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WEDNESDAY, FEBRUARY 6TH, 1991 8 . ~ 0 0  A.M. 

(PROCEEDINGS HELD IN OPEN COURT, JURY FW3SENT:) 

THE COURT: G m D  MORNING, LADI3S AND GENTLEMEN. 

GOOD MORNING. AND YOU#RE GOING TO KEEP DOWN TO THE 

SPEED OF LIGHT AT LEAST? 

THE WITNESS: I#VE HAD DISCUSSIONS WITH THE REPORTER. 

THE COURT2 OKAY, 

GoOD MORNING, CQUMSEL. 

MR. FIGG: GOOD MORNING. 

MR. PASAHOW: GOOD MORNING. 

DIRECT EXAMINATION RESUMED 

BY MR, PASAHOW: 

Q* GOOD MORNING, DR. HULLIS, 

A. GOOD MORPJING, MR. PASAHOW. 

Q c  AT THE END OF YESTERI3AY WE: W3RE TALKING ABOUT THE PERIOD 

AFTER YOU HAD RECE~VED YOUR AUTOMATED E Q w r m m  FOR HAKING THESE 

DLIGOWLTCLFDTIDES PIECES OF DNA, AND YOU HAD DONE YOUR 

COMWTERIZATON AND YOU FOUND YOURSELF WITH SOME EXTRA TIME IN 

THE LABORATORY. 

YOU WERE E X P N N J I N G  WHAT YOU WERE W I N G  T O  OCCUPY THAT 

TIME, AND WE COHCLUDED WITH MY ASKING YOU TO DFiAW SOMETHING THAT 

YOU WERE DOING WITH YOUR FINGER AND OVERNIGHT YOU‘VE DOHE THAT 

JAMES YEOMAWS, OFFICIAL REPURTER, USDC, 415-863-5179 
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r COULD START THE EXPERIMENT DOWN AT 30 DEGREES SAY AND 

1 COULD RAISE THE TEMPERATKJRE UP TO 8 0  AND WATCH IT .  SO THERE 
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CHANGE RATHER RAPIDLY. 

INTERESTED IN. 

THAT POSITION IS WHAT 1 W A S  HOST 

IT REPRESENTS THE PLACE WHERE: HALF THE OLIGONUCLEOTIDE 
A 

15 
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A, Y E S .  THIS WAS A -- THIS DIAGRAM REPRESENTS SORT OF A 

GENERAL PICTURE OF REPRESKNTING A LOT OF LITTLE EXPERIMENTS TmT 

I DID. 

I HhD -- SEVERAL OLIGONUCLEOTIDES SYNTHESIZED THAT 

WOULD BE COMPLIME~W?ARY TO EACH OTHER, SO THAT I WANTED To STUDY 

IN A WRY SIMPLE WAY THE -- TXE PROCESS BY WHICH YOU -- THEY ARE 

BECOME SINGLE-STRANDED AS YOU RAISE TWE TEPIPERAlWRE, 

I WOULD TAKE THE OLIGOMJCLEOTIDES AT CERTAIN 

CONCENTRATION TEIAT WOULD MAICE THEM EASY TO SEE ON THE 

SPECTBOHETER AND I HAD LITTZE -- THE SPECTROmTER TXEAT I HAD 

HRD A DEVICE To RAISE OR LOWER THE TIWPERATURE IN THE VAT 

A U T m T I C A U Y .  

IT WOWLD PLOT THE CHANGE IN TEE OPTICAL DENSITY WITH 

WHICH WE TALKED ABOUT YESTERDAY, SORT OF LIKE BEING THE SHADOW, 

THE THXMGS MAN3 THE LIGHT THEY A3SOR3. 

1 I 
WOzTLI3 BE A CERTAIN POSITXOlU WHERE THl3 OPTICAL DENSITY WOULD I 22 I 
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ARE~BIHGLE-STRAWDED AND HALF OF THEX ARE BOUND TO EACH OTHER AN 

THEY'RE DOWBLE-STRANDED- THAT'S THE %ING I WANTED TO BE ABLE 

TO TELL PEOPLE, 
I WANT TO BE ABLE TO PEtEDICT THAT THERE IS SEQUEWCE 

OLIT;ONLTCLEOTIDE, SO WHEN f MAD3 A OLIGONUCLEOTIDE AND DELIVERED 

TO I T  SOME SCIENTISTS AT CETUS TO USE I COULD TELL HIM WHAT THX 

TEbWRETURE WAS. I WAS DOING TFIESE EXPERIMENT HOPING IF I DID 

ENOUGH OF THEM, THAT 1 COULD FICTJRE OUT A SORT OF GENERAL RUIX 

WEIERE I COULD GO FROM THE SEQUEM- TO %E TM WHI[cH IS WHAT THEY 

CALL THAT, THE MELTING TEMPERATURE. 

I DIDN'T NEVER FIND THAT PARTICULaLR RULE, B€J!F I NOTICE 

IN DOING THOSE EXPERIMENTS THAT I COULD RUN THE TEMPFLEWRE BACK 

AND FORTH I: COULD DO THE EXPERIHENT, FREQWENT THE SIMGm STRAND2 

AT A HIGH TEMPERAWR3 DOWN, I COULD LOWER THE TEMPEMTWRZ OR I 

COULD START FROB€ A DOUBLl?,-STRAHD AND GO UP AND THIS CURVE WOULD 

A P F M  JUST ABOUT THE SAME IIPTDICATING) 

IN FACT -- AND I REASONED FROM THAT I COULD DO THIS 

GOING U P ,  THAT THE PROCESS OF THEM COMING BACK TOGETHER WTTH A 

W I D  PROCESS I- IT WAS NOT SOMETHING THAT SHOULD TAKE 15 OR 2 0  

MINCTTES BECAUSE IF IT TOOK 15 MINUTES AND I DROP€TD THE 
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WOULD COKE OUT HERE [INDICATING) AND THEN SLOWLY DROPPED DOWN, 

THAT'S WHAT I REkSONED. SO THAT WAS ONE OF THE LITTLE 

EXPERIMWTS THAT' I: D I D  AWD I DIDN'T MAKE A BIG DEAL OUT OF IT A 

THE TIME, BUT I CAME AWAY WTH THE IDEA T OLIGONCTCLEWIDES 

HYBRIDIZE FAIRLY RAPIDLY. 

Q .  WHEN YOU MADE THIS OBSERVATION THAT THE OLIGONUCLEOTIDES 

THM' IT WAS NOT THE-@OPIVEMTEON~"WTSWM. AND, IN FACT, MOST 

PROTOCOLS FOR MY HYBRIDIZING OLIGQMLECIJ3DTIDES AT THE 

CONCENTRATION SXHIQIR TO WHAT I W A S  USING LIKE, TEN MICROMOLES 

THE PROTOCOLS THAT PEOPLE FO'LILMED AT THE TIME TREATED THE 

PROCESS AS THOUGH rF TOOK A LONG TIME, 

AND THEY -- PEOPLE WOULD HYBRIDIZE -- A TYPTCAL 

PROTOCOL PEOPLE WOULD USE TO BUY NUCLEIC ACID TO MAKE, IT 

SILPIGTCE-STRANDED AND HAVING THE PROBE, IF THERE, OR A PRIMER, TH 

PROBES AND PRIMERS ARE THE SAME THING IN A WAY, THEY'RE 

DLIGomcltEmIDEs. 

HAVE -- THIS IS A GOOD WAY OF DESCRIBING IT: TAKE A 

BIG BEAKER OF WATER THEY WOULD HAVE A LITTLE TUBE FmATING W I T H  

A THING, LITTLE STYROFQM COLIAR THAT KEPT IT FWATING IN THE 

WATER. THEY HAD THAT BOILTlUG TO MZLT IT, THEN THEY JUST TAKE 

TH€ -- TURN OFF THE HOT PLATE AND LET THE TUBES SLOWLY COHE WWI 

TI1 ROOM TEMPERA-. 

JRFlES YEOMANS, OFFICIAL REPORTER, U S E ,  415-863-5178 
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;As THE LARGE BEAKF,RS THEY'RE FWU; OF WATER SLOWLY COOL, 

RATHER THAPJ FULLING THE TUBE OUT AMI LETTING IT DROP RAPIDLY OR 

PULLING IT O W  AND STICKING IT IN COLD WATER, THEY LET THE WHOLE 

THING SLOWLY COOL DOWN. 

THOSE ARE THE KIND OF PROCEDWRES THAT ARE IH T€IESE 

ARTICLES FROM BACK IN THE EARLY 70'5 AND LATE BO'S. THATfS THE 

WAY PEOPLE WERE DOING ITa 

THEY HAD THE FEELING OLIGOMEUCLEOTIDES ARE NEEDED TO 

INCUBAPE, IS THE WORD TIEY USED TO DESCRIBE THAT K I N D  OF THING, 

AND IT WAS -- IT SORT OF PORTRAYED THEIR FEELING ABOUT 

OLIGWNUCEXOTIDES, THEY PLZCATEI). LITTLE t2REATURES 

AND THEY NEEDED TIM?, TO FI SPOT. 

THEY DIDN'T THIHK OF TT3EM AS BEXMG MOLECULES THAT EXIST 

IN A TIME €'RUE THAT'S QUITE SHORT C O M P m D  TO WHAT THEY THINK 

OF, WERE HUGE AND SLOW COMPARED TO MOLECULES. AND 60 HOST OF 

THE PROCEDURES THAT WERE AROUND AT !FHAT TIME, IW FACT, INErC>LVF+D 

SmW CAREF'UL HYBRIDIZATION OF LONG TIMES. 

WHAT WAS HAPPENING THE OLIGONIFCLEOTlDES WERE: REALLY 

BINDING QUICKLY AND PEOPLE WEBE JETST OUT FOR LUNCH WHIU THAT 

WAS HAPPENING MI3 IT DIDN'T #ATTER TO MOST PROTOCOLS, THEY GAVE 

MOW3 FTBEE FOR THAT PROCESS THJW WAS REALLY REQUIRFJ3 FOR MOST 

PURPOSES. PEOPLE NEEDED TU HYBRIDIZING DLIGWWcLEo?fIDES IT 

DIDN'T MATTER THAT THEY WAITED AN EXTRA HOUR. 

Q. DURING THE TIME YOU WERE DOING EXPFRMEKW IW YOUR 

LABORATORY, IN THIS PERfOD AFTER YOU HAD YOUR AUTOHATIC 

JAMES YEWANS, OFFICIAL mPORTER, U S E ,  415-863-5179 
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EQUIPMEWC, DOCTOR, DID YOU IHVESTIGATE SEQUENCING METHODS THAT 

MIGHT BE USED IN YOUR WL3URATORY AT CETUS? 

A. WE DID. LARGELY AS -- IN RESPONSE TO THE SCIENTISTS WHO WE: 

WERE &AKIEfG THE OLIGUNUCLEOTZDES FOR. THEY WEREN'T AS EASY TO 

COIWINJCE AS WE WEFZ OURSELVES. TH&T WE WERE QUITE: CONFIDENT IN 

MAKING THE OLIGO~CLEUTIDES PRECISELY THE: WAY WE WAHTED THEM TQ 

BE AND WE WEREN'T FOR A LONG TIME COWINCED. IT TOOK US A WILE 

TO BELIEVE IM OUR ABILITIES TO DO THAT. 

BUT IN THE PERIOD OF WHERE THIS PROCESS W A S  STILL 

FAIRLY NEW TO US WE GENERALLY ]HAD TO PROVIDE A SEQUENCE FOR EACH 

OF "BE PRODUCTS THAT WE MADE. PARTICULARLY FOR VERY -- FOR 

ONES 1- AND SO WE -- WE INVESTIGATED THE USE OF MAXIM GILBERT 

SEQUENCING AND ALSO S U G E R  SEQWFJ4CINC, BUT MEITHER OF THOSE 

EeETfIQDS REALLY WORKED W R Y  WELL WELL WITH OLIGONUCLEOTIDES WE 

FINALLY SETTLED WITH MAXIM GILBERT. 

Q .  WHY DIDN'T THE SAWGER METHOD WORK WELL W I T H  THE 

OLIGOMJCLEOTIDES 3 

A. WELL, THE SANGER METHOD REQUIRED A PRIMING SITE TiiWT YOU 

COUm USE WHERE YOU COULD PUT WWN A PRIMER AND X F  YOU'RE MAKING 

PRIMERS THEN YOU HAVE 110 MAICE A PRIMER SITE ON THEM. WE WOULU 

3AVE HAD TO -- IT W A S  MOT AN INSOLVABLE PROBLEM. 

IT WAS LITTLE CWX¶SY TO TRY To USE THE SAHGER METHOD. 

EVERY O U G O  THAT WE HAD MADE. IT WAS GOING TO TAKE A LOT OF 

WORK TO USE THE SANGER METHOD. 

JAMFS YEOMANS, OFFICIAL REFORTER, USDC, 415-863-5179 
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Q. "€WT'S =CAUSE THEY WE= 80 SHORT? 

A. WELL, BECAUSE THEY WERE SHORT AND WHEN YOU'RE DOING SAPJGER 

SEQUENCING YOU WANT -- YOU NEED THIS PART THAT YOW WANT TO HAVE 

THE SEQUEPTCE FROM, NEEDS TO BE -AGENT TO A SITE THAI' YOU CAN 

PRIME. YOU WANT TO SAY START HERE AND SEQUENCE ACROSS THE 

Qmwom SEQUENCE, 

WHEREAS WXEH YOU'RE WAKING AN OLIGONUCLEOTIDE ITr6 ONLI 

GOING TO BE 20 BASE LONG IN THE FIRST PLACE. W E  COULD HAVE 

PRIMED WITH PROBABLY A PENTAMER WE HAD HADE, BUT WE WOULD HAVE 

TO MAKE 'THAT SEPARATELY. IT WAS GOING TO BE: A LOT OF SORT OF 

JUST LITTLE BIT MOFE WORK 'THAN WE WANTED TO DO. 

AFTER AWHILE WE WEREN'T R E A U Y  WILLING TO INVEST A Ixrr 

OF WORK IH ANALYZING THE PRODUCTS WE WERE W I N G  IN THAT HANNER 

BECAUSE WE WEBE CERTAIN WE WERE MAKING THEM cQRR3CTLY M € D  WE €€AI 

MORE ABREVIATED METHODS FOR FIGURING OUT FOR SURE W E  HAD MADE 

THEM RIGHT. THAT BASE COMPOSITIONS AND SIZE AND STUFF LIKE 

THAT. 

Q. COULD YOU EXPLAIN WHAT MF,T€IOD YOU DID USE TO FIGURE OUT THA'I 

YOUE WERE W I N G  THE RIGHT SHORT PIECES OF DNA FOR THE M W E R  

SCIENTISTS IS AT CETUS? 

A. OKAY, WHAT WE FINALLY SEWLED OH WAS JUST -- WE DECIDED 

THAT WE -- WE COULD -- IF WE WOULD JUST PWT A RADIOACTIVE 

PHOSPHATE ON !FETE FIVE-PRIME END OF THESE THINGS, LIKE YOU HEARD 

ABOUT PUTTING IN PHOSPHATE LABELS, IF WE -- WE USED AM ENZYME 

CALLED OLZGoNtTCLEOTIDE KIRRSE, GET SOME RADIOACTIVE -- WHAT 
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WAS -- RADIOACTIVE ATP f 8  WHAT WE USED SORT OF WHAT THEY'VE 3EEl 

TALKING ABOUT OWE OF THE A'S, "T€AT ENZYME WIIL ALWlW US TO STXCl 

A RADIOACTIVE PHOSPHORUS, ADD THEM ON THE FIVE-PRIHE END OF THE 

OLEGDNUCLEOTIDE. 

HAVING DONE THAT WE KNEW TmT IT HAD FIV3-PRIME END, 

3UT WE COULD NOT DO THAT TO IT, SO THAT WAS PART OF THE 

CHARACTERIZATION WE COULD DO THAT TO I T *  

MIXTURE THAT CONTAIEJED THE RADIOACTIVE QLICONUCLEOTIDE, PIIT IT 

ON A GEL, ELECTRFIEORET1.C GEL, WHICH 35 A XF,TI-€€ID FOR SEPAR?iTING 

THINGS ACCORDING TO SIZE.  

IF WE PUT IT ON T'HERE WITH A COUPLE OF PREPTXOWSLY MADE 

OLIGOS THAT WE KNEW THE SIZE OF, THEN WE RAN'IT BESIDE THAT, 

SAID THIS IS SUPPOSED TO 3E 20 LONG; THAT ONE THAT MADE LAST 

WEEK WAS 15; THE ONE WE MADE A MONTH AGO W A S  25, IT'S RUNNING 

RIGHT NEAR THOSE TWO, RIGHT BETWEEN THEW. THAT WOULD EE GOOD 

EVIDENCE IT WAS THE RIGHT SIZE, 

THEN IF WE DIGEST THE OLIGUZKJCLEOTIDE WITH AN ENZYME 

THE FOUR BASIC BLOCKS AND WE COULD SAY WHAT RATIOS SHOULD THOSE 

NOW BE. 

IN OTHER WORDS, IF WE SUPPOSE TO HAVE FOUR A I S  AND 

THREE T'S, TWO C'S AND G IH THm ONCE WE W K E D  AT THOSE BLOCK: 

AFTER BREAKING DOWN THE OLIGO DOWN WITH AN ENZYME THEY SHOULD 

JAMES YEOMANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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WE COULD EASILY DETERMINE TKE COMPOSITION, SAY, IN 

BASES OF NEUCLEOTIDES, OF A MIX OF NEUCLEOTIDES TIIEY#RE TEN P'S 

FOUR G'S,  THREE C'S AND AN A, AND THAT INFORMATION WOULD SAY 

THAT -- PLUS THE SIZE THAT WE ALREADY DETERHIMED PRETTY WELL 

CEIARACTERIZE THE SEQUENCING. 

WE STILL WOULDN'T KWOW FOR SURE IF THEY WF,RE: ARRANGED 

IN THE RIGHT ORDER THAT' WE: HAD TRIED TO ARRANGE THEM IN, BUT THE 

POINT WFXE NOT PROELEMS OF RRRANGIPTG THEM IN ORDER, 

IF WE8D HAD A P R O B U N  WITH AN OLIGQ THE PROBLEM WOULD 

USUALLY BE WE LEAVE OUT ONE, SO THAT WOULD AFFECT THE RATIO, 

WE'D SEE THAT, WE WOULDlV#T IWOW WHICH ONE WE LEFT OUT, WE WOULD 

KNOW WE: LF,FT ONE OUT. 

THE PROBLEMS WERE FRETTI? FAR, WE REALLY DIDN'T HAVE ANY 

PROBLEMS AFTER AWHIIE SO THAT BECAME A VERY STWDARD THINGc IT 

WAS -- WE WERE VERY SURPRISED IF WE EVER CAME UP WITH ONE THAT 

Q. WE'RE GOING TO BE TALKING ABOUT GEIS LATER, SO COULD I ASK 

YOW TO COME DOWN HERE AND SKOW US HOW A GEL TOLD YOU THE 

DIFFERENT SIZE OF THESE Ol;rGoWCI;IEOTI:DES? 

A, OKAY. PEOPLE HAVE PROBABLY ALREADY HEARD THIS THREE OR FOUR 

_.. 
JAMES YEOMANS, OFFICIAL REPORTER, WSDC, 415-863-5179 
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THEY SORT OF -- I'LL DRAW YOU JUST LIKE 9- T€€F,SE THINGS 

ARE MADE 3ETWI3Ebl TWO GLASS PLATES, JUST REAL T H I N .  THEY CAL& 

IT G E U  FOR THE SAME REASOR YOU CALL IT JELLO. IT'S -- GEL IS 
SOHETHING THAT'S NOT QUITE A SOLID AN3 IT'S HUT QUITE A LIQUID 

EITHER, SQ IT)S STYTF ENOUGH TO STAY BETW3EN =SE TWO G W S  

PLK€"FS. IF YOU WERE TO WLL THE GLASS PXATES AWAY FROM IT IT 

WOULDN'T STAND UP BY ITSELF, 

YOU MAKE IT SO IT THESE LITTLE W E U S  ArP THE TOP OF 

IT AND IfM NOT REALLY MUCH OF AN ARTIST. THESE ARE -- THEY AFZ 

LITTLZ SPACES BETWEEN THE GLASS PLATE. GET THE IDEA? ITrS LIKE, 

THERE'S A PLATE HERE (INDICATING) ON THE FRONT AND ONE IN THE 

aACK, THEN THESE LITTLE WELLS F€F,RE (XNDICATING). 

