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DEFENDANT'S CASE IN CHIEF 

2 Now, if ypu'd stand, please, and raise your right hand. 
1 

3 sworn. 

4 DEFENDANT'S WITNESS, WALTER GILBERT, SWORN 

5 DIRECT EXAMINATION 

6 BY MR. LIPSEY: 

7 Q. Would you state your name for the record, please. 

8 A. Walter Gilbert. 

9 Q. And where
1

do you reside? 

10 A. I live at,
1 
15 Gray Gardens West in Cambridge, 

11 Massachusetts:. 
' 

12 Q. By whom are you currently employed? 

13 A. By Harvard University. 

14 Q. What is your title at Harvard? 

15 A. I'm the Carl M. Lobe University Professor. 

16 Q. What is a university professor at Harvard? 

17 A. We have a set of about a dozen senior professorships 

18 which are assigned by the University and are above the 
j 

19 departments. 

' 20 Q. So is it an honor to be a university professor at 

21 Harvard? 

22 A. Yes, it is. 

23 Q. With what department are you most closely associated? 

24 A. With a Department of Molecular and Cellular Biology. 

25 Q. And how long have you been associated with that 
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• 1 department? 

2 A. I've been associated with that department since I 

3 returned to Harvard in 1985. 

4 Q. And how long have you been on the faculty at Harvard? 

5 A. I've been on the faculty of Harvard since I can't 

6 even remember. I've been on the faculty at Harvard from 

7 19 -- about roughly 1958 to 1980 with an intermission 

8 between 1980 ~nd 1985, and on the faculty of Harvard since 

9 1985. 

10 Q. You should have a volume there before you labeled 

11 Gilbert 1, and in it is a Defendant's Exhibit 3720. Can 

12 • 13 

you tell us what that is? 

A. That's a copy of my curriculum vita. 

14 Q. Is it accurate, to the best of your knowledge? 

15 A. Yes, it is, as of the time it was written. 

16 Q. And by reference to the publications, can you determine 

17 approximately when that was? 

18 A. That would have been somewhere very early this year. 

19 MR. LIPSEY: Offer Exhibit 3720. 

20 MR. NEUSTADT: No objection. 

' 21 THE COURT: It will be received. 

22 (Defendant's Exhibit(s) 3720 received in evidence.) 

' 23 Q. Would you briefly summarize your formal education for 

• 24 

25 

the Court? 

A. I took my undergraduate degree from Harvard in 1953 in 
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• 1 chemistry and physics. I then went out for another year at 

2 Harvard and then took my Ph.D. degree from Cambridge 

3 University in England in 1957 in actually theoretical 

4 physics, technically at Cambridge it was called 

5 mathematics. 
I 

6 Q. What was your first professional position after 

7 receiving your Ph.D.? 

8 A. I spent one year as a National Science Foundation 

9 postdoctoral fellow at Harvard University in theoretical 

10 physics. 

11 Q. And what did you do next? 

12 • 13 

A. I spent the next year again at Harvard, actually in an 

! 
instructor position of theoretical physics, which was in a 

14 sense an assistant to Professor Julian Schwinger who at 
I 

15 that time was extremely well-known in theoretical physics 

16 at Harvard. 

17 Q. Had he received any recognition in that field? 

18 A. Yes. He ~eceived a Nobel Prize in theoretical physics 

19 for having developed part of the current theory of quantum 

20 electrodynamics. 
i 

21 Q. Did there come a time when you moved from theoretical 
,, 

22 physics into molecular biology? 

23 A. Yes, there was. My next appointment at Harvard was 

• 24 

25 

actually as an assistant professor of physics. I taught 

physics at Harvard for approximately six years. However, 
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' 
1 around 1960 I became interested in biology and began to do 

2 experiments ih biology, and initially in the laboratory of 

3 Jim watson. 

4 Q. And who is Jim Watson? 

5 A. Jim Watson is -- his most notable claim to fame at that 

6 time was he was the discoverer of the structure of DNA 

7 along with Francis Crick. 

8 Q. Did he receive any recognition for that discovery? 

9 A. Yes. He and Francis received the Nobel Prize for that 

10 discovery. ·· I 
ij 
·i 

11 Q. How did your career progress at Harvard from that 

12 point? 
I. 

13 A. I became interested in experimental biology, and began 
j 

14 doing research in biology. The University had to decide 

15 what to do with me at the end of the five years as being an 

16 assistant professor, and I was appointed a tenure in the 

17 biological field, actually in a field called at that time 

18 biophysics. 

19 Q. Have you held any administrative positions at Harvard? 
j 

ij 

20 A. When I returned to Harvard I held -- I was the chair of 

21 the Department of Cellular Developmental Biology, a 

22 department slightly ancestral with the current one, for six 

23 years • 

24 Q. And roughly what time period was that? 

25 A. That would have been the late '80s, early '90's. 
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• 1 Q. Now, you've several times mentioned a hiatus in your 

2 tenure at Harvard. What did you do during that hiatus? 

3 A. In the very late 1 78 I was among a group of scientists 

4 that founded the biotechnology company called Biogen. And 
I 

' 5 in 1981 I resigned from Harvard and became the CEO of that 

6 company and remained CEO of that company, chief executive 

7 officer of that company, until I resigned from that 

8 position in the end of 1984. 

9 I was then reappointed at Harvard in the middle of 

10 1985, and remained at Harvard as a professor ever since. 

11 Q. I'd like to move back to your research work, and 
1 

• 12 

13 

particularly to work you had done by the mid to late 1970s. 

By the mid to late 1970s, had you had any experience 

14 relating to messenger RNA? 

15 A. Actually the first research that I did in biology was 

16 with messenger RNA. I was a member of one of the two 

17 groups that discovered the existence of messenger RNA. And 

' 18 we demonstrated that messenger RNA was an intermediate in 

19 the synthesis of proteins. The DNA was copied into RNA, 

20 which then se~ed as a template to make proteins. our 

21 
. ~ . 

group cons~sted of J~m Watson, myself and Francois Gros and 

22 several graduate students and postdocs. And the other 

23 group was Meselson, Brenner and Jacob. The two papers were 

• 24 published simultaneously in Nature in 1961 . 

25 Q. Can you keep your voice up, Dr. Gilbert? We're losing 
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1 you at the end. 

2 A. Yes. 

3 Q. I've put ~p on the monitor a copy of a demonstrative 

4 exhibit, Defendant's Exhibit 4004. And by reference to the 

5 demonstrative:exhibit, can you explain the processes by 

6 which DNA in a cell ultimately ends up as protein? 

7 MR. NEUSTADT: Your Honor, I don't know if Mr. 

8 Lispey has reached a point in his examination where he is 

9 ready to offer Dr. Gilbert as an expert. Before he does 
,, 

10 reach that point, I would like an opportunity to voir dire 

11 Dr. Gilbert. 

12 

13 

I 
' h 

MR. LIPSEY: Your Honor, I will ultimately 

establish that this witness has the Nobel Prize for his 

14 discoveries in the area of recombinant DNA and DNA 

15 sequencing. I don't know what possible voir dire there can 

16 be done that would challenge his qualifications as an 

17 expert. U.C. did not offer their witnesses as experts. 
I 

18 We, as a courtesy, did not challenge that. And I think 

19 it's unnecess~ry. 

20 

21 

THE ~OURT: I tend to agree with that. 
~ • MR. NEUSTADT: It's my understanding that 
' ' 

22 Dr. Gilbert will be offering testimony with respect to 

23 patent law. He will also be offering testimony with 

24 respect to statistics~ and that he will also be offering 

25 testimony with respect to ultimate conclusions with respect 
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• 1 to scientific misconduct. And it's in those three specific 

2 areas that I have an objection to him offering opinions. 

3 THE COURT: Well, I suggest you wait until one or 
r1 

4 more of those~things arise to make your objection, and 
; 

; 
5 we'll see abobt it. 

6 MR. NEUSTADT: Very well, Your Honor. 

7 MR. LIPSEY: May I proceed, Your Honor? 

8 THE COURT: Please do. 

9 BY MR. LIPSEY: 

10 Q. By reference to the demonstrative exhibit we have on 
~j 

11 the monitor, ban you describe the process by which cells 
i 

' 

12 " make proteins,~ starting with DNA, and the role of the • 13 

?. 

messenger RNAiwith which you worked in that process. 

I 
14 A. I would hate to try to point to the exhibit. I'm not 

15 quite sure how to do it at a distance from the exhibit, 

16 because when I lecture I generally point to what I'm 

17 talking about. 

18 Q. I think it would be okay if you stood up and went to 

19 the monitor. I believe the Court can see that. 

20 THE WITNESS: May I? 

21 THE COURT: Sure. 

22 A. Okay. At'the beginning of the 1960s we demonstrated, 
I, 

23 the work that I was personally involved in, we demonstrated 

• 24 

25 

the first step of this process. The DNA molecule itself, a 

double-stranded molecule, has to be targeted by an enzyme 
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• 1 called the RNA polymerase --

2 MR. NEUSTADT: Excuse me, Your Honor. I can't 

3 see. Would it be possible for me to go over there so I can 

4 see what he's pointing out? 

5 THE COURT: Sure. Please do. 

6 (Discussion off record.) 

7 A. What we demonstrate in bacteria is that first step 

8 that's illust~ated here, we demonstrate bacteria that a 

9 copy was made of the region of DNA into an RNA molecule. 

10 That RNA molecule then goes from the bacteria to particles 
: 

11 called ribosomes, which are indicated in a general way 

• 12 here. These are, in fact, rather large on the scale of 

13 molecules, structures containing some 50 components. 

14 Those structures seize the messenger at one end and run 

15 along into the other. As they do, the genetic code, which 

i 
16 was worked out in the very early '60s, dictates how amino 

17 acids are add~d to that -- to the growing polypeptide 

18 chain, growing towards chain. That's shown very 

19 schematicallY, here. 

20 The step of addition is something that I actually 

21 worked out in considerable detail shortly after this, 

22 around 1963. The step of addition involves a translation, 

23 a mechanism that recognizes three bases on the messenger 

• 24 RNA, and ties an amino acid specifically to the end of the 

25 chain. 
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• 1 
I 

The next step would be for the ribosome to move three 

2 units along this DNA. The next amino acid is brought in by 

3 a special carrying molecule bound to the message, added to 

4 the growing chain, and the chain becomes one step longer. 

5 It's the basic process of protein synthesis, and the 

6 particular part I discovered was actually the second major 

7 phase of thing that I did in molecular biology. 

8 Q. Now, by the mid to late 1970s, had you done any work on 

9 the regulation or control of DNA? 

10 A. Yes. I had done work of two kinds, and the work that 

11 I'm describing at this point was done primarily in 

• 12 bacteria, bacteria called E. coli, and which was used as a 

13 model system. In order to begin an RNA molecule, there has 

14 to be a signal on the DNA for the RNA polymerase to start. 

15 Those signals
1
are called promoters. And my students and I 

16 identified and characterized such promoters. My students 
I 

17 actually were the first people who identified mutant 

18 promoters. 

19 The whole process in bacteria involves the making of an 

20 RNA molecule which is then used to make several copies of 

21 the protein molecule, three to ten generally, occasionally 

22 up to 100. The cell then destroys that RNA molecule, and 

23 that leaves the machinery free to accept an RNA molecule 

• 24 for a different protein. And that's the mechanism by which 

25 the cell can then change what it's doing from time to time. 
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• 1 That process of changing what the cell is doing 

2 requires control mechanisms that act on the DNA to tell the 

3 cell to turn ?ne gene or another gene on. The major 
! 

4 discoveries ; in fact, were made in my laboratory in the 

5 middle '60s -~ was the biochemistry of how this mechanism 

6 works; and the answer in general is that there is to 

7 control one gene in a cell a second gene functions, and 

8 that second gene makes, in that first instance, a protein 

9 that goes to the DNA. 

I 

10 We have a gene here, we'll call this region here the 

11 start of this'process called transcription. 
\ 

• 12 Q. If I may ~nterrupt you, I think your microphone has 

13 fallen off. 

14 A. A second gene that would control this process would 

15 make a protein, a gene product, that would bind to the DNA 

16 at this region, and either prevent the polymerase from 

17 starting or permit the polymerase to start pending exactly 

18 on the form of that interaction. That process by which one 

19 gene controls.another is called, in general, genetic 
' 

20 control. The sites at which that happens are generally 

21 called operators. 

22 The conce~tion behind this was generated by a French 

23 group, Jacob and Monad, for which they won the Nobel prize 

' • 24 making the suggestion around 1957. And the specific 

25 biochemistry was done, in the first instance, the first 
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1 such protein analyzed, was done in my laboratory in the 

2 middle '60s. 

3 THE COURT: And when you say the specific 

4 biochemistry, I presume you're referring to some mixture of 

5 chemicals applied to the E. coli or whatever it is you're 

'I 6 dealing with?: Is that what you're saying? 

7 THE WITNESS: Let me enlarge just one moment on 

8 some of the biology. 

