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Outline

• Liu Lab
• What the CRISPR system is and how it works
• Why CRISPR is important
• Advanced editing techniques enabled by The Holy Grail
• Applications and real-world results
• Our unique opportunity in time
• Deep future thoughts
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• Liu's lab aims:
o illuminate biological processes
o enable next-generation therapeutics
o advance genetic medicine and biotechnology

Synthetic Molecules: 
discovering bioactive 
synthetic small molecules 
and polymers through DNA-
templated organic synthesis 
(drug discovery)

Protein Evolution: 
phage-assisted continuous 
evolution (PACE) to evolve 
proteins with novel 
therapeutic potentials

Genome Editing: 
engineering and delivering genome 
editing proteins, such as base editors 
and prime editors
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• CRISPR is a bacterial immune system
• The bacterial system integrates fragments of viral sequences 

into its own genome
• The system includes an enzyme (Cas-CRISPR associated protein)

o It has helicase and nuclease activity
o It is guided by a gRNA (guide RNA)

• Integrated sequences can be transcribed, complexed with Cas, 
and used to base pair with that viral sequence if it is infected again

• The result is cleavage of viral sequences: viral immunity
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• The sequence of the system 
eventually named CRISPR was first 
observed in Japan in 1987 by 
Ishino et al.
• They did not know it, but they had 

identified something that decades 
later would change the future of the 
human race

Dozens of Cas homologues have been discovered.
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https://doi.org/10.2210/pdb7S4X/pdbhttps://doi.org/10.1126/science.1247997 https://doi.org/10.1126/science.1247997
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Thought Experiment

CRISPR system 
integrates viral 
sequences into its 
genome

Cas9 protein 
complexes with a 
transcript of the 
viral DNA 
sequence library

Cas9 protein then 
cuts DNA 
sequences 
complementary to 
its complexed 
gRNA (library 
transcript)

What is the 
implication of 
these facts?
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PAM (Proto Spacer 
Adjacent Motif)

• PAM is a portion of the Cas9 
enzyme that recognizes and 
binds a 3 base DNA sequence 
(NGG)
o The CRISPR system has 

evolved to not integrate 
PAM binding sequences 
into its own genome!!!
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Why the hell does all this matter?

• We can complex Cas9 with a synthetic gRNA to cleave any DNA 
sequence we want to
o Indels (insertions or deletions)
omutilate DNA sequences
oEarned Jennifer Doudna a Nobel Prize

• Other techniques to cleave in a sequence specific manner exist, 
but the critical feature of CRISPR is it's RNA programming
oZFNs
o TALENs
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gRNA- The Holy Grail 

• The critical implication of Cas9 is that you can deliver something  
to DNA at a specific sequence

• What if one day we could redesign the Cas9 enzyme to do more 
complex and advanced modifications beyond cleavage? 
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Base Editing
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Prime Editing
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Large Payload Integration

• Bxb1 is a site specific integrase that will insert a DNA payload
oPayload has attP sequence
oTarget site has attB sequence
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CRISPRa/i

• CRISPRi 
o i is for inhibits transcription

• CRISPRa
oa is for activation

• Church et al. show 
impressive activation of 
target genes

VPR is their improved activation 
system.

"We demonstrate its utility in 
activating endogenous coding 
and non-coding genes, targeting 
several genes simultaneously 
and stimulating neuronal 
differentiation of hiPSCs"
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Applications of the suite

• Research
o Change expression -

protein or RNAs
o Change 1 or more bases in 

a protein to understand 
functions

o complex genetically 
encoded systems (for 
example, CRISPR-
recorder)

• Engineering
o Synthetic Bio
o Crops/Livestock: 

▪ High yield
▪ Drought/Disease 

Resistance
▪ Nutritious

• Living Biosensors

• Therapy
o Change expression to 

control cells for wound 
healing, regeneration, 
differentiation

o Repairing deleterious SNP 
or mutations

o Replacing and repairing 
o Immune cell therapies 
o Allogenic cell therapies 

(T1D cure)
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CRISPR Therapeutics AG | Ticker:CRSP

• The FDA approved the cure 
of SCD this year: Casgevy
o Simple technique: Cas9 

cleavage
▪ Indels in silencer protein of fHb
▪ fHb is now turned on
▪ SCD is cured "Jimi Olaghere on the 

summit of Kilimanjaro, 
Sept. 16, 2024. Olaghere, 
39, was functionally 
cured of sickle cell 
disease by an infusion of 
Casgevy in September 
2020." 
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Xenotransplantation
• 69 Edits in total (nice)

o Remove genes that cause immune rejection 
o Disable retrovirus
o Add human genes that modulate immune 

responses, prevent clotting, and reduce 
rejection 

o Hearts and kidneys: success in humans
▪ Heart: The pig was infected with a 

herpes virus and the patient died 
months later

▪ Kidney: took place March, 2024. As of 
now, the patient is healthy and dialysis 
free
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Embryo Editing
• In China, HIV burdens people and children with astounding social 

stigma and exile. Even with undetectable viral load
o "attitudes toward HIV infected individuals take forms of denial, indifference, labeling, separation, rejection, status loss, 

shame, hopelessness, and fear" 

Dr. Jiankui used Cas9 to disrupt the CCR5 gene from 2 embryos, 
removing the attachment point for HIV 
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• There is no evidence the mother has 
HIV- the father supposedly does

• Dr. Jiankui was sentences to 3 years in 
prison, fined $427,000
oConvicted of "illegal medical practices"
oForged ethical review data and misled 

doctors 
https://www.science.org/content/article/
chinese-scientist-who-produced-
genetically-altered-babies-sentenced-3-
years-jail

o In a deleted tweet, he claimed that the 
CCP seized all his stocks "Get in luddite, we're going gene editing." -Dr. He Jiankui
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• He is now proposing introducing the 
APP A673T mutation to mouse and 
human embryos in vitro
o This will effectively test the beta amyloid 

plaque hypothesis 
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Biology is Technology –not magic
• Any given organism on Earth is more complex and ingenious then any 

technology ever invented by man

• All biology is hardware encoded by software. That hardware protects, 
gathers resources and duplicate the software. 
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We live in a unique and transformational time: 
for the first time in the known history of the 
universe, it has the ability to observe itself, 
pear into its own functions, and manipulate 
itself. 
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Software

DNA is too!
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• Computer code enable humans to store, manipulate, transport, 
and analyze data 

•CRISPR enables you and me to write DNA code.
• The limit: the laws of physics
• We are starting our careers during the emergence of this 

capability
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Deep future thoughts – BSI & BCI
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Deep future thoughts – Assimilation 
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Deep future 
thoughts- 
Terraforming
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Deep future thoughts -Panspermia

More life=good
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