SO YOU eAN TAKE A SYRINGE AwIl AND FILL THIS WITH 4- PIIT 

A LITTLE LIQUID DOWN INTO THIS SPOT RIGHT THERE ( INDICATIlG) ,  SO 

YOU MAKE THE GEL LIKE THAT. YOU M l K 3  IT BY LETTING IT S0GIDI:FY 

WITH A LITTLE THICK LIKE A CONE: IT'S IiEFT WITH THESE LITTLE 

WELLS SO YOU CAN NOH ADD THE SAMPLE TO. 

U T t S  SAY WE ADDED A GAMFLF, TO THAT ONE SAKPLE WE DON'T 

KNOW WHAT IS IS. YOU PIPT ONE IN HERE C A W D  OUR IfAFWXS OR OUR 

OLIGONUCUOTLDES THE SIZES OF WHICH WE ALREADY ARE FAMILIAR 

WITH- 

SO WE PUT A COWPLE OF NEUCLEOTIDES HERE (INDICATING) 

THAT HAVE BEEN FIVE-PRIME ULBELS AND AN3 RADIOACTIVE. THE 

JAMES YEOMANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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REASON WE LABEL THEM IS BECAUSE IT'S HARD TO SEE THEM O!I%ERWISE, 

BUT IF YOU LABEL THEM WITH RADIOACTIVE, WITH P32, THEN KELD A 

PIE(3E OF, LIKE, X-RAY FILM UP TO THIS T€€INd, WHEElEVER THE P32 

WAS IT LEAVES SPOTS ON THE FIm. SO WE CALL PEAT AN 

AUTORADIOGRAEI. SOUNDS LIKE SOMETHING YOU GET IN THE MAIL. 

i 

1 

ANYHOW, ONC3 YOU PUT THESE SAMPLES IN SERE YOU WOULD 

STICK THIS ASSEMBLY INTO A THING CALLED A GEL BOX, AND THAT 

WOULD A L L O W  YOU TO HAVE -- TO HAVE AN ELECTRIC FIELD S m L E  

ACROSS THIS, SO THIS WOULD BE A VERY NEGATIVE -- SAY, THIS WOULD 
BE 1,000 VOLTS NEGATIVE COKPARED TO THIS DOWN €€ERE (INDICATING) ' 

WHICH WOULD BE -- THIS 16 THE POSITIVE SIDE. 

THE QLIGOlWCLE6TfDES ALL WAVE A NEGATIVE CHARGB ON 

THEM, SO THEY'RE GOING TO BE ATTRACTED TO THE BOTTOM OF THE GEL 

OR TO WHEREVER 'EIIS PART IS, IT .CAN BE UP, IT'S NOT GRAVITY 

THAT'S PULLING THEM DOWN, IT'S THE FIELDS, SO EVERYTHING 

NEGATIVE IS GOING TO MOVE IN THAT DIRECTION (INDICATING) WHEN 

YOU TURN ON THE POWER. YOU GET YOUR FINGERS OUT OF THE BOX. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
rn 

17 

18 

19 

2 0  

21 
* '  

22 

23 

24 

25 

m 

MiWXER LSCNE WOULD, SAY, DISTRIBUTE THEKSELVES DOWN HERE: 

ACCORDING TO HOW BZC THEY WERE. "HIS WOULD BE A 32 NEUCL3OTXDE 

ONE: THIS WOWLD BE A 25 ONE; THIS WQULD BE 25 AND IF YOU HAD A 

15 ONE IT WOULD RUN RIGHT OFF I N T O  THE WATER. OR IF YOU STAYED 

TO m N G  IN THX LUNCFI ROOM WHILE THESE W E R E  RUNNING ALL OF ?*HEM 

WOULD RUN OPF IN THE WATER. 

THW WAS LIXE WAmR DOWN IN THE BOTTOM THATfS HOW YOU 

JAMES Y E O W S ,  OFFICIAL REPORTER, USDC, 415-863-5178 



mLLIs-DIREcT/PAsmow 13-1848 

4 

9 

1 

2' 

3 

4 

5 

6 

7 

8 

9 

1Q 

11 

12 

13 

14 

15 

16 

17 

18 

IS 

5 '  

:20 

21 
rn 

22 

23 

24 

25 

m 

PWT T€€E FIELD ON IT. IF YQU CATCH THEM JUST THE RIGHT TIME 

THEY'RE RUNNING THE PLATE, THEW YOU CAN PULL THIS WHOLE 

THING OFF OF THE: GEL BOX, TURNING OFF THE POWER, TAKE ONE OF THI 

PLATES CAREFWLLY OFF, 

YOW HAVE TO PULL TFE PLATl2S APART NOW 3ECAUSE THE 

RADIOACTIV3 PARTICLES COMING OFF OF THESE THINGS WON'T GQ 

THROUGH THE GLASS, YOU 6.0 YOU PULL THE PLATES APART, TAaE A 

PIECE OF SARAW WRAP, LAY IT OVER THE SORT OF MOIST JELLY KIND 01 

THING, THAT*S THE GEE MATFKLAL, SO THAT YOU DON'T WET THE X-RAY 

Frm. 

YOU NOW TAKIE: IT IN THE DARXROOM, U Y  A PIECE OF X-RAY 

FILM ON TOP OF IT AND JUST LET IT SIT THERE QWIETLY FOR MAYBE AK 

HOUR OR TWO, DEPENDING HOW RADIOACTIVE THINGS ARE. 

WHEN YOU COMX BACK YOU DEVEWP "HAT X-RAY FILM, IF 

YOU'RE: LUCKY YOUR TWO OLIGONUCLEOTIDES WILL 3B SOEfEWIlERE IN THE 

RANGE THAT YOU HAVE STANDARDS FOR. 

IF ONE OF THEM IS WAY UP HERE (1:NDICATIbTG) IT WAS THE 

FIRST 4 0  MER I HAD MADE YOU SAY, AHCHAR, THE BIGGER THEY ARE THE 

SLOWER THEY RUM ON THE THING, THEY'RE TRYING TO FIGHT THEIR WAY 

FHROUGH THIS GEL MATERIAL WHICH IS KIND OF GIVIHG THEM SOP433 

RESISTANCE AND THE LITTLE OPTES GO THROUGH IT EASIER THAN THX 

B I G G r n  oms. 

SO I THINK THAT'S A LESSEN IN GELELECTROPHOFESIS. 

Q. ONE MORE THING, SOMETIMES m'VE H E M D  YOW LOOK AT Tf€E# mDER 

ULTRAVTOLET LIGHT, HOW DOES THAT WORK? 

J A M E S  YEOMANS, OFFICIAL REPORTER, USDC, 415-869-5179 
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A. FEW HAVE A LARGE ENOUGH ApIQI3NT -- FSMEMBER WE WERE TALKING 

ABOUT PUTTING THEN IN I SPECTROMETER, AND THEY Do ABSORB 

ULTRAVIOLET LIGHT -- FEN HAVE ENOUGH OF THE HIWERIAL ON THERE 

THAT IT WOULD ABSORB AH AIPPRECIABLE AMOUPJT OF, SAY, ULTRAVIOLET 

LIGHT, THAT WOULD COMX OUT OF A HAND-HELD -- ONE OF THESE 
LITTLE -- YOU HAVE BLACK LIGHT HAND-HELD LAMP THAT WILL MAKX 

MINERALS GLOW, THAT SORT OF THING. 

IF YOU HAVE ENOUGH MATERIAL THERE Y O W  CAW DETERBflXE 

THAT THEY'RE IN AND THEY'RE ABSORBING THE ULTRAVIOIET LIGHT BY 

THE FACT THAT THEY -- THEY SORT OF W I L L  THROW A SHADOW ON 

SOME?IHING BEHIND IT. 

YOU CANtT SEE ULTRAVIOLET LIGHT, YOU WOULDN'T SEE THE 

SHADOW, BUT IF YUU HAW SOMETHING BEHXHD THE -- THE GEL TKAT 

WOULD ABSOR3 ULTRAVIOLET LIGHT WOULD FLUORESCE IF YOU TAKE TEEM 

IN A DARKROOM, YOW HAVE 2L WHITE T-SHIRT ON YOU GO UNDER A 0LACK 

LIGHT IT BRIGHTLY FLUORESCES, IT A LITTLE ELECTRIC. 

WERE'S A LOT OF MATERIAL THAT YOU CRN PUT BEHIND A GEL 

AND THEN SHINE A LIGHT ON TOP OF, IF THERE WAS SOMETHING 

ABSORBING THE -- YOU'D HAVE LIGHT YOU SEE DARK SPOT ON WHATIS 

OTHERWISE A BRIGHT mrm BACKGROUWD YOW mm -- GETS AEORBED 

E A S X C A U Y  THROWING A SHADOW ON THE BACKGROUND. 

MR, PASAHOW: BEFORE WE GO OW, WS. MORIYAXA HAS POINTED 

OUT I OMITTED TO MARK THX LAST DRAWING OF TH3 OLIGONUCLEOTIDES 

ANNEALING AND COMING APART, SO I SHOULD DO THAT FPFST. 

THE CLERK: DEPENDANTS B-252 lfXRKJ3D FOR IDENTIFICATION 

JAMES YEQPIAWS, OFFICIAL =PORTER, USDC, 415-863-5179 
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(DEFENDANT'S EXEfIEIT 3-252 

HARKED FOR IDENTIFICATION) 

MR. PASAHO-W: T€fEN THE DRAWING DR. MULLIS JUST DID OF 

THE GEL SHOULD A'1;sO BE 

THE CLERK: DEFENDANT'S 3-253 MARKED FOR IDENTIFICATION 

QHLY 1 

(DEFENDANT'S EXHIBIT B-253 

THAT WERF: CWSE TO M I M E ,  BUT SINCE OUR GROUP WAS MAKING 

OLIGONUCLEOTIDES FOR ANY OF THE LABORATORY AT CETUS THAT NEEDED 

TKEM, I WAS -- 1 MEAN, I WOWLU GO AND HAVE CONFERENCES WITH 

THEY WERE GOING TO WANT US TO MAKE AND TRY TO TALK THEM INTO 

HAVING LESS AND THEY TRY TO TALK ME INTO MORE. 

SO I USUALLY, IN THE PROCESS OF TIEAT KIND OF 

NEGOTIATION, I WOULD FIND OUT EXACTLY W T  IT W S  THEY HERE 

GOING TO USE TH3 OLIGONZTCLEOTIDES FOR. 

I REALLY WAS MK!€€ MORE AWARE OF THE WORK AROUND THAT 

HAD TO DO WITH OLIGONUGLEOTIDES THEN IN GENERAL, BUT I KNEW 

EVERYTHING TEFA'P W A S  GDIMG ON W E  TO Z'HE FACT THAT' -- X m, IN 

JAMES YEOIUWS, OFFICIAL REPORTER, USDC, 415-863-5179 
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W U I  S -DIRECT/ BAS AHOW 13-1851 

SOHE WAY BECAUSE WE I3h.D -- THE SCIENTISTS AT CETUS WERE CAlXJ7D 

ON EVERY THREE MONTHS OR EVERY FOUR HONTBS, 1 CAN'T REMEMBER 

EXACTLY HOW OFTEN, BUT EVERY FEW MONTHS YOU WOULD EAVI3 TO GIVE A 

SORT OF AN ACCOUNTING OF WHAT YOUR LAB HAD BEEN DOING FOR THE 

LAST THREE OR FOUR MONTHS. 

SO WE HAD TO HAVE A SEMINAR IN FRONT OF THE REST DF !PHI3 

COMPANY AND TELL THE34 WHA'IC YOU BEEN W I N G ,  SO I WENT TO Aw; OF 

THOSE. THAT W A S  ANOTHER WAY THAT I WAS XNFORMED, 

Q. WERE YOU A W m  OF THE WORK THAT W A S  GOING ON IN DOCTOR 

B4W33WS LABXWFORY? 

A. HIS LABORATORY WAS RIGHT NEXT TO MINE AND TEEFZ WAS -- WE 
HAD A PARTICULARLY ACTIVE INTER-COMMUWICATION BECAUSE WE HAD A 

13 DOOR BE!€WEEEJ THE TWO LABS. ANI3 ALSO H I S  -- ONE OF H I S  

I , ... . .. .. J 
JAMES YEOHANG, OFFICIAL REPORTER, WSW, 415-863-5179 
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I S&ZYPE, WAS SORT OF AN NIGHT OWL AHD I WAS, TOO, WE RND UP 3EXNG 

IN THE BUILDING 1O:OO OR 11:OO O'CLOCK AT MIGHT. SO WE TALKED 

TO EACH OTHER A LOT ABOUT WHAT WAS GOING OU IN BOTH LABS. 

Q. WHAT WAS GOING ON Ill WCTOR ERLICH'S LABORATORY AT THIS 

TIME? 

A. THEY WERE INTERESTED IN -- THERE WERE SEVERAL PROJWXS,  BUT 

TEiE ONE MOST INTERESTING TO ME WAS A PROJECT THAT W A S  -- HAD AS 
ITS ULTIMATE AIM TO DEVELOP METHODS WHEREBY OLIGONUCLEOTIDES 

COULD BE WSED TO DETERMINE THE - 
PARTICULAR GENE THAT MIGHT BE ONE 

SOHETIMES HAVE MUTATION THAT WOULD eAU 
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THAT'S SORT OF A ROUND ABOUT WAY. 

LET ME: GIVE A SPECIFIC EXAMPLE, THE THING THEY WERE 

USING AS A HODEL SYSTEM, WHEN WE TALK ABOUT MODEL SYST3MS I'M 

NOT SURE IF THAT'S CLEAR, I T ' S  SORT OF HERE'S A H1C.E TEST SYSTEM 

THAT CAN YOU XAKE, DEVl3Fx)P S O m I N G  IN. FIRST -- A FIRST TRY 

AT IT KIND OF THEN YOU CAN, HAVING DEVELDPED IT IN O m  SYSTEH, 

YOU CAN NOW USE TIIAT PROCESS IN AMOTFiER. 

THE MODEL SYSTEM WHICH WAS A REAL CLINICAL PROBLEM 

WASN'T JUST A MODEL SYSTEM THEY n D  -CHOSEN, W A S  A VERY WELL 

STUDIED GENETIC DISORDER CAWED SICKLE C E U  ANEMIA. THAT WAS 

ONE OF TKE VERY FIRST DISEASE THAT -- FIRST GENTIC DISEASE, 1 

THINK, TO BE CHARACTERIZED AT THE MULECUULR LEXEL, 

PEOPLE BY THEN HAD KNOWN FOR SOMETIME THAT' PFSCISELY 

WHICH NUCL&OTIDE WOULD BE CHANGED IN THAT TO CAUSE THAT DISEASE. 

ONE PARTICULAR 3AS3 PAIR THAT WERE A T WOULD GO TO kN A AND THA'I 

WOULD MAKE -- THAT WAS THE MUTATION THAT CAUSED THAT DISEASE. 

SO WHAT' THEY WERE TRYING TO DO WAS To DEVELOP A METHOD 

THEY COULD FIND OUT QUICKLY FROM A CLINICAL SAMPLE THAT 

CONTAINED DNA WHETHER OR NOT THE -- THAT -- IF GNES IN THAT 

PARTICULAR SAMPLE CONTAINED THAT MWTATIOW, WOULD BE A WAY TO 

SCFlEEN PEOPLE FOR -- WHETHER -- FIND OUT WHETHER OR NOT THEY 

WERE A CARRIER OF THAT. 

MOST OF THE PEOPLE THAT HAVE !('HAT MUTATION XIAVE IT IN P 

FORM THAT'S COEIPIZXELY -- IT DOESN'T CAUSE T H E W  TO HAVE THE 

DISEASE BECAUSE THEY ONLY CARRY ONE GENE ~~ THAI' RND THERE'S 

JAMES YEOMANS, OFFICIAL REPORTER, WSX, 415-863-5179 
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ANOTHER GENE WAG CALLED THE WILD,TYPE, BUT IT'S IMPORTANT TO 

KNOW WHO THOSE CAFSIERS ARE BECAUSE IF THEY MATE W I T F €  EACH OTHER 

THERE'S SOME CHANCE THEIR OFFSPRING WILL HAVE B6TR COPIES OF THE 

MUTAHT GENE. 

WE WANTED TO DEVEIDP A REALLY FSlPID AND RELIABLE METHOE 

THAT COULD BE USED TO SCREEN FOR THAT GENE, 

Q1 WHAT'S CALLED THE WSLD TYPE IS THE NORMAL GENE FOR 

HEMOGLOBIN? 

A- RIGHT. THEY CALL IT WILD TYIX FOR HISTORICAL REASONS, I 

GUESS. THE PEOPLE THAT HAVE IT IN THE WILD. 

Q. BEFORE WE TALK ABOUT YOUR IPrvENTIOM OF PCR, COULD I ASK YOU 

TO SIIMMARIZE FOR US WRAT YOU BELIEVE TO BE THE ABILITIES TRAT 

YOU BROUGHT TO THAT W I C H  M&DE IT POSSIBLE FOR YOU '60 MAKE THE 

INVENTTON? 

E EQUIPMENT AVAILABLE, BUT I CAKE -- 
W E N  I CAME TITS I CAME WITH A LONG -- I mAN, MY BACKGROUND 

WAS VARIED IN LD F FIELIIS, 3UT WHEREVER 1 HAD B3EN I HAD 

ALWAYS BEEN INVENT1 SINCE -- THAT I THINK W A S  THE KEY TO THE 

WHOLE THING IS THAT I S SINCE I WAS A E133 LIKED TO MAKE: 

THIFTGS . 
I ENJOYED, YOU KNOW, PICKING APART AN OLD WASHING 

MACHINE AND FINDING SOMETHING TO Do WITH THE SOLENOIDS IN THERE 

BESIDES PUTTING fW A WASHING =CHINE. OR TAKING SUGAR AND 

TESTING NITRIDE AND Hl3LTIHG IT IN MY BACKYARD AND MAKING ROCKET 
_. JAMES YEOMANS, OFFICIAL REPORTERj U S E ,  415-883-5179 
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HULLIS -DIRECT/FASAHOW 13-1854 

N E E .  I HAD A LONG TRADITION IN MY LIFE IN THAT AND I W A S  NEXEI 

." ' ' " 

VERY GOOD IN FOLLOWING RECIPES. WHEN I COOK I DON'T RAVE A 

COOKBOOK, I DON'T LIKE TO DO THAT. 

WHEN I DO A PROCGDURE IN A LABORATORY I WOULD RESIST 

GOING TO SOMEBODY SAYING, HOW EXACTLY DO YOU DO THIS? GIVE MB 

YOUR EXACT WAY OF DOING IT. f JUST LIKE TO SIT DOWN AND THINK 

HOW COULD THIS BE DONE IN A U l T  EAGIER WAY USUALLY. 

I W A S  NEVER GOOD, YOU KNOW, I 'PLAY TEE PIANO BUT I 

CAN'T READ HTJSIC. I ' M  MOT VERY -- THAT*S A ORNERY TRAIT AIHOST 

IN A WAY. 

YOW WANT PIE TO GO ON ABOUT TWAT? 

Q .  NO- I ACTUALLY HAD IN MIND -- 
THE COURT: I THINK WE GOT THE PICTDRE. 

Q. (BY MR. PASAHOW) -- WHAT SCIENTIFIC BACKGROUND THAT YOU 

BROUGHT? 

A *  I HAD ORGANIC CHEMISTRY, OBVIOUSLY, AND I SORT OF A -* 

SINCE I HAD BEEN INTERESTED IN PHYSICS, I'VE AWQAYS BEEN 

SO MY ORGANIC CHEMISTRY WAS SUPPLEMEHTED BY MY 

KNOWLEDGE OF THE PHYSICAL SIDE -- WElAT THEY CALL PHYSICAL 

ORGANIC. CHEMISTRY. 

I WAS INTEMSTED IN THOSE KIND OF EXIPERIPIENTS, LIKE I 

WAS DOING THOSE MELTINGS. I W A S  REALLY INTERESTED IN THE 

BfNI'IIEMAT1C.S OF THAT PROCESS, HOW COULD YOU CALmWLTE WHAT THAT 

CURVE WAS GOING TO LOOK LIKE, JWST KMOWING THE SEQUJWCE OF THE 

JAMES Y E O W S ,  OFFICIAL REPORTER, USDC, 415-863-5179 
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OLIGOMUCLEDTIDE, SD I TAKEN A LOT OF MATH COWRSES AND PHYSICS 

COURSES AMD STUFF, SO I HAD A .GOOD FEELING FOR THAT. 

3: ALSO HAD -- WITH REGARD TO PCR, I HAD BEEN DOING 

SQMETHIMG A E TIME I WAS -- 0 LY, I WASN'T THINKING I'R 

PFEPARING MYGE INVENT PCR, E - I DIDN,T REALLY KNOW I 

WAS GOING T *\ 

WAS WRITING A LUT &#? COMPUTER PROGRAMS. 