9 A. Turning a gene on in the bacteria gives the bacteria 

10 some new property. In the case that was being analyzed, 

11 that bacteria could eat the sugar that's in milk, if a gene 

12 was turned on. It couldn't eat it if the gene wasn't 

13 turned on. 

14 Jacobin Manove used what we call genetic arguments, 

15 arguments based by an indirect patent of argument about 

16 what the genes look like, in order to say this process 

17 involved a second gene that made a product in the bacteria 

18 protein that turned off the first gene. 

19 One could ask, What does that protein look like? 

20 Genetics couldn't tell you. Genetics would just say there 

21 was a gene there for the protein. 
I 
I 

22 When I said biochemistry, I was actually referring to 

23 the process b~ which we went into the bacteria and isolated 

24 that protein, put it in a test tube as a pure material. 

25 But then work out its sequence as a protein by analyzing it 
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• 1 amino acid by/amino acid; ultimately or alternatively years 

2 later when th~y developed other technologies, could work 

3 out that sequence by looking at the DNA. That's what 

4 biochemistry meant. 

5 Q. So the biochemistry that you did was in identifying 

6 this molecule that naturally occurred, figuring out what 

7 its structure was and how it worked; is that right? 

8 A. That's right. 

9 THE COURT: I still don't understand how you do 

10 that. 

11 THE WITNESS: Well, that particular case happens 

~ 

12 to be -- let's see. In one sense, let's see, that was done • 13 ' I ' by tak1ng the bacter1a, breaking them open. 

14 THE COURT: How did you do that? 

15 THE WITNESS: Oh, okay. In a large number of ways 

16 including using --

17 THE COURT: They're so small you can't even see 

18 them. How do.you break them open? 

19 THE ~ITNESS: You take a big jug full of the 

20 bacteria growing in solution, spin them all down in a 

21 centrifuge. That means we swing it around. We get a 

22 pellet of a bacteria, now sort of a compact mass, solid 

23 bacteria with water in between. 
; 

• 24 

25 

We could break the bacteria by a number of physical 

procedures; one of which, the specifics of which, was 
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• 1 actually freezing this pellet and grinding it in a mortar 

2 and pestle with an aluminum oxide mild abrasive. In fact, 

3 the experiments that I was describing were breaking 

4 bacteria that way when you go into a room and you grind 

5 them up. 

6 That would break the walls of these bacterial cells and 

7 let all the contents flow out. And then we'd have a test 

8 tube that had the contents of the bacteria in it. 

9 We could separate in principle. I'm not sure how far 

10 you want me tb go at this point. 

l 
11 THE COURT: As far as you want. Keep going. 

l 
12 THE WITNESS: I lecture on this sort of topic 

• 13 example. I give a course in these days, last year and this 

14 year, I give a course in modern biology for undergraduates 

15 who are not in the biology department, and so we can talk 

16 about this for a year, if we'd like. 

17 Q. Can you just 

18 A. Let me talk just a little bit more about some of the 

19 methods. In order to isolate that bacteria, that mix of 

20 material has in it of the order of 3,000 different 

21 proteins, dif~erent genes from the bacteria making 

22 different pro·l:eins. Those proteins can be separated by 

23 size. And so we could in principle separate that set of 

would separate that 3,000 generally down to say a group of • 24 proteins down to a set of proteins of a certain size. That 

25 
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• 1 50. 

2 Now, I might take that group of 50 again in a test tube 

3 and separate them by charge; some aspect of their 

4 composition which reflects their electric charge. That 

5 would separate that group of 50 by, let's say, electrical 

6 charge, and those that are very charged positively, not 

7 charged, charged negatively. And that will divide that 

8 group of 50 up in, let's say, ten classes. Each class now 

9 contains roughly five proteins. I take one of those 

10 classes, separate protein again by some criteria, now maybe 

11 hydrophobicity. 

• 12 Q. What is that? 

13 A. It's the ability to bind to materials that don't 

14 interact very1 well with water. It's a tendency to go to 

15 the surface. It's another physical characteristic. And so 
i 

16 I only have five things in that tube. Now, if I divided 
{ 

17 those proteins into some spectrum, I'm likely to see five 

18 separate objects. So I've gone from 3,000 down to one by 

19 using a set of separations, physical separation techniques. 

20 In order to use that, I needed some way of seeing that 

21 first protein!that I want to identify, some characteristic. 

22 That protein might have been an enzyme. It might have 

23 carried out a chemical reaction that includes a color. It 
I 

• 24 is very easy to see how you would follow in this sort of 

25 process of separating a protein into -- separating a 
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• 1 mixture of proteins into a series of fractions. 

2 You would analyze each fraction to see which one had 

3 the enzyme which produced that color. And that in that 

4 first instance when I separate them by size, will show you 

5 which size it was. And then when you separate it by 

' 6 charge, we show you what charge you had. When you separate 

7 it by a third parameter, it will show you where it was. 

8 Problems, of bourse, in all of the early biochemistry of 

9 the 1940s and; '50s was done with enzymes which you could 

10 follow by some simple procedure. 

11 The sort of problem that we did in the middle '60s when 

• 12 we looked for a protein that had an unknown property, had 

13 almost no defining, simple defining properties, our problem 

14 was to invent some interesting assay, some way of detecting 

15 that protein,'so it can follow it through the purification. 

16 And that was actually the hard part of the problem. 

17 Insulin, for example, you do the same process when you 

18 work with animal proteins. The problem in animal proteins 

19 is that the animal cell has 100,000 proteins in it, not 

20 6,000. So that in going through to find one of those 

21 100,000 proteins -- typical cell in our body is 100,000 

22 proteins -- in going through to find one of those, you have 

23 to do much more work. 

• 24 And you have always the conceptual problem of how do 

25 you characterize that protein in the first place. So what 
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• 1 was discovery that led to insulin existing now as a pure 

2 protein, the discovery was originally by Banting and Best 

3 that they could take a crude mixture of ground-up cells, 

4 they took a pancreas and ground it up and then they had 

5 this sort of juice from the pancreas where they would 

6 have -- put the pancreas and just let it spew out. They 

7 could inject that mixture into dogs and see that they saw 

8 biological effects. The dog recovered from diabetes. 

9 That gave them an assay that they could then use to 

10 purify insulin by what is actually, if you think about it, 

11 conceptually just like what I described to you, you 

12 separate that mixture of proteins by cell criteria and then • 13 you would take each fractions and inject into the dogs and 

14 see if it helped them. And you find one fraction that did, 

15 and you have eliminated 90 percent of all the proteins in 

16 doing that. And you do that same process again, you 

17 eliminate 90 percent the next time. You do it again, you 

18 eliminate 90 percent. And out of 100,000 proteins if you 

19 eliminate 90 percent five times in a row, you're down to 

20 one protein. You have it. 

21 The technical question is can you do this efficiently, 

22 large scale, all that sort of thing to make insulin. 
I 

23 THE COURT: All right. Thank you. 

• 24 THE WITNESS: But the underlining conception is 

25 just that. 
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• 1 Q. Okay. Dr. Gilbert, moving away from the control and 

2 regulation of DNA, by the mid to late 1970s, had you done 

3 any work relating to the determination of the structure of 

4 DNA itself? 

5 A. Yes, I had. By that time I had developed a method for 

6 working out what we call the sequence of DNA in a 

7 reasonably convenient and rapid form. I developed that 

8 method with my technician Alan Maxam. We in the early '70s 

9 worked out the sequence of one of the first regions of DNA, 

10 fully sequenced or sequenced at all, it was 20 bases of 

11 DNA, and it was actually DNA corresponding to a control 

12 region for the gene I mentioned; genetic cause as I 

• 13 mentioned earlier. It took us two years to work out those 

14 20 bases, 20 units, along the DNA chain. 

15 In the middle '70s we discovered a much simpler method 

16 which has been mentioned in the Court. It involves 

17 breaking the DNA in a certain way. The end result of that 

18 method is that one develops a display of the sequence of 

19 DNA that enables a person at one pass to read 50 or 100 

20 bases of DNA sequence. And that discovery transformed what 

21 one could do with DNA sequences. 

22 Q. What's that sequencing technique called? 
I 

23 A. That sequ7ncing technique is called the Maxam Gilbert 

' 
Q. And what impact did that have on the field, the • 24 sequencing te~hnique or the chemical sequencing technique. 

25 
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• 1 developing field, of molecular biology? 

2 A. We developed that technique in 1975 and '76. By the 

3 summer of '76iwe distributed-- actually originally in '75 

4 but by the end of '76, we distributed that technique inside 
\ 

I 
5 of the community by giving out essentially little handouts 

6 that described the chemistry and the methods of the 

7 technique. They were given out when Alan Maxam gave a talk 

8 in the summer of 19 -- they were given out to scientists, 

9 anyone who wanted a little sort of descriptive manual of 

10 how they would do the technique. It was given out when we 
l 

11 came to talk ~t meetings and conferences. 

12 We publis~ed the description of the technique finally 
\ • 13 in PNAS in the early days of 1977. 

14 The technique came into general use already in 1976. 

15 And by the time the publication had appeared, of the order 

16 of 20 to 40,000 bases of DNA had already been sequenced. 

17 Q. And what impact on the development of the field did the 

18 advent of that technology have? 

19 A. Two technologies were developed actually just at the 

20 same time: One by the Maxam and myself; the other by 

21 Coleson and shnger. Both of these techniques used they 

22 used slightly'different ways of generating DNA fragments: 

23 One was chemical; one was biosynthetic. 
I 

techniques, and fed on each other in terms of how they • 24 They used the same display, underlying display 

25 
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1 developed the display technology. Both of these techniques 

2 actually came into general use in that '76-'77 period. 

3 This ability to sequence DNA then has spread steadily 
I 

4 through the science ever since. The amount of DNA sequence 

5 that has been:done has been increasing 60 percent a year 
I 

6 since 1976. That's going up a factor of ten every five 

7 years in terms of the total amount of DNA that is sequenced 

8 and now recorded in the literature and electronic data 

9 bases. 

10 At this point about 300 million bases of DNA have been 

11 sequenced and reported. Far more has been sequenced and 

12 

13 

14 

not reported. But 300 million bases are in the -- about 

that number are in the electronic data bases. 

And the current use of sequencing permeates all 

15 biology. And the current worldwide effort called the Human 

16 Geno Project is an extension of what was started back by 

17 Sanger and myself, started back in 1976. And the geno 

18 project is the view that by ten years from now or earlier 

19 we will have three billion or ten billion bases of DNA 
! 

20 known. And ~e will, in fact, know the complete DNA 

21 sequence of the human gene. And that means we will know 
l 

22 something -- but not everything -- we will know something 

23 about all human genes, all 100,000 human genes. 

24 Q. Did you receive any professional recognition for your 

25 work in the field of DNA sequencing? 
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• 1 A. Yes. In 1980 I was awarded the Nobel Prize in 

2 chemistry, along with a prize given to Fred Sanger and to 

3 Paul Berg. And the Nobel Institute in 1980 gave that prize 

4 to the recombinant DNA, to honor in a sense or denote the 

5 recombinant DNA technology. The prize was given to Paul 

6 Berg for the idea of moving pieces of DNA around from one 

7 organism to another; the technology we've heard about so 

8 far in terms of cutting and pasting, putting DNA molecules 

9 together. 

10 It was given to Fred Sanger and myself because it 

11 didn't do you any good to move the molecules around from 

one organism to another unless you knew what they were. • 12 

13 And it was the discovery of the DNA sequencing that made it 

14 possible to know in each case what the DNA molecule was. 

15 For that reason the Swedish Academy of Sciences gave the 

16 prize in the ¥ay I've described. 

17 Q. Are you a member of any honorary professional 

18 organizations? 

19 A. Yes. I was elected to the American Academy of Arts and 

20 Sciences in 1968. I was a member of the National Academy 
i 

21 of Sciences. I'm a foreign member of the Royal Society of 

22 England. 

23 Q. By the late 1970s had you had any experience in the 

• 24 field of cDNA,cloning? 
I, 

25 A. Yes. My laboratory, the people in my laboratory, did a 
I 

' 
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j 

1 eDNA cloning ~xperiment involving the expression of rat 

2 proinsulin, which we were successful in expressing in 

3 bacteria in the summer of 1978. That represented the first 

4 expression of a biological, natural biological hormone. 

5 Q. Would you look at Defendant's Exhibit 3182, which you 

6 should have before you. Is that the publication describing 

7 that rat insulin work that you referred to? 

8 A. Yes. That paper by Lydia Villa-Komaroff, et al., 

9 Bacterial Clone Synthesizing Proinsulin, is our publication 

10 in 1978. 

11 
i 

MR. LIPSEY: That's already in evidence, Your 

12 Honor • 

13 Q. I'm going to put up on the monitor a demonstrative 

14 exhibit, DX4015, and by reference to the demonstrative 

15 exhibit, can you explain to the Court how eDNA is made? 

