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THE LIFE SCIENTIFIC - John Sulston
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PRESENTER:  JIM AL-KHALILI



Al-Khalili
In June 2000 Tony Blair and Bill Clinton announced to the world that scientists had sequenced the entire human genome; that they'd decoded our DNA and written out the instruction manual for life.  In so doing they'd given us all an extraordinary insight into who we are; the importance of which we're only now beginning to appreciate.  It was and still is an incredible achievement, on a par with mapping all the stars in the galaxy or the entire road network of the planet.  As head of the British end of the Human Genome Project my guest today was responsible for sequencing one third of the human genome.  But much more importantly than that, he says, is the work he did to protect this precious insight into what makes us who we are from being exploited by commercial interests and hidden from us.  Sir John Sulston wants the world to know just how close we came to losing our right to read the secret of life itself.  He says taking out patents on genetic information is patently wrong.  

John Sulston, your life scientific led to one of the most exciting breakthroughs in biology in the 20th Century but it all began with a rather humble worm.

Sulston
Indeed it did, that's right, thanks to my boss, Sydney Brenner who rescued this worm, as it were, from obscurity and turned it into one of the most important experimental animals in biology.

Al-Khalili
Now to the non-scientist, to a physicist like me, it sounds like a curious choice - the worm - is it because it's more complicated than bacteria but less complicated than humans - I mean what does it look like and how big is it?

Sulston
Yes, exactly, exactly.  It's a small cylindrical object, a millimetre long when it's fully grown, transparent and it grows very fast...

Al-Khalili
So this is something you could only just about see with the naked eye?

Sulston
Yes but you use a simple dissecting microscope, so you don't have to use a powerful microscope.  You're moving the worms around under such a microscope using, initially, sharpened toothpicks and then we switch to [indistinct word] and wires because...

Al-Khalili
This is a Nobel Prize winning way of doing...

Sulston
This is the real way of doing things.  And it was all about that - it was very much simple devices to make things work and happen.

Al-Khalili
And at one stage in your career you seemed to be virtually glued to your microscope for a year and a half watching these worms grow from tiny embryos to adult worms.

Sulston
That was actually one of the best times of my life.

Al-Khalili
But you were looking down that microscope solidly for four hours at a time?

Sulston
No, no you don't look - oh you can look away for about one minute, that's all, it was alright, it was okay, I enjoyed it.

Al-Khalili
Well I'm sure you get used to it but I mean that's dedication.

Sulston
Oh yes but everybody does this if they've got something that works.  You don't go on doing it obsessively mindlessly, that's nuttery, you do it so long as you're making progress, you know how to do it and it's extremely satisfactory, it's artisanal, it's what artisans do all the time, you get really, really good at doing a particular task and you do it over and over again.  I mean what's a little sad is if people get trapped into this and the task is extremely rote and they've already spent 10 years of their life doing exactly the same thing on a production line and they've got another 30 years to look forward to - that is sad.  But if you're doing something which is only for a shorter period of time, you've invented the technique...

Al-Khalili
Well it was a year and a half.

Sulston
Year and a half.  You see progress towards the end, then it's completely different from a lifetime of drudgery.  Not at all the same.

Al-Khalili
It sounds very obsessive behaviour.

Sulston
Absolutely, well I'm - you have to be obsessive to do some sorts of science, I'm not alone in that.

Al-Khalili
So there you were in Cambridge, in the 1970s, trying to understand how a worm grows from an egg, made up from just a handful of cells, to an adult worm, which has 959 cells?

Sulston
It's a precise number.

Al-Khalili
It's a very precise number - that's how many cells it has, no more, no less.  By the sound of things you were pretty much working out how to do this as you went along?

Sulston
Yes, I mean this was very much biological messing about.  So in this case my trick was to - after a lot of fiddling around - was to discover that if I made a very thin layer of agar jelly on a microscope slide and put a worm on it, giving it some bacteria to eat, and then put a cover slip over the top - so the worm was slightly confined but not squeezed, so it was able to move around in its sinuous way, it was quite happy between the layer of jelly and the microscope slide, and then give it something to eat it was happy.  What I wanted was a happy worm and it was just browsing in its field, moving gently to and fro in the bacteria, munching away and I could watch the cells divide but it took a while to find out how to do that.  It's the same with anything, at first you play around, right, you don't take it seriously, indeed you pretend that you're not taking it seriously - you go in on Sunday afternoon, say I'll just try it out you know, it doesn't matter whether it works or not.  And then it begins to work and I must say the very first time I saw a cell divide and then I saw its daughters divide I was ecstatic because I then knew that if I could see one round of cells dividing then I could see everything.