AND FROM WRITING "HE PROGRAMS, I HM3 DEVlEOPED A REAL 

APPRECIATION FOR WHAT HAPFENS WHEN YOU MAZ33 A LxK)P IN A COMPWTEFi 

PROGRAM. IN FACT, THE BEAUTY OF C O M P I J T E R  PROGRAMS IN A IDT' OF 

WAYS IS THAT YOU CAN BUILT UP LOOPS IN THEIR REITERATIVE 

PROCESS. 

YOU ASK THE COMPUTER -- YOU SAY, "DO THIS," AND YOW 

WRITE DOWN THE CODE; SAY, "DO THIS AND DO THAT," AND YOU CAN DO 

THAT; AND THEN CHAEJGE THIS COUNTER FROH A-1 TO 2; THEN GO BACK 

AND DO THIS AGAIN. 

THE WHOLE THING, YOU HAVE TO WRITE IT ONCE AND THEN THE 

COMPUTER DQES IT OVER AMI3 OVER AND OVER AGAIN. THAT'S ONE OF 

THE BEAUTIES OF THE COMPUTER, IS THAT THEY WN'T MIND DOING 

THINGS OVER AND OVER AGAIN. 

S 124 1984, AND FOREVER BEFORE THAT, IF 

'84,  W'I? BEFORE '84,  BLOCHEKISTS WOULD 
i 

NEVER THINK ABOEJT~ESIGNING AN EXPERIKENT THAT REQUIRED TEEM TO 
t 

DO SOMETHING O V E R \ M D  OVER AND OVER AGAIN. 

THIMR OF THEMSELVES AS AUTOMATONS, TO SAY, "'OKAY. I CAN DO 

SOMETHING 20 

THEY JUST DIDN#T 
I 

5AMES YEOMANS, OFFICIAL REPORTER, XISDC, 415-863-5179 
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I WOULD HAVE NEVSR HAVE THOUGHT ABOUT m T  EXCEPT FOR 

THE FACT THAT I HAD SEEN HOW EFFECTIVE THAT CAN 3E IN A COMWTEZ 

PROGRAM, AND HOW -- AND I tMDERSTOOD FROM THE SORT OF 

MATHEMATICAL STANDPOINT REALLY HOW RAPIDLY AN EXPONEWTIAL 

PROCESS, WHEN, WRERE YOU TAKE A THING AND YOU Ix) SOMETHING TO 

IT, AMD THEM YOU CAN -- THAT BECOMES THE THING TRAT YOU DID 

SOMETHING TO, AND YOU W THAT TO I T  AGAIN AND AGAIN, LIKE THAT 

REITERATIVE PROCESS. 

FFXlFOUND WISDOM. IT'S JUST THAT I HAD PLAYED WITH ENOUGH 

SYSTEMS WHERE THAT HAPPENED TO SEE THAT YOU Caw REALLY GET TO -* 

QUICKLY GET TO BIG NUMBERS. 

IF YOU SET UP 'PHE LITTLE PROCESS THAT IS REITZRATIVE, 

THEY eAN GENTR3YI'E VERY U R G E  NUMBERS WRY QUICKLI!. AND THAT 

WAS -- THAT W h O M E r x r H I M G  IN MY HEAD THAT WAS HANGING AROWND. 

AND WHEN I HAD MY W O R  SORT OF I N S I G W  INTO HOW THE 

FACT THAT PCR COULD HAPPEN, THAT WAS SOME!R€I:MC THAT IMMEDIATELY 

CAKE TO BEAR, AND I SAID, %OLY" WHAT-. AND I TJHDFBSTOOD 

SUDDENLY -- I W A S  QU1CKX;Y ABLE TO REALIZE THAT TEN CYCLES OF A 

PROCESS THAT DOUBLED SOMETBIHG WOULD G I V E  YOU A THOUSAND COPIES 

OF IT. 

THAT'S SOMETHING THAT WAS ALREAaY IN MY -- I DIDN'T 
HAVE TO REALLY GO THROUGH IT VERY SLOWLY. 

I W I N K  THOSE -- 
JAMES YEOMANS, OFFICIAL REPORTER~ USDC, 415-863-5179 
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WROTE FOR SCIENTIFIC AMERICAN? 

A. YES. 

Q. LET ME SHOW YOU WHAT'S IN EVIDEWCE AS EXHIBIT A-52. 

IS THAT A COPY OF THE ARTXCLZ? 

A ,  YES, THIS IS A RATHER POOR COPY OF IT- IrM GETTING USED TO 

=KING AT POOR COPIES OF THINGS IN THIS TRIAL, 

THE COPIES OVER AND OVER AGAIN, YOW FINALLY -- YES, IT 

Q, AND THAT WAS PUBLISHED IN THE APRIL I990 ISSUE OF 

SCIENTIFIC AMERICAN? 

A, YES, 

Q- 

A, I W A S  DRIVXHG ONE NIGHT IN MY CAR, AND I W A S  ON HIGHWAY 128 

HEADED FROM CIDVERDALE TO A LITTLE CABIN THAT I HAVE IN 

MENDOCIWO COUNTY. 

Q1 WHAT' WERE YOU TIiIHKING ABOWT THAT NIGHT? 

A, I WAS THINKING ABOUT WHAT I WAS WORKING ON IN THE IAB AND 

WHAT I WAS GOING TO BB WORKING ON T€E NEXT WEEK. 

THAT PARTICULAR WEEK, I HAD &EN THIMKIMG ABOtFT TFtYIEJd 

TO FIND A BETTER WAY TO DO THE PROBLEW "RAT HENRY ERLICH'S LAB 

WAS WORKING ON+ 

THE WAY TTEY WERE GOING ABOUT THE FROBLEM WAS A 

RFASWNABLE WAY -- SORT OF A REASONABLE WAY, BUT X DIDN'T 

PARTICULARLY IT BECAUSE IT REQUIRED -- IT WOULD WORK FOR 

JAMES Y E O W S ,  OFFICIAL REPORTER, WSDC, 415-863-5179 
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RESTRICTION SITE RIGHT WHERE THE: CHANGE IN THE W E  FAIRS IS. 

WILL CUT IN TEIAT SITE WHEN ITS PARTICULAR -- WEN IT HAS k 

PARTICULAR SEQUENCE. 

SEQUENCE, THAT ENZYME WONtT CUT. 

WHEN IT IXlESN*T HAVE THAT PXRTIcI3LAR 

THEIR METHOD W A S  DEPENDING UPOM THE FACT TJ3ER3 WAS A 

THAT RESTRICTION ENZYHE AS A METHOD FOR DETERMIPTING WHETHER IT 

WAS TBERE OR NOT. 

THAT WAS A COMPLICATED SITUATION THEY WERE SETTING UP. 

APPROACH, BECAUSE IT WOULD WORK ANYWHEREI 11 WOULDN'T REQtJIFE 

THE RESTRICTION. 60 YOW COULD USE IT FOR ANY PARTICULAR 

DISEASE. 

AND I W A S  -- W YOU WANT TO DESCRIBE THAT PROCESS? 

Q .  PLEASE. 

Q+ YOU HAW3 A DIAGRAM IN THE SCIEMTIFIC m R I C A N  ARTICLE OF 

YOUR PDFA? 

THAT. 

SEE IT, 

JAMES . . Y E O W S  ," OFFXIAL REPORTER; USaC, 4 15-863-5179 ., I 
. . .  . . . . .  . .  

. .  .... .I.. .... . .  . . . .  . . . .  . .  . .-_I> . . . . . .  . . .  ,. ~- . . .  
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(PAUSE IN THE PROCEEDINGS] 

THE WITNESS: IF I C24N GET TO e- CAN I GET IN THE JWRY 

BOX, YOUR HONOR? 

THE COURT: NO, NO. 

THE WITNESS: WEU, U T ' S  TURN THIS AROUND A LITTLE SO 

THIS 13 SORT OF SYMBOLIC OF THE -- THIS IS NOT THE 

BETA-GLOBIN GENE I W A S  ACTUALLY W O m N G  WITH, SO THE SEQUENCE 

THERE IS JUST AN -1-Y SEQUENCE, BUT IT FtEPRESEMTS THE 

NOTION THAT WE KNEW THESE SEQUENCES. IF YOU KNOW THIS SEQUENCE, 

YOU KNOW THIS ONE. I GTESS YOU GATHERED THAT SO FAR. 

SO YOU ONLY TO KNOW ONE OF TEEM. YOU CAN -- THAT 
IMPLIES THE OTHER ONE. 

BUT WE -- IN TME CASE OF THE S I C W  CELL GENE, OR IN 

THE BETA-GIDBIH GENE, WHICH HAS A SICKLE CELL MUTANT IN IT, 

WHICH ALSO HAS A WZLD TYPE, THE -- THERE'S ONE PARTIC!WLAR BASE 

PAIR THAT YOU DON'T KNOW, THAT'S WEAT YOU'RE TRYING TO FIND OUT. 

IF YOU W M T  TO K N O W  -- IES "€€IS PARTICFJLAR CASE, I THIN1 

THAT'S A G UP THERE AN A C THERE, BUT IN THE CASE OF THE B 

BETA-GLOBINS, IT'S AN A-T IT'S EITHER AN A-T OR TWE A, WE 

DON'T KNOW WHICH. m8RE TRYING TO FIND OUT. 

THE PROCEDURE 1 WAS PONDERING, WELL, YOU KNOW, IF WX 

CAN MAK3 AM O L I C O M I C ~ O T I D E  TKAT W I L L  BIND SPECIFICALLY TO THIS 

S W D  AND, FOR THE TIM33 BEING, JUST THINK ABOUT THIS SETUP 
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MUEGIS-DIRECT\PASAHOW 13-1360 

KIND OF. 

IF I CAM MELT THE STRANDS APART IM THE DNA SAWLE AND 

THEN HYBRIDIZE CA€EFuzLY AN OLIGONU€LEOTIDE RIGHT ADJACENT TO 

THE EASE PAIR TRAT ItH INTERESTED IN, OR TO THE BASE, APJD SO 

TRIS WOULD BE THE THREE-PRIHE3l END OF THE OLIGQNEJCLEOTXDEr THE 

OHE THAT IT CAN ADD NUCLEOTIDE UNITS TO, AMD PWT POLYHERASR IN 

THERE, IF I CAN W THAT, AND THEN 1 COULD -- IF I COULD DEVISE A 

METHOD WKERB3Y I C O W L D  EXTEND IT BY JUST ONE M E  AND THEN 

RE-ISOLATE THE EXTENDED OLIGON?JCLEOTIDE AND FIGITRE OUT WHICH 

BASED HAD BEEN ADDED TO THE END OF IT, THEN I SHQWLD BE ABLE TO 

KNOW WHAT! THAT BASE W A S ,  BECAUSE IF IT ADDED A e ,  THEN I WOULD 

KNOW THAT WAS A G, OKAY? IF IT ADDED A T, I WOULD KHOW "€€AT WAS 

AN A. 

I THOUGHT THAT PROCESS -- IT SEEBED TO IfE LIKE -- 
REASONABLE THAT THAT MIGHT WORK, BUT LOTS OF THINGS ON PAPER 

LOOKF,D LIKE THEY MIGHT WORK& AND I THOUGHT IT MIGHT BE KIND OF 

MESSY BECAUSE THEFKE'S SO MUCH -- THERE'S SO MANY GENES AND ?KMMi 

DNA THAT MY OLIGONUCLEOTIDE, ALTHOUGH IT MATCHES THE SEQUEHCE 

PERFECTLY HERE M I G m  ALSO PALL IN OTHER PLACES APJD PICK UP THE 

WRONG BASE. 

SO I THOUGHT THERE MIGHT BE A LOT -- IT MIGHT BIZ ALL 

KIND OF THINGS ACTUALLY. 

SO WHAT I DECIDED TO DO AS A WAY OF kSS?RIEJG KYSELF 

THAT WHAT I !FHOUGHT WAS GOING TO HAPPEN WOULD IXAPPEN AND AS A 

WAY OF -- I WAS THINKING OF PUTTING THIS IN* EVERY TIME I DD 

JAHES YEOMANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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THIS, IfLL USE A CONTROL OLIGONUCIXOTIDE WHICH W I L L  -- 
THIS T?iIHG IS MAKING A TERRIBLE NOISE HERE, 

THE COURT: HOLU IT JUST A LITTLE WAYS AWAY FROM YOUR 

MOUTH. 

THE WITNESS: OKAY. I'VE THOWGHT IF, XI4 DOING THIS 

PROCEDURE, IF I WOULD EPIIFLOY ALWAYS A COHTFtC& OLXGON[JCLEOTIDE, 

THEN -- ON THE OTHER STRAND, THEN IF THE ONE OLIGONUCLEOTIDE 

WERE: TO PICK UP A G ,  IF I PUT ANOTHER OLIGONOCUOTIDE ON THE 

OTHER STRAND POINTED TOWARDS THE SAME EASE PAIR, BUT !R€E OTHER 

SIDE OF IT, THEN IF THIS ONE PICKS UP A C ,  THEN THIS OWE OUGHT 

TO PXCK UP A G; IF IF THIS ONE PICKS UP AN A, THIS ONE OUGHT TO 

PICK UP A T, BECAUSE THESE TWO BASES WERE ORIGINALLY COMPIJXEWE 

OF EACH OTHER, 

COMPLEMENTARY TO THEM, WOULD THEN BE COMPLEMENTARY TO E&CH OTRE3 

ALSO. 

SO I SAID I#LL SET UP Aw EXPERIMENT WHERE I PUT TWO 

OLIGONUCLEOTIDES IN, BOTH P O I N T E D  TOWARDS THE SAME BASK PAIR, 

BUT ON DIFFERENT S m D S  AND I'LL A13D -- INSTEAD OF ADDING THE 

NORMAL NUCLEOTIDES WHICH, CAM YOU REMEMBER, !J?HlFl HAVE TWO ENDS. 

THEY HAVE A FIVE-PRm AN THREE-PRIME END, SO THEY CANNOT ONLY 

BE STUCK ON THERE BUT ALSO HAVE SOMETHING STUCK ON T H E W .  

THERE ARE !INESE CHEMICALLY AVAILABLE THINGS eALlED 

DIDEOXYMUCLEOTIDES. THAT'S WHAT THESE LITTLE RED THINGS ARE 

THAT SAY DDC. YOU'VE CAN BUY THE DZDEPXYNUCLEOTIDES. 

JAMES YEOMANS, OFFICIAI; REPORTER, USDC, 415-863-5179 
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IF YO13 ADD ONE OF THOSE, IT STOPS THE IT WOWT 

GROW ANY MORE. THAT'S A MECHAHXSH YOW CAN USE IF YOU JUST WANT 

TO GET ONE THING STUCK ON THERE. 

FB3SE WILL Go IN JUST LIKE THE NORMAL NUCLEOTIDES. 

THEYCLL GO IN C8S ACROSS PROM: C16 AND ACS ACROSS FROM T J 8 .  

I W A S  THINKING, IF YOU MADE THESE RADIOACTIVE SO TWAT 

ONCE THEY WENT IN, THEY MAKE THE OLIGOWUCLEOTIDE RADIOACIIIVE, 

AND BY USING THE GEL TO SEPARATE THE OLIGONUCLEOTIDES IN AN 

KXPERIMEHT, I COULD FIGURE OUT WHICH RADIOACTIVE TRIPHOSPHATE 

THEY HAD TAKEN UP. 

AND I COULD GO INTO THAT, BUT I DON'T THINK IT*S 

NECESSARY FOR THIS EXPLANATION. 

THERE W A S  A SIMPLE WAY 1 WOULD BE A h 3  90 TELL WHICH 

ONE HAD GONE IN. 

SO WICALLY I HAD TO DECIDE WHETHER OR NOT THAT SORT 

OF THING WOULD WORK, AMD I W A S  THINKING ABOUT THAT THAT NIGHT 

WHEN 1 WAS DRIVING IN THE CAR, AND 1 REMEMBERED FROM, LTBE, WHEN 

I WAS W WORKING AT UC, IS IF -- THEXE WAS A GUY THERE IN THE 

LAB Wl30 W A S  -- HE W A S  W I N G  A PROJECT TRYING TO MEASURE PRESENCE 

OF THE NUCLEOTIDE DERIVATIVES IN HUMAN BLOOD. 

I HAD THIS FEELING, I S A I D ,  WELL, I HIG€€T GET A 

CLINICAL Sl4MPLE HERE, LIKE A BLOOD SAMPLE USUALLY IS THE SORT OF 

THING m Y  WILL USE, I tU PURIFY THE DNA FROM TJJAT TO DO 'THIS 

AS A CLINICAL PROCEDURF,, AND IT WIGHT m V E  ALREADY IN IT AS 

IHFURITY SOME OF THE NORMAL NUCLEKQIDES. 

J i E S  Y E Q W S ,  OFFXCIAL REPVRmR, WSDC, 415-865-5179 
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SET THIS UP IT DEPENDED COMPLETELY ON THE FACT THAT ONLY THE 

DIDEOXY OR THE TERMINATING NWCLEOTIDE DERIVATIVES WOULD EVE IN 

THE SOLUTION. IF I m SOME -- IF I m SOME N O ~ L  NUCLEOTIDES 

IN THERE, THREE OR FOUR OF THOSE MIGHT ADD BEFORE TEE 

RADIOACTIVE TERMHATING NUCLEOTIDE ADDED, SO IT MIGHT BE IN 

IF IT MOVED, IF THE r=HAIM GREW DOWN HERE, T H E W  WHEN T€€E 

THING WENT IN, IT MXGHT NOT BE --e REFLECT THE BASE -- IT 
WOULDN'T' REFLECT THE BASE PAIR AT THIS frocATION. 

SO I €€AD TO BE: CiOWCERNXD. I SAID, WELL, HOW CAN I GET 

R I D  OF THEM IN AN EASY WAY? 

IH A CLINICAL PROCEDLRE THAT PEOPLE ARE GOING TO DO IN 

A HOSPITAL, YOU DON'T W A N T  IT TO BE REALLY DIFFICULT* 

I WAS THIKKING, WHAT WOULD BE A SIMPLE WAY TO SET THIS 

THING UP SO THAT IF THEFU3 W A S  A NEUCIXOTIDE IN THERE "HAT CAME 

IN W I T H  THE SAMPLE, THAT T H E Y  COULD BE DESTROYED WITHOUT TRE 

DXDEOXYNUCLEOTIDES THAT I WAS GOING TO PUT IN BEING DESTROYED? 

SINCE TEEEY8AE VERY SIMILAR CF€lMICALLY, I THUWGHT, WELL, 

U T ' S  SEE, THERE'S A ID" OF ENZYMES THAT W I L L  DESTROY NWCLEUTIDE 

DERIVATIVES, THEY'RE -- LIKE "HE POLYMERASE HAPPENS TO BE ONE 

OF THOSE; IH FACT, IT DOESN'T DESTROY THEM BUT CHANGES THEM FROM 

BEING A FLOATING-AROUND FREE W E  TO ONE THAT#S STU%K INTO A 

GROWING CHAIN- 

THM' DIDH8T OfXUR TO PIE IMMEDIATELY. FIRST, 1 WENT 

JAMES YEOXENS, OFFICIAL RBPORTE3t, USDC, 415-863-5179 
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THROUGH A BUNCH OF OTHER ALTERNATIVES. I’VE THOUGHT OF OTI-ER 

ENZYKFS I DO ADD TO THE CLINICAL SAMPLE THAT WOW3;Tl GET R I D  OF 

ANY NWCLEOTIDES THAT WERE IN THERE. 

!rm ONLY REALLY CHEAP AND RELIABLE ENZYME !lxxc I m w  

AMWT WAS ONE CALLED BACTERIAL ALXALINE PHOSPHATATES, BAP. 

THAT‘S THE ONLY ONE THAT I KNEW ABOUT. M D  THAT HAD A REALs;Y 

NASTY LITTLE PROPERTY, WHICH WAS THAT! YOU COULD DESTROY fT BY 

BEATING IT. 

-BUT IT WAS KNOWN m THE LITERATURE AT THE TIME TFWT IF 

YOU CCKlLEI3 THE SOINTION OFF, ONCE YOU DESTROYED IT, IT WOULD. 

LOSE ITS STRU- WHEN YOU HEATED IT. BUT WHEN YOU COOL THE 

SOLUTION OFF IN SIMILAR FASHION TO HOW SOME OF THESE 

OLIGONUCLEOTIDES ROLL UP, AGAIN, WHEN YOU COOL, T H E Y ‘ U  HAVE OR 

FORM S W W C m S .  THIS PROTEIN WOULD REFORM ITSELF INTO A FORM 

THAT HAS STILL ACTIVE. 

SO IF I HAD PUT THE 3ACTERIAI; PHOSPHATATES INTO A T 

CLINICAL SAKPU3 TO GET R I D  OF THE NUCLEOTIDES, THEN I WOULD -- 
AND I CDWLD HAVE THEN HEATED THE SAMPLE TO DESTROY THE 

PHOSPHATATES. 