16 And if you'd prefer, we have a board graphic on that. 

17 A. That may be clearer. I mentioned messenger RNAs in 

18 bacteria. t Our messenger RNA in our bodies, in the 

19 eukaryotes, is different from the RNA in bacteria. It's, 

20 again, made by a process of copying from the DNA, going 

21 from a start to make a complete RNA, to make an RNA copy. 

22 In our bodies there is another step that occurs which 

23 doesn't actually enter into the technology that's being 

24 

25 

discussed in this trial, but there is a further step of 

splicing the bonnection of this messenger RNA so that 
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1 finally there is an RNA in the cytoplasm of the cell that 

2 has along it the coding sequence for a protein. 
l 

3 Q. If you can keep your voice up at the end. 

4 A. At the very end of that messenger RNA the polymerase 
\ 
i 

5 continues to run along the DNA, but that RNA molecule is 

6 broken by a specific enzymatic process. And a series of As 

7 are added to ·the end called the poly-A tail. About 200 As 

8 roughly are added to the end of the RNA. Also in animal 

9 cells this end gets specifically modified. And then this 

10 RNA, so modified, leaves the nucleus of the cell, goes to 

11 the cytoplasm, is picked up by the ribosomes and copied in 

12 the protein. 

13 The eDNA ~loning is the first of the copying of this 

14 
. } . . . 

RNA 1nto DNA~jand then the 1nsert1on, the mak1ng of that 

15 
i DNA double stranded; and finally the insertion of that into 
l 

16 a vector and ~ plasmid. The underlying copying technique 

17 that makes what we call eDNA was developed in the, would 

18 have been the late '60s. It involves using the specific 

19 enzyme, the reverse transcriptase for which the discovery 

20 of which David Baltimore at Howard Temin received the Nobel 

21 Prize. 

22 That enzyme, the viral enzyme, purified, available to 

23 scientists for research, at the time we're talking about 

24 

25 

was a gift frbm the government, could be used to make a 

copy of that RNA. By starting that enzyme with a sequence 
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• 1 called a primer, because that enzyme itself can't start and 

2 make DNA all by itself, it has to be given a little piece 

3 of DNA which it then elongates. 

4 We would take the RNA, which has a string of several 

5 hundred As, i~ would add a short stretch, 12 or 20 Ts. 

6 They would interact with the RNA in a process called 

7 hybridizationrin which the bases match with each other. 

8 And then the enzyme can copy, can begin there and copy and 

9 make a single stranded DNA copy. 

10 Q. If I may stop you there, is there any particular place 

11 on the poly-A tail that this primer attaches to? 

12 • 13 

A. No. As I described it, this primer would attach 

' 
anywhere along that poly-A tail. If it attached way down 

14 here on the pbly-A tail, there would be a long synthesis or 
I 

15 a long copy of a poly-A tail, T. Initially the primer sat 

16 down close to the end here. The enzyme would be a short T 

17 stretch on the end of this eDNA. 

18 I could just try to speak louder. 

19 Q. Why don't you try speaking louder without the mike. 

20 THE COURT: I don't know whether it's the 

21 acoustics in this room or what, but it seems like every 

22 microbiologist who testifies has a voice way down in the 

23 basement, and then he drops the end of his sentences. 

• 24 

25 

Q. Keep it up at the end of the sentences, Dr. Gilbert. 

Just to try to tie it into what the Court has seen 
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• 1 already, what is the physical phenomenon at work which 

2 generates a eDNA that has 100 poly-As at the end as opposed 

3 to a eDNA that has 20 poly-As at the end? 

4 A. Okay. Presumably these could often be cDNAs that come 

5 from an identical messenger molecule. And the length of 

6 that poly-A tail that's finally in the -- oh, sorry, poly-T 

7 tail that's finally in the eDNA reflects simply the 

8 accident of where that primer has sat down on that long 

9 tail. It's actually much clearer if I -- why don't you 

10 bring that board around. It's much clearer if I had simply 

11 drawn this than looking at this diagram. 

• 12 

13 

Q. If you cohld just work with what we've got. 

A. Imagine that diagram and these As extend out here, 

14 several hundr~d long, this process can occur anywhere along 

15 that to start.the molecule off. 

16 You could, of course, try to design a primer that would 

17 sit here in a unique place. When we did our experiments, 

18 we did that. But in the experiments described in this 

19 case, the primer would sit down anywhere. 

20 Q. Can you describe now the process that the enzyme does 

' 21 starting at the primer and moving forward? 
I 

22 A. The enzym$ puts in DNA bases one after another, 

23 producing a DNA chain that is what we call a complementary 

• 24 copy of the RNA chain. Wherever the RNA has an A, the 

25 enzyme puts in a T; wherever it has a G, the enzyme puts in 
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• 1 a c. The enzyme makes a single stranded, a single copy, 

2 which would produce a molecule that in principle looks like 

3 this, A DNA copy and RNA copy; DNA copy attached to an RNA. 

4 The next step -- shall I go on to the next step of cloning? 
j 

5 Q. Does the reverse transcriptase enzyme always make it to 

6 the extreme far end of the messenger RNA? 

7 A. It doesn't have to. Ideally, enough enzyme and a long 

8 enough period of time is used so that the enzyme will 

9 get -- on all' the molecules the enzyme will -- the enzyme 

10 molecules will have gotten to the end. Individual enzymes 

11 may fall off, restart and continue. And the process is 

• 12 

13 

essentially a random one. You would see molecules. You 

would see, if you looked at this population of molecules, 
I 

14 you would see~DNA molecules growing in length until many of 

15 them had gotten to about full length. 

16 Q. So what is the chemical process that's at work when we 

17 find in one of these populations eDNA molecules that are 

18 not full length? 

19 A. Let me describe the second step of making 

20 double-stranded eDNA, and then I can describe, I think, 

21 what the problem is. Can I use that board? 

22 Q. Certainly. 

23 A. Your Honor, what I described was, this is an RNA 

• 24 

25 

molecule, and this poly-A tail that often goes out to about 

200 long, one can prime down here with a short piece of T, 
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• 1 maybe 20 long, and make a copy of DNA. 

2 The next ktep in making the recombinant DNA technology 

3 that's at the basis of this case was developed again in the 

4 early '70s. This RNA in this particular molecule, you have 

5 a population in the test tube, the RNA molecule itself is 

6 destroyed. Generally that's done by simply treating this 

7 with a substance called alkali. That leaves behind DNA 

8 molecules like the one I've just drawn all by themselves. 

9 If they sit there in solution, this end generally 

10 occasionally ~olds over, and a few bases here find a 
' i 

11 matching few bases there, one or two bases matching. 

12 Another enzyme is added, and that enzyme is called the DNA • 13 polymerase. It also can't start a DNA molecule by itself. 

14 It has to elongate the molecule that's here. And so the 

15 DNA polymerase then extends this molecule back in this 

16 direction, sometimes getting to this end, sometimes not. 

17 That's produced a double-stranded molecule, and that's 

18 the raw material for the eDNA cloning. And the process 

19 that I've described was worked out by Phil Leder and used 

20 by Tom Maniatis and other groups in the early '70s. 

21 One would like to make a neat double-stranded DNA 

22 molecule from this, and that's done by using an enzyme 

23 called S1 which you've heard mentioned many times. And S1 

so what I meant to indicate here is this is what we call • 24 is an enzyme that digests single-stranded DNA, all of this. 

25 



GILBERT-DIRECT 
1286 

• 1 base paired DNA; it's double stranded. The bases have met 

2 and matched each other. 

3 This regipn on the end would be single stranded; no 

4 bases match others. This region of loop is single 

5 stranded. This enzyme breaks this region of loop, digests 

6 this end, and,you•re left with a double-stranded molecule 

7 of DNA. 

8 That enzyme digests whatever was left here that hadn't 

9 yet been copied, digests at this end, and, in fact, if you 

10 use it too actively will digest back here and there. So 

11 the end result of that process is a population of 

12 molecules. They are double stranded. They have different 

• 13 lengths, and they represent some piece of this RNA, this 

14 messenger RNA. 

15 They, in fact, never can get to the very end of the 

16 message, because even if that first strand had gotten to 

17 the very end, the technology that was being used in the 

18 insulin work in this trial involves the formation of this 

19 loop. 

l 
20 For that reason -- for two reasons then, the enzyme 

21 could have stopped early, and this loop could be formed 

1 
22 here at the end most anywhere else. The second enzyme may 

23 not go back all the way to this end. The end result is you 

of this RNA. The next stage in the cloning process is to • 24 get a double-strand molecule that represents some portion 

25 
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use some method of attaching that molecule at these ends 

2 into a plasmid. 

3 Paul Berg originally suggested ways of attaching 

4 molecules into the plasmid by a process that's not used in 

5 any of the effort described in this case. The process that 

6 was used described in this case involves attaching 

7 synthetic DNA!here and there, fragments that are called 

8 restriction enzyme linkers, and using that to put the DNA 

9 into the plasmid. This overall process of recombinant DNA 

10 cloning was used to produce globin, to make clones 

11 consisting of globin RNA by several groups in the early 

12 1970s • 

13 Q. Thank you.. If you can return to the stand. Is the 

14 process that you've described, is there any way to control 

15 it so that the pieces of DNA that you get start or stop at 

16 specific places? 

17 A. As I've described it, there is no way of controlling 

18 it, yes. 

19 Q. Now, once one gets the eDNA into a plasmid as you've 

20 drawn it, can you describe for the Court briefly the 

21 process of cloning; and to facilitate that, I'll put up on 

22 the monitor Defendant's demonstrative Exhibit 4013. 

23 

24 

25 

A. The process that I've described up to now has produced 

a population of molecules that would generally contain of 

the order of in a test tube of the order of several 
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• 1 billion molecules. And those molecules would be of a 

2 number of different kinds, depending on how the plasmid and 

3 pieces have gone together. The process of cloning is to 

4 put those molecules together with a suspension of bacteria, 

5 to make the bacteria permeable so that holes appear in the 

6 walls of the bacteria, and then the bacteria can 

7 occasionally -- some of the bacteria will occasionally take 

8 up one of the DNA molecules from the solution. 

9 Once that DNA molecule is in the bacteria -- once a 

10 single DNA molecule is in a single bacteria, and the wall 

11 of the bacteria seals up again, the bacterium can begin to 

• 12 use that DNA molecule as a source of genes in the sense 

13 that it can use genetic properties from that molecule and 

14 it can make copies of that molecule. And if it's lucky 
! 

15 enough to survive this rather vigorous process, it can 

16 grow. 

17 It's very easy in bacteriology to find all the 

18 daughters of a single bacteria. That underlying process 

19 defines what's called the clone of organism, and that's the 

20 whole origin of the word "cloning." 

21 The underlying process is a very simple one: You take 

22 a plate which is actually a little round -- originally a 

23 little round glass dish, and it has on it a jelly-like 

• 24 layer called auger. You take the solution of bacteria and 

25 you spread it on that jelly-like layer, and where a single 
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• 1 bacterium falls, it is immobilized. And as it divides, all 

2 of its daughters are immobilized in that region. 

3 Q. And I gather then you identify the colonies that grew 

4 up from a single microorganism and is that what's referred 

5 to as a clone? 

6 A. That's right. The colony containing all the 

7 descendents of a single microorganism is referred to as a 

8 clone. That clone will then contain all the descendents of 

9 the single novel DNA molecule that microorganism received; 

10 and that set of descendents of that single novel DNA 

11 molecule is called a clone of DNA molecules. 
l 

• 12 

13 

Q. 
• • f • 

And 1s 1t poss1ble then from those cloned DNA molecules 

to reisolate the inserted DNA? 

14 A. Yes. From that now colony of bacteria, it could be 

15 physically isolated just by going with a toothpick and 

16 picking up that colony; that colony can now be grown up to 

17 be maybe in the order of a billion or a thousand billion 

18 further daughters of that single bacterium. And that's now 

19 a gram or kilogram of bacterium. And from those you can 

20 then isolate as much copies of that first single DNA 

21 molecule as you wish. 

22 And that ~nderlying fact is the source of the power of 

23 the recombinant DNA technology. You make a large mixture 

• 24 

25 

of molecules. You use the bacteria to isolate one out of 

that mixture. It's a biological process and you're seeing 
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• 1 one organism. You then grow it up. At the end of that 

2 growth period you then have a chemical amount, 10 to the 

3 12th molecules of DNA. 

4 Q. Now, is this the basic technology that you used in the 

5 insulin cloning work described in your rat insulin article? 

6 A. This is the underlying technology for cloning DNA into 

7 bacteria. The problem that I became interested in in 1976, 

8 and which part of my laboratory worked on in the period 

9 after that, was the problem of how can you make human --

10 how can you make animal or human proteins in bacteria. 

11 That's a problem that's called expression. 

12 • 13 

And it involves a specific concept that isn't -- that I 

' 

haven't yet mkntioned; the underlying cloning technology 

14 just in the d~scription of how you move DNA pieces around. 