Al-Khalili
What does an ecstatic John Sulston look like?

Sulston
I tend to go a bit quiet and then goes out and makes a lot of noise and annoys everybody.

Al-Khalili
But after 10 years of this - of watching worm cells divide - and not for the first time in your career, John Sulston, you considered leaving the world of worms, in fact you considered leaving scientific research altogether, why was this?

Sulston
Oh well I found that I really rather hankered after doing something else with my life, I mean I suppose it was a classic midlife crisis.  And there was a thing on offer for fisheries in Lowerstoft and I wanted to take it, I really did, I thought it would be fun.  But anyway Sydney basically refused to give me a reference, he said - that's ridiculous.  Told me I ought to stay.  Okay boss.

Al-Khalili
So he stopped you from becoming a...

Sulston
Well no I know doubt talked to other people as well but I do remember Sydney, yeah, kicking up. And of course I wasn't certain about it, I mean it was partly a sort of down moment.  And soon after that I got on to the embryonic cell lineage and that really did change everything because it was led to me writing a big paper and really got rather over-accoladed in a way.

Al-Khalili
Of course this work culminated in you getting the Nobel Prize.

Sulston
Yes I suppose that was....

Al-Khalili
...worthy thing to have done.

Sulston
... I mean it was - that was I suppose the key thing, that paper was my contribution, it's quite embarrassing really.

Al-Khalili
Well you're famously self-effacing, John Sulston.  You won the Nobel Prize for physiology in medicine for describing the lineage of each of the cells in an embryonic worm, tracing where they all came from, in much the same way that you or I might track down our earliest ancestors.  All those hours staring down the microscope certainly paid off.  Now scientists, as we both know, can be a competitive bunch, often vying with each other to work on what they think might be the next big thing but your colleague, Bob Waterston, says that when you were doing this work, and later when you were working on the map of the worm and the human genome, you've always behaved like the perfect gentleman.

Waterston
There had been somebody else assigned to look at the embryo and the pattern of divisions there and John, in his very characteristic modest way, didn't want to step on anybody's toes.  And then there was later a group in Germany who was also trying to do this and again John stayed out of their way and it was only when it was clear that those groups weren't going to be able to do what they were hoping that he took it on.  And when he started doing the map I think that respect toward colleagues earned him the trust of everybody, so that people would share data with him up front and he let everybody know that it was going to be an open and fair playing field and people all brought into that.  It was an excellent example of how data sharing and collaboration in science propels it.

Al-Khalili
Absolutely.  The map Bob Waterston's referring to is of course the map of the worm's genome - the genetic information that makes life possible - that in the '80s, John Sulston, you decided to describe in full.  Why?

Sulston
It was very simple, we had genes that were recognised because we could see mutations that caused the worms not to develop in certain ways.  How are we going to get hold of those genes as what they are which is DNA?  This is a very long job.  And what was happening at that time was that worm research students were spending literally three years of their life or more, their PhDs, if they were lucky at the end of that time they had isolated their gene and then they could get the sequence and boy that was a PhD thesis.  An awful lot of people wasting an awful lot of their time - laboriously hunting through this genome until they nailed down the one they wanted.  And I thought this is ridiculous because I think if I or a small number of us go away and make a map of the genome in which all the bits of DNA are cloned and laid out in order we can then relate that to the genetic map and then we can more quickly go from the genetic map to the genome map because we'll know roughly where the gene we're looking for is.

Al-Khalili
So it's a huge saving on time for these researchers?

Sulston
It's a matter of investment, it's exactly the same as when you make a road through a difficult landscape - you have a desert landscape and people keep on driving their trucks through and they get bogged down, you dig them out, it's a huge effort for every journey.  Lay a road through, no advantage to the road builders directly, but now everybody can drive along the road quickly and easily to get to their destination.

Al-Khalili
This obviously made sense to you that it was the right thing to do - this map would prove useful for the field - not everyone agreed with you did they?

Sulston
Oh no, lots of people thought this was not very sensible.  One of the big objections came back to saying well we don't really need the whole thing, actually biology - there's an awful lot of mess in there, we know the genome is very big, the worm genome is 100 million bases or letters long, the code, and people quite correctly thought that an awful lot of that didn't do a great deal.  The trouble is knowing which bit matters and which doesn't and it is a gamble to say I think we need to get at all the genes or at least most of them not just a few.  So anyway that induced me to set forth.  We didn't need an awful lot of funding in the beginning, Sydney supported it.  It turned out other people were doing things in other labs, so there were a small number of us in biology who decided that we were going to do basically what came to be known as genomics - looking at the whole thing.