MJT WHEN I COOLED IT OFF AND TRIED TO ADD MY DIDEOXY 

THE PHOSPHATATES WOULD REFORM AND IT WOULD DESTROY MY DIDEOXY, 

WHICH WERE FAIRLY EXPENSIVE# AND I DIDN’T WANT’ RNY OF THEM TQ 

GET DESTROYED. 

SO I’THOWGHT THAT THAT’S MOT A GOOD WAY TO DO IT. I’VE: 

THOWGHT OF A LOT OF 0”HXX WAYS. 

J m S  YEOMANS, OFFICIAL FSPORTW, USDC, 415-363-5179 
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f REMEMBER I &AID, WAIT, THE POLYMERASE ENZYMX 18W 

GOING TO END UP USING HERE DOES JUST THAT: IT TAKES NUCLEOTIDES 

OUT OF SOLUTION AND STICKS THEM ONTO OLIGCW,.3CLEOTIDES~ 

AND SO 1 THOUGHT, W Y  DON#T 1 TAIZ TJW CLIHICAL SAHPLEE, 

PUT THE OLIGONUCLEOTIDES IN IT, DON'T PUT THE RADIOACTIVE 

TERMINATING NUCLEOTIDES IN, AND JUST WT THE POLXMEFtASE IN AND 

JUST LET IT SIT FOR AWHIIXf SORT OF DO A HOCK REACTION. 

SO I LET IT SIT FOR A WHILE. 

IF THERE AR3 ENOUGH NWCLEUTXIIES IN THERE, THKT WOULD 

GET IN THE WAY. IT WOULD ADD THEM TO THE ENDS OF TWE PRIMER. 

3UT NOW IF I BOIL THE SOWTION AGAIN AFTER IT HAD TIME 

FOR T" TO HAPPEN, 

NUCLEOTIDES HAD BOUND TO WHATEVER OLIGCNLICLEOTIDES HAD BOUND AMD 

BE EXTENDED ON THE DNA, 'THEY W O U L D  MELT OFF, 

I CAN -- I W I U  MELT WHATEVER -* WEATEVER 

NOW, IF I €€AD A VAST EXCESS IZKE ABOUT A HUNDRED 

THOUSAND- OR Mff3;IQN-FQLD, WHAT' I WAS THINKING OF, THE 

O L I G O W C ~ O T I D E S ,  WHEN I COOmD THE SOLUTION, THE NEW 

OWGONUCLEQTIDES WOULD COME M C K  TO THE SITES THAT' I W A S  

INTERESTED IPJ EXPLORING, RIGHT? 

THE ESTA-GWBIW SITE, 3ECkUSE THE OLD ONES WOULD MELT 

\ 
AWAY AND WOULD THE SOLUTION, ;AND THE HEW ONES THAT 

HAD NOT BEEN E BASES WOULD COKE IN, AMD SO THEY 

WOULD NOW RAVE THE E-PRIME END POSI1ION EXACTLY OVER THE 

BASE PAIR THAT I WAS ERESTEI] IN DISCOVERING. 

THE OTHER ONES WOULD JUST 3E OTTER IN THE SOLUTION 

JAMES YEOffANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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THEN I COULD ADD IU DEOXY. I COULD DO MY SINGLE BASE 

POSITIONc AND I COULD ILLUSTRATE THESE TWO M4D 'TELL ME WHAT W A S  

I WOULD HAVE "0 HAVE ONE ENZYME AND USE IT TWICE. 

WHEN I CAN SEI3 -- SINCE YOU HAW3 Aflt BEEN STEEPED NOW 

IH THE POLYMERASE CHAIN REAC'TlOM, T I U S  L I n L E  DIAGRAM UP HERE 

U30XS A LOT LIKE A POLWERASE CE1LAIM REACTION. 

OKAY. I'VE NOW HAD THAT HY HEAD, BECAUSE I EIAD 

DESIGNED IT FOR AWOTHER PURF'OSE, BUT IT WAS STIU; FLOATfNG 

THERE, 

AND I SAID, WOWLI3 THERE BE ANY PROBLEMS? I WAS KIND OI 

PLEASED WITH MYSELF, HAVING SOLVED 'FEAT PROBLEM .SO NEATLY, 

WELL, I'LL USE THE SAME ENZYME TWICE. ANY PROBLZMS 

THAT ARE GOING TO BE CAUSED BY THE FACT THAT' MIGHT 3E A 

]LOT OF NUCLEOTIDES IN THERE AT FIRST, AND THESE OLIGONUCLEOTIDE 

THAT BIND IN THERE MIGHT EXTEND QUITE A WAYS ON DOWN, MAYBE 

THEY'LL PICK UP 4 0  OR 50 BASES BEFORE THE SUPPLY OF M.EUOTIDEB 

SO IF T!KEY PICK UP 4 0  OR 50 BASES AND TMY'RE STILL IM 

MY SOLITTION, ALTHOUGE THEY*RE MELTED OFF THE SITE# THEY'LL STIU 

BE FLOATING ARDWND. WILL THEY CAUSE ANY TROUBLE? AR3 THEY 

LIKELY TO INTERFERE WITR THE PROCEDURE? 

IT OCCURRED TO ME THIS WAS VERY MUCH UF A FLASH OF 

JAMES YEOMANS OFFICIAL REPORTER, USDC, 415-863-5179 
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MULL1 S-DIRECT/ PAS AHOW 13-1867 

INSIGHT. IT SEmS OBVIOUS BECAUSE WE'VE SI23 THIS HERE* 

I WAS DRIVING &T NIGHT. I H&DN'T SEEN THIS BEFORE IT 

OCCURRED TO MI3 THAT IF IN FACT THERE WEEtE ENOUGH NUCLEOTIDES IN 

THERE TO EXTEWI3 THE OLIEOMJCCEOTIDE IDNG ENOUGH THAT THE 

EXTEPTSION PRODUCT OF THIS OLIGOmCUCITIDE WOEfLD FORM -- HAW ON 

IT THIS SEQUENCE BECAUSE IT WOULD BE COMPLEMENTARY TO THAT AND 

THEXEFORE IT WOULD OFFER ANOTHEZ SITE FOR TRIS OLIGONIJCLEOTIDE 

TO BIND. 

SO I WOULD RAV3 GENERATED BASICALLY A COPY OF THIS 

WHOLE SEQUENCE BY TAKING AN O L I G O N U C ~ O T I D E  AUD EXTEMDING ON IT. 

AHD THAT COPY OF THIS SEQUENCE WOULD LOOK LIKE TIfAT SEQWENC3, 

AND THAT SEQUENCE WOULD BIND THIS OLIGONUCLEOTIDE. 

AND I SAID, I WILL HAVE M?l -- I SAID SOXETHINJG REALLY 

LOWD, THAT THAT W I L L  D0UBI;IE THE SEQUENCE, IT WON'T INTERFERE. 

IT WILL RAISE THE LFXEL OF RADIOACTIW N'U'CUOTIDES THAT I'LL BE 

ABLE TO INCORPORATE. 

M D  THE HASTIEST PROBLEM W I T H  ?bHY KIND OF DNA 

DIAGNOSTICS AT TRAT POINT WAS mE FACT THAT THE SIGNAL THAT YOU 

COULD EXPECT TO GET THl3 AMOUNT OF RADZOACTIVIFY THAT YOU COWLD 

ACTUALLY EXPECT TO HAVE INCORPORATED INTO AN DLIGOWIJCLEOTIDE BY 

A PROCEDURE LIKE THIS W A S  EXTREMELY LOW BEeAUSE, AU34OUGH THERE 

WAS A LOT OF -- A DNA SAMPLZ HAD A LOT OF NUCLEOTIDES IN IT 3W 

NOT HAW MANY REPRESENTING ANY ONE SITE. 

so You COULD EXPECT TO GET, urn, ONE TEN 

MfIamMs~ A%' THE MOST, OF DNA FROM A CLINICAL SAMPLE m~ T H ~  

JMES YEOMANS, OFFICIAL REPORTER, USDC, 415-863-5279 
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WOULD IN THERE A CERTAIN lWMl3ER OF CdPIES OF ANY PARTIcI3LAR 

WHAT'S CALLED A SINGLE-COPIED GENE. 

SO THERE WOULDN'T 3E MANY COPIES OF IT. 

YOU CAN GET ONE PER CELL, 

S O  ANY DNA PROCEDURE YOU WERE P W I M G  LIKE "XIS HAD !FC 

DEAL WITH THE FACT YOU HEEDED AN E33REMELY SENSITrVE SYSTEM TO 

BE AB= TO SEE IT AT ALL. 

JUST REALIZED THAT x WULU MAKE -- r mum 

DOUBLE THE 6 Lt IT W A S  REXIXY A N m T  LITTLE THING mLAT THIS 

DOES I 

AND THEM IT OCCURRED TO ME, OF COURSE, THAT MUCZEOTIDES 

WERE FAIRLY CHEAP, AND THEY WERE SOLWBLE IN WATER, AND THEY WE= 

LEGAL IN CALIFORNIA, AND THAT I COULD PUT THEX IN THERE 

MYSELF -- 1 COULD PUT IN ALL THE NUCIEOTIDES'I WANTED TO -- AND 

THAT I COULD REPEAT THIS PROCESS OVER M D  OVER AGAIN MYSELF. 

AND I HAD I- I WOULD HAVE A LOOP REITERATIVE PROCESS 

THAT WOULD GO AROUND AND AF?OUtlD, AND EVERY TIME IT DID, IT WCIULD 

DOUBLE THE AHOUNT OF TIE SITE THAT W A S  AVAILABU IN THE 

SOWTIOM. IT WOULD JUST GO UP, YUST LIKE TEN TIMES WOWLJ) GI'IFE 

ME 1,000; 2 0  TIMES -- I HAD TO SIT DOWM AND MAKE 8WR3 26 TIMES 

WOULD GIVE ME A MILLION+ I K N E W  TEN TO 1,000, IT WOULD. IT 

WOULD GIVE HE A MILLION COPIES. I JUST HAD TO DO I T  2 0  TIHES 

AND X HAVE A MILLTOM COPIES OF A PARTICULAR SITE I W A S  

INTERESTED IN, 

I HAD W L U D  CAR OFF THE ROAD, AND I W A S  Y€JST 

DRAWING LlTTLE THINGS, L h  THESE LITTLE DXAGRAEIS, THINGS SORT 

JAMES PEOHANE, OFFICIAL REPORT=, USDC, 415-863-5179 
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PAFER IN THE CAR, EITHER. r WAS WRITING ON ENVELOPES. 

LONG, LIKE THE VERY FIRST TIME I D I D  mISt THAT THE= WOULD BE A 

PRODUm FORMED WHIM WOULD BAVE ANY NUMBER OF -- THERE WOULD BE 

WO WAY OF STOPPING IT, 

A. THANK YOU, MR. PASAHOW- 

THIS IS MORE LIKE THE KIND OF THINGS I: WAS DRAWING. 

THIS IS ALSO A LITTIE MORE ELABORATE. THIS ILLUSTRATES THE 

. .  
IDEA. 

NOW, THIS IS WXERE WE MERE BACK THERE, EXCEPT IT WAS IN 

YELLOW. 

GOT EXTENDED WOULD BE -- THEY WOULD BE ON A TENPLATE THAT HAD AN 

INDEFINITE LENGTH DNA THAT YO13 ISOLATE NATIJRXLY ON R E A L L Y ,  

REALLY XiHG MOU3CaLES. WE HAVE HAW NOT PICTURED HERE VERY 

ADEQUATELY, BWT WE HAD -- TJ3EY WERE REALLY LONG, AND THE ENDS 

ARE NCIT WELL DEFINEDl THEY DQN'T HAVE LITTIE DOTS ON TIHE END, 

SO THEY GO OFF IN BOTR DIRECTIONS FOR THOUSANDS OF EASES. 

AND WHEN YOU START -- I EXPECTED EXTEITDING AN 

OLIGONUCLEOTIDE ON IT WOULD PRODUCE SOMETHING THAT WEPTT OFF SOME 

HUMBER OF ElASES UNTIE THE ENZYME FELL OFF OR UNTIL SOKETHING 

HAPPENS. 

JAMES Y E O W S ,  OFFICIAL REPORTER, USDC, 415-863-5179 
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DNA, YOU GET THE THING OF INDEFINITE LENGTH. IT'S SOMETHING I 

LATER ENDED UP CALLING THE UlHG PRODUCT, BUT AT THE: TIME, I JUST 

HAD A PICTURE OF "HI8 LONG THING BEING CALLED -- BUT I REALIZED 
THAT WHEN, IN THE SECOND ROUND OF THIS PROCESS, A -- TH% OTIIER 

PRIm MADE -- NOT THE ONE THAT HADE THE FIRST STRAND. 

!PHIS STRAND RIGHT HERE IN THIS D I A G M  WAS M&DE FROM 

THIS PRIMER BEING SENT !CO THERE: THIS STRAND RIGHT H m  WOULD 

HAVE ONE END DEFINITE, BECAUSE TEAT WOULD BE THE END TI€AT CAKE 

SO TMAT ONE I: KNOW, BECAUSE WE SYNTHESIZED IT IN TEE 

LAB TO STOP RTGHT =RE. 

WHEN THE OTHER OLIGQNUCLF,OTIDE PRIHED THAT AND EXTENDEI: 

DOWN, IT -- WHEN IT CXME To THAT END THAT WAS DEFINITE, IT WOUU 

MAXI3 SOMETHING THAT HAD BOTH ENRS FIXED, SO IT HAD A DEFINITE 

LENGTH, AND THE LBWGTH WOULD BE THE DISTANCE BETWEEN THE 

END OF THE OTHER ONE. 

WHILE I W A S  -- W E N  1 STARTED DRAWING THESE LITTLE 

THINGS, THESE DIAGRAMS, ON A PIECE OF PAPER, X REALIZED, I DON'I: 

HAVE TO HAVE TEESE OLIGOWCLEOTIDES SITUATED DIRECTLY BESIDE THE 

BASE PAIR. 

I REALIZED THIS IS A PROCESS THAT I CAM USE ANYWHERE I 

W A N T  TO AMPLIFY A LITTLE SECTION OF DNA AND 1 CAI4 TAKE THE 

JAKES YEOI!GWS, OFFICIAL REPORTER, USDC, 415-&63r5179 
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OLIGOS AND I CAN HOVE THEM JUST BY CHANGING THEIR SEQUENCE. 

CAN HAVE THEM BY3 AS F m  APART AS I WAHT TO. 

400 W E  PAIRS APRRT- 

I 

I COULD MAK3 CmEEM 

EVEN THEN, IF 1 DO THIS PROCESS OVERAHD O m ,  I'LL 

GENERATE A PIECE OF DOUBU-STWNDED DNA m T  WILL HAVE A 400 

BASE PAIR SIZE. IT WILL REPRESENT THAT SEQUENCE "€€AT IS BETWEEM 

THE SPOT THAT THOSE TWO OLIGONUCLEOTIDES SAT DOwW+ 

LIKE THESE THINGS START POPPING UP, THESE LITTLE PIECES 

HERE THAT HAW EXACTLY A DEFINE SITE, 

THINKING A30WT THAT BEFORE IT REALLY SANK INTO ME WHAT I HRD. 

BUT IT -- BY THE WEEKEND -- BY THE END OF THE WEEKEND, 

DRAWN ALL OVER EVERYTIXIFIG IN MY CABIN. 

FINALLY AWD I STAYED UP A L L  HIGH" DRAWING LINES ALL OVER 

EVERYTHING AND TRYING TO FIGUIU3 OUT WHY THIS WOULDNCT WORK. 

IT TOOK A LOT OF SORT OF 

I WAD 

I GOT IN THE CABIN 

BECAUSE I REALLY COULDN'T BELIEVE THAT SOMEBODY HAD NO9 

DOHE THIS ALREADY. I SAID,  WHY, THERE'S SOHEI?HIHG I'M NOT 

SEEING HERE. M Y B E  TOMORROW MORNING, I*LL FIGURE THIS OUT. 

BUT TEIE NEXT DAY, IT WAS STILL THERE, AHD IT WILL WORK. 

I KNOW IT W I L L  WORK. 

AND I THINK TmT'S PRETTY MUCH HOW IT HAFmNED. fT WAZ 

FUN. 

Q *  I TARE IT YOU WERE EXCITED BY YOUR INVENTION? 

A *  I FELT I WAS REAL WIZARD, ALL OF A SUDDEN, 

Q. 

EHERYVIL;LE ON MONDAY PIQRNIMG AFTER THIS WEEKEND, DID YOU 

NOW, WHEN YOU WEHT BACK TO W E  CETUS LABORATORY OVER 3M 



Qr 
12 

s 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1Q 

If 

12 

13 

14 

15 

16 

17 

is 

19 

20 

21 

22 

23 

2 4  

25 

A, WEU, BY WORKING ON IT AT m T  POINT, I W A S  BASXCALLY 

THINKIMG ABOUT IT, AND THE FIRST THING I D I D  IN TF,REIs OF W O m H G  

SEE IF I COULD FIGVRE OUT WHY IT HU?NJT BEEN DONR, FOR ONE 

!F€iING, AMI) IF IT HAD 3EEN DONE. 

HEARD ABOUT IT+ IT WAS TOO PHENOMENAL. IF THAT W ACTUALLY 

EVER BEEN DONE, NOBODY WOULD HAVE FORGOTTEN ABOUT IT, 

THAT WOULD EIkvE BEEN IN TKE WORLD1 AND PEOPm WOWLD BE 

USING IT, f m W  THAT. 

I THO ABOWT IT AND REALIZED I W A S  GOING TO 3E A 

FAMOUS PERSON. OU DON'T TAKE AN INVENTION THAT WOULD HAKR 

YOU FAMOUS AND JUST W IT AWAY- 

I S A I D ,  SOMETHING MUST BE WRONG. THERE HUST BE 

SOMETHING THAT KEEPS IT FROM WORKING, SO LET'S W O K  THROUGH THE 

LITERAWRE AND FIND SOIEBODY THAT'S DONE THIS MFD FAILED, AND 

FAILED IN A BIG ENOUGH WAY THEY WOlJLl3 HAVE SAID, HERE#S WHY IT 

DIDN'T WORK. rT WOULD BE WEAT IF IT WOULD WORK, BUT HERE'S WHY, 

SO I LOOKED TFERDUGH THE LITERATURE, THE TITLES OF ALL 

THE PAPERS I COULD GET IH THE LITERA- SEARCH, AWD LOOKING FOR 

SOMETHING LIKE, HERE'S HOW WE COULDN'T Do THIS. 

YOU DON'T USUZLY FIND THAT- I THOUGHT, IF SOMEBODY 

HAD PUBLISHED ON IT M U  REALLY REALIZED WHY IT WOULDN'T WORK, 

THEY WOULD WLVE WRITTEN SOphE KIND OF €WELEATION. AND I L O W 3 D  

JAMES Y E O W S ,  OFFICIAL REPORTER, USDC, 415-863-5179 
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MUUlIS-DIREa,/PASAHOW 13-1873 
h.. 

FOR IT AND I CDWLDN'T FIND ANYTHIME. 

IT'S DIFFERFNT FROM WHAT YOU NORMALLY DO. IN A 

SITUATION UKP. THAT, YOU GO TALK TO PEOPLE. I AM FAIRLY 

TALKATIVE ANYHOW, AND A ZlOT OF PEOPLE COMING THROUGH MY LAB 

IOOKING TO SEE IF WE FINISHED THEIR OLIGONUCLEOTIDES. IF WE 

HADN'T, WHAT W A S  I DOING WRITIEJG Au THIS WEIRD STUFF ON MY 

DESK? 

I TOLD EVERYONE I COULD FIND AT CETWS ABOUT THE IDEA 

AND ASXED THEM IF THEY EVER HEARD OF M Y B O D Y  DOING IT AND TRIED 

TO EXPLAIN TO THEM IM FACT, WHEN THEY SAID NO, WE HADN'T, I 

SAID -- 
MR, FIGG: YOUR HOMWR, WE'RE GETTING INTO HEARSAY HERE. 

THE COURT: WELL, IN A MANNER OF SPEAKING.  

THE WITNESS: I COULDN#T FIND -- 
TRE COWRT: WHY WHIT WE HAVE ANOTHER QUESTION? 

PIR, PASAHOW; WELL, YOUR HONOR, AS TO THE RESPONSE OF 

H I S  COLLEAGUES, THAT IS ONE OF !l?lE THINGS WE INTEND TO 3RINQ OU1 

TO SHOW THAT' IN FACT TI333 CONVENTIONAL WISDOM W A S  TEWT TEEIS 

LONG NARRATIVES. MAYBE SHORT PUNCHY QUESTIONS AND ANSWERS. 