15 The problem with expression is the problem not only can you 

16 move DNA pieces around, but can you get the gene that is on 

17 those pieces t.o function in bacteria, function in order to 

18 make protein. And that is the -- that was the goal of our 

19 work originally in 1976 and we started around the '76 

20 period, and that was the goal to be achieved in the 

21 proinsulin paper of 1978. 

22 Q. 
j 

Why were rou working with rat insulin DNA at that time? 

23 A. We workedwith insulin DNA because --we worked with 
' 

• 24 

25 

insulin DNA i1:self for a variety of reasons. One was that 

it was a conveniently sized protein. The second was a 



• 

• 

• 

GILBERT-DIRECT 
1291 

1 general theory that it might be advantageous for medical 

2 reasons to have a way of making human insulin rather than 

3 the pig or cow insulin that was used in treatment. 

4 
! 

And we al~o -- we used insulin as an example. In 1976 
l 
t 

5 I learned of the availability of rat insulinomas, tumors 
' 
\ 
' 

6 that made insfilin derived from the rats, by attending the 

7 Lilly Symposium and meeting Bill Chick. And at that time 

8 we decided to try to use the rat insulinomas as a model 

9 system. We had to use -- we could not use human material 

10 at that time because of the recombinant DNA guidelines. 

11 Q. We'll get to that in just a minute. You mentioned an 

12 

13 

objective of ~aking human insulin in bacteria. Who 
I 

ultimately supceeded in making human insulin in bacteria 

I 
14 using recombinant DNA first? 

15 A. Genentech was the ultimate successful group, and they 

16 succeeded in late 1978. 

17 Q. If I broaden the question from who was the first to 

18 make human insulin by recombinant DNA and ask who was the 

19 first group to make any mammalian insulin proteins in 

20 microorganisms using recombinant DNA, who was that? 

21 A. The firstigroup to make any mammalian insulin protein 

22 in bacteria w~s our group. 

23 Q. And if I broaden the question even further to who was 

24 the first group to isolate pieces of DNA encoding the 

25 insulin of any mammal, which group was that? 
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• 1 A. That was the group at the University of California and 

2 published in the paper by Axel Ullrich. 

3 Q. Did you ever consider doing the experiment directly 

4 with human DNA? 
I 
r 

5 A. At the time we got interested in those experiments in 
I 
I 

6 1976, attitudes toward the control of those experiments had 

7 already developed. And those attitudes, both of our own 

8 and the general social attitudes, were that it made it 

9 impossible to work with human material except under both 

10 general policies throughout the world and the federal 

11 guidelines for such research, except under extremely 

12 restrictive conditions • • 13 Q. And briefly, what were the conditions? Had you wanted 
~ 

14 to do that experiment in the United States, where would you 
~ 

15 have had to db it? 

16 A. In the period from 1976 on, these experiments were done 

17 in concordance with a set of federal guidelines. Those 

18 guidelines provided both for different levels of physical 

19 containment and different levels of biological containment. 
I 

20 The levels -- the higher levels of physical containment 

21 were a P3 level which is already a rather restricted 

22 laboratory involving control of air flow, a lot of 
I 

23 restrictions bn how we worked in that laboratory, and 

i 
materials cams out of the laboratory. • 24 autoclave procedures to try to ensure that no living 

25 
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1 To work the next level of containment called P4 is a 

2 level of conthinment roughly like that that was used in the 
• • 

3 movie Outbreak, if you saw that. It's a level of 

4 laboratory th~t you change your clothes and shower. You 

5 change from your street clothes through an airlock set of 

6 rooms into a special costume which you wear inside. 

7 You work inside entirely in sealed boxes called glove 

8 box containers. When you leave the laboratory, no material 

9 from inside t~e laboratory actually comes out. You leave 

10 all of your clothes, everything you've used inside, inside 
i 

11 the laborator¥. You shower with the decontaminating 

12 shower, you come out and dress on the outside. And the 

13 only material that comes out even if, let's say, your 

14 clothes that you would wear inside the laboratory, those 

15 get sterilized thoroughly as they're brought out, as they 

16 come out through sterile, through autoclaves. 

17 Such laboratories are used in germ warfare research in 
~ 

18 the United St~tes middle '70s. There was such a laboratory 
' 

19 at Ft. Dietri9h unavailable for work. We actually used 
. 

20 such a laboratory in late 1978 in England in which we 

21 went with a project supported by Biogen. I went to 

22 Porton, the germ warfare laboratory in England, and rented 

23 the use of a P4 laboratory from them . 

24 Q. How did you find working under those conditions? 

25 A. Working under those conditions was extremely difficult. 
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1 In that laboratory actually we had to -- we carried gas 

2 masks because'in principle if any of the boxes had failed, 

3 we were supposed to sterilize everything inside the 

' 4 laboratory. And we had lethal agents, and we had to have 

5 gas masks that could protect us against those agents if we 

6 had to use them. To do any experiments under those 

7 conditions was extremely laborious and extremely slow. 

8 Q. Did you succeed in isolating any human insulin eDNA in 

9 that effort in England? 

10 A. No, we did not. I took a group -- we took all of our 

11 materials from this country. We went over for a period of 

12 

13 

a month. We ~nfortunately reisolated the rat plasmid that 

we had isolatkd earlier, and returned essentially 

14 empty-handed. 

15 At the time of the end of that episode, Genentech 

16 announced that it had successfully made human insulin in 

17 bacteria, and'I basically lost interest for a number of 

18 years to the 9uestion of whether or not one could make --

19 whether it was worth my time to try to demonstrate a way of 

20 making human insulin. 

21 Q. You have briefly touched on it in some of your answers. 

22 
. \ . 

Can you br1efly descr1be the political climate relating to 

23 recombinant DNA research in the mid-1970s? 

24 A. Okay. The first suggestion to recombinant DNA 

25 experiments go back to Paul Berg, Stanley Cohen, Herbert 
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• 1 Boyer in the very early '70s. Paul Berg's group actually 

2 suggested taking a virus that causes tumors in animals, 

3 breaking it into pieces, and putting those pieces into a 

4 virus that would grow in bacteria E. coli. 

5 They suggested that this was a possible experiment and 

6 wanted to do that in order to study properties of that 

7 tumor virus. <When that sort of experiment was discussed in 

8 the 1972-'73 period, people began to worry I myself 

9 among them --that maybe if when transferred, things like a 

' 
10 tumor virus to a bacteria that could survive in the human 

11 intestine, maybe would generate organisms that might 

12 produce medical threats to humans. • 13 
l 

And so in 1973, at a Gordon conference, which is a 
! 

14 small meeting·of scientists generally at the forefront of 
j 

15 the field, we;discussed the recombinant DNA experiments. 

16 And the group'voted to send a letter to the National 

17 Academy of sciences calling for there to be a review and 

18 discussion of this new technology. I was one of the 

19 organizers of that letter. 

20 About a year later a second group of scientists called 

21 by the National Academy of Sciences formulated a letter 

22 that then appeared in Science, and called for a broad 

23 moratorium on all recombinant DNA experiments until they 

That next review occurred at a meeting at Asilomar, a • 24 could be more better reviewed by the scientific community. 

25 
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conference center in California which is an international 

2 meeting, around 1975. And in 1975, that meeting suggested 

3 for the first time that some experiments might proceed if 

4 there were suitable guidelines to conduct those experiments 

5 and other experiments should not be done. 

6 The federal government then proceeded to try to develop 

7 such guidelines. By the very end of 1975 the federal 

8 government had developed -- the committee of the federal 

9 government had developed guidelines, and those guidelines 

10 were submitted for approval to the National Institute of 

11 Health. And the approval took, the process at that time 

12 

13 

that approval took about six months, and those guidelines 

were first issued in the middle of 1976, in July. 

14 The sorts of things that people worried about at that 

15 time were, I ·think, actually perfectly real worries given 

16 the knowledge~ They were worries of the form of, there are 

17 lots of adventitious viruses in the human organism and in 

18 animals. And maybe if you work with this recombinant DNA 

19 and isolate genes, you will inadvertently isolate such a 

20 virus and activate it. 

21 They worried that one was using bacteria which existed 

22 normally in the human intestine, and maybe if you then 

23 

24 

25 

release such a bacterium capable of making insulin, capable 

of making other compounds, it would in itself affect people 

who were infected by the bacteria. 
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1 The plasmids that we use have as their origin natural 

2 plasmids which transmit from bacterium to bacterium. And 

3 they were dispovered because those plasmids are, in fact, a 

4 medical problem. And they were a fundamental -- they are 

5 today and they were then -- a fundamental problem in the 

6 use of antibiotics, because you've given a person 

7 antibiotics to try to destroy one bacterial disease, and a 

8 second harmless bacterium inside that person that has 

9 within it a plasmid that carries a resistance to that 

10 antibiotic would now itself survive in the presence of the 
'i 

11 antibiotic: bht it will, in fact, quite frequently give, 

12 

13 

14 

r 
' 

transfer its ~ntibiotic resistance plasmid to the 

pathogenic bacterium. 

And the plasmids were discovered because that process 

15 happened in people. And you're discovering that you've got 

16 antibiotic resistant pathogenic bacteria emerging suddenly 

17 in the population, and when that process was analyzed, the 

18 result was the discovery of these plasmids you've heard so 

19 much about, the ancestors of these plasmids. 

20 That line:of work led in laboratories to many defined 
I 

21 plasmids, as Your Honor asked about. But this background 

22 meant that there was a general -- from quite knowledgeable 

23 scientists -- a general question of what were the strains 

24 that should be used: was there a danger: even if one 

25 oneself doubted that there was a danger in the experiments, 
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• 1 one had the problem of trying to justify to one's fellow 

2 scientists or. to the man in the street and the woman in the 

3 street that there was no such danger. 

4 That process -- should I talk about Cambridge? 

5 Q. We'll get to that in just a minute. Can you first 

6 confirm that what we have as Defendant's Exhibit 3547 is 

7 the NIH guidelines that you're referring to? 

8 A. Yes. Exhibit 3547 is the guidelines as they were 

9 published in the Federal Register and distributed on July 
I 

10 7th, 1976. In my files there were versions of the 

11 guidelines a few weeks -- a series of drafts a few weeks 

• 12 

13 

before this which had also been distributed to a number of 

people. But the official release of the guidelines was 

14 this release of Wednesday, July 7th. 

' 15 Q. Okay. Now, to get to .the point you mentioned, were 

16 there other restrictions imposed on some scientists above 

17 and beyond the guidelines by the NIH? 
l 

18 A. Yes. At this very moment that the guidelines were 

19 released in July, there was a wide scale public debate 

20 going on in Cambridge about the safety of the recombinant 

21 DNA research. We had for several years been trying --
I 

22 planning and trying to build, arrange to build at Harvard, 

23 a laboratory in which we could do virus research; and that 

• 24 

25 

laboratory would be essentially a P3 laboratory, the type 
l 

described -- ·that I've just described in doing recombinant 
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1 DNA research. 1 

2 The debate about having such a laboratory at the 

3 University had been quite intense inside our department, 
; 

4 then more bro~dly in the University. And then in the 

5 summer of 197~ that debate spilled into the city. And we 

6 began to have -- in fact, just at this time in July --

7 meetings before the city council discussing recombinant DNA 

8 research. The city council took up the issue of would it 

9 be safe to have such research continue inside the city. 

10 There were approximately two to three very long council 

11 meetings debating that issue with -- from the viewpoint of 

12 

13 

the council m~mbers -- television cameras, national press 

coverage and ~11 the rest of it; from the viewpoint of the 
; 

14 scientists, a;polarization, a possible polarization of 

15 scientists against the people, which is certainly not what 

16 we wanted. 

17 And the outcome of that discussion in the summer, even 

18 though the federal guidelines had just been issued, was 

19 that the city~ in fact, voted that the research should not 

20 continue in the City of Cambridge until the citizens of 
I 

21 Cambridge and:the city council had convinced themselves 
~ 
I 

22 that it was safe for the research to continue. The city 

23 appointed a citizens committee to investigate the issue, 

24 and that committee continued -- met for a period of 

25 approximately six months, and that particular restriction 
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• 1 was lifted in early 1977. 

2 Q. Did that restriction affect your work? 

3 A. That restriction certainly affected, made it impossible 
! 

4 for us to do ~ny recombinant DNA experiments during that 
) 

5 period. The people who were desperately trying to do 

6 recombinant DNA experiments actually left Cambridge. Tom 

7 Maniatis left Cambridge, took a job at Cal Tech during that 

8 period so that he could continue his research that was 

9 centered on that. I myself was running a large number of 

10 lines of research, but the recombinant DNA efforts, as I 

11 said, stopped. 

12 We actually spent a lot of time trying to educate 

• 13 people all across that period about what was going on with 
i 

14 recombinant DNA, what the nature of the guidelines are, 

15 what the nature of the experiments were. 

16 Q. If I may stop you there, I think you have already 

17 described the guidelines to the extent they required 

18 physical containment. Can you briefly summarize the 

19 provisions of the guidelines regarding what plasmids could 

20 be used in this kind of experiment? 

