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Cas Kramer 
(Univ Leicester)

The  Human  Genome



April 25, 1953
Nature



“We think we have the 

found the basic copying 

mechanism by which life 

came from life…

   Read this carefully so that 

you understand it. When 

you come home we will 

show you the model. 

      Lots of love,             

                Daddy

“Jim Watson and I have 

probably made a most 

important discovery…

Our structure is very 

beautiful.  D.N.A. can be 

thought of roughly as a very 

long chain with flat bits 

sticking out. The flat bits are 

called the ‘bases’…”

19 March 1953“My Dear Michael…



Rosalind Franklin
(1920-1958)



THE FASTEST 
DNA SEQUENCING   > > >  
TECHNIQUE



C R I S P R



April 2018



“Are you familiar 

 with CRISPR?”

In 1993, a breakthrough 
new technology, known as 
CRISPR, gave scientists a 
path to treat incurable 
diseases through genetic 
editing. 

In 2016, due to its 
potential for misuse, the 
U.S. Intelligence 
Community designated 
genetic editing a ‘Weapon 
of Mass Destruction and 
Proliferation.’





The Nobel Prize 
in Chemistry 2020 

awarded jointly to 

Emmanuelle 
Charpentier 

& 
Jennifer A. 

Doudna 

"for the development 
of a method for 

genome editing."

October 7, 2020



An “unusual arrangement” in E. coli (1987)

Ishino Y. et al. 

J. Bacteriol. 2018 
Clustered Regularly Interspaced Short Palindromic Repeats



Francisco Mojica PhD
(University of Alicante)
Salterns of Santa Pola, Spain





Rodolphe Barrangou 
NC State
EIC, CRISPR Journal

Science 2007



CRISPR

… is a natural 
bacterial immune 
defense system 
that provides 
a means to 
recognize, 
remember and 
destroy viral 
invaders.

Bhaya et al. Ann Rev Genet 2011



Team Doudna/Charpentier 

Stanley Hall
UC Berkeley, 2012

Emmanuelle    Jennifer  Martin          Krzysztof     Ines
Charpentier    Doudna    Jinek          Chylinski  Fonfara  



Dominguez et al. 
Nat Rev Mol Cel Biol. 2015

The “Genetic Scissors”

Cas9 nuclease



Lights. Camera. Action…  CUT!

CRISPR-Cas9 
visualized by high-
speed atomic force 
microscopy

M. Shibata, H. Nishimasu et al.
Nature Communications 8, 1430 (2017) Hiroshi Nishimasu (Univ Tokyo)



PUBLIC

PRIVATE



December 8, 2023



Sickle Cell Anemia: The First Molecular Disease (1910)

Dr James Herrick 
Rush Presbyterian Hospital,
Chicago

Herrick JB. Arch Intern Med. VI, 517-21 (1910)



Victoria Gray
Forest, Mississippi

First patient to receive CRISPR gene 
therapy for sickle-cell disease in the USA

• 46% total HbF
• 99.7% red blood cells contain 

some HbF.

    Frangoul et al. NEJM 384:252-260 (2021) 

 
 

Meredith Rizzo / NPR



“I remember waking up without any pain and feeling           

lost, because my life is so associated with pain. 

It's just a part of who I am. 

It's weird now that I don’t experience it anymore.” 

 – Jimi Olaghere
Jimi Olaghere/BBC 2.19.22



Frangoul H. et al. NEJM 390, 1649-62 (2024) 



In vivo Genome Editing

NEJM June 2021



NCI

“… Adoptive transfer of engineered 

T cells into patients resulted in durable 

engraftment with edits at all three 

genomic loci… Modified T cells 

persisted for up to 9 months, 

suggesting that immunogenicity is 

minimal under these conditions and 

demonstrating the feasibility of 

CRISPR gene editing for cancer 

immunotherapy.”



Alyssa

T-acute lymphoblastic leukemia

Bone Marrow Transplant Unit, 
Great Ormond Street Hospital, 
London

Diagnosed May 2021
Treated May 2022

Prof. Waseem Qasim



David Liu
Broad Institute/HHMI





Innovative Genomics Institute



Fyodor Urnov

New York Times 

January 2023

“The invention of CRISPR gene editing gave us 

remarkable treatment powers, yet no one should 

do a victory lap. Scientists can rewrite a person’s 

DNA on demand. But now what? Unless things 

change dramatically, the millions of people 

CRISPR could save will never benefit from it. 

We must, and we can, build a world with 

CRISPR for all.”

“At this point, all hypotheticals, the words 

‘potentially’ and ‘could’ or ‘in principle’ are gone.    

CRISPR is curative. 

Two diseases down, 5,000 to go.” 

      – FYODOR URNOV (IGI 2024)







20072011

2013

He JiankuiHeterogeneous Diversity of Spacers within CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)
     -- Jiankui He & Michael W. Deem     Phys. Rev. Lett. 105, 128102 (Sept 2010)

The Journey of 
He Jiankui



Antonio Regalado
MIT Technology Review



University of Hong Kong
November 28, 2018



Hong Kong
November 2018



1.  He didn’t address an unmet medical need.

2.  The actual editing wasn’t executed well.

3.  It’s not clear what those new mutations will do.

4.  There were problems with informed consent.

5.  He operated under a cloak of secrecy …

6.  … but organized a slick PR campaign.

7.  A few people knew about He’s intentions but failed to stop him.

8.  He acted in contravention of global consensus.

9.  He acted in contravention of his own stated ethical views.

10. He sought ethical advice and ignored it.

11. There is no way to tell whether He’s work did any good.

12. He has doubled down.

13. Scientific academies have prevaricated.

14. A leading geneticist came to He’s defense.

15. This could easily happen again.
Ed Yong, The Atlantic 

Dec 3 2018

15 Reasons Why



“ How could Dr. He and 
[his] team change the 
gene pool of the human 
species without 
considering the need to 
consult other parts of 
the human species?”
  
 -- Qiu Renzong



Who Wants a CRISPR Clinic?

Credit: William Hurlbut



Wang & Doudna
Science 20 Jan 2023

CRISPR 
at 10



Nature March 2024

2017

2024



The first CRISPR 
gene-edited food 
on sale in Japan:

The Sicilian Rouge 
High GABA tomato, 
created by  
Sanatech Seed, sold 
gene-edited seedlings 
to farmers in 2021 -- 
some 4,200 farmers 
took up the offer. 

https://sanatech-seed.com/ja/


Eriona Hysolli
Medium December 2018

De-Extinction: Pleistocene Park?



Victoria Gray
London
March 2023

Royal 
Society



MaxCyte / March 2024

Queen Victoria



 E:  davieskev@gmail.com
 X:  @KevinADavies
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