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as one undertakes the “therapy”. So, when 
the experiment is being contemplated, 
there is no child to heal.

The mutated gene per se is not 
necessarily dangerous, the contentious 
issue is that scientists are not sure that 
protection from hiv is the only thing the 
crispr edit might do to the twins’ genomes. 
For instance, it’s not clear that crispr is 
as accurate as researchers would like it 
to be. It makes mistakes, like off-target 
effects. In some cases, crispr may make 
unintended changes in arbitrary parts of 
the genome, like an autocorrect feature of 
a word processor that erroneously 
corrects “typos” to produce a different 
word. In other cases, crispr may not make 
the edits as unfailingly as needed, so 
some cells may be edited while others are 
not, and some cells may even be partially 

edited, leaving a patchwork result that 
scientists call mosaicism. 

This is where the problem lies as 
nothing can be said prospectively. We will 
have to wait and watch in the case of Lulu 
and Nana. In cases like this the difficulty 
is that a) you do not know beforehand 
where the map will go wrong; and b) the 
mistakes can lead to severe consequences. 
You can draw a comparison with poten-
tially helpful medicines that carry random 
but very severe side effects. Jiankui 
promised to follow up with the girls until 
they are 18, but it is unlikely that the 
Chinese health ministry will allow him to 
be involved in the evaluations. It is not 
known what, if any, special measures are 
being taken to monitor the girls’ health or 
to track the third pregnancy that is on its 
way also due to Jiankui’s experiments.  

SCIENTISTS AND BIOETHICISTS 
are divided on whether there should be a 
moratorium on germline editing. There is 
much less ethical resistance for 
intervention in somatic cells—any cell of a 
living organism other than the 
reproductive cells—which would not affect 
future generations. The young Chinese 
American biochemist Feng Zhang, one of 
the inventors of crispr, called for a global 
moratorium on germline gene editing, a 
day after Jiankui announced the result of 
his experiment. “Given the current state 
of the technology, I am in favour of a 
moratorium on implantation of edited 
embryos,” Zhang, a member of the Broad 
Institute of mit and Harvard, said. 

Where does one draw the ethical line or 
a logical and acceptable boundary? The 
most compelling argument about the 

ethics of germline gene editing or more 
precisely about the Chinese twins has 
been made by J Benjamin Hurlbut, 
Associate Professor of Life Sciences, 
Arizona State University and Jason Scott 
Robert, Director of the Lincoln Center for 
Applied Ethics, Arizona State University. 

Jiankui surely broke many rules. The 
paperwork doesn’t seem to be as rigorous 
as the nature of the experiment required. 
Nothing has been published in any peer 
review journal and questions are being 
raised about an informed consent process. 
These issues are important as compliance 
with established standards of practice is 
vital for public trust in science. But public 
debate about the experiment should not 
make the mistake of equating ethical 
oversight with ethical acceptability. 
Research that follows the rules is not 

First detected in the late 
1980s, the potential of 
CRISPR-Cas9 became  
evident in mid-2012. The 
technology’s promise 
in curing chronic and 
hereditary diseases has 
grown phenomenally in 
this decade  
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CRISPR mechanism observed 
for the first time by Japanese 
scientists at Osaka University

Scientists Jennifer Doudna and Jillian 
Banfield start investigating CRISPR

Several papers published in the US on 
how CRISPR can edit human genome

Scientists 
suggest 
CRISPR/Cas9 
used with stem 
cells could 
provide human 
organs from 
transgenic pigs
US scientists 
call for a ban 
on germline 
editing in 
human 
reproductive 
cells

UK Nuffield Council starts a 
working group to look into 
national and international 
policies for genome editing

Leading UK research councils declare support 
for using CRISPR-Cas9 in preclinical research
New protein, Cpf1, found offering means to 
simplify gene editing

Scientists 
Emmanuelle 
Charpentier and 
Jennifer Doudna 
join forces to 
investigate Cas9 
enzyme

First patent application submitted for 
CRISPR-Cas 9 by UC Berkeley

First report of genes edited in human 
embryos ignited global ethical debate 
at Sun Yat-sen University in China

CRISPR/Cas9 modified 60 genes in pig 
embryos to create organs suitable for 
human transplants at Harvard

First International Summit on 
Human Gene Editing held in 
Washington DC

UK scientists authorised to 
genetically modify human embryos 
using CRISPR-Cas 9

DNA of human embryos edited using 
CRISPR-Cas9 to study cause of infertility
Chinese researchers report correction 
of gene linked to beta thalassaemia

First CRISPR-Cas9 clinical 
trial launched

New gene modification technique (CRISPRa) makes it 
possible to increase expression of its target gene
CRISPR-Cas9 editing helped restore effectiveness of 
first-line chemotherapies for lung cancer

National Institutes of Health gives 
green signal for first clinical trial 
using CRISPR/Cas 9 to treat patients

Research shows possibility of editing gene 
defect in pre-implanted human embryos for 
preventing inherited heart disease

Base improvements for CRISPR allows 
changing individual chemical letters of 
DNA without the need to cleave DNA

First gene-edited babies 
announced by Chinese 
scientist

CRISPR-Cas9 used to control 
genetic inheritance in mice

US National 
Academies of 
Science and 

Medicine grant 
green light to 

use CRISPR 
in germline 

experiments

US scientists genetically modify 
mosquitos using CRISPR  
to stop them from carrying 
malaria parasite

US scientists improvise 
CRISPR/Cas 9 with less risk 
of off-target DNA breaks

US scientists publish new base editing 
technique to alter genome without needing to 
cleave DNA or for a donor DNA template

Term CRISPR-Cas9 published 
for the first time by Dutch 
scientists at Utrecht University

Experiments demonstrate the role of 
CRISPR together with Cas9 genes in 
protecting bacteria against viruses

First commercialisation 
of CRISPR-Cas 9 by 
Danish firm DuPont

Fast track application 
for CRISPR-Cas 9 
technology submitted 
to USPTO

CRISPR-Cas9 used to engineer 
plant genomes including rice, 
wheat, tobacco and Sorghum
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