21 A. The guidelines define several levels of biological 
; 

22 containments,'which they called EK1, EK2 and EK3. EK1 were 

23 basically the, levels of plasmids that were then used 
I 

represented levels of plasmids which could be shown not to • 24 conventionally in the laboratories at that time. EK2 

25 
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• 1 transfer from: bacteria to bacteria by laboratory 

2 experiments. · EK3 represented levels of plasmids which 

3 could be demonstrated in animal experiments or human 

4 experiments not to transfer or survive both plasmids and 

5 vectors. 

6 The guidelines state specifically that no system is to 

7 be considered an EK2 system until it has been certified by 

8 the Recombinaht DNA Advisory Committee. And the guidelines 

9 use the word ''certify." 

10 Q. And what p1asmids had been certified for experiments 
I 

11 with mammalian DNA by January of 1977? 

12 A. The plasmids pSC101 and pCR1 • 

• 13 Q. And did there come a time when the plasmid pBR322 was 

14 certified for such use? 

15 A. Yes. That was approximately July of 1977. 

16 Q. Now, under the guidelines can you briefly describe what 

17 the responsibilities of investigators were regarding what 
j 

18 should happen if there was a problem? 
v 

19 A. Should I read it or 

20 Q. No. If you'll just summarize it, the Court can read 

21 it. 

22 A. Let me make a statement about the guidelines, because 

23 part of the political background at the time, the 
I 

I 

discussed that political background that I just mentioned • 24 guidelines initially in the first part of them had 

25 
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• 1 as an introduction. And also point out that they are 

2 distributing this document to 25,000 principal 

3 investigators across the country; that everybody who had an 

4 NIH grant received this document. Every individual who had 

5 an NIH grant has a principal investigator. 

6 Secondly, that the guidelines were being distributed to 

7 all of the journals to make sure that the journals -- to 

8 urge the journals to incorporate reference to the 

9 guidelines in their criteria; that they're being 

10 distributed abroad; that there was a broad effort to try to 

' 
11 bring all scientists under the control of the guidelines. 

12 And Frederickson discusses, who is the Director of the 

• 13 National Institute of Health, discusses the problem that 

14 would arise if only a few people who made the guidelines 

15 while other scientists could function without that. The 

16 guidelines provide specific responsibilities to the 

17 principal investigator; one of which is, of course, to be 

18 responsible for the various containment, biological and 

19 physical containment, ways in which an experiment is done. 

20 The guidelines require the principal investigator to 
I 

21 inform the NIH, and rightly, and the local committees, and 

22 rightly, if there is any problem, any hazard that arises or 

23 any problem with any aspect of the functioning of the 

Q. You have mentioned local committees. Did the • 24 guidelines. 

25 



GILBERT-DIRECT 
1303 

• 1 guidelines provide for local biosafety committees? 

2 A. Give me a chance to find a copy. I can point out this 

3 thing. The answer is broadly yes, but I could cite where 

4 it is. 
I 

5 Q. We don't need to cite it. We can find it. What was 
! 
I 

6 the role of local biosafety committees under the 

7 guidelines? 

8 A. The local biosafety committees were to serve as a local 

9 repository for information. They, of course, also had all 

10 of the responsibilities of the principal investigator 

11 because those responsibilities were in principal 

• 12 responsibilities of the universities to structure the 

13 granting syst~m. The group that actually receives the 

14 grant is the ~niversity, and so all responsibilities flow 

15 in the univer~ity and to the principal investigator. And a 

16 local committee is to be set up in each university that 

17 could serve as a center point for those responsibilities. 

18 The responsibilities include things like reviewing 

19 experiments, reviewing what guidelines are being 

20 administered, issues like that. 

21 Q. So was approval of the local biosafety committee in 

22 order to do the experiment something that was contemplated 
I 

23 by the guidelines? 

• 24 A. Yes. In fact, to do experiments, approval -- to do 

25 almost any experiment at that time, approval of the local 
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• 1 committee, generally a documentary approval, was 

2 required -- I should say was used, I was trying to remember 

3 whether it was a specific part of the guidelines -- for 

4 certain types of things. To lower the containment the 

5 guidelines permitted you -- I don't think we actually 
! 

6 said -- we did say. The guidelines said that to do human 

7 experiments, for example rat insulin, you had to use a P4 

8 laboratory and an EK2 vector. To do animal experiments, 

9 you could use a P3 laboratory and an EK2 vector. 

10 If you had purified DNA in your hand, you could use 

11 lower containments. Such experiments could be done with 

• 12 lower containment. However, you did not have the authority 

13 as a principal investigator to lower the containment 

14 yourself. The guidelines specifically said, The principal 

15 investigator responsible for really being in control of the 
l 

16 containment, if a principal investigator thinks the 

17 containment level should be raised for any reason, it is 

18 his or her duty to raise it. But if the principal 

19 investigator thinks the containment could be lower in 

20 compliance with the guidelines, he or she must have 

21 approval from other groups, specifically the NIH in 

22 Washington, before doing that --

23 Q. Okay. 

• 24 A. -- even though it would be an experiment in compliance 

25 with the detailed aspect of the guidelines. 
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1 Q. Was there a specific group of scientists to whom the 

2 guidelines were mandatory or for whom they were mandatory? 

3 A. The guidelines applied were the force of the government 

4 regulation to all scientists receiving NIH grants. 

5 Q. Now, have you been in the courtroom during the 

6 testimony of the u.c. witnesses that occurred last week? 

7 A. Yes, I was. 

8 Q. And did you hear Dr. Goodman's testimony yesterday? 

9 A. Yes, I did. 

10 Q. And have you had occasion to review records from those 

11 individuals' ~iles relating to the rat insulin eDNA cloning 

12 

13 

I 

~ 
experiments they did? 

A. Yes, I've reviewed extensive records. 

14 Q. Based on what you've heard and seen in Court and the 

15 documents you've reviewed, have you drawn a conclusion or 

16 reached -- or do you have an opinion regarding whether the 

17 pBR322 experiment was in violation of the applicable NIH 

18 guidelines? 

19 MR. NEUSTADT: Objection, Your Honor. I don't 

20 think this witness has been qualified to render conclusions 

21 with respect ~o whether or not NIH guidelines were 

22 violated. I don't think that's an area of expertise. I 

23 don't think tllat's a particular scientific discipline. I 

24 think he can testify concerning his review of these records 

25 and what they show him, but as to the ultimate conclusion, 
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1 I do not think that's a recognized specialty upon which the 

2 court should receive an opinion. 

3 MR. LIPSEY: If I may, Your Honor, I believe the 

4 testimony has shown that there were these guidelines in 

5 force; the principal investigators in Dr. Gilbert's 

6 position were;charged with the obligation of ensuring that 

7 their own laboratories were in compliance with them; were 

8 required, therefore, to make judgments as to whether they 

9 were in compliance; and therefore, he is imminently 
I 

10 qualified to make that judgment in this case. 

11 THE COURT: I think he can give an opinion. I'll 

12 overrule the objection • 

13 Q. To bring 

14 A. So my answer is yes, I have an opinion. 

15 Q. What is your opinion? 

16 A. My opinion is that there was a knowing violation of the 

17 guidelines in'certain periods. 

18 Q. And what do you rely upon as establishing a knowing 

19 aspect to that violation? 

20 A. Certain aspects of the record, including the documents 

21 sent from the University of California to the NIH; that 

22 those documents showed, if I might summarize my view of 

23 that history, that the experiments with pBR322 were begun 

24 

25 

in January of' 1986 
I 

Q. You said --
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• 1 A. 1977. That the record shows that at that time the 

2 pBR322 had not been certified by any group. The guidelines 

3 specify "certification" as a unique word. 

4 Simply the conducting of those experiments is a 

5 prima facia violation of the guidelines. However, in 

6 January Axel Ullrich had been informed that the pBR322 had 

7 been approved, and one might choose to argue various things 

8 about whether or not that was a serious violation, even 

9 though it was a legal violation. 

10 However, the University has submitted to the government 

' 
11 

i 
statements that by February 4th Ullrich and Shine were 

• 12 

13 

informed that pBR322 had not been approved. But 

experiments continued, as I believe that's the University's 

14 statement to the government, experiments continued during 

15 March -- during February, and the principal investigators 

16 were not informed that pBR322 was not approved until about 

17 the 2nd of March. That was testimony that was introduced 

18 in this trial. 

19 Simultaneously with their being informed around the 2nd 

20 of March, they were also informed that the first sequences 

21 of rat insulin had just been done. And that indicates to 

22 me the experiments were being pursued actively at the 

23 University of California in the period between the 4th of 

• 24 

25 

February and the 2nd of March; and that's a period in which 

the people doing the experiments -- not the principal 
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1 investigator at that time -- the people doing the 

2 experiments knew that the plasmid was not certified. 

3 Any experfments that were done after the 2nd of March 

4 would have been done during a period in which the principal 

5 investigators knew -- 2nd of March or soon after that, 

6 Professor Rutter was informed it would have been done 

7 during a period in which the principal investigators knew 

8 that the plasmid had not been certified. 

9 Q. Based on what you've heard in Court and the materials 

10 that you've reviewed, have you formed an opinion regarding 

11 the relation, if any, of the results of the pBR322 

12 

13 

experiment to.the results reported in the June 1977 Science 

article by the u.c. scientists? 

14 A. Yes, I have. 

15 Q. And what is your opinion? 

16 A. My opinion is that the results reported in the Science 

17 article were derived entirely from pBR322 research. Let me 

18 say it this way -- I need to say not entirely -- the 

19 results described primarily in figures 6 and 7 in the 

20 Science article, which is the sequence data, was derived 

21 primarily from -- or derived completely from pBR322 

22 research. The results described in figure 4 of the Science 

23 article may have been derived from research, some research 

24 conducted in pMB9 • 

25 Q. We will explore the detail bases for your opinion in 
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1 just a minute, but by way of further introduction, based on 

2 what you've seen and heard in Court and what you've 

3 reviewed, have you formed an opinion regarding the 

4 relationship, if any, between the results of the pBR322 

5 experiment and the original application for the '525 

6 patent? 

7 A. Yes, I have. 

8 Q. And what is your opinion? 

9 A. That any results that all the results in the content 

10 of the '525 patent, and that applies specifically to rat 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

insulin, is information derived from pBR322 experiments. 

Q. If I may, I would like to hand up a second exhibit book 

which contains materials for the continued examination. 

THE COURT: We'll be in recess for ten minutes. 

(The Court recessed from 10;45 a.m. to 10:55 a.m.) 
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1 MR. LIPSEY: Before I forget to do it, I would 

2 like to offer into evidence Defendant's Exhibits 4004, 

3 4015, 4013, which would be demonstrative exhibits, and 

4 3547. And also at the break we have made a copy of Dr. ,, 
; 

5 Gilbert's dra~ing on the board which we've marked as DX3763 

6 which I will offer into evidence as well. 

7 MR. NEUSTADT: No objection. 

8 THE COURT: All right. Each of the exhibits as 

9 mentioned are now received in evidence. 

10 (Defendant's Exhibit(s) 4004, 4015, 4013, 3547, 3763 

11 received in evidence.) 

12 BY MR. LIPSEY:· 

13 
' . 

Q. Dr. Gilbe~t, you should have before you a volume of 

14 materials witp some documents in it. Would you turn, 

15 please, to Defendant's Exhibit 3340. 

16 A. Yes. 

17 Q. Is this among the materials upon which you relied in 

18 forming your opinion? 

19 A. Yes, it is. 

20 Q. Did you hear Dr. Ullrich describe these pages as being 

21 from his records of the pBR322 experiment? 

22 A. Yes, I di~. 
' 

23 Q. What infokmation regarding the results of the pBR322 

24 experiments can be derived from this exhibit? 

25 A. A set of total numbers can be recognized. Description 
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• 1 of the pBR322 experiment was in approximately five clones, 

2 were identified by a hybridization experiment as being 

3 positive for material hybridized to the rat insulin eDNA. 

4 And these pages show the clones 3/9, 3/10, 1/13, and a 

5 clone called, I believe, 9/05 at 18/02 are five clones that 

6 are positive. 

7 Q. So just to summarize, the clone designations that 

8 appear on these pages of the experiment for the positive 

9 clones are clones -- are numbers 1/13, 3/9, 3/10, 9/05 and 

10 18/02; is that right? 

! 
11 A. That's ri9ht. 

• 12 Q. Now, is there any information on the page about the 

13 relative sizes of the DNA inserts identified by those clone 

14 designations? 

15 A. There's a column of numbers, 90, 180, and 360 plus or 

16 minus, which I interpret as quite possibly being efforts to 

17 show somebody the size of those clones. 360, number 360 

18 associated with 1/13, the number 180 associated both with 
I 

19 the clone idehtified as 180, 18/02 and 3/9, 3/10. 
I 

20 Q. And what ~ize was the other positive clone according to 
I 

21 the 

22 A. The number 90 is associated with the clone 90-5. 

23 Q. Would you turn to Exhibit 3554, please • 

• 24 A. Do you want me to comment about clone names? 