Al-Khalili
The sort of work you were doing is a very different kind of science to what I do - in physics simply describing what happens isn't really good enough.  There's this wonderful, I'm sure you've heard it, Lord Rutherford's tongue in cheek quote that all science is either physics or stamp collecting.  Very rude, very insulting of course and it was applying to the way 19th Century naturalists would classify the world around them.  What you were doing was a similar sort of thing but down at the level of individual cells.

Sulston
Yes I mean I am a stamp collector by that definition and I freely admit that, that's why...

Al-Khalili
I don't want to be insulting.

Sulston
No, no, no it's not insulting in the least, I am a stamp collector but stamp collecting with a purpose, I don't want to collect all stamps, I like collecting stamps that people are going to use.  So I collect patterns perhaps is what I do.  And I make maps that other people can use for their own work and that's true of the cell, and it's true of the genome, and I think that's my role, I don't think I'm a very intellectual person but I certainly can through a sort of obsession and loving of sort of completeness make a map that other people find valuable.  Whereas other people previously had only done little tiny bits of it, which weren't joined up, so I had to do the joining up, that's very appealing to me.  But it works - it wouldn't work at all if you were off on your own - that's why the stamp collector thing is used in a pejorative sense because it means somebody all by themselves just obsessively collecting stamps but if you bring a map out and it becomes the basis for a lot of other people's work, like my maps have, then it's entirely different.

Al-Khalili
I get the impression, John Sulston, that you like to see things through to the end.

Sulston
Yeah, that's true.

Al-Khalili
One of your closest colleagues, Bob Waterston, says you're nothing if not tenacious.  Bob worked with you on the worm genome and remembers well when the two of you decided it was time to move up from worms to humans and you arranged a meeting with the Wellcome Institute for Monday morning to try and convince them to fund a project to sequence not only the worm but the human genome.

Waterston
On Saturday night before that meeting John was riding his bike to the Sanger Centre and got hit by a car and was unconscious for a while, he broke his hip.  This was a very serious injury.  And he was basically flat on his back but he managed somehow to get himself on crutches from time to time and convince the doctors that he could make this trip into London.  Apparently he used the fact that I'm an MD to convince the doctors that he'd be in good care - this was nonsense because I hadn't seen a patient in 25 years or something like this.  But we got a car, John climbed in the back, I have no idea how much pain he was in, and we went down to London, I think we had lunch in a pub with him in a wheelchair.  Then we went off to the Wellcome Trust.  He made an absolutely brilliant presentation of our plans, convinced the Wellcome Trust that this was a good thing to do.  And so it all worked, it's just amazing that he had the fortitude and the tenacity to just go ahead with this under what were really dire circumstances, personal - personal circumstances for him.

Al-Khalili
So you attended this meeting in your wheelchair in considerable pain but you got the money you were asking for and you were able to really take this genome project on to the next phase.

Sulston
We got a part of what we asked for - we actually were going for broke because we thought it was so urgent to press on.  We didn't get an immediate carte blanche to do everything but of course then that's reasonable.  We certainly improved the situation.

Al-Khalili
Absolutely.  Well I think - I mean people know you as the person who fronted the Human Genome Project, this is one of the greatest achievements of 20th Century science, and yet it seems to me that certainly early on in your career you were the sort of person who rather than seek out responsibility, is it fair to say that you tried your best to avoid it?

Sulston
Oh yes, no, I like working on my own and always did.  I mean I think that when it came to really doing the organisation of our end of the Human Genome Project, which involved rather a lot of people, we ended up with several hundred staff at Hinxton near Cambridge and I was the director but I must say I was rather a nominal director, I'm afraid my confederates had to do an awful lot of the real managerial work.  And in fact what I kept on doing all the way through was to finish off the sequencing of the little worm because that I regarded as my real job.  And it was a small group of us embedded within that big institute who worked on that to the end and completed it.

Al-Khalili
It sounds almost quaint that here you are in charge of this huge multinational project to map the human genome and yet what you really - your sense of achievement is really about completing this task of mapping a worm's genome.

Sulston
Well the two synergise don't they, you see the technology is not identical but closely related - it's all DNA after all, it's just you meet particular problems in the two.  And as I say it really does keep on sane, I think it's very useful for executive type people to have real jobs to do.

Al-Khalili
How easy was the transition from moving from worms to humans?