Q n  (BY MR. PASAHOW) DID YOU DISCUSS THE I:NVENTION WITH YOUR 

COLLEAGUES IN THOSE F I B T  FEW DAYS AFTER YOU GOT BACK? 

A. WITH MANY OF THEM, WITH EVER'YTHING, WITH EWERYBODY THAT I 

COULD GET TO LISTEN. 

3-S YEOBlAHS, OFFICIAL REPORTER, USDC, 415-363-5179 
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THIS N b  IDEA? 

A. Ha-\ THEY WERE MORE INTERESTED IN THEIR OLXGU~CLEOTIDES 

THAT WE% PERHAPS LATE, OR WHAT-, 3UT THEY WEREET'T 

INTERESTED. THF,Y WERE AMAZINGLY RESILIENT !TO THE IDEA, 1 

THOUGHT. 

IT + 

Q* 

1 

\ 

i 
B 
$ JUST COULDkJ#T BELIEVE NO ONE ELSE GOT EXCITED ABOUT 

DID ANY OF THEM SWGGEST TO YOU THAT IT WOULDN'T WORK? 

A+ MANY OF THEM SUGGESTED THAT IT WOULDN'T WOF€K. AND THEY 

WOULD SORT OF -- THEY WOULD FIRST, I THINK, JUST THINK 'THAT I T  

WOWLDN'T WORK: THEN THEY "RIEII TO THINK OF A REASON WHY IT 

WOULDN*T WORK. BUT SOMETIMES THEY OFFERED REASOMS WHY I T  

WOWLDM'T WORK. BUT EVEM MY CIRT-rFRIEND DIDpT'q THINK IT WOULD 

WORK., 

Q. WAS YOUR GIRLFRIEND A SCIENTIST? 

Q .  WEEEN DID YOU FIRST FORMALLY ERESENT THIS IDEA TO YOUR 

COLLEA6UES AT CETUS? 

A, WELL, IT WOULD HAVE BEEN IN A TALK THAT I GAVE IH MHMIWOF 

h W H ,  WHICH WAS ONE OF THE ONES THAT' I HAD TO GIVE- EVERY THREE 

OR FOUR MONTHS, I HAD TO GO  DO^ AWD TELL THE# WHAT I HAD BEEN 

DOING, AND I -- IN THE COURSE OF THAT, I KFNTIQNED THIS- I 

DESCRIBED THIS IDEA. 

I PUT SOHE DIAGRAMS UP ON WE SCREEN AND EXPLAINED WHAT 

I THOUGHT WAS A MAGNIFICENT CREATION AND I -- IT WAS THE FIRST 
J.IES YEDMANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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M U U Z  $ -DIRE CT\ PAS AHOW 

TIME I HAD TALKED ABOUT IT IN A MEETING 'WERE THERE WERE A LOT OP 

13-1875 

PEOPLE, AND I EXPECTED THEFX WOULD BE THEN -- BY THEN, 1 WUUGH!I 

A. LOT OF PEOPLE WOULD SEE IT AND I'D DESCRIE3 IT' IN A.WAY THEY 

WOULD GET EXCITED ABOUT XT. 

Qw WHAT WAS THE RESPONSE? 

A, A COUPLE OF TECHNICIANS ACTUALLY D I D  COME DOWN AFTER TKl5 

TALK AND THEY WERE EXCITED ENOUGH TO SAY THEY'D BE INTERESTED 

IN -- YOU KNOW, THAT THEY DfDN8T -- NEITHER OF THEM WORKED FOR 

MZ, BUT THEY WERE INTERESTED IN HEARING M o a E  ABOUT IT. 

MOST OF THE PEOPLE EITHER LEFT THE ROOM BEFORE I W A S  

DONE OR IN A -- SORT OF STAYED AROUND TO HECKLE. YOU NNQW, THEY 

FRIENDS OF MINE. THEY WERE USE TO MF, HAVING R E A U Y  B32UhRR€ 

IDEAS,  AND T m Y  JUST THOUGHT THIS W A S  ONE MORE OF THOSE, 

WHETHER THE IDEA WOULD WORK IN THE LAB? 

FIRST -- I 3 ,  

Q, WHEN WAS TKE DRIVE THAT YQU TOLD US A3O.UT? 

A, I THINK IT WAS APRIL, HAY, JWHE, THE BUCKEYES WERE 

BLOSSOMING, 1 KNOW THATa AND m T  HAPPENS ARO'UND I DIDN'T-- 

YOU K N O W ,  1 LOT OF THE --MOST OF MY RECORD$ OW !!XIS THING I W E  

WRITING ON MY CDMWTER, I WAS IN LOVE 'WITH MY COMPUTBR BY THEH 

AND I AM NOT SETRE EXACTLY WHEN, BWT I THINK IT'S APRILl  MAY 

I983 

Q. NOW, B E M E N  THAT TIME AND WHEN YOU DID YOUR FIRST 
- 

JAMES YEOHANS, OFFICIAL REPORTER, U S E ,  415-863-5179 
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OR RESEARCH TO TRY AND FIMD OUT HOW YOU XIGHT GO ABOUT DOING 

THIS? 

A. I DIQ A LOT OF JUST, YOU KNOW, QUESTIONING MY FRIENDS WHO 

KNEW THINGS, YOU €34OW, TO FIND OUT HOW THEY WOULD GO ABOUT IT. 

I m N T  TO THE LITERATURE AND I LOOKED UP POLYMERASE AHD, YOU 

KNOW, TRIED To FIGURE OUT WHAT I T S  PROPERTIES WERE, AUD VARIOUS 

SOURCES ANI) BOOKS AND PAPERS. 

I DID A LOT OF THXNKIHG ABOUT WHAT SORT OF RAPES OF 

REACTION I WOULQ EXPECT, AWD MOST OF THAT WAS JUST EDUCATED 

GUESSING. I DON#T THINK THERE WAS AVAILABLiE -- OR AT LEAST I 

COULDN'T FIND IT. THERE WEFtZ EO AIISWERS AVAILABLE TO QUESTIONS 

THAT -* A LOT OF THE QUESTIONS THAT I HAD TO SORT OF GUESS AT. 

ENZYME WORK? HOW LONG SHOULD YOU RAVE TO WAIT FOR THIS TO 

HAPPEN? WXAT -- HOW HUCH OF THE ENZYME SHOULD YOU ACTUALLY TRY 

TU USE? 

PEOPLE HAD RECIPES FOR VARIOUS PROCEDURES TKAT THEY 

DID, BUT THOSE RECIPES ~ R F :  NOT RELEV-ANT, = m y ,  TO HHAT r WAS 

INTERESTED IN. 

Q. DID YOU COME UP WITH A SET OF CQNDITIWS THAT YOU HOPED 

WOULD WORK? 

A. WLL, I CAME UP WITH LOTS OF DIFFEREH" POSSIBILITIES, AND 

IT W A S  -- IT WAS -- MY STANDARD PRACTICE WHEN I WAS TFXING TO Ix 

JAMES YEOMANS, OFFICIAL REEQRTER, USDC, 415-863-5178 
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mu1 s - DIRECT\ PAS AHOW 13-1877 

SOHETHING MEW WIOUUI BE TQ TRY THE EASIEST POSSIBLE THING, THE 

THING THAT I THOUGHT G W E N ,  YOU KNOW, THE BLFSSINGS FFXM ALL TRE 

CfEEMICALS AND EVERYTHING, IF EVERYTHING WORKS PERFECTLY, WAS THF 

EASIEST THING TO DO BECAUSE, IF THAT WORKS, YOU DON'T HAVE TO DQ 

ANY HARDER ONES. 

SO TOOK A COUPLE OF OLIGONUCLEOTIDES THAT I HAD 
~ 

GYMTHESIZED THAT WOULD BIND -- THAT SHOULD BIND TO -I WHAT HAI]: 

JUST BEEN PUBLISHED BY GENENTECH, A SEQUENCE FOR A !MIHG CALLED 

KENT HOMX. 

W I L L  HAPPEN BY ITSELF. HAYBE 1 WON'T REALLY HAVE TO HEAT AND 

COOL AND HEAT AND COOL, BECAUSE MAYBE THERE WILL BE -- SOME OF 

YOU LIFAVFI THINGS AT 37 DEGREES FOR IjoNG TIMES, DNA W I L L  BE 

STABLE AT 37. IT'S DOUBLE-STRANDED EWT SOPIETIKES, ACCIDENTAUY, 

ONE OF T H m  WILL SHAKE ITSELF APART. 

I'VE HUT -9 IF IT DOES, MY OLIGOIWCLEOTIDES MAY BE 

PRIMED AMD CET EXTENDEDc MAYBE THAT W I L L  JUST SHAKE ITSELF 

APART; THEN THE PRIMING PROCESS W I L L  Go OVER AND OVER BY ITSELF, 

IT W A S  THE -- IT WAS ASKING A IDF, BUT 1 TRIED THE 

EXPERIMENT, AND I COULD EXAMINE IT REi9L EASILY BY JUST PUTTING 

JAMES YEOMANS, OFFICIAL REPORTER, USDC, 415-363-5179 
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mu1 s - DIRE cT/ PAS AHOW 13-1378 

IT OW A GEL AND SEEING IF I HAD A FOUR EfiTMlSRED BASE PAIR BAND. 

HIDNIGHT, I THINK, AND CAM3 BACK THE NEXT DAY- AND AROWWD NOON, 

I W T  IT ON THE GEL, AWD I DIDN’T SEE ANYlWING. 

WELL, THAT DIDN’T WORK. IT WASN’T THAT DISCOUIkAGIHG. 1 WAS 

SO f SAID, 

ASKING A mT. 

Q1 WHEN DID YOU DO THAT EXPERIMENT? 

A. THAT WOULD HAVE BEEN SEPTEHBER -- AROUND S E P T W E R ,  A COUPLE 

Q .  YOU RF,FERRED TO 37 DEGREES. IS THAT A FEW DEEaEES ABOVE 

FREEZ.ING YOU WERE TALKING ABOUT? 

A. NOT IN A BXOIDGICAL SENSE- IT’S A LONG WAY ABOVE FREEZING, 

IT‘S THE TEMPERATURE OF YOUR BODY, 

Q .  THAT‘S 37 DEGREES IZENTXGRAISE? 

A. 37 DEGFEES CENTIGRADE. 

Q. CELSIUS. 

A. OKAY. 

Q+ AFTER THIS SEPTEMEgR EXPERIMENT DIDN’T WORK, WHAT DID YOU Dc 

NEXT? 

A. I THINK I WENT TO A’MEETING, AND THEM -- A MEETIEJG IN 

BOSTON 

THE HEX” TIME I GOT AROUND TO DOI#G AN EXPERIMENT, IT 

W A S  INQCT@BER. THIS TIME, I TOOK THE SAME SYSTEM, BASICALLY, 

JAMES YEOMANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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THE S m  TWO OLIGONUCLEOTIDES AND HUMAH DNA, AWD I -- THIS TIME, 

MOW, I HEATED THE DNA TO DENATURE; I ALLOWED THE 

PRIMERS TO ANNEAL OR SOM3 TIME FOR T E E M  TO ANNEAL; AND I PLTT IN 

SOME THE POLYHF,RASE THAT I WAS USING CALLED CfHIE KLENOW FRAGMEHT 

OF THE POWBERASE IN THE ENZYME. THAT'S WHAT WE HAD AVA1LPLBJ.E 

IN THE LAB. THAT WAS THE ENZYME f WAS U S I E ,  SO I PUT TF€AT IN, 

AND 1 HAD THE TRIPHOSPHATIWt. 

I DID THAT FIVE TIMES, SO -- FIVE TIHES IS ABOUT AS 

MAMY AS I WANTED TO COMPLETE IT. MAYBE I DID IT TEH TIMES, 

SOMETHING LIKE THAT. PROBABLY DrD IT FIVE TIMES AWD MAYBE FIVE 

MORE T m S m  

IT SEEMED LIKE KIND OF A LDT OF EFFORT TO GO TO, BUT I 

THOUGHT IT MIGHT WORK. 

SO I WOKfID AT THAT ON A GEL, AND 1: STILL DIDN'T HAVE 

ANY 400 BASE PAIR PIECE, 

SO I WOWGHT, WELL, SOMETRING ELSE IS W I N G  ON mERE 

Q. SO THIS WAS IN OCTOBER 1983? 

A. YEAH, THAT W O W  HAW3 BEEN OCTOBER. 

Q. THIS TIME, YOU WEXS DOING A CYCLING FtEACTION USING -- 
A. RIGHT. 

Q. --PRIMERS? 

A. RIGHT. 

Q. YOU KEEP TALKING ABOUT TRIPHOSPHATES. MAYBE YOU'D BETTER 

JAMES YBOMANS, OFFICIAL REPORTER, WBDC, 415-863-5179 
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HULLIS - DIRE CT/PASAHOW 13-1880 

TELL US WHAT ARE, 

A. THAT'S THE NUCI;EOTIDE -- THE SORT OF SINGLE HOLgCUIE FORM OF 

A NUCLEOTIDE THAT IS 1- YOU ACTUALLY USE IN A P O L W E  

LITTLE BIT OF ENERGY 'TO GET THE BOND FOFMED, ALMOST LIRE A 

SO WHEN IT STICKS I T  IN THE RIGHT PIACE, TIEE MOLEcI3LE 

FLYS WART AWD CAPTURES INTO ?HE GRWIWG CHAIN, THAT'S JUST OUR 

JARGON FOR THEM TO CALL THEM TRIPHOSPHATES INSTEAD OF CALLING 

THEM NUCLEOTIDE !MUPHOSPHATE$, I GUESS, FOR FURPOSES FIE=, WE 

SHOULD CALL THEM NUCmOTIDES, FOR !I'HE TIME BEING. 

Q* 

AND TOS? 

A. YES. 

ARE THESE THE THINGS WE'VE BEEN CALLING A'S AND G f S  AND C r S  

Q .  WHAT DID YOU DO AFTER BOTH THE SETTEHBER EXPERIKENT AND THEY 

THE OCTOBER E X P E R m N T  DIDN'T WORK? 

A. I DECIDED *- 1 THOUGHT AWUT I T ,  WREN 1 WAS DOING IT* I 

SAID, YOU KNOW, HULLIS, YOUIRE ASKING A LOT HERE TO B3 STARTING 

RIGHT ONTO HUMAN DNA AND MAKING A FOUR HUMDIU3D BASE PAIR PIECE, 

DNA AM3 TRY TO MAKE A SMAWrER PIECE AND SEE IF YOU CAU DO THAT. 

IF YOU CAM DO THAT, ?KW CAN WORK BACK UP TO THE 400 

BASE PAIR PIECE. THE 400 3ASE PAIR PIE= WOULD 3E YERY, VERY 

JRWES YEOMANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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REASOMS I WANTED TO DO THAT. 

THAT- AND THEY 'WOULD BIND ABOUT 2 5  BASE PAIRS. THEIR 

FIVE-PRIME ENDS WOULD BE ABOUT 2 5  BASE PAIRS APART, 

AND SO THEN X EAD A MUCH SIMPLER KIND OF SYSTEM, I 

PLASMID AND THE NUCLEOTIDES, AND I D I D  ABOUT TEN CYCkrF;S JUST' 

ABOUT THE SAME AS 1 HAD DOME FOR THE HUFLAN DNA THE LUST TIME, 

TEN CYCLES, AND TIEN I ADDED WEAL, I TOOK IC- I =KED AT THAT 

STUFF ON A GEL AFTER A W W "  TEN CYCLES AND MOW I W M  LOOKING FOR 

A 25 BASE: PAIR PIECE, AND I "HOWGHT I COULD SEE A BAND. 

IT W A S  ON ONE OF THESE GELS, LIKE AN E?FEIE6E&W STAIN 

GEL. I DON#T KNOW IF WEWE TALKED A B D ~  ETHIDIUM. IPS NOT 

NEARLY AS SENSITIVE AS RADIOAC?'nrE TRACER-TYPE GELS WHERE YOU'VE 

P32 IS, 

FOR AN ETHIDIUM STAIN GEL, YOU CAN GET THE DNA TO HAVE 

A COLOR YOU'VE ELFAXED TO GLOW, RED, I EUT IT OM THAT K I N D  OF 

GEL+ IT TAKES A IDT DNA TO SEE AN ETHIDIUM BAWD THAN IT 

JAMES YEOMANS , OFFICIAL REPORTER, tXSDC, 415-863-5179 
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YOU'RE: SITTING THW IN "HI3 DARKROOM. YOU SHINE THE 

TIME I'LL PIE' IN SOBE RADIOACTIVE C.  

AND W O K  AT IT ON My RADIOGRAM. 

I'LL PUT IT ON A NEW GEL 

IF THERE'S ANY OF 11 ON TEEERE 

AT ALL, IT W I L L  SHOW UP. 

I DID THAT. I W A S  W m N C  LATE IN THE A E T ~ O Q P J  WH3N 3 

DID THAT, AND I PIFT IT ON R GEL THAT WAS -- ACTUALLY WADED '%HE 

REACTION ON A GEL THAT WAS GRIMDING ALREADY IN THE frAWRATORY, 

AND I e- FOR MOTHER REASON, 

K THAT OFF AlTER ABOUT AN HOUR AND PUT IT UP 

X-FLAY PAPER, WAITED FOR, I THINK,  30 MINUTES, 

M D  THEN I D PED IT. AND, zx1 AND BEEIOLD, RIGHT WHEXX I 

WANTED IT TO BE W A S  THIS BEAUTIFUL BAND. 

I WAS THRILLED, BWT THEREJS NOBODY IN THE LAE TO TFLG. 

TH3 LAB W A S  ENPTY BY THEN. 

AND m& IN, WHO WAS PATIENT ATTORNEY AT CETWS, 

HAPPENED TO STILL 

H I S  OFFICE WAS RIGHT DOWN THX HALL FROM MINE. 

I#LL TELL HAL. 

IN H I S  OFFICE, T I  WAS ABOUT 7 : O O  O'CLOCK. 

I THQUGHT, WELTI, 

BEST THING TRAT WAS AVAILABLE AT THE TIME, 

AWD A PATEHIT ATTORNEY IS ALWAYS WILI;ING TO BELIEVE IN 

NEW INVENTION, fQHICH IS A REALLY -- I TQLD A UIT OF PEOPLE ABOU 

JAMES YEOWWS, OFFICIAL REPORTER, USDC, 415-863-5179 
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MULL1 S -DIRECT/ PAS AHOW 13-1883 

TITI3 IDEA AND TBEY RAD JUST SAID, "FORGET IT. I T  WON'T WOFZ." 

BUT WHEN I DOWN TO HAL, I SAID, "1 JUST IlTVEWTEI) 

SOBIZTHING I THINK IS PHENOMENAL." 

RE SAID, "OH, YEAH? GREAT. THAT'S WHAT MY BUSINESS 

IS," AND HE WANTED TO SEE THE DATA. 

r SAID, XIST GOT om M D  ON AN AUTORADIOGRAH. I 

THINK IT m L L Y  W032KEI1, H A L n  

AND I EXRIAIHED TO H I H  THE IEJVENTION. HE FGALIZED -- 
HE SAID, "IF THIS WORKS, IT WILL BE PHENOHEMAL. 9HIS W I L L  BE 

THE MOST FUN THING WE PATENTED HERE." 

I TOOK HIM IPI THE DARRRooIiI. THE W I N G  WAS STIIL WET, 

AFTEK YOU DEVELOP THEM, YOU HANG THEH UP, "HEY WERE DRYING, 

HE IcOOKED AT IT ANI3 IT WAS JWST -- THERE WERE NO 
CONTROLS; VERY Su)PPY EXPERIMENTa BUT IT W A S  THERE. 

AND HE CONGRATULATED &Ep WHICH I WAS IMPRESSED, BECAUSE 

NO ONE HAD CONGRATULATED ME ON HAVING THE IDEA. 

HAL F I M A U Y  BELIEVED HOT QNLY DO YOU HAVE IT, BUT YOU 

GOT IT TO WORK. AND I FELT REALLY GOOD. 

AND I TOOR THE GEL TO FBBP I?- 3's HOUSE, WHO WAS A 

TECHNICIAN THAT WORKED FOR ME AT THE %THE AND HELPED ME SET THE 

DIDN'T K N O W  WETHER TO TRUST ME WHEN I TOLD HIM THIS REACTION 

WE DRANK A FEW BEERS. BY THE TIME WE WERE THROUGH, I 

THINK HE BELIEVED IT WOULD HAVE AN EFFECT, 

JAKES YEOMANS, OFFICIAL REPORTER, WSDC, 415-863-5179 
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Q n  DID YOU SAVE THE FIRST PICTURE YOU DID OF THAT ETHIDIUM 

STAIN GEL IN YOUR NOTEBOOK? 