25 Q. Certainly, I -- I'm sorry. Yes, why don't you go ahead 
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• 1 and do that. 

2 A. Generally names are needed in doing recombinant DNA 

3 experiments, one obtains on a plate a large number of 

4 colonies of bacteria. Those colonies are going to be 

5 picked as individuals who work with after that; and 

6 therefore, they need to be given some sort of name. So 

7 they want to keep track of that original bacteria and its 

8 offspring. 

9 So very commonly names in this sort of pattern that one 

10 sees here are used. My laboratory often uses names like 

11 H19, B57, some name and number that is associated with some 

12 • 13 

original page in a notebook. 

So I would look at numbers like 1/13 as quite possibly 

14 being something like the 13th clone picked off the first 

15 plate, or thet.13th clone picked out of the first 

16 transformation, or some convention like that. I don't know 

17 actually, of course, that it was the first plate or whether 

18 it was the third plate, but they are named in that general 

19 category. 

20 The actual transformations that were done consisted in 

21 their description of transformations with the bulk DNA size 

22 to be rather ~arge, on the order of 400 or so long; and of 
I 

23 
l, • 

two smaller size fract1ons, one about 90 long and one about 

• 24 

25 

180 long. An? so I would interpret things like a name like 

i • 
180/2 or 90/5 as referr1ng to the second clone from 180 --
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• 1 from one of a transformation of 180 population, 180 long 

2 population of molecules and so on. And that interpretation 

3 is consistent with the way I just described these other 

4 numerical numbers that appear on page 435. 

5 Q. Would you turn to -- I misstated the exhibit number --

6 Exhibit 3354, please. 

7 A. Turn to 3354? 

8 Q. 3354. 

9 A. Yes. 

10 Q. This is the insulin experiment folder found in Dr. 

11 Goodman's files. Did you rely on materials in this folder 

12 in formulating your opinions? • 13 A. Yes, I did. 

14 MR. LIPSEY: Your Honor, since yesterday we have 

15 put some handwritten numbers at the bottom of these pages 

16 so that we can easily move through the document. 

17 Q. Would you turn, Dr. Gilbert, to the page with the 

18 handwritten number 22 at the bottom, which has the Bates 
i 

19 number ending! 2081. 

20 A. Yes. 

21 Q. Is this a page upon which you relied in formulating 

22 your opinion? 

23 A. Yes, it is. 

Q. And what information on this page did you rely upon? • 24 

25 A. This page is relevant to, as it's described on the top 
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• 1 of the clone, to 1/13, one of the numbers we have just 

2 seen. It shows that clone cleaved with a Haeiii it 

3 shows that clone cleaved into two fragments with an enzyme 

4 that's called Haeiii. The two fragments are shown as being 

5 150, roughly 150, and 250 long. 

6 That in itself tells me that if it's rat insulin, this 

7 is before the authors knew that the Haeiii fragmentation of 

8 rat insulin would have reduced two Haeiii cuts and not one. 

9 So it tells me immediately that this is a very early 

10 experiment, long before they have any very detailed 

11 knowledge of the sequence of rat insulin. 
', 
/ 

12 • 13 

The two ends of this clone have been sequenced by the 

DNA sequencing techniques which would reveal in the 

14 simplest experiment something of the order of 50 to 100 

15 bases or so of sequence from the ends. One end of this 

16 clone has a poly-A tract 100 long, beginning here with a 

17 sequence cc and then a poly-A 100 long. The other end of 

18 the clone is shown at the bottom of the page, and it has a 

19 sequence which corresponds to the sequence of insulin 

20 written over lt. That clone begins, DNA sequence of that 
i 

21 clone, after t.he Haeiii linker. 

22 Q. Haeiii? 

23 A. Sorry, after the Hindiii. The Hindiii linker begins 

• 24 

25 

CAAA, CAG, CAC, CTT and so on. That sequence begins at the 

third base of the second amino acid of the B chain of 
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1 insulin, and continues through that, the B chain of 

2 insulin. The sequence corresponds to rat I proinsulin in 

3 that two specific amino acids, proline and methionine, in 

4 fact, were marked by the author of this page as 

5 corresponding to rat I, which, in fact, they do. The 

6 sequence is actually in a rather early state because it 
' 

7 contains sevehal points of doubt which were later 

8 determined. 

9 Q. Is there any indication on page 22 or on page 23 

10 following it of how much sequence information the author of 

11 this page had at this time? 

12 A. Sorry? 

13 Q. Is there an indication on page 22 or on the following 

14 page 23 of how much sequence information the author had at 

15 this time? 

16 A. Barely an! indication of how much sequence information 
' j 

17 that was given on page 22 and page 23. 

18 Q. And approximately how many amino acids are --

19 A. Oh, that sequence information extends to the 29th amino 

20 acid of rat I proinsulin. 

21 Q. Okay. If we can leave this document for a moment and 

22 go to DX3349, which you should have in the folder there. 

23 A. Yes. 

24 Q. Is that a document upon which you relied in formulating 

25 your opinion? 
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1 A. Yes, it is. 

2 Q. Now, these were identified by Dr. Goodman as notes of a 

3 meeting he had at Lilly dated March 14, 1977. What is 

4 there in these notes that bears on your opinion? 

5 A. He draws on the board a picture that --

6 Q. What page are you on? 

7 A. Sorry. Second page of this document, 1462. He draws 

8 on the board a picture of a plasmid labeled in the same 

9 fashion as the top of this page. One end of this has 

10 approximately 180 corresponding to the end of the plasmid. 

11 The other end begins CAAA at the light -- at the end of the 

12 

13 

14 

last base of the codon for the second amino acid of 

proinsulin, and then goes to amino acid number 29. And the 

sequence he had, he totally had a sequence corresponding to 

15 rat I because it had the proline at position B9 as is 

16 characteristic of rat I. 

17 Therefore, I would conclude that the sequence shown on 

18 2081 was in existence before the 14th of March; and hence, 

19 has to be a pBR322 sequence consistent with interpretation 

20 as l/13B, pBR322 clone. 

21 Q. When you referred to 2081, you were referring to the 

22 insulin experiment filed DX3354? 

23 A. That's correct . 

24 

25 

Q. And that's the page we have got the handwritten number 

22 at the bottom? 
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1 A. That's correct. 

2 Q. Would you please look at DX3365. 

3 A. Yes. 

4 Q. Is that a document upon which you relied in formulating 

5 your opinion? 

6 A. Yes, it is. 

7 Q. What information in this document do you rely upon? 

8 A. This document is a handwritten paper, handwritten 

9 draft, early manuscript, describing an experiment done in 

10 pBR322. There's nothing wrong with writing drafts of 

11 manuscripts. I don't contend that there is. But the draft 

12 

13 

14 

15 

contains references to specific experimental data; and 

therefore, the experimental data has to come into existence 

before this draft. And since the draft describes an 

experiment, the draft is a draft of a manuscript to 

16 describe a pBR322 experiment, then the experimental data 

17 referred to in this manuscript must be pBR322 data. 

18 Q. And what experimental data did you find in this 

19 manuscript? 

20 A. The manuscript describes the analysis of a long clone 

21 for insulin w~ich can be broken by a Haeiii fragment into a 

22 piece 150 long and a piece 250 long, just as clone 1/13 

23 could be broken. It contains a 100 long, roughly 100 long, 

24 

25 

poly-A strand at the end of the 250 long piece, just as the 

clone 1/13. It begins at the second amino acid -- at the 
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• 1 third base of the second amino acid of proinsulin with the 

2 sequence; and therefore, it refers to a fact that is 

3 demonstrated on the clone 1/13. 

4 And that ract is a unique sort of fact. It's not a 

5 property you would expect another clone of rat proinsulin 

6 to show. Another clone picked randomly out of a cloning 

7 experiment would have a different length of poly-A. It 

8 might, of course, be long, so you couldn't tell if it was 

9 different from 100. But it would most likely start 

10 somewhere else, at some other base in the insulin molecule. 

11 No reason for it to start just at that base. 

12 • 13 

In fact, as we'll see from their cloning, that happened 

the second time they found a clone of this type. It 

14 started at a different base. 

15 A further fact about the clone described in the 

16 manuscript, the handwritten manuscript, says we have a 

17 clone of insulin I; and therefore, the manuscript has to be 

18 referring to a sufficient amount of sequence from a clone 
, 

19 beginning CAA and extending at least through the proline at 

20 position 9. 

21 Q. Is there any --

22 A. Further -~ go ahead. 

23 Q. Is there any other sequence information in the paper? 

• 24 

25 

And perhaps you can refer us to specific pages. 

A. Unfortunately, for some reason the manuscript in front 
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• 1 of me doesn't have a Bates number on it. Why is that? 

2 Q. I guess we have failed in our effort perhaps. 

3 A. I think it's a blown-up image of the pages. 

4 Q. Let me refer you specifically to the page that is 

5 A. I have the page in front of me. I just don't have a 

6 way of describing it. 

7 Q. Is it the fourth page from the back of the document? 

8 A. Yes, it's the fourth page from the back of the 

9 document. The first line at the top begins 3 1 terminal 

10 poly-A. 

11 Q. Is there a circled 11 in the upper right-hand corner? 
j; 

• 12 

13 

A. Not on my,: copy. Oh, yes, but it 1 s missing from my 
1 

copy. There is a circle 11 in the upper right-hand corner. 

14 Q. What additional sequence information do you find on 

15 this page? 

16 A. The two more pieces of sequence information at little 

17 A, third line, it says, A single UAG determination codon; 

18 that is, the stopping of a polypeptide chain is a specific 

19 codon, either UAG, UAA or UGA. And occasionally it is 

20 pairs of such codons. There is a statement that there is a 

21 UAG codon in the insulin molecule, insulin sequence, that 

22 is being described in this draft manuscript. 

' 
23 The third, statement that I can interpret is the 

• 24 characteristic signal he referred to as UAAA found in other 

25 eukaryotic messenger RNAs. There is a characteristic 
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• 1 signal found in untranslated regions which serves as the 

2 signal for the messenger RNA to be cleaved and the poly-A 

3 tail added to it. And that signal is AAUAAA, a 

4 characteristic signal; and that was being referred to in 
1 
I 

5 this paper. ~d so this paper would suggest that there is 
' 

6 enough sequence information known at the time to make those 

7 further two statements. 

8 Q. Referring back to Exhibit 3354, which is the file of 

9 the insulin experiment, and --

10 A. Yes. 

11 Q. looking specifically at the page numbered 13, is 

• 12 

13 

this a sheet which you relied upon in forming your opinion? 

A. Yes, it is. 

14 
I 

Q. And what about the information on this sheet do you 

15 rely upon? 

16 A. I relied upon this sheet, and the two sheets 

17 immediately following it were found together in a set. 

18 This sheet shows a fragment that runs from a Haeiii cut to 

19 possibly the nonlegible other site. It was cut by a Hhai 

20 into a large and small fragment. And the sequence of both 

21 the large and"the small piece are given on this sheet. 

22 On the subsequent page the sequence of the large piece 
) 

23 is written out and analyzed by being translated into codons 

• 24 in what we call all six frames; that is, the sequence is 

25 being tested ~o see if it could be read into protein. In 
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• 1 any one of the three different ways of reading a sequence 

2 in the proinsulin, it is to be read from right to left. 

3 And it's also being tested to see if the sequence of the 

4 DNA piece has been turned over, and it should be read from 

5 left to right, read in the other direction. I probably 

6 should have said left to right in the first case and right 

7 to left in the second. 

8 This is a,common technique that you use when you have 

9 novel sequenc~ and you wish to recognize the protein from 
: 

10 which it comes. You ask all the possible ways of 
,: 

11 translating this sequence into protein, and then you 

• 12 examine them to see if you recognize it. 

13 Of the six forms, the first form on page 14, the one 

14 with circled number 1 next to it, all of amino acids, the 

15 little check marks under them, correspond to insulin. They 

16 correspond to the end of the A chain of insulin. And they 

17 end up, the third line down, the amino acid cystine, 
,, 

18 asparagine and a stop. That stop is the set of letters 

19 TAG, which are underlined sharply on my copy of this, and 
i 

20 that corresponds to the stop codon UAG. This piece of 

21 sequence corresponds to the end of the A chain followed by 

22 a stop codon with the UAG. 

23 Q. And is there any relationship in your opinion between 

• 24 the UAG sequence here and the UAG sequence referred to in 

25 that pBR322 manuscript which we just looked at? 
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• 1 A. Yes. This is the only sequence anywhere in the files, 

2 the only type'of sequence that has a UAG determination. 

3 Q. And what do you --

4 A. Go ahead. 

5 Q. And what do you conclude then about the time that this 

6 sequence information was in existence? 

7 A. I would conclude that this sequence information had to 

8 have been in existence before the writing of the pBR322 

9 draft manuscr~pt. 