Sulston
It's all DNA.  There were certain special obstacles.  We were getting stuck on one particular nasty little bit of DNA and we were simply not able to sequence these particular regions and we were discussing what to do, I mean we were really making sequence with gaps in and there was a little argument - I mean at one point I was saying well let's leave them as gaps and people were saying no, no we can't leave gaps, which was Raj of course.  So I said alright, I'm going home, I'll find a way of making it work.  And I thought and thought, I remember pacing around in the evening and going to the library and reading stuff and then coming back and I did - I hit on a technique which is I suppose rather typical of me, not clever in the least, but it worked and it simply smashed these sections of DNA into even smaller pieces, I put them into the most powerful sonicator we had, I gave them tremendous bursts of ultrasound, recloned the fragments, they were now tiny pieces, and this became a routine technique.

Al-Khalili
When was this - when - what year?

Sulston
Oh this was probably in - I suppose '96 or so I think, it was when we were really collectively scaling up internationally to sequence and nobody had solved this problem at that point.

Al-Khalili
And it seems that at this stage all the world's scientists were pulling together, working on this problem, in a sense, you all meet in Bermuda....

Sulston
Yes, we - well the 1996 meeting in Bermuda was pretty important actually, we really did have a good discussion and not everybody agreed maybe because they did have in mind - it's a patent area, it's to own them, to literally get rich from them.  But my natural inclination, when you have this kind of competitive situation, I must say is to collaborate because after all if people want to be part of something surely you enrich by working with them, rather than competing with them in some aggressive manner.

Al-Khalili
Do you think looking back that you were naive to think that it would work in the same open trusting way as the worm research in the 1980s?

Sulston
I wasn't naive because it did.  Thanks to that Bermuda meeting we did keep it together, the public sequencing consortium kept it together pretty well.  Clearly by this time we all need the sequence of the human genome, it's going to have lots and lots of uses most of which we can't envisage.  All of that's correct and there's only one human genome, well there are many, there are as many human genomes as people but you know there is one basic reference human genome - the idea of the reference genome is there.  Why compete over it, it's crazy, you want to pool resources and it's not just a matter of getting the job done, I think it's very difficult actually to organise a consortium, we all know that, the point is that scientifically and psychologically and in terms of ownership it's much, much better to bring everybody into the same tent. 

Al-Khalili
But - but two years later, in 1998, everything changed.  One scientist working on the human genome made a surprise announcement, the American Craig Venter declared that from then on he was going to do things differently and that his new company - Celera Genomics - was going to sequence the human genome faster and cheaper than the lot of you.

Sulston
Yes.

Venter
With a multibillion dollar public program, both in the US and the UK, I think the scientists involved did a lot of manoeuvring to get into position to have those multibillion dollar budgets and most viewed it as an entitlement and planned to do this work over a 10-15 year period.  Celera's model was to sequence the human genome and get the complete genome out there as quickly as possible.  When we finished sequencing the human genome, after nine months, at Celera we published a paper in Science and the data was available to the scientific community, so it was not about keeping the data secret.  Those were mantras that were created particularly in the UK because with this massive amount of money they weren't able to scientifically compete with the new tools and the new approach that we had.

Sulston
The truth of the matter at the time was that what they had was not a lot cheaper, not a lot faster than what we were doing and it certainly wasn't as accurate in the end.  The thing is just hugely exaggerated.  But to be honest although I'm responding as I must dutifully to the sorts of things that he says actually none of this matters, there's only one thing that matters and that's the issue of data release.  The claim that the data was released to Science - yes in the end, and this was only after...

Al-Khalili
This is his data?

Sulston
...only after two years, not nine months, after two years of not releasing the data, which we were releasing all the time - our data - after two years of not releasing the data a DVD was deposited with Science magazine, it was incomplete, it was only a draft sequence, not a complete one.  The real sequence that people have gone on working on is the sequence which remains on the computers in the public databases of the world.

Al-Khalili
Was there also the issue that Venter was using the data that was actually publicly available....?

Sulston
No he was entitled to.

Al-Khalili
And sort of filling in the gaps?

Sulston
He was entitled to.  Well again of course when you start to talk science then people disagree, in fact Venter says - one thing that Venter says is that actually our data corrupted his data and it would have been better if they hadn't used it.  But the truth of the matter is that they did use the public data and the reason they did this is because it was indeed a race, there was a serious race and it was about ownership.  It was about ownership in two senses - one is that they wanted to own the database to which everybody would have to buy subscription and they wanted to build up a repository of biological information which would be instead of, not as well as, instead of the public repositories.  It was absolutely the business model.  This is why Celera's share price rose very, very high at that time - here was a company that had been invested into with American money, they had a stock offering which I think raised a billion dollars or something for them and they were doing extremely well and people don't invest in a company like that in order to give the data away do they?  The business model was to hold the data and rent it out.  And the second thing was that again this is something which is very much written out of history now but is fact that many, many patents were being filed by that company right through.  In fact they were very excited about the speed with which they could get sequence off the machine in the morning and have it in the attorney's office in the afternoon.  And this is what worried me and more than worried, I mean I think this is an absolute principle.  This is the basic information of biology - of medicine - the human genome and all the other genomes - the basic information of biology.  And the idea of locking them up and renting them out piecemeal to subscribers, who by the way if you have such a business plan are forbidden to communicate the data to one another - think of you know a result in physics where you produce the data from CERN or you produce astronomical data, you put it all in a database and people can pay to look at a little bit of it but can't tell anybody else about what they're looking at - does that make any kind of scientific sense?  No.  It's a business model that is flawed, it failed mercifully and Celera went down as a result.