A. I -- THERE'S COPIES OF IT AROUWD. 

Q .  LET ME SHOW YOU WEiAT IS Pr PORTIOM AT LEAST OF PAGE 174 OF 

EXHIBIT A-53. 

A. YOU CAN'T SEE IT. 

Q- I'M SORRY. YOU NEED THE I I ~ O P H O ~ *  

A. THESE THINGS DO AGE IN Tim, BUT ACTUALLY SOMEWHERE: RIGHT 

ABOUT THE= (1NDICATING)IS WHERE: I THOUGHT THERE OWGHT TO BE A 

BAND. 

AND WHEN I T€iOWGHT I WD'W3 SEE IT, I D I D  MY NOTATION, 

THERE WAS -- THE A R R O W  MARKS THE SPOT WHERE TRUE BELIEVERS SEE 9 

BAMD. YOU CAN'T SEE THAT AT THE BOTTOM THERE. THERE WEREH'T 

TOO MANY TRUE BELIEVERS AT !IWAT POINT. 

THIS IS THE ETHIDIUM. STAIN GEL, YOU SEB A BAND ABOUT 

24 BASE PAIRS, AND r COULD TELL IT WELS ABOUT 24  BASE PAIRS BY 

A I L  THESE OTmRS. m S E  ARE THE KIND OF W I N G S  I WAS LOOKING 

FOR. 

THIS IS THE STANDXRII SORT OF T H I N G S  I WT ON THERE. 

THIS IS ACTUALLY A DIGEST OF THE PLASWID I HAD USED. 

AWD I KNEW SOKE%'HERX AROUND HERE, THERE OUGHT TO BE A 

NEW BAND. IT REALLY WAS HARD TO TELL, 

I'VE GOT A 3ET!FER RADIOGRAM -- CAN YOU SEE THAT? 

Q. THIS IS THE F!ADIOGRAM YOU DID A FEW DAYS LATER? 

A. YEAH. THIS IS -- THIS IS THE -- THAT IS HFIERE -- I DIDN'T 
JAMES YEOPPANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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THESE ARE THE STANDARDS, THEY RAN OUT AT ABOUT 4 5  BASE 

PAIRS, SO I DIDN’T HAPPEN TO HAVE A STANDARD AVAILABLE THAT WAS 

I WOULD HAVE PUT THAT IN THIS XlANE AND SAID THAT IS 2 5 ,  

BUT THE FACT THERE W A S  GOMET3ING THERE XN THE GENERAL 

NEIGHBORHOOD OF 2 5 ,  THERE WEFZ A COUPIJ3 OF OTRER LITTLE M D S .  

I: COULD ALWAYS BXFLAIN BY REFERRING BACK TO MY -- THERE WAS A 

WAY THAT A 36 COULD HAPPEM IN A 4 1  IF THE PROCESS WAS RE2lW.rY 

WORKING 

60 I SAID, WELL, THAT COULD BE IT, AND THAT COWLD 3E 

THE 41. 1 DIDN’T NEED THOSE, BUT THE FACT THAT’ WAS THERE, IT 

WAS VERY BRIGHT &ND I DIDN’T HAVE: TO FIND A TRUE BELIEVER TO 

SAY, IS THERE SOME’FHING THERE? 

WITH THE MAGIC OF FQiDIOACTIVITY, YOU CAN SEE HINISCULE 

LITTLE THINGS, THIS WAS PROBABLY A VERY INEFFICIENT REACTION 

THE WAY I SET IT UP. IT DID MAKE A PRODUCT THAT WAS HOT THERE 

BEFORE. I COULD DETECT A SMALL AMOUNT OF PCR BY THE FACT THAT’ 

THERE W A S  NO 25 BASE PAIR PIECE IN THERE BIZFORE. THERE WAS ONE. 

W M  41# AND THAT WAS 36, AND THAT WAS 25. THOSE WERE MY 

GUESSES. 

COULD HAVE BEEN MISLEADING, I W A S  S T X U  IN A STAGE WHERE THIS 

J W S  YEOMAHS, OFFICIAL REPQRTRR, USDC, 415-863-5179 
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Q. HOW COULD YOU TELL THE 25  W A S  SOMETHING TRAT HAD BEEW W E  

BY THE REACTION AND T€WT IT WASN'T SOBETHING !IXAT HAD ALREADY 

BEm THERE? 

A. 

TkIFZE W A S  THE I;AmL, LIKE 1 WAS DOING THAT REACTION OUT OF wK3LT 

WAS A RESTRICTION DIGEST OF A PLASMID, AND THAT W A S  mEE M E  

THAT WAS RIGHT BESIDE THaT -- W€WT WAS THE LABELED RESTRICTION 

WELL, 3Y -- THE ONE CONTROL 9- SET OF CONTROLS I HAD ON 

FRAGmNTS THAT WOULD HAVE BEEN IN THERE A m D Y ,  

AND I CLEARLY HAD SOMETHI.MG NEW, SEE, IN LANE ON 

!IXE LEFT THERE. THERE IS NO BIG BLACK SPOT ON THE BOTTOM. 

SO 1 GOT A NEW SPECIES PRODUCED, AWD I COULDN'T TELL 

HOW MUCH I HAVE OF IT. I HAD - I COULD TELL THAT IT W A S  THERE 

THE PCR PROCESS WILL GENERATE A FFAGKENT WITHOUT ItAVXFh 

FACT, YOU ALMOST MWER START WITH A FWGMENT THAT YOU*VE ALREAD' 

MADE TO BE A CERTAIN SIZE. 

SNATCHES IT OUT, BASICALLY, THEN AMPLIFIES I T  UP. 

USUALLY, !FHIS PROCESS GOES 134 AND 

SO THE 25 BASE PAIRS F€AD NOT EXISTED BEFORE 80 HOW IT 

EXISTED, AMD 1 DIDH'T HAVE TO KNOW HOW MUCH EXISTED TO IWOW THE 

JAKES YEOKANS, OFFICIAL REPORTER, USDC, 415-863-5179 
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R A D I O A C T m  THINGS. I DON'T KNOW WHAT ALL THAT IS, WH&T IS -- 
THAT WHOLE SIDE? 

Q* YES. 

A. THAT IS MY STANDARDS, AND THEY#= KIND OF BLOBS. IF I HAD 

NOT -- IF I HAD NOT DEVELA)PED -- 1 OVEREXPOSED IT, SO THERB 

WOULD BE DISCREET LITTLE BAMDS THERE, BUT THEY'RE SHOWING ME 

WHAT W A S  XN THE REACTION TO START WITH, 

YOU CAN SEE SOME OF THOSE AFTER THE REACTION IS OVER, 

BUT THAT'S SHOWING M?, THE FRAGMENTS 'THAT 1 BEGM WITH. THE ONE 

ON THE RIGHT IS SHOWING HE THE FRAGMENTS THAT I ENDED UP WITH 

AND SHOWING ME THE NEW ONES THAT I HAD SYNTHESIZED USING THE 

PCR. 

Q. SO THIS WAS THE SOLUTION BEFORE YOU DID THE PCR ON IT? 

A, THAT W A S  AS CIDSE AS I COULD GET TO WHAT WOWW, HAVE BEEN 

"XERE BEFORE IT. IT WOULDN'T -- W T  WAS NOT A PERFECT 

EXPERXHFJIT, EITHER, THE PROc%SS OF HEATING AND COOLTMG AND 

HEATING AND COOLING BY ITSELF WOULD HAVE DOWIE: SOPIETHING TO TFiUSI 

3ANDS, TOO. THAT WAS PUT ON THERE SO I KNEW WWW 44 W A S .  WHAT 

I WAS LOOKING AT W A S  SOMETHING TOTALLY M 3 W .  

Q ,  DID YOU THINK THESE RESULTS WERE G0I:MG TO CONVINCE YOUR 

JAMES Y E O W S ,  OFFICIAL REFORTER, USDC, 415-863-5179 
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COLLFAGUES AT CEWS YOU HkD MANAGED TO HAICE THIS IDEA WORK? 

A. I THINK IT CONVIMCED HAL. HAL W A S  THE PATENT ATTORNEY. HE 

HAD A YESTED INTEREST IN THAT, WRWTING To- SBE A MICE I ~ I O N .  

MOST- PEOPLE, NO, THEY WERE NOTc THIS WAS IN DECEMBER 

OF '83, AND IT WAS S T I U  A Ix1NG, UPHILL BATTLE TO GE9 ANYBODY AT 

CETUS EXCEPT -- I THINK FRED FAIOOHA HAD ALSO STARTED BELIEVING 

BY THEN, WHO WAS My TECHHICIAEJ AND Hy F"RfEND, B" IT W A S  NUT 

COWINCING. I WOULDN'T EXPECT IT TO BE. 

Q .  DO YOU RECALL THE NEXT EXPERIMENT YOU D I D  INVOLVING PCR? 

A, I THINK I WWT BACK TU EITHER TRY HUMAN EXPERTM€IJT AGAIN -- 
NU* I TRIED aW EXIPERImNT -- YES. THIS WAS EVEM MORE 

AMBITIOUS. 

14 
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Ia-A-H-B-D-h, P-H*A*G-& 

THIS EXPERIPIENT WAS FIVE NOW B-ASE PAIR CYCLE. 

IT HAS -- WHAT I HAD STARTED WITH WITH 

I'VE SAID, OKAY. I'LL GO UP BY AN ORDER OF MSNITUDE 

TO LAMBDA, WHICH HAS 50,000 BASE PAIRS, A LITTLE MORE 

CUMPLIeATED THAN PIASKID AND WAY LESS COMF'LICATED THAW THE HWMW 

GENE WHICH I STARTED WITHr 

' I'LL TRY THAT, I S30ULD HAVE CONE TO A 25 BASE PAIR 

PRODUCT THERE:, TOO. 

1 SAID, WELL, THERE'S THIS CONVENIENT 2,- BASE PAIR 

PIECE I CQULU PRODUCE BY ANOTHER METHOD WSING A RESTFLICTION 

ENZYME. I COULD USE THAT AS A STANDARD ON A G3L. 

I: WANTED TO A PIEm m T  3: SORT OF ALREADY h&D SO 

JAMES YEOMANS, OFFICIAL REPOFtTER, USDC, 415-863-5179 
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I CWUI WT IT SIDE BY SIDE AND SAY, HEY, THIS IS A 2,000 BASE 

PAIR PIECE, 

HAPPENED TO HATE A DIGESTED LAM3DA. 

PRIMERS TO HAKE A TWO THOUSAND BASE BEAR PIECE LAMBRA. 

THAT EXPERIMENT AND IT DID HOT WORK. 

Q +  WHAT Do YOU HEAN I T  DIDN'T WORK? 

A. 1 DIDN'T GET THE TWO THOUSAND BASE PAIR PIECE. IN FACT, 

I'VE SHOULD HAVE FOUND A LITTLER PIECE, I JUST 

I DESIGNED A COUPLE OF 

I TRIED 

I -- IT'S HARD TO GET A TWO THOUSAND BASE PAIR PIECZ W I T H  THE 

E N Z m  I WAS USING THEN. 1 DECIDED, WELL, THAT#S Too AMBITIOUS. 

9 .  GOING BACK TO THIS EXPERIMEW TE€AT WORKED IN DECElfBm: 

WHEN YOU DID THIS PCR ON THAT, YOU SAID THE DNA W A S  A 

CYCLF, OF DNA. D I D  YOU DO TRE PCR OM THE CYCLE? 

A. NO. IT ACTUALLY CAME: FROM A CYCIX OF 5,000 BASE PAIR CYCLE.  

WHAT I DID IT ON WAS A RESTRICTION ENZYME DIGEST OF 

TIIAT CYCLE. SO YOU TAKE ONE OF THESE EUZYMFS, LJXE DR. SMITH 

WAS TALKING AWCIUT, AND YOU CAN CUT THEM, YOU TAKE Pr PIECE THAT 

HAS 5,000 EIASE PAIRS IN A CYCLE ANI3 CUT IT INTO MAYEE TEN 

FRAGMENTS 

EVERYWHERE THE SEQUENCE OCCURS THAT THAT EN3YME 

RECOGNIZES, IT W I L L  HAKE A CUT IN THE CYCLE, 

IT UP INTO SOME W A G E A B U  IIUHBm OF PIECES. THAT'S WHAT I 

ACTUALLY HAD USED AS A BEGINNING DNA. 

Q1 

AMPLIFIED THE 25 BASE PAIR PIECE? 

A. YES. I THINK IT WAS 4h BASE PAIRS. 3: HAD A PICTURE BECAUSI 

SO IT WOULD SNIP 

M) YOU RECALL m E  SIZE OF THE PIECE OUT OF WHIM YC3W 

JAMES YEOHMIS, OFFICIAL REPORTER, WSDC, 415-863-5179 
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d) 

WE HAD THE SEQUENCE OF PER, SO 1 COULD HAVE A PICTURE OF TFE 

AND WHERE THE CUTS WOULD BE FROM THE ENZYMEf I KNEW 

CUT AT A SET CERTAIN NUMBER OF PLACES. 

BREAKING THIE WHOLE PLASMID APART AMD HYBRIDIZING, TO 

ME, SEEMED A LITTL3 MORE COMPLICATED THEN 3 z A K I N G  A LITTLE 

PIECE APART. 

8. YOU DESCRIBED THIS EXPERIMENT ?lOU D I D  AFTER THE: 25 BASE PA11 

PIECE WITH THE TWO THOUSAND BASE PAIR PIECE, AMD THAT DIDN'T 

WORK* 

DO YOU RECALL THE NEXT PCR EXPERIMENT THAT YOU DID? 

A. 1 WENT BACK AND REPEATED THIS ONE AGAIN. I JUST WANFED -- 
S A I D ,  WHOOPS, GO BACK AND START WITH GOKFJXING YOU KNOWc 

I mPEATED THIS EXPERIMENT AGAIN, JUST !I'll3 25 W E  PA11 

PIECE AND THE PBR. IF I HAD AHOTHER SYSTEM QUITE THAT SIMPLE, : 

WOULD HAVE TRIED IT AGAIN. Z 'WANTED TO TRY TO REPEAT THOSE. 

Q. 

A. WEU, IT DID MAKE THE PIECE -- IT WASN'T QUITE AS NICE AS 

DO YUU RECALL HOW %'HAT EXPERIMENT CAME OUT? 

THIS RESULT, BUT I THINK, Y0t.Y KNOW, S S  

wc AND WHEN I -- I WAS A LITTLE -- 1 DECIDED 

JAMES Y E O M S ,  OFFICIAL REPORTER, USDC, 415-863-5179 
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TO MkKE THE PIECE AND A I S 0  I DECIDED TO CUT THAT LITTLE 25 BASE 

PAIR PIECE WITH SEVERAL ENZYMES WHO -- I MEAN, I TREATED WITH 

ENZYMES THAT WQULD CUT WITHIN IT IF IT WERE: THE RIGHT 25 WASE 

PAIRS . 
IN OTRER WORDS, IF I KNEW WHAT I WAS DOING, I RNEW WHAT 

THE SEQUENCE OF THAT 25 BASE PAIRS WAS AND IF, TJlEREFORE, AND IF 

I CUT IT W I T H  AN ENZYME THAT WOULD C!U!T A SEQUENCE WITHIN THAT' 

LIKE A FIVE BASE LONG SEQUENCE, THkT THAT ENZYME RECOGNIZED IF I 

TRFAT My REACTIQM WITH THAT IT SHOULD BREAK THE THING UP AND IT 

SHOULDN'T SHOW UP ANYMORE ON THE GEL AND !I'HAT#S WAS SORT OF 

BEGINNING TO cm.mwrmrzE THE FRAGMENTS. 

TMT'S REALLY WHAT I THINK IT IS AMD HAS I T  GOT THE 

RIGHT SEQUENCE. TAAT EXFERIMENT WAS KIND OF INCONCLUSIVE 

BECAUSE THE GEL WAS SO MESSY. I COULD BELIEVE THAT TT WORKED 

CETUS SCIENTISTS: IS THAT RIGHT? 

A, YES, 9XAT W A S  OUR ANNUAL SCIEIITIFIC MEETING. COULU I HAVE 

SOME WATER HERE? 

(PAUSE IN THE PROCEEDINGS) 

THE WITNESS: WE HAD A MEETING JUST EVERY YEAR BACK 

THEN WHERE ALL OUR ADVISERS WHICH WOULD -- WFIEFB WE HAD SOME 

REALLY NICE ADVZSOFS LIKE HAMMILTON SMITH WICI YOU TALKED TO 

YESTERDAY W A S  ONE OF T H m .  WE HAD OUT OF 2 0  OR 30 REALLY 

PROMINENT SCIENTISTS TEIAT WOULD COME TO CETUS ONCE A Y E M  AND WE 

JAMES YEOHAM, OFFICIAL REPORTER, USDC, 415-863-5179 
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WOWLD WSWAUY GO OFF ON A LITTLE RETmAT WITH THEX SOXIWHERE 

AND -- 
Q. AT THIS MEETING IN JUNE 1984 DID YOU PRESENT THE WZTLTS OF 

YOUR PCR EXPERIMENTS UP TO TRAT TIME? 

A, YES, I DID.  

Q m  DO YOU REC!ALL WHAT KIND OF RESULTS YOU WE= SHOWING AT THAT 

MEETING? 

A. 1 THINK THAT I -- ONE OF THE RESULTS I SHOWED WAS THIS GEL 

-AND f HAD ANOT€€F,R ONE THAT WAS AN E X P E R m N T  WE HAD DOHE IN TJ3E 

THE TIME BETWEEN ~.J$LIUTJA&IT'~.~L~~ JUWE, WE FINALLY POME AM E X P E R I m  

W I T H  HUMAW D m  LXIOKZHG FOR A 58 BASE PAIR FRAGMENT PRODUCED FROM 

THE -- I WAS BgCK TO THE BETA-GLOBIN THE SAME SITE I HAD BEEN 
PLAYIEJC WITH ORIGINALLY- WITH THE SICKLE CELL THING. 

I WANT TO AMPLIFY THAT REGION THAT CONTAIHS THAT 

MUTATION. SO I HAD A GEL WHERE WE HAD SOME POLYM33RASE, BUT I 

THOUGHT ENCOURAGING RESULTS FROM IT. WE AMPLIFIED A LITTCE 

FRAGMENT OUT OF HtTHAN DNA, SO 1 HAD THOSE TWO THINGS ON A 

POSTER, KIND OF LIKE A LITl'LE BIGGER THAN THAT KIND OF POSTER 

THERE w 

ALSO HAD A WRITTEN DESCRIPTION OF THE EXPERIMENTS, IT'S 

A TYPICAL KIND OF KFCHANISM THAT ECIEEJTISTS USE FOR 

COMUNICATING LIKE YOU HAVE A MEETING AND EVERYBODY BRINGS THEIB 

RESULT, YOU PUTS THEM ON A POSTER AND YOU STANDBY YOUR POSTER. 

PEOPLE COME IN P;ND LOOK AT YOUR STUFF AND THEY ASK YOU QWESTIONS 

AND WHATEVER AND HAKE SUGGESTIONS. SO IT-WAS A POSTER SESSION 

JAMES YECWANS, OFFICIAL REPORTER, USDC, 415-363-5179 
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WHERE I PRESENTED IT, 

Q. AND OTHER SCIENTISTS FROM CETUS HAD THEIR POSTERS THERE Hs 

WELL? 

A. YES. 

Q. NOY, THE PIECE OF HUMAN DNA THAT YOU AMPLIFIED THAT W A S  THE 

'S INVOLVED XN CAUSING SICKLE CELL? 

TOS THE PIECE -- I PrMFLIFIED THE WHOLE 58 BASE 

PAIRS -1 IT LIKE 25 OR 3 0  ON EOTH SIDES, 30 OK BOTH SIDES OF 

IT, WAS ONLY 0 SE PAIR THAT'S INVOLVED, DIRECTLY INVOLVED IN 

THAT SINGLE 

Q. WHAT WAS THE RESPONSE OF YOUR PEERS TO THE POSTER SHOWING 

THESE RFSULTS? 

A. THEY IGNORED THEM. THEY BASICALLY IGNORED THEX. I W A S  

THINKING THEY WERE NOW -- SEE IT ALL THESE FAMOUS MEN COMIHG 

HERE, IF MY OWN F E U W  SCIBNTISTS DON'T APPRECIATE 'SWE MAGNITUDE 

OF WHAT THIS DISCOVERY IS, AT LEAST PEOPLE FROM -- REAL 
SCIENTISTS FROM OUTSIDE WILL CERTAINLY UNDERSTAND. 

AND N030DY REALLY PAID e- IT IS REALLY A SORT OF A -- 
XT#S SOMET€€XNG I NOW KIND OF COME Til ACCEPT THAT SCXENTISTS LIRE 

OTHER PEOPLE PiRE NQT ALWAYS INTERESTED IN SOMETHING THAT IS 

TOTALLY OTJT OF THEIR EXPERIENCE AND NEM. 

