natural disasters such as floods, tropical storms
and long periods of drought are increasing, which bring devastating
consequences for low income people living in developing countries.

E-mail address: roberts@neb.com

Droughts such as the ones in Ethiopia, Somalia and Kenya in 2011
or  in the region of the Sahel in West Africa in 2012 proved devas-
tating. In many countries climate change is already causing adverse
conditions to crop growth while more and more fertile lands suffer
from erosion, salinization and desertification. In addition, whereas
agricultural breeding practices developed in the West have focused
primarily on improving the yields and nutritional benefits of the
crops that are eaten in the developed world, very little attention has
been  paid to trying to improve the crops that are widely eaten in the
developing world. This has led to an imbalance in both yield and
nutrition between the annual food production in the developing
world as opposed to the developed world.

Another equally important factor is that many developing
countries lack a good agricultural infrastructure such as serviceable
roads, silos and irrigation. This leads to a high price for transporta-
tion, a lack of storage and intermittent water supply facilities. All
of  this conspires against crops and ready access to food. In con-
trast, investments in land, efficient use of water and the use of
resistant seeds can bring great improvements. Most scientists with
intimate knowledge in the biological sciences, medicine, genetics,
agronomy, etc. including many Nobel Laureates, have constantly
advocated for the introduction of better crops developed using GM
methods that lie as the basis for GMOs (Genetically Modified Orga-
nisms), which can help to reduce the problem of hunger and poor
nutrition throughout the world. In opening the Nobel campaign,
Dr. Richard Roberts, the campaign organizer and 1993 winner of
the  Nobel Prize in Physiology or Medicine quoted the Laureates’
letter “As scientists we understand the logic of science. It’s easy to
see  that what Greenpeace is doing is damaging to the citizens of the

https://doi.org/10.1016/j.jik.2017.12.006
2444-569X/© 2018 Journal of Innovation & Knowledge. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Genetic Engineering

• Recombinant proteins 
• Genetically  modified plants 
• Genetically  modified animals 
• Gene therapy 
• Gene editing



Genetic manipulation of 
animals to discover gene 
function

Drosophila melanogaster 
When flies have a mutation wherein the Antennapedia gene is expressed in the head (as well as in the thorax), 
legs rather than antennae grow out of the head sockets

How to make a transgenic 
mouse

Transgenesis involves transfer of 
foreign DNA into totipotent or 
pluripotent embryo cells (either 
fertilized oocytes, cells of the 
very early embryo or cultured 
embryonic stem cells) followed 
by insertion of the transferred DNA 
into host chromosomes

Transgenic mouse for 
growth hormone 

Green fluorescent protein

238-amino-acids 27-kD protein containing a  
photoexcitable greenish-light-emitting chromophore

The GFP 
transgenic 
mouse

embryo

The Green Fluorescent Protein (GFP) 
from the Aequora victoria jellyfish



Genetic Engineering

• Recombinant proteins 
• Genetically  modified plants 
• Genetically  modified animals 
• Gene therapy 
• Gene editing
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L’Aifa approva il medicinale più caro della storia: lo Zolgensma contro la Sma
di Michele Bocci

Negli Usa ha avuto il via libera per 2,1 milioni di dollari. In Italia si sarebbe raggiunto un
accordo con Novartis, per riconoscere circa 1,5 milioni di euro a trattamento ma prevedendo
un pagamento dilazionato nel tempo
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Drug Company Disease Prevalence Price (USD)

Glybera UniQure Lipoprotein lipase 
deficiency  (LPLD) 1:1,000,000 1M

Strimvelis GlaxoSmithKline ADA-SCID 1:100,000 665K (money-
back 

guarantee)
Yescarta Gilead/Kite Pharma CAR-T  for Diffuse 

Large B-cell NHL 4:100,000 per year 373K

Kymriah Novartis CAR-T  for B-cell 
ALL 1,7:100,000 475K

Luxturna Spark Therapeutics LCA due to RPE65 
defects <1:100,000 435K per eye

Zynteglo Bluebird bio Beta thalassaemia 60K symptomatic 
individuals born annually

1.78M (over 5 
years)

Zolgensma Avexis/Novartis SMA 1-2:100,000 2.1M

Currently approved gene therapy 
products Genetic Engineering

• Recombinant proteins 
• Genetically  modified plants 
• Genetically  modified animals 
• Gene therapy 
• Gene editing

Genetic engineering: fear 
and worry