10 Q. Have you been able to associate this sequence 

11 information on pages 13, 14 and 15 of Defendant's Exhibit 

• 12 3354 with any 1 of the DNA sequences ultimately described by 

13 the u.c. researchers in their Science article? 

14 A. Yes. This fragment corresponds to the fragment that's 

15 ultimately identified as pAU4 in the Science article. It 

16 begins and ends -- in fact, the entire sequence is 

17 identical, co~responds that sequence in rat insulin. And 

18 the property, which the researchers did not know at the 

19 time of writing that draft manuscript, is that the UAG 
i 

20 codon is a unique property of rat insulin 2, the other 

21 gene. 

22 Q. Would you look at page 12 of Exhibit 3354, please. 

23 A. Yes. 

• 24 Q. Is there anything on that page which either supports or 

25 refutes your conclusion that this is, in fact, pAU4 that we 
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1 have the data for here? 

2 A. Yes. That page is actually labeled pAU4. It has on it 

3 a small bit of sequence. That is a usually informative 

4 little piece bf sequence. I said that on page 13 there 

5 were two pieces of sequence; sequence from a short piece 

6 coming from one end of the plasmid, one end of this insert; 

7 a sequence with a longer piece coming from the other end. 

8 If one wants to know and one has sequence 

9 information of that kind if one wants to be sure that 

10 the two pieces of sequence actually fit together, since 

11 they come from actually -- they came out of the DNA 

12 

13 

molecule that!had been cut, now add these two separate 

pieces 
n 
~ 

how:do I really know that they're next to each 

14 other? 

15 The way you find out they're next to each other is the 
t 

16 sequence across that joint. So if you want to find 

17 somewhere, if you're being careful, DNA sequence that goes 

18 across that short piece of DNA and continues into, links 

19 across the restriction cutters used to cut that DNA, that's 

20 the sort of sequence information that is across the top of 

21 that pAU4 at page labeled pAU4. 

22 In looking at that, I would infer the sequence has been 

23 gotten by separating strands, a technique for 

24 identifying -- doing exactly this type of sequencing. It 

25 is not an accurate sequence; and therefore, I would infer 
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that it is just a very rough sequence. But it contains 

2 enough information to show that the small piece and the 

3 large piece on page 13 are, in fact, attached to each 

4 other. 

5 Q. Is there any information on page 13 that let's you 

6 identify precisely what the front end or 5' end of the 

7 piece of DNA described here is? 

8 A. Yes. Having said that the two pieces are joined, the 

9 5' end is actually on the small piece with the normal way 

10 of writing that sequence. It's written 

11 

12 

13 

14 

Q. What page are we looking at? 

A. Page 13 • 

Q. Okay. And where is the sequence for that small piece 

on that page? 

15 A. It's the bottom sequence on the page. 

16 Q. Okay. And what about that 

17 A. At the very right-hand end of that is the 5' end of 

18 pAU4 and the conventional way of writing it. And then a 

19 small P sequence begins, now reading it from right to left, 

20 a TGG, GCA and so forth. The TGG is the remnant of the 

21 Hindiii linker. 

22 Q. So what does that mean with regard to whether or not 

23 the DNA seque~ce for the actual eDNA insert is complete or 

24 

25 

incomplete? 

A. Yes. Let me say about the word "remnant," when one 
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• 1 sequences a piece of DNA, the very first bases at the end 

2 of the sequence often may be dropped; so that the sequence 

3 as it appears on the sequencing films or in the gel will 

4 start 1 or 2, or 20 or 50 these days, into the sequence 

5 that's being done. So that is what one would see normally 

6 on the entire end of the DNA fragment has on it the linker 

7 sequence. One would not see the first bases of that linker 

8 sequence, but it would see some of the bases of the linker 

9 sequence, and then it would continue into the sequence of 

10 the insert. And that's what we see here. We see some 

11 
1 • 

bases from the l1nker sequence, actually at both ends of 

12 this insert, and then the sequence continues into the • 13 insert. 

14 That says that this fragment was flat in the plasmid by 

15 the Hindiii linkers. And the fragment lies between a 

16 Haeiii cut, which is in rat 2 insulin, but is not actually 

17 the sequence that they give in the Science paper, and a 

18 unique stopping point as left-hand in as pAU3 is, pAU4 is 

19 normally written. 
l 

20 Q. So are you able to determine from the data here whether 

21 the actual piece of DNA was really one that was generated 

22 by Haeiii digestion and there's just some sequence lost, or 

23 are you able to determine that the DNA sequence as given 

• 24 is, in fact, complete? 

25 A. No. I can determine that the DNA sequence is, in fact, 
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• 1 complete as given because it has the linkers on the end; 

2 and therefore, the sequence of that element called pAU4 

I 
3 extends, we hear as, extends from the Haeiii cut not to 

1 
4 another Haeiii cut but to a specific point in the sequence, 

5 three bases away from Haeiii cut. 

6 Q. Now, given that the termination codon from this DNA 

7 sequence is reported in the pBR322 manuscript, which you 

8 already looked at, and given the degree of sequence 

9 information given here in Exhibit 3354, do you have an 

10 opinion as to whether or not this piece of DNA ultimately 

11 described as pAU4 was or was not a pBR322 clone? 

• 12 

13 

A. Yes, I haye. 

I 
Q. And what's your opinion? 

14 A. My opinion is the piece of DNA ultimately described as 

15 pAU4 was a pBR322 clone. 

16 Q. Now, there was some question raised, I believe it was 

17 yesterday, about the fact that a clone number 3/13 was not 

18 found in Dr. Ullrich's notebook. Is there anything in Dr. 

19 Ullrich's notebook, the original identification of the 
f 

20 pBR322 clones~ which is consistent with pAU4 having been 

21 found in that experiment? 

' 22 A. It could have been the clone referred to as 90-5. 

23 Q. And why is that? 

• 24 A. Because it is a clone roughly of that length; and 

25 therefore, is a clone that one would have expected to 
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• 1 emerge from the cloning of an 80 to 90 base long cut of DNA 

2 sizes. 

3 Q. In Exhibit 3554, would you turn to page 31, the one 

4 with the handwritten number 31 at the bottom. 

5 A. Yes. 

6 Q. Is this a page upon which you relied in formulating 

7 your opinion?, 

8 A. Yes, it is. 

9 Q. And what information do you rely upon on this page? 
) 

; 
10 A. At the top of the page a series of corrections to the 

11 DNA sequence are mentioned. Those corrections are that a 

• 12 

13 

proline at position 9 is to be a CCT, an arginine at 

position 22 to be an AGT. 

14 Q. You said --

15 A. And all the corrections are made. 

16 Q. You said AGT? 
I 

17 A. I'm sorry~ CGT. There's a label Corrections to 1/13. 

18 It's a label error. We examined the figure that we first 

19 looked at on page 22. You will see that the proline, as I 

20 mentioned, there are certain sequence ambiguities in that 

21 which have been corrected on that page. The proline is 

22 given on this page originally as CCC. It's been now 

23 marked. It's been corrected to T. The arginine at 

• 24 

25 

position 22 was originally thought to be CGC. It's been 
' 

corrected to T. And so on. I can trace the rest of these 
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• 1 corrections. 

2 Therefore, this page of corrections, summary page here, 

3 has to occur after page 22, after a time page 22, because 

4 the original page 22 is written before this summary page 

5 mentioning corrections. 

6 At the top of this page we see a date. 

7 Q. And what is that date? 

8 A. That date is 3 --March 22nd, 1977, says March--

9 3/22nd/1977, call from Alex, and then the rest of this 

10 information follows. 

11 Q. Given the. information which you have seen in the 

12 • 13 

~ 
documents and: from the testimony about when the pMB9 

experiments b~gan, do you have an opinion as to whether the 

14 clone 1/13 referred to here was or was not a pBR322 clone? 

15 A. Yes. This is further evidence that the clone 1/13 and 

16 the sequence from it has to be a pBR322 clone because there 

17 was no sequencing from any other organism done by March 

18 22nd, all the statements we either heard during the trial 

19 or the summary statements submitted by the University of 

20 California to the NIH. 

21 Q. Is there ?nything on this page and the pages that 

22 follow which allow you to determine when the clone 3/10 was 

23 in existence?. 

• 24 

25 

A. Yes. And this page continues, more sequences from 

pRI4. And then, circled a reference to a clone 3/10. We 
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• 1 seem to have two names for the same thing. And what we 

2 have here is a partial sequence, is a sequence that 

3 corresponds. 

4 Q. So if clone 3/10 were, in fact, in existence on March 

5 22, 1977, what plasmid would it have to have been isolating 

6 in? 

7 A. PBR322. 

8 Q. Were you ~ble to find in these notes any indication of 

9 what the precise sequence was at the back end or 3 1 end of 

I 

10 this clone 3/~0? 

11 A. Yes, I am,trying to figure out where it is. I believe 

12 • 13 

it's actually on the next page. 

Q. Which direction are you going? 

14 A. Page 32. 

15 Q. Okay. And what does that show? 

16 A. That shows a comment -- it shows as a comment as 180 

17 base long clone that has a 20 long poly-A at the 3' end. 

18 Q. And what clone number is used to identify that? 

19 A. Oh, sorry. It is the bottom of page 32. Unfortunately 

20 I have your copies, not my marked copies, so I have to, all 

21 the copies I have previously marked, I have to look at 

22 this. 

23 At the bottom of that page, in fact, it says other end 

• 24 

25 

of 3/10. It shows a sequence ending in 20 long T. This is 

a complementary sequence as written so this corresponds to 
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• 1 the 20 long A1 that's at the end of pAU3. A box sequence 

2 TTA, TTTT is the sequence I referred to, the sequence that 

3 occurs in the 3' region that is the signal for the addition 

4 of poly-A. 

5 Q. So that is 

6 A. That box sequence is the one that is referred to in the 

7 pBR322 draft manuscript, and therefore that draft 

8 manuscript reters to a fragment specifically being marked 

9 as interestin~ on page 32. 

10 Q. Would you turn to --

11 A. Identified as part of clone 3/10 and hence identified 

12 as interesting as of this date 3-22-77 . • 13 Q. Would you turn to page 30, please, of Exhibit 3354? 

14 A. Yes. That's also information about the other end of 

15 3/10. 

16 Q. What info~ation is given there? 

17 A. That the ~nd of the Hindiii linker is fused to the T20 

18 which then runs through this, runs, that sequence 
\ 

19 continues, runs through the poly-A addition site signal, 

20 poly-A addition signaled and continues a few bases beyond 

21 that. 

22 Q. Is there any indication on this page of how precisely 

' 
23 that T20 was determined? 

Q. Based on the reference in the handwritten pBR322 • 24 A. It asserted to be exactly 20. 

25 
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1 manuscript to this poly-A addition site sequence, the 

2 reference to clone 3/10 on a sheet bearing the date March 

3 22, the concordance of that clone number with clone numbers 

4 in Dr. Ullric~'s notebook, do you have an opinion as to 

5 whether or not clone 3/10 was or was not a pBR322 clone? 

6 A. Yes, I do. 

7 Q. And what's your opinion? 

8 A. My opinion is clone 3/10 was a pBR322 clone. 

9 Q. Now, were you able to ascertain whether or not there 

10 was any relationship between the sequence for the pBR322 

11 clone 3/10 and any of the plasmids described in the 

12 

13 

ultimately published Science article? 
l 

A. 
~ 
I 

Yes, 3/10icorresponds to plasmid pAU3. 

14 Q. And in the Science article, what is the length given 

15 for the poly-~ or poly-A tail on plasmid pAU3? 

16 A. 20. 

17 Q. And is it stated to be approximate in that article? 

18 A. It is stated to be exact, I believe. 

19 Q. Is there anything in the way these experiments were 

20 done which would require that length of poly-T to be 

21 exactly 20 as opposed to 21 or 22 or 18 or 19? 

22 A. No. One ¥ould expect, one expects that length of T to 

23 be a chance e~ent with lengths equally probable between, 

24 between actually 101 and several hundred. 

25 Q. Would you turn to page 34, please. 
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• 1 A. Yes. 

2 Q. Is there information on that page describing the 

3 sequence of clone 39? 

4 A. Yes, there is. 
, 

5 Q. Roughly, priefly what does it show? 
! 

6 A. There's a
1
; brief physical description of the clone. It 

7 says, in fact~ clone 3/9 it then says it extends from amino 

8 acid minus 13 thus meaning amino acid presequence alanine 

9 to number 42 lysine. And several examples of the sequence 

10 are given on that page. 

11 Q. Given the reference to clone 3/9 in conjunction with 

• 12 clones 3/10 and 1/13 in Dr. Goodman's insulin experiment 

13 file and alsogiven the use of the clone number 3/9 in Dr. 

14 Ullrich's original pBR322 notebook, do you have an opinion 

15 as to whether or not clone 3/9 is or is not a pBR322 clone? 