THEY REALLY -- AND THOSE POSTER SESSIONS THEY TEND TO 

GRAVITATE TOWAIUI THINGS THEY ALR3SAPY XPJOW AWWT. THEM THEY JUST 

FRIENDS W I U  BE STAWDIHG AROUND WHEN SEEING SOMETHING TOTALLY 

JAMES P E O W S ,  OFFICIAL REWRW,R, USDC, 415-863-5179 
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BRAMD MEW THEY'RE NOT ATTIWCTED TO THAT LIKE SQHE WEIRDOS ARE 

LIKE ME+ 1: LIKE POSTER SESSIONS, I LOOK AT THE MEW STWFF, 

WHATEVER I DON'T KNOW- 

AT ANY RATE THERE WAS THIS W Y  JOSH GETTERBURG ONE OF 

OUR SUPERVISORS, I GRABBED HIM I WANTED TO HEAR WHAT JOSH HAD TO 

SAY ABOUT THIS. HE WAS A FAEIOUS MAN WHO HAD BEEN A MOLECULAR 

BILXIUIST FOR A LONG, LONG TIXE HE W A S  A NOBEL U m T .  

MR. FIGG: YOUR HOHWR, EXCUSE ME, WE'RE REALLY GETTING 

INTO HEARSAY T'ESTIMNY NOW, 

THE CQWRT: LET'S YUST STICK AND TRY TO PROVIDE CONCISE 

ANSWERS TO THE QUESTIONS. 

THE WITNESS: OKAY. 

THE COURT: AWD WErRE BETTER OFF, 

Q. [BY HR. PASAHOW) To SHORTEN THIS, DID DR. LET"ER3URG LOOK 

AT YOUR POSTER AND DISCUSS IT W I T H  YOW? 

A. YES, HE DID,  

Q .  WERE THERE ANY R SCIENTIST WHO SHOWED ANY SUBSTAWTIAL 

A. 

IT HE DEFINITELY AGREE@ WIm HE IT WAS P R E T T Y  EXCITING. 

Q .  

NO, I SORT OF HArh TO FORCE J O S H  TO LOOK AT IT, BUT WHEN SAW 

i 
P 

NOW, AFTER THIS MEE A NG I# JUNE 1984 D I D  SOME CHANGE HAPPEN 

IN THE GROUP THAT WAS WORKING ON PCR OVER T H E  COURSE OF THE NEXT 

FEW MONTHS? 

A. WEIL, YES . . . WE START -- FRED FALOONA, WHO W A S  THE 

TEC!€WICIAW WHO WAS SORT OF MY RIGHT-ILAWD MAN AT THAT TIME, HE 
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AWD I STARTED GOING TO MEETINGS THAT WERE HELD AWWT EVERY WEEX 

BY HENRY ERLICH'S LABORATORY IN APJ ATTEMPT IT WAS -- WE DECIIXD 

THAT THE PCR PROCEDURE WOULD BE A REAL KNOWU3DGABLE WAY TO SOLVE 

THE PROBLEM THEY HER3 WORKING ON, 

WE WOULD TRY TO AMPLZFY THE DNA SAMZES THAT WERE 

W I N G  AND THEN THEY WOULD APPLY A PROCEDUBE THAT THEY WER3 

WORKING ON AT THF, TIME C A X E D  OLIGER (PHONETIC) RESTRICPXON, 

CALLED OR, THAT PROCEDURE WOULD WORK A U  RIGHT IF THERE WAS A 

XXIT OF DNA. 

IT WAS MOT WORKING IN THEIR HANDS ON HUMAN DNA THERE: 

W A S  AN AMOUNT OF THE SEQUEHCE THAT WAS THERE W A S  NOT SUFFICIENT. 

60 WE DECIDED WE TRY TO MA3Z THE TWO PROCEDURES WE WOULD DEB Pm 

Pa, AMPLIFY THE DNA S T G N U  AND THEN THEY W o 1 3 L D  PERFoREf rpHE OR 

ON THE REXULTS OF THAT. 

Q .  AND AT SOME POINT W A S  AH EXPERIHENT ARRANGED WHERE YOU DID 

WHAT YOU DESCRIBED THAT IS YOUR GROUP JLMPLIFIED SOME HUMAN DNA 

AND THE OR PROCEDURE WAS TRIED TO THE RESULT? 

A. YES. FRED FAIOONA FIHXILY 9- I THINK IT W A S  PROBABLY IN 

SOHEWHERE IN "€ERE, FRED AMPLIFIED SOMI3 DNh. W E  DID 

25 CYCIES OF AMPLIFICATION AND GAVE IT "0 STEVE OR RANDY, ONE OF 

THE PEOPLE 3M HENRY#S LAB, THEY D I D  THE OR PROCEDURE ON IT, 

IZ- WHAT WAS THE FSSULTS? 

A i  IT WAS ASTONISHING TO THEH. I -BER SAYING DON'T USE ALL 

BECAUSE THE GEWE I6 GOING TO HAVE BEEN AMPLIFIED ABOUT A HEJMDRED 

JAMES P E Q W S ,  OFFICIAL REPORTER, USDC, 415-#63-5179 
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THEY WERE fXlOKIME AT LITTLE SPOTS THEY WRE TRYING TO 

SEE TINY LITTLE SPOTS, THIS IS GOING TO B L A W N  "€€I3 WHOLE THING, 

SO THE RESULT WAS THEY DID IT- THEY'VE USED THE WHOfrE: THING, OF 

COURSE, BECAUSE THEY DIDN'T BELIEVE IT REALLY WAS GOING TQ 

AMPLIFY IT. 

THE FIRST RESULT WAS R E A U Y  A HUGE LIKE AN OVEREXFQSED 

AUTORADIOGRAM. 

Q. DID SOMEONE TRY IT AGAIN? 

A. YEAH, THEY WENT BACK AND SAID,  OKAY, LET'S TRY WHAT' HE SAYS, 

SUCCESSFITfiLY AND THEN WE WERE Au REALLY EXCITED ABOUT IT MID WE 

STmTED DOING THOSE KIND OF EXPERIMENTS A LOT. 

Q. 

W PCR REACTIONS? 

D I D  SCIENTISTS IN DOCTOR ERLICEIIS LM THEN START !TRYING TO 

A, YES. THEY DEVELOPED A SUDDEN INTEREST 123 PCR AND I THINK 

FRED WENT DOWIT THERE WITH THEM AND SHOWED !THEPI OR THEY CAME UP 

TO O m  LAB, I CAN'T REMEMBER HOW IT WAS WNE,  THBY STARTED DOING 

THEM ALSO. 

Q. WHAT THEN DID THE SCIENTISTS IH DOCTOR EXLICK'S LAB FOCWS ON 

IN CONNECTION W I T H  THE PCR REACTION? 

A. WELrL, THE IMMEDIATE GOAL WAS 'Po GET THE P a  REACTTOM AND THE 

OR REACTIOPT TO WORK TOGETHER JWD TO JUST BASICALLY TRY TO 

DEVELOP ~ T H O P S  THAT WOULD ZNCRFASE THE EFFICIENCY OF THE 

JAMES YOOMANS, OFFICIAL REEQRTER, UGDC, 415-863-5179 
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REACTION 506T, YOU KNOW, MAKE IT WORK BIE'IYER AND BETTER. 

THEY WERE INTERESTED IN SOLVING T€€K PROBLEM OF THE 

SI- CELL MUTATION BECAUSE THAT'S WHAT THEY W0-D ON, PUTTING. 

THOSE TWO PROCEDURES TOGETHER. 

Q .  OVER THE: COURSE OF TIME D I D  THEY C O m  UP W I T H  A FROCEDURE 

THEY WERE: SATISFIED WITH? 

A. YEAH. WE WERE AU WQRRING ON IT TOGETHER AND WE CAME -- 
FINALLY GOT TO THE POINT WHERE WE COULD BE CONFIDENT THAT A 

METHOWMGY THAT WE W O m D  OUT WOULD PRODUCE RESULTS EIrERY TIME, 

THAT WAS -- LET#S SEE, I T  TOOK QUITE AFQHIIS. IT WAS A IOT OF 

MESSING AROUND THAT TOOK PIACE TO TRY TO GET THOSE SYSTEMS TO ' 

WORK. BOTH THOSE SYSTEMS WERE REALLY COMPLICATED ANI) WE WXRE 

TRYING TO FIT THE TWO OF THEM TOGETHER. 

. Q. DO YOU REcAI;L AEOlJT WHEN YOU STARTED WAVING RELIA3LE 

FZPRODWCIBLE RESULTS? 

HAVE BErn PROEAELY -- IT W A S  REALLY 

ON IT NINE HOMFHS OR MORE, SOMEWE€ERE 

OF 19 -- THAT WOULD HAVE BEEN . . . 1985, 

t. 
I THINK WE WERE S'IIARTXMG TO GET CONFIDENT WE COULD 

WRITE DOWN A PROCEDURE AND FOLLOW IT AND IT WOIJLD PRODUCE THE 

SAME RESULTS EVERY TIME, WE HAD fIAD A LOT OF IRREPRODUCTBLE 

THINGS. WE FINALLY GOT IT TO WHKRF, IT W A S  RELIA3LE. 

IT W A S  VERY CLUMSY, BUT IT W A S  RELIABLE. 

THE COURT: HR- PASAHOW, I THINK WHENEVER YOU CAN FIND 

JAMES YEOH&W, OFFICIAL REF'QRTER, WSDC, 415-863-5179 
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A TIME TO BREAK, I'M SIJRE THIS WOULD BE APPROPRIATE TO DO THAT. 

MR. PASAHOW: THIS IS FINE..  

THE COURT: CORRECT, MR. YEOMAMS? 

FINE, W E ' U  TAKE: ABOUT TEN, 15 MINUTES. PLFJWE FOLfroW 

THE INSTRUCTIONS Y O U T E  BEEN GIVEN PFUWIOUSLY. 

YOU MAY STEP mm. 

(RECESS TAKEN) 

(CONTINUED ON THE NEXT PAGE, NCJTHING OMITTED) 

-. . 
JAMES YEOHMIS, OFFICIAL REPORTER, ITSDC!, 415-363-5179 
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TETE COURT: YOU CAN CONTIm, YES. 

TALKING ABOUT THE WORK THAT WAS GOING OH ON THE COM3INED PCR,/OR 

METHOD, AND T RAD JWST SHOWN YOU A COPY OF WHAT WE'VE -I] AS 

1935 -- OR ONE OF THE DECENBm 1985 ZSSTJBE OF SCIENCE; IS TFEAT 

CO-CT? 

A. YES. 

Q1 

A. THAT'S AN AITICLE REPORTING THE WORK TH&T WE: HAD BEEN DOING, 

WHAT IS THAT ARTICLE ABOUT? 

Tl3E -- WE HAD BEEN DOING ON THE SICKLE CELL DIAGNOSTIC PROBLEM. 

IT DESCRIBES THE MATIWG OF THE -- THE USE OF PCR TO 

AMPLI -- PREAMPUFY "Kt3 DNA BEFORE THE OLIGOMER RESTRICTIOM, TH3 

OR RESTFLICTIDN, W A S  PEaFORMED. 

ANI3 IT SHOWS THAT THOSE TWO THINGS COMBI#ED CAN NOW 

SOLVE THE PROBLEX OF LOOKING AT A VERY SWiLL AMOWBIT OF DNA AND 

BEING ABLE TO READ A SEQUENCE OR BASICALLY ONE S I N G L E  BASE PAIR 

IS ALL WE WERE IDOKINZ; AT. 

Q. AND THE -- "RE FIRST NAMES] PERSON ON THAT ARTICLE WAS RANDY 

S A I K I ;  IS THAT CORRECT? 

..A. YES. 

Q .  AND WHY WAS THAT? 

A. WELL, WAS ONE OF W E  PEOPLE 'IWAT WAS W I N G  A GOOD BIT OF 
L 

CANDACE L, FRANCIS, OFFICIAL REPORTER, U S E ,  415-431-4080 
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THE WORK TE€AT TXE GROUP W A S  INVOLVED WXTR. HE WOFXBD IN H W Y  

ERLICHIS LAB, AND *- AND "HF,FU3 WERE A W U L E  3uMCE€ OF US THAT 

WERE ACTUALLY DOING THE WORK IWOLVED. 

NCYI' DESIGNED TO -- TO DESCRIBE THE 

ENTIRE PCR PR -- THE WHOLE FROCESS, IT WAS EASPCALLY TO 

DrnONSTrnTE THAT AN APPLICATIOM HERE IN DOING FETaL -- 11 
IS OF SICKLE CELL ANEMIA. 

Q. AND AS: THE LIST OF AUTHORS GOES ,OM, YOU, OF COURSE, ARE ONE 

OF THEM AS WEU. 

.A, YES. 

Q. NOW, wHIL;& THE -- DR. ERLICE0S LABORATORY, AHD WITH YOUR 

CONSULTING AND MR. FAIXIONA'S CONSULTING AWD IFELP, WAS WORKING 01 

COMBINING PCR WITH OR, WHAT WERE YOU FOCUSING YOUR PIBE ON? 

A. MOSTLY I WAS EXPLORING TFtE PQSSIEILXTIES FOR PCR. I WAS 

STARTING TO AMPLIFY DIFFER3NT SIZED FRAGBEHTS TQ T R Y  TO 

UMDERSTAND -- JUST PLAYING WITH IT AGAIN, SAYING, WELL, WHAT IF 

I DO THIS,  WHAT IF I DO THAT, MOSTLY WORKING IN VERY SIMPLE 

MODEL SYSTEMS WHERE IT WAS NOT REQUIRED THAT I DO 2 0  OR 30 

CYCLES AT A TIME, PLACES WHERE I COULD GET AWAY WITH FIVE OR 10 

AND STILL GET A RESULT. 

Al?D JQST EXPLORING THE I- WHAT THE FROCEMJRE -9 WEAT 

ARE SOHE OF THE THINGS IT COULD QO, TRY TO SEE HOW BIG A PIECE I 

COULD MAKE. AWD ALSO JUST DETERMIMING -- GETTING DATA TOGETHER 

FOR -- I WAS GOING TU SUBMIT -- THERE WAS A PATENT rmoL;vm AND 
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IT CAN DO. 

ARE POW FAMILIAR WITH THAT? 

A.. YES, 

Q. WHEN DID YOU FIRST START WORKING WITH NESTED FRIHEFS? 

A. OKAY. THAT -- THE NESTED PRIMER TECHNIQUE WAS SOMETHLH~G 

THAT I . . . 1% NOT SZTRE W€EN 3 VERY FIRST STAF3ED WORKING ON 

THAT, BUT 3IT WAS IN . . IT W A S  AS A -- AS A WAY 9- SEE, I 

COULD AMPLIFY -- WHEX I FIRST WENT -- WEEN I FIRST DID THE 

POSTER SESSION ON THIS, I I D  TRIED TO AMPLIFY 'HWEIAN DNA GET A 

SINGLE: Wll OUT OF IT, AMD I -- I HAD GOTTEN A SORT OF FUZZY 

LITTLE W D  THAT LXIOmD LIm IT WAS FAIRLY -- FAIRLY -- I T  WAS 

REPRESENTATIVE OF THE BETA-GWBIN IOCUS. 

BUT IT WAS -- THERE WAS A -- SOMETIHES IT WOULDN'T 

BEHAVE JUST EnCTLY LIKE I WANTED TO, AMD IT W R S  BECAUSE I -- I 
THINK THAT IT W A S  BECAWSE OF THE NON -- SOME OTHER THINGS 

BESIDES THE BETA-GLOBIN LOCWS RESEMBLED THE BETA-ELOBIPI LOCUS. 

AND WHEN I SAY "LOCUS," THAT REGION OF TXE 3ETA-GLXIBIN 

GENE THAT I W A S  TRYIHG TO AMPLSFY. 

AND THERE: WERE -- THERE WERE OTHER SEQWEWCES IN HUMAN 

DNA THAT WERE SIMILAR TO TmT, AWD SO SOME OF THEM WOULD ALSO 

GET AMPLIFIED, 80 THAT EVERYTHING THAT WAS THERE IN THAT BAND 

WAS NOT NECESSARILY FROM THE BETA-GLOBIN GENE, 

AND I -- I -- WHERE THE NESTED PRIHER IDEA CAHE UP, 

CANDACE L. FRANCIS, OFFICIAL Rl3PQR!FER, USW, 415-431-6080 
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SOMEWHERE IN THE=, I STAFlTED REALIZING TEAT 3 COULD . . . I GEl 

THE YFAW CONFWSED SOMETIMES. 

PFtOBABLY IPI THE SPRING OF '85, SOMEWHERE AROUND T?ER3, 

I REAIJZED -- IT OC-D TO US TFUT IF WE DID TWO SEQUENTXU 

AMPLIFICATIONS, LIKE DO ONE A&lPLIFICATION -- NOW, X PROBABLY 

SHOULD DRAW THIS, YOU =OW. 

Q. LET ME GET TO13 A MICROPHONE FIRST. 

A. OKAY. I -- I DON'T KNOW. DO YOU THINK I NEED ONE? 

Q. FOR THZ REPORTER'S BENEFIT. 

A. OKAY. I THINK SOMETIMES IT DISTORTS WHAT IfM SAYING. 

THIS REALLY -- THE CONCEPT IS REALLY E A S Y .  IT HAS TO 

DO WITH THE: FACT THAT THE PROCEDURE OF AHPLIFICATIOM REALLY 

SELECTS A CERTAIN REGION AND TRIES TO AMPLIFY IT, BUT IT CAN'T 

Ix) "XIAT ABSOLUTELY PERFECTLY IF WHAT IT'S STARTING WTTH IS A 

l'HATcS WHY I WAS DOING MOST OF KY EXPLORING WITH PCR 01 

VERY S1:MPLE SYSTEHS THAT ONLY HAIS, SAY, 5,000 EASE PAIRS. IF 

YOU GO FROM 5,000 UP TO THREE TIMES TEN TO THE NINTH, WHICH IS 

LIKE: THREE BILLION BASE PAIRS, ITIS A BIG 31TEIP. AND SO A LOT 01 

LITTLE TEINGS MIGHT HAPPEN TRAT fiooKED -- HAVE IT LOOK SORT OF 

LIKE THE BETA-GLOBIN AREA, AND SO THOSE THINGS GET MPIJFXED, 

TOO I 

BWT IN THE COURSE OF Pr SINGLE AMPLIFICATION, YOU Ixl 

RELATIVELY PURIFY THE R E G I M  YOU'RE LOOKING &T: RIGHT? IT'S. -- 
CANDACE L. M C r S ,  OFFICIAL REPORTER, USDC, 415-431-6080 
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~ I s - D I R E m / P A S ~ w w  13-1903 

IN OTHER WORDS, IT WAS T€iEM AT QHE IN A HUNDRED THOUSAND OR ONE 

IN A MILIJON TO START WITH, AND IF I AMPLIFIED A HUNDRED 

THOUSAND-FOLD, I T ' S  NUT -- IT COMES UP To BE LIKE ONE IN A 

THOUSAND, SO IT#S -- I T  HAS BEEN P?JRIFTED BY A SINGLE 

AMPLIFICATION t 

HERE'S ~T -- THIS, I'M GOING TO USE TO SORT OF 

SYMBOLIZE A DOUBLE-STRANDED DNA THING HERE. 

BIND, POINTED WHERE THE THREE-PRXME END IS TOWARDS EACH W E R ,  

TO THE STRANDS, THAT -- AND DO PCR, I CYW GET A BAND, OKAY, I 

CAN GET A P1EG.E OF DNA. 

OKAY. IT'S EN A MIXTURE NOW THAT HAS TWE ORIGINAL DNA 

AND A LOT OF OW€ER THINGS IN THERE, 'foot AND A LOT OF THINGS EN 

THERE ON THE GEL LOOK JUST Lrm THIS MD. 

OKAY. NOW, IF I TAEE -- SO IF I PWT !PHAT ON A GEL AND 

I TRY TO ANALYZE IT AND $AY, "THIS IS THE BETA-GUBTN mtXJS,'' I 

CAN GET CONFUSED BECAUSE THERE'S SO WWY OTHER THINGS THERE. 

BUT IF I JUST TAKE THE TUBE THAT THXS IS IN AND SUBJEC'I 

IT TO A FWRTEER APIPLIFICRTION WITH TWO MORE PRIEEERS, 'PHAT NOW 

INSTEaD OF BEING THESE W O  -0 THESE TWO PRIMERS ARE NOW 

IHCORPORATED IM THE SEQUENCE OF THIS THING, THEY GET -- IN !tWE 

PROCESS OF AMPLIFICATION, THE PRIMERS GET INCORPORAT€D INTQ THE 

FFAGMENT THAT'S AMPI;IFIED. I DON'T KNOW IF *- I GUESS YOI.JpVE 

NOTICED THAT. 

