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IRA FLATOW:  This is Science Friday. I'm Ira Flatow. One of the most powerful tools biologists use 
today is not some new DNA sequencer. It's not a gene printer, either. In fact, it's not something we 
humans invented at all. 
 
It's something we borrowed from bacteria, a sophisticated self-defense they have, a molecular 
machine that chops up invading viruses to stop an infection. The tool is called CRISPR-cas9, and it 
allow scientists to edit DNA, to modify or delete genes and add new ones, too. It's already being 
used to develop new drugs. And its versatility is not without controversy. 
 
My next guest says this gene editing technology, well, it's not as easy to use or as much of a 
guaranteed home run as we have been led to believe. Carmela Haynes is an Assistant Professor in 
the School of Biology and Health Systems Engineering at Arizona State University in Tempe. 
Welcome back to Science Friday. 
 
CARMELA HAYNES:  Hi, Ira. It's great to be here. Thank you. 
 
IRA FLATOW:  You're welcome. We've been reading sort of a challenge about how easy CRISPR is 
to use. Rudolf Jaenisch of MIT said quote, "any idiot could do it". And that's been sort of put to the 
test and found out that any idiot could really not do it that easily. 
 
CARMELA HAYNES:  The catch there is that any idiot could do it assuming that there are no 
roadblocks or special things about how the DNA is coiled up inside of the cell that would prevent 
the CRISPR-- I guess a sort of scissors-like machinery to get in and actually access the target gene. 
 
IRA FLATOW:  So for example, in human embryos, those cells are pretty well coiled up? 
 
CARMELA HAYNES: Indeed, yes. And so the thing about the CRISPR machinery is that over the 
millions of years that it's evolved, it's operated inside bacteria in a space where we don't see the 
same, quite the same type of DNA coiling and packaging that we see in a cell like cell in a human 
embryo. 
 
So the DNA in embryonic cells, in particular, has a lot of interactions deep inside the nucleus that 
sort of shield, package and separate certain genes away from the rest of the environment. So this 
actually poses a bit of a molecular challenge to the CRISPR machinery in terms of accessing the 
target that you're going after. 
 
IRA FLATOW:  It's CRISPR itself, the whole connection to bacteria is just, it's so fascinating, isn't it? 
That bacteria have been fighting this fight with viruses, every bacteria has a virus that wants to eat it, 
and has come up with this mechanism to stave it off. And then here we are sort of adopting it. 
 
CARMELA HAYNES:  Oh, yes definitely. That is a fascinating aspect of the use of the system. There 
are things that are similar in the research community, like things called restriction enzymes that are 
also derived from bacteria that are very good at cutting up DNA. 
 
But I think that another-- speaking of defense mechanisms, what cells like human cells like to do is 
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sort of after the DNA finds its way into the nucleus, what has happened in a lot of cases or at least 
we have a lot of evidence for this is that special proteins that co-exist with the DNA inside of a cell 
nucleus will take the DNA and package and wrap it in a very tight structure. So that those invading 
pieces of DNA can't replicate and excise themselves and move around and sort of mess up our 
genetic code. So human cells have their own defense mechanism that I think that, in the early 
stages of developing CRISPR as a tool, we hadn't quite started to address that challenge just yet. 
 
IRA FLATOW:  But you think it is an addressable challenge? 
 
CARMELA HAYNES:  Oh definitely. So a little over, just about two years ago, my grad student and I-- 
so a fantastic grad student, Renee Dare, we started asking ourselves, well, you know since CRISPR 
comes from a bacterial system. It's evolved in an environment where it hasn't really been exposed to 
all of these complex packaging machineries. What if we actually challenged CRISPR with a 
packaged system? 
 
We did a pretty simple experiment where we packaged, artificially packaged a target sequence 
inside the cells. And then introduced CRISPR and measured how good it was at cutting. 
 
And we found that in some cases, you can completely eliminate or completely block CRISPR cutting 
altogether, if that target gene is packaged. 
 
I do agree that the technology itself is very accessible.  But then the huge barrier-- you can map 
everything out on paper. You can run algorithms to look for just the right target, but then when it 
comes to actually taking cells or an organism and then expressing it and getting what you want, 
there are a lot of complicated steps involved. So while CRISPR may be accessible to everyone, and 
it's easy to learn how to use it, actually implementing it is quite a challenge. 
  
IRA FLATOW:  So we're not going to see a home CRISPR kit for your living room just quite yet. But 
you never know how soon. 
 
CARMELA HAYNES:  Exactly. 
 
IRA FLATOW:  Dr. Haynes, thank you for taking time to be with us today. Carmela Haynes is an 
Assistant Professor in the School of Biological and Health Systems Engineering at Arizona State 
University in Tempe, Arizona. 