16 A. Yes, I do. 

17 Q. And what's your opinion? 

18 A. My opinion is that clone 3/9 is a pBR322 clone. 

19 Q. Were you able to establish a relationship between the 

20 sequence of clone 3/9 and any of the plasmids ultimately 

21 reported in the Science article? 

22 A. Clone 3/9ihas the same sequence as plasmid pAU2. 

23 Q. Now, is it possible, given the structure of this 

• 24 particular clone, that it could be isolated on several 

25 different occasions doing the experiment the way they 
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1 described it?, 

2 A. Yes. 

3 Q. And why is that? 

4 A. This clone is a unique restriction fragment, and so if 

5 one tries to isolate DNA clones of approximately this 

6 length, clones from all the rat I insulin molecules of this 

7 length would be -- would correspond to the same sequence, 

8 thus would be able to be isolated again and again. 

9 Q. But is that also true of the other three pieces of DNA 

10 we have seen described here, clones 1/13, 3/10 and the one 

11 identified as pAU4? 

12 

13 

14 

A. No, it do~s not. 1/13 has no -- a very rough size 

selection and any reasonably long clone should have been 

isolated. 3/10 starts at a poly-A tail but was, had some 

15 size selection, but it's a crude size selection. So one 

16 might have expected variations of that end given a size 

17 selection to be anywhere from about 50 bases. 

18 The clone'corresponding to pAU4, 3/10, is a quite 

19 unique clone because it represents a fragment of DNA, one 

20 in which was created by the S1 digestion. The other end 

21 which was created by Haeiii cut and happened to fall in 

22 that short fragment in the size roughly corresponding to 

23 the size of Haeiii fragments. 

24 

25 

Q. Would you turn to Exhibit 3376, please. That, at the 

Court's urging, we have made a blow-up of at least a 
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similar copy of it. Were you able to ascertain what change 

2 had been made to this manuscript on the first page? 

3 A. Yes. Thi~ is a copy of a handwritten draft pBR 

4 manuscript written before the pBR322, but it's been edited 

5 to serve as a draft of the manuscript describing pCR 

6 cloning in pCR1. The bottom of this page, third line from 

7 the bottom, pBR322 has been scratched out, and I read it as 

8 pCR1 over that. 

9 Q. Were you able to ascertain from any of the materials 

10 you reviewed whether there ever was a successful pCR1 

11 cloning experiment during the time that this work was going 

12 on at u.c.? 

13 A. To the best of my knowledge, there was no successful 

14 pCR1 cloning experiment. Testimony at trial showed that 

15 there was no pCR1 cloning experiment, and the statement of 

16 the University to the NIH said there had been no successful 

17 pCR1 cloning experiment. 

18 Q. Would you refer to Exhibit 3367, please. Is this a 

19 document upon which you relied in formulating your opinion? 

20 A. Yes, it is. 

21 Q. Can you briefly describe to the court what it is? 

22 A. This document is a typewritten manuscript along with 

23 sequence of figures. The manuscript is almost complete 

24 

25 

including footnotes, figure legends and figures. The 

manuscript is a description of a cloning experiment in 
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• 1 plasmid pCRl. 

2 Q. And what results are said to be obtained? 

3 A. It contains all of the sequence results of the final 

4 Science paper in approximate, approximately the same format 

5 as the sequencing results of the Science paper. That is 

6 the manuscript written as though a cloning experiment had 

7 been done in pCR1, in which the insulin eDNA has been 

8 inserted into the Hindiii site of pCRl. 

9 Plasmids have been isolated. Sequence has been made to 

10 be established. And the sequences that are offered are the 

11 sequences tha~ correspond to plasmids pAUl, pAU2, pAU3, 

• 12 pAU4 and are ~abeled as being pAUl, pAU2, pAU3, pAU4, 

13 corresponding to the Science paper. 

14 Q. If I can stop you right there, can you go to page 1971 

15 of this exhibit. Is that the sequence information you were 

16 referring to? 

17 A. Yes. 
! 

18 Q. And if I can ask you a foundational question, were you 

19 able to find in the records of the pBR322 experiment as we 

20 have gone thrbugh them, a piece of pBR322 DNA that 

21 corresponds to the insert labeled here as pAUl? 

22 A. Yes. 

23 Q. And which one was that? 

• 24 A. That is 1/13. 

25 Q. And were you able to find a piece of pBR322 DNA 
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• 1 corresponding to the DNA called pAU2 here? 

2 A. I'm going to forget the correspondence of numbers if 

3 I'm not careful. In fact, I probably already have. We 

4 have recited that connection already in the record. 

5 Q. Okay. But it is your recollection that you did find 

6 such a clone? 

7 A. That's right. There is a -- by looking at the sequence 

8 on these pages, we have already cited for each of the 

9 clones 3/9, 3/10 and 1/13. 

10 Q. So you found in your review of the pBR322 materials 

11 sequences which correspond to each of these four sequences 
\; 

• 12 

13 

labeled pAUl through 4; is that --

A. That's right. I have already stated that. 

14 Q. I'm sorry. I didn't mean to interrupt you. Do you 

15 have an opinion as to whether or not the level of detail of 

16 specific sequence information given in this paper is such 

17 that the paper could have been written without the data 

18 which we have here on page 1971? 

19 A. The paper(could not have been written without the data. 

20 There are specific aspects of the paper that are keyed to 

21 specific aspebts of the data. 

22 Q. Do you have an opinion as to what the DNA being 

23 described in ·this paper in Exhibit 3367 was? 

• 24 A. I'm sorry. Say that again. 

25 Q. Do you have an opinion as to the origins of the DNA 
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• 1 being describad in this pCRl manuscript, Exhibit 3367? 

2 A. Yes, I do. 

3 Q. What is your opinion? 

4 A. My opinion is that the DNA is pBR322 DNA. 

5 Q. Would you turn to Exhibit 3181 -- excuse me, 3381, 

6 please. 

7 A. Yes. 

8 Q. Is that ajdocument upon which you relied in formulating 

9 your opinion? 

10 A. Yes. 

11 Q. And this is the list of insulin DNAs which Howard 

• 12 

13 

Goodman identified being in his handwriting. What in this 

• • I. 
document 1s 1t that you rely upon? 

14 A. This is a concordance between numbers clearly 

15 corresponding to plasmid 322 1/13, 322 3/9, 322 so on. And 

16 the identification of the plasmids as pAUl, plasmid Axel 

17 Ullrich 2, plasmid Axel Ullrich 3, plasmid Axel Ullrich 4. 

18 And that concordance corresponds exactly to that 

19 concordance we have inferred in the testimony simply 

20 looking at the DNA sequences and as described in the 

21 underlying, in the notebook where that collection of 

22 sequences is from Howard Goodman. 

23 Q. Would you turn, please, to Exhibit 3377. Are these 

• 24 documents collected here among those that you relied upon 

25 in formulating your opinion? 
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A. Yes, they'are. 

Q. Do you have an opinion as to what the first page of 

this exhibit represents, the one with the number 2008? 

4 A. The first page, again, represents a compilation of the 

5 sequences for pAUl, 2, 3 and 4. It is a rather early draft 

6 of such a figure. Is it a draft at the time the sequence 

7 of, the draft is written and edited so that the next typed 

8 form will include TlOO and T20, whereas the particular 

9 typed form that was used here does not include that. The 

10 draft was edited to try to edit the details of the 

11 sequence. So,it looks to me like an early working draft of 

12 

13 

a figure such as the figure for the pCRl paper, figure 6B 

would be zero one. 

14 Q. Were you able to determine whether or not the page that 

15 we have in Exhibit 3377 with the Bates number 2011 was or 

16 was not a retyped version of the draft we have here as 

17 2008? 

18 A. Yes. 2011 is clearly a later version of the 

19 information that is 2008. The lead poly-T has now been 

20 given lengths corresponding to the edited changes. Boxes 

21 have been inserted, what is handwritten in the previous 

22 form has now been typed. So it is essentially similar 

23 sequence information corresponding to a later edit of that 

24 page. 

25 Q. Would you look please at page 2009, the second page of 
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• 1 Exhibit 3377. 1 And can you tell the Court what this 

2 represents? 

3 A. This represents an early draft of what is figure 7 in 

4 the pCR1 draft manuscript. Figure 7 is a messenger RNA 

5 sequence that is a -- figure 7 is a correlation of the 

6 sequence with the protein. such correlations show the 

7 sequence broken up into triplets of amino acid, triplets of 

8 bases corresponding to each amino acid and protein. And 

9 that has been done here using DNA sequence broken up into 

10 triplets corresponding to the protein. 

11 Q. Were you able to ascertain any relationship between the 

• 12 

13 

marked up version of figure 7 on page 2009 and the typed 

version which is on the page following 2011? My Bates 

14 number is cut off. I don't know if yours is. It would be 

15 2012. 

16 A. Don't -- you want to go one -- you want to go one page 

17 further? 

18 Q. I'm sorry. Let me look at your copy if you don't mind. 

19 Mine does not have another page. 

' 
20 A. Go from this to that? 

21 Q. No. The page is the one following page 2011, and the 

22 Bates number has been cut off in the particular exhibit 

23 copy we had. 

• 24 A. Okay. Yes, the page 2009 has various markings on it 

25 for future edits. One of the markings is change all Ts to 
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1 Us. That is changed from the sequence from a DNA sequence 

2 to an RNA sequence. The sequence shown, what is that 

3 number again? 

4 Q. 

5 A. 

I 

It should~be 2012. 
!· 

I 
Sequence ~hown 2012 is the result of having applied a 

I 
6 number of the edits that are marked on 2019. It looks like 

7 there's methionine. Yes, 2019 says type in a methionine 

8 before position 30. That's been typed in the next version. 

9 Various other markings show that the next one is a later 

10 version of the information that's on 2019. 

11 Q. In the typing or in the transition from the handwritten 

12 changes on 2009 to the typed version on 2012, did you 
1 

13 detect the interjection of any typographical errors? 
J 

14 A. Yes, there are several typographical errors that are 

15 induced. The most notable 

16 Q. Go ahead. 

17 A. The most notable which is a typographical error for the 

18 lysine codon position 29. The lysine codon is correctly 

19 AAG, and that is a position which is either lysine, one 

20 gene of methionine or another. Methionine as a unique 

21 codon ATG. Tpe correlation of those codons is related to 

22 that difference between two Gs. Typographical errors 

23 occurred at lysine given as AAC. Even though it is shown 

24 here, not on that figure, but is shown on 2012 as 

25 corresponding to lysine or methionine. 
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1 Q. Okay. 

2 A. So for a scientist, I think that's actually a very 

3 egregious striking error, and I'm actually quite amused 

4 that people looked at this and didn't catch it. 

5 Q. Looking back at 2009, there is an alanine codon three 

6 positions to the left of the one marked number one. 

7 MR. LIPSEY: I apologize, Your Honor. We'll make 

8 our record and get out. 

9 Q. It's listed there as GCC. Do you see it? 

10 A. Yes. It's GCC in the version 2009, GCU on 2012. 

11 That's still an alanine codon. It just represents a third 

12 

13 

14 

base change but happens to represent a misprint. 

THE COURT: Wait a minute. You're whispering. 

A. Sorry. Happens to be a misprint. 

15 Q. Were you able to ascertain by reference to the DNA 

16 sequence itself which of those two was correct? 

17 A. My memory is I did check it at one time and it is a 

18 misprint. 

19 Q. Which one.is the misprint? 

20 A. The one that is changed to. 

21 Q. Okay. Now, going back to the pCR1 manuscript, Exhibit 

22 3367, and specifically to the sheet of data on page 1972, 

23 did you find in that sheet of data any of the typographical 

24 

25 

errors which we have just identified in the creation of the 

data sheet? 
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• 1 A. Yes, both of these typographical errors were there. 

2 Q. And are you able with this marker to step down to our 
' 

3 blown up page'1972, which we have here, and to mark for the 

4 Court where those two typographical errors are? 

5 A. This codon for lysine is not a codon for lysine. And 

6 this, the other codon we're discussing, this codon for 

7 alanine, it still is a codon for alanine but it should have 

8 a C here and it has a u. 

9 Q. Would you.turn now in your book to Exhibit 3216A? 

10 A. Yes. 

11 Q. Is this a document you relied upon in forming your 

• 12 opinion? 

13 A. Yes. 

14 MR. LIPSEY: Your Honor, this is a notebook of 

15 Keiichi Itakura. I have the deposition testimony where it 
. 

16 is identified'and wherein it is described, collected right 

17 behind it as Defendant's Exhibit 3216B. And for purposes 

18 of getting the document into evidence, I would like to 

19 offer the deposition testimony, DX3216B, and the associated 

20 notebook DX3216A. 

21 MR. NEUSTADT: I haven't even seen this, Your 

22 Honor. We gave one to Mr. Dunner in the last couple days 

23 to look at. 

• 24 THE COURT: By interesting coincidence, I have 

25 12:00. So why don't you gentlemen discuss it until we come 
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• 1 back at 1:30. 

2 (The court recessed from 12:00 p.m. to 1:30 p.m.) 
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