Al-Khalili
Of course I mean they would argue that they needed to sell their product - this business model - in order to get to the funding to continue their research.

Sulston
And now of course we have all the pharmaceutical companies say exactly the same thing about drug development but just sticking to Celera for a moment.  Yes absolutely right and so you have to choose the appropriate way of raising money for the task at hand.

Al-Khalili
If not at the level of isolating the gene where would you draw the line above which it's okay to patent?

Sulston
Well I think you draw the line - it's as with a mousetrap - you don't patent the idea of a mousetrap you patent on the particular way of trapping the mouse.  In other words the kit, the material, the stuff, not the ideas.  The point is that gene patents are being misused and it should not be so easy to get them and everybody knows this actually.

Al-Khalili
It must be frustrating to you that you fight so hard to keep this scientific data available and open to see it being pigeonholed and hidden away and made money out of.

Sulston
But the whole idea is that people can do that, the thing is they should do it according to rules that they've actually added an inventive step.  The only way it's going wrong is that people can patent an entire gene on the basis of saying they have one little bit of the information and we haven't gone into the legal details, there's probably no need to, but it's just again a legal trick that you can get so much for doing so little.  And this is a legal problem, it's not really a science problem and we should not collectively be willing to subscribe to it.  You see if we all of us refuse to subscribe to this so-called real world then it would be different and it's because scientists are so easy to pick off one by one by offering them money and we're like that because we want to do our science, you know, we don't care really where the money comes from and so collectively we're rather easy targets, we get picked off one by one.

Al-Khalili
Because what - because we are prepared individually to sell out?

Sulston
That's right, to sell out.  And I think some of that's good if it leads to healthy competition but when it leads to a sort of structure like this where you're patenting things that should not be patented then I think we should say hey guys let's do things a different way.

Al-Khalili
So what is that different way?

Sulston
The thing is when a company does have these patents, which as I say I don't like but nevertheless if they're there we have to use them, they don't have any way of using those patents usefully for least developed countries because there's no money to pay for any medicine.  So they may just as well put them in to some sort of more public domain areas where they can be used properly.  So I think in these sorts of ways we can temporise the existing system.

Al-Khalili
Now you've devoted a lot of your life's work to reading and understanding this manual of life, first in worms and then in man, I mean this is something that really defines your scientific career.

Sulston
I'd sort of slightly draw back from that, I would say my job is the reading, I'm a chemist originally and I thought if I just read the stuff there'll be lots of people who will then understand it, people who are much cleverer than me, and that's exactly the way it's worked out.  So I'm the reader, others do the understanding and that's why it's so important to release the data so that they can.

Al-Khalili
But it was a close call wasn't it?

Sulston
It was indeed a close call.  The race was real and by the way many people in the different industries affected by this, naturally that's all industries in biology, have said to me - they said thank heaven you won, it would be very, very difficult if you hadn't and if we had to keep on paying rent to somebody for this information.

Al-Khalili
Do you miss though not being any longer at the coal face of science - looking down that microscope?

Sulston
Absolutely, I mean the frustrating thing about policy is that you never have any real measure of where you got, there's an awful lot of people shouting and everybody trying to shout louder.  And looking back you may find, as we have with the data release on the human genome, you may find you've actually achieved something but you haven't achieved it alone, what you've done is to contribute to the collective achievement of making things work better.

Al-Khalili
Are you proud of what you've achieved in the Human Genome Project?

Sulston
I'm certainly very relieved and I suppose proud - it's too strong a word for that - I found it easier to be proud about the little things because then you can say they're mine.  I'm proud of the international human genome consortium because together we pulled it through.

Al-Khalili
And to a large extent we do have you to thank for the fact that the DNA code that makes us who we are is now more or less available to us all.  And whether it's watching worm cells divide, sequencing human genome or campaigning to stop corporate interests hijacking science John Sulston it seems to me that if you started you will finish.  Thank you very much.

Sulston
Thank you.