SO IF I TAXI2 TWO MORE THAT ARE LOCATED I W I D E  -- AND 
CANDACE L, FRANCIS, OF'FICfAL REPORTER, USDC, 415-431-6080 
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MUUIS-DIRECTjPASMOW 13-1904 

THATfS WHY THIS IS CALLED NESTED . . PRIMER. OKAY. CALL IT 

NESTED PRIMER TECHNIQUE -- 1 CAN MAKE -- 3ECAUSE THESE TWO *- 

I'LL MAKE TWO INSIDE HERE, TRESE ARE KIND OF NESTED INSIDE OF 

THOSE; OKAY? 

AND WHAT THIS HAS -- THIS HAS THE EFFECT OF SAYING, 

GIVEN THAT THESE PIECES OF DNA THAT YOUIVE MADE SO FAR DO NOT 

ALL HAVE "HE SAME INTERNAL SEQUENCE, THEY'RE THE SAME S I Z E  

PRETTY MUCH, AND THEY'VE BEEN H&DE BY THESE TWO, THEY IEAD 

SEQUEMCES T m T  THOSE TWO COULD USE -- COULD FIND, BWT mEY HAY 

NOT HAVE SEQWENCES THAT THESE TWO CAN FIND WLESS, IR FACT, THE? 

R E A L L Y  ARE BETA-GmBXN. 

IF THEY'RE =LLY WHAT 3 -- SO THIS THING CAN -- THESE 

TWO WILL HOW DISTINGUISH BETWEEN THE MEMBERS OF THIS SET THAT' 

ARF: BETA-GLOBIN AND ONES THA'P ARE NOT. 

MAKES ME A SMALLER F'FtAGKI?,NT. 

80 IT GIVES ME A -- IT 

IN !FHE CASE OF T'HE EXPERIMENT THAT I -- THE FIRST TIME 

I DID IT, IT MADE A 58-BASE PAIR F ' R A G m ,  SEE, OUT UF !PHIS 

110-BASE PAIR FRAGMENT !€WIT 1 -HAD 'ORIGINALLY KADE, WHICH ITSELF 

CAKE OUT OF AN AMOWHOWS COLLECTION OF DNA THAT WAS A WOLE 

HUNAN DNA. 

€!ORE SPECIFICITY INTO THE PROCESS. 

SO IT HAD THE EFFECT OF ALLX)WIHG MI?, TO INTRODUCE 

EACH STEP INTRODUCED A CERTAIN AMOUNT, AND THE TWO 

STEPS TAKEN TOGETHER W E  THE PROCESS VERY, VERY SPECIFIC. 

HIT I CIIULJI WOW -- WITH THE NESTED PRIMER THING, I 

COULD TAKE -- START WITB HllMAW DNA AND I COULD GET A VERY CJiEAN 
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muxs-DIRECTJFASAHOW 13-1905 

BAND ON THE GEL TEAT WAS REPRESENTATIVE OP -- JUST OF ONE 

LOCATION, AWD IT -- AU IT HEANT WAS, I JWST STOPPED HALFWAY 

THROUGH, TOOK A SMALL MOTJNT OF THIS REACTION, WT IT IN A NEW 

TUBE WITH NEW PRfKERS, AND JUST CARRIED THE REACTION ON, SAY, 

TEN MORE CYCLES OR SOMETHING AND THEN I WOULD -- I WOULD 6ET A 

NICE CLEAN RESULT. 

[WITNESS RESUMES WIWESS STAND. 1 

[PAUSE IM PROCEEDINGS) 

SAHW) WAS THE -- WAS THE: WSE OF BESTED PRIMEFS 

USEFUL IN HG PCR INTO A TECHNIQUE THAT COULD BE USED IH 

c % H i E e L  LWo h TORIES? 

A, YES, IT WAS. 

Q1 WHY? 

A. 

GENETIC LOCUS OUT OF WHOLE HUMAN DNA AND YOU COULD GET -- YOU 
WELL, IT MEANT THAT YOU COULD AMPLIFY A SINGLE -- A SINGLE 

COULD ARRIVE AT A *- AT A CLEAN -- A PRWDUCT THAT W A S  CLEAM 

ENOUGH AND THAT YOU HAD ENOUGH OF, AND YOU COULD SE3 IT ON TRE 

GEL WITHOUT RADIOACTIVITY. 

X DIDNfT MF,NTION THAT WHEN I WAS DOWN THERE, BUT 1 HAD 

DONE -- HOST OF THE WORK I WAS DOING IN 1984, AFTER I GOT PCR 

REALLY WORK RELIABLY, WAS, I WOULD WORK WIPH -- r DIDN'T HAVE TC 

USE P32 =ORE. 

RADIOACTIVITY IS A REAL MESS IN A LAB, IT#S 

THERE'S ALL KIND OF REGULATIONS ABOUT HOW YOU CAN -- HOW YOU 

HAVE TO DISPOSE OF IT, HOW YOU HAVE TO TREAT IT* Y W  HAVE TO 

-ACE Le FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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mLLIS-DIRECT/PAS~ow 13-1906 

WEAR G I D V E S ;  YOU HAVE 'Po -- I T ' S  NOT -- IT'S SORT OF A POISONOIJS 

THING. 

AND SO IF YOU CAH DEVELOP A TECHNIQUE THAT REPLACES B 

RADIOACTIVE TECHNIQUE WITH ONE TlWI"S NQT RADIOACTIVE, THEN 

YOUWF, HADE A BIG ADVANCE. 

TRYING -- =IS PROCESS HAS GOT 

DO THE GENETIC DIAGNOSTIC STWFF THAT 

I m a m  THE RADIORCTIVITY. AND 

BASICALLY WAS TO TRY TO DEVELOP 

i THAT. P 

Q. JUST TO CLARIFY THAT: THE DECEMBER 1985 PAPER, D I D  THAT USE 

RADIOACTIVITY? 

A. YES. YEAH, WE WERE STILL USfPJG P32 PROBES, EVEN THOUGH WE 

WERE AMPLIFYING, WE WERE STILL USING A PROCESS THAT ZHVOLVED THE 

RADIOACTIVE PROBES . 
Q .  AND WHEN YOU HAD YOUR BANDS ON THE GELS WITH THE NESTED 

PRIMERS, DID THAT USE RADIOACTIVITY? 

A. NO, THERE W A S  NONE -- NOHE USED !l?HERE. 

Q. NOW, YOU ATTEHDED A MEETING AT "HI3 COLD EPRING IUbFtBOR 

LAEIORATORY IN # IS m T  CORRECT? 

A. YES. 

Q. IN FACT, YOU SPOKE AT THAT MEETING. 

A, YES, I DID. 

Q* HOW D I D  YOU COME TO 3E SPEAKING AT TEWT mETING? 

A. JIM WATSON, WHO'S THE DIRECTOR OF THE COLD SPRING EtARBoR, 

CANDACE Lo FRANCIS., DFFI'CXAL REPORTER, USDC, 415-431-6080 
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MIDDLE OF THE '50r5, FIG-D OUT WHAT THE STRUCTUR3 OF DNA WAS, 

THEY'RE -- LIKE, DR. WATSON WENT ON TO BECDm A VERY I . A 

VERY WISE ADMINISTRATOR OF THIS IABORATORY CALLED COLD SPRING 

HARBOR, WrrICH IS SORT OF A -- IT'S A IAEORATDRY, I THIHK, THAT 

DR. SMITH TALKED ABOUT. ITIS A PLACE WHERE A LOT OF SCIE#TISTS 

COME FROM A I L  OVER THE WORLD AND TAKE COURSES AND ST?JFF. 

AND HI3 l3AD DEVELOPED -- HE IS ALSO A REAL GOOD FUND 

RAISER, DR. WATSON IS. HE K N E W  HOW To HIT UP THE U3NG ISLAND 

MEDICAL SOCIETY FOR LOTS OF MONEY, SO . . 
Q. W A S  HE SPEECH YOU GAVE AT COLD SPRING HJhRBOR IH JZTNE 1936 

YOUR FIRS$ WELIC PRESENTATION OF THE PCR RFSULTS? 

A. IT WAS'? FIRST W 

GROUP OUTSID4OF JUST A 

Q. HAD YOU FRESENTED IT OUTSIDE OF TXE CETUS GROUP BEFORE THAT 

! \ 
PRESENTATION TO A REALTY -- A BIG 

5 

KIND OF THING AT CETUS. 
bd c 

TIME? 

A. ONE -- I GAVE ONE SEMINAR AT MY OWN -- AT THE BIOCHEHISTRY 

DEPARTKENT AT THE UNIVERSITY OF CALIFORNIA AT BERKELEY. I WENT 

OVER THERE AND GAVE IT TO MY DEPARTMENT. I THOUGHT -- T3EY 

THOUGHT THAT WOULD B3 NICE, BEFORE I WENT TO COLI3 SPRING HARBOR, 

TO TELL THEM SORT OF AHEAD OF TIME. 

Q .  WEU4T KIND OF INFORMATION DID YOU PROVIDE AT THE UNIVERSITY 

OF CALIFORNIA SEMINAR? 

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 115-431-6080 
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Q. WKAT W A S  THE REACTION OF THAT AUDIENCE? 

A. THEY WERE -- THERE WERE -c THERE W A S  A COUPLE OF PEOPLE 

THERE THAT WERE REAUY S ~ ~ E D  AND EXCITED BY THE TECHNIQUE, mn 

WAS -- I MEAN, MOST OF THOSE PEOPLE WERB -- THEY WERE IMPRESSED 

Q. IN JUNE 1986, THEM, YO0 PRESENTED THESE RESULTS AT THE 

GATHERING AT COLD SPRING HARBOR? 

A, YES, THAT t + t AT THE -- 
Q1 AND WHAT TYPE OF IMFOFMATXON DID YOU PROVIDE AT THAT 

GATHERING? 

A. 'WELL, THERE, I -- I SHOWED THEM A L L  THE EXPERIMENTS THAT I 

HAD BEEN WORKING OM, INCLUDING THE STUFF THAT I HAD DONE IN 

CONJUNCTION WITH HENRY'S GROUP, AND f DEMONSTRATED THERE THAT 

YOU COULD SEE A SINGLE-COPIED H€@l&lJ GENE WITHOUT RESORTING TO 

F32. 

WHOLE THING ACTUALLY W A S  MAYBE. ALL OF 'PWE TE3INGS IT COULD DO 

WERE. 

BWT THAT WAS A VERY SPECIFIC POINT THAT MADE A BIG 
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Q+ WHAT W A S  THE RESPONSE OF THE COLD S P R I N G  HARBOR AUDIENCE TO 

YOUR PRESENTATION? 

A. IT W A S  VERY GOOD. IN FACT, I GOT A STANDING OVATION. 

Q. WAS THAT WHtISWAL? 

A. IT WAS. 

Q .  NOW, WHO ATTEPTDS THESE COLD SPRIMG HARBOR MEETINGS? 

A* THE -- THE SORT OF -- THEY'RE -- THE COLD SPRING HARBOR IS 

SORT OF THE INTELLECTUAL CENTER FOR MOLECULAR BIOLOGY, AND JIM 

WATSOM IS KIND OF A SPIRITUAL LEADER, IN A SENSE, IF YOU THINK 

UF IT AS AN INTERNATIONAL CHURCH OF MOLECULAR BIOLOGY. 

AND THE PEOPLE -- IT'S A -- IT'S A VERY IMPORTANT 

GATHERING ACADEMICALLY, ALSO SOCIALLY, IT'S LIKE ALL THE REAL 

HOTSHOTS ARE GOING TO BE T?fERE. 

IF YOU WANT 'Po FIND OUT WHAT'S GOING ON IN MOLECULAR 

BIOJXGY, YOU Go TO THE COLD SPRIHG HARBOR, THE ANNWAL SYMPOSITJM. 

THEY PUBLISH A BIG RED VOLUME EVERY Y M ,  AND ITtS NICE TO HAVE 

A PAPER IN THAT. 

THE VOLUME FROM THE JUNE 1984 COLD SPRIHG -OR MF,ETING? 

A. YES, IT IS. 

Q* AND Do YOU HAVE A PippER IN THERE? 

A. I DO. IT'S CALZlED, "THE MOLECULAR BIOLOGY OF HOMO SAPIENS." 

THAT WAS THE NAME OF TKAT HIBTING, WHICH WAS A LI!FTLE BIT 

PREsmmotKs' I THINK. 

BUT, YES, I DO HAVE A PAPER IN THERE. 

CANDACE L. E'RANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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Q* NOW, WAS -- WAS DR* BRUCE WALLACE -0 A S P W R  ON THE 

PANEL WHERE YOU SPOKE? 

A. YES, HE WAS. THE -- IT WAS THE PANEL ON -- T?IE P U E L  TEAT 

THEY PUT ON HAD TO DO WITH T?IB DIAGNOSTIC KIND OF ROUTIXES, 

LOOKING AT SING=-COPIED GENES, ANI3 m U C 3  HAD BEEN DOING WORK IN 

THAT SAME ARRA, SO HE WAS -- FE SE'QKE EITfIER RIGHT BEFORE HE OR 

RIGHT AFTER 3?E- 

Q. DO YOU RECALL IF HE XENTIOMED APJYTKING ABOUT PCR IN HIS 

SPEECH? 

A, NO, ME DIDM'T MENTION ANYTRING ABOUT PCR. HE DIDN'T KHOW 

ANYTHING. HE KNEW A LITTLE BIT ABOUT IT BY TKEN, BUT HE HADN'T 

WNE ANYTHING. HIS PAPER €€AD COME OUT EARLIER. 

Q 4  

FINISHED, DID ANYOWE DISCtTSS PCR WITH YOU? 

AFTER THE GROUP OF SF- THAT WERE ON YOUR PAWEL 

A *  AFTER THE MEETING? AFTER THE SESSION WAS OVIZR, THERE WAS A 

LOT OF REAL EXCITED PEOPLE CAME DOWN FRONT WHERE X WAS WALKING 

OUT THE DOOR AND WE -- k SORT OF LITTLE KNOT OF PEOPLE MOVED 

OUTSIDE. 

A LOT OF PEOPLE TH3RE REALLY WMTED TO KNOW HOW TO M) 

IT. THEY WANTED MORE DETAILS, AND THEY WANTED TO CONGRATULATE 

ME, TOO. WERE W A S  A LOT OF JUST LIKE, YQW KNOW, BACKSL~LPPIHG 

AND, THAT W A S  REALLY COOL. WOW," 3QW KNOW. ?WAT WAS -- 
THERF, WAS A LOT OF WOWS. 

Q, NOW, IN DECEPIMR 1988, Y W  WERE BACK AT COLD SPRING HARBOR 

SPEAKING AGAIN; IS THAT RIGHT? 

.. 
CANDACE L. FRA;WC€S, OFFICTAL FSPQRTEFt, U S E ,  415-431-6080 
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A. YES, AT THE BAN3URY (PHUNETIC) CENTER AT COLD SPRING HARBQR. 

Q. AND THATtS A SMALLER CQNE'ERENCE CRNTER THERE? 

A. YES. 

Q. DECEMBER 1988 COWFERFWCE W A S  SOLELY ON THE SUBTECT OF 

PCR 

A- YES, IT WAS. 

Q. 

SPOKE A3OWT. 

A. YES. 

Q. HAVE YOU SPORBN AT AWY OTEIER CONFERENCES ON THE SUBJECT OF 

AND SO THAT WAS WHAT ALL OF THE SPEAKERS AT THAT SESSION 

P a ?  

A. I'VE SPOKEN ALL OVER THE WORLD NOW, IN LIKE PROBABLY 4 0  OR 

50 DIFFERENT MFXTIHGS WHEZS PCR WAS EITHER ONE O F  THE THINGS 

THAT W A S  DISCUSSED THERE OR A COUPLE OTHERS WXERE T?€ERE WAS 

NOTHING ELSE BWT PCR DISCUSSED, 

Q- HAVE YOU RECEIVED ANY AWARDS FOR YOUR WORK 0.N P a ?  

A. YES. THE FIRST ONE I GOT, I SIZ0WI;D HAVE SAID, AT COLD 

SPRING -OR: 3: GOT FREE BEER ALLMEEK. 

(IAWGHTEEi) ' 

THE WI'JCMESSt AND THE HEXT ONE WAS THE EERRINGER 

MMHF,IM (PHONETIC) AWARD TEAT H m Y  m I C H  AND I SHARED. THAT 

WAS GIVEN BY A BIG GERMAN COMPANY CALLED BERNER LEIMIAM 

(PHONETIC). EVERY OTHER YEAR, THEY GIVE A BIOCHEHTCAL ANALYSIS 

AWARD. IT'S A VERY SIGNIFICANT AMOUNT OF MONEY, IT'S A COVETEL 

AWARD. IT'S A NICE AWARD TO GET. 

CAMDACE L, FRANCIS, OFFXCIAL REPORTER, WSDC, 415-431-6080 
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THE NICEST THING 1- THE NICEST AWARD I'VE GOTTEN SO FAR 

IS THE ALLEN AWARD OF THE AMERICAN SOCIETY FOR HUMM GEMETICS, 

WHICH IS A FAIRLY LARGE GROUP OF PEOPLE =!I' DO -- THEY ARE 

REALLY IMPRESSED 3Y PCR BECAUSE: IT'S TOTALLY W G E D  WHAT YOU 

CAN W W I T H  HUMAN GENETICS, AWD THEY GAVE ME THAT IN OCTOBER OF 

THIS YEAR AT THEIR j$.l!WUAL MEETING. 

Q. (BY PASAHOW} WERIG YOU A HFMBER OF 'JCHAT SOCIETY? 

A. NO. I -- THEY MADE ME AN HONORMtY MEMBER, ACm3ALLY. THEY 

USUALLY GIVE THAT AWARD TO 8OKEBODY IN THEIR SOCIETY, BUT 

AND THEY POINTED THAT OUT WHILE THEY WERE GIVING IT TO m, THAT 

THEYCD MAKE ME AN HONORARY =DER OF THE SOCIETY. 

Q .  

THE AKF,RICAN LUNG ASSOCIATION? 

A. I -- YES. I GAVE TIIE -- WHAT WAS CALLED THE PRESIDENTIAL 

LECTURE. IT W A S  THE PRESIDENT OF THE -- THE WTGDXMG PREGXDENT 

OF THE SOCIETY MADE -- SORT OF HAD A GALA KIND OF A WZCEPTION 

AND A -- A LECTlTFE TWAT W A S  THE SORT OF -- THE KEYNOTE SORT OF 

LECTURE FOR THE MEETING. I GAVE THAT. "H&T WAS REALLY FWM. 

Q. YOU DESCRIBED YESTERDAY TEAT YOU NOW WVE A PRIVATE 

CONSULTING PRACTICE. DOES ANY OF THAT WORK INVOLVE PCR? 

A. OH# MOST OF MY -- MY CLIgNTS -- I GO TO LOTS OF COMPANIES 

AND TO VARIOUS GROUPS THAT ARE DOING RESEARCH MOSTLY IM PCR. A 

COWPLE OF PEOPLE THAT 1'34 WORFCIMC WITH IN O'EWR ISMA AREAS, 

DID YOU ALSO SPEAK BEFORlE THE AMERICAN THORACIC SOCIETY M I D  

BUT . ALNOST ALL DHA RESEARCH TODAY HAS TO DO WIm PCR, 

ANYHOW. ITtS AWLZING. 

CANDACE L. FRANCIS, OFFICIAL REWRTER, USDC, 415-431-6080 
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Q. CAN YOU GIVE US SOm IDEA OF THE COHPANIES YOU ARE DOING OR 

HAVE DONE PCR-mWT3D RESEARCH OR CONSULTING? 

eAN AIMOST DO IT IB ALPHABETICAL ORDER, AEIGEN (PHONETIC) 

ONE YWU MIGHT HAVE HEARD OF; EASTMAN KODAK, I T E  -- 
OHAL INSTITUTES OF fIEALTfI; THE CENTER FOR -- A THING IN 
i 

ATLANTA "k+LED THE CENTER FOR DISEASE CONTROL, WHICH IS A PART 

OF THE NAhOMAL INSTITUTES OF HEALTH. 
\ 

I N ' ~ L I F O R N I A ,  THERIPS A cwmm KIRQN (PHONETIC) 
1 
L 

I ~ V E  CONSULTED~~FOR BIOSWCH, MIUAGEN (PHONETIC). THERE'S A 

WHOLE LOT OF D I F h E N T  -9 I COULD LOOK AT MY CV AND LOOK AT IT 

mn FIND THEM IF Y C & , W ~ D  MORE, 
yk 

Q. I DON)T THINK WE &ED THAT. 

HAVE YOU CONSULTED FOR ANY OF THE W L T H  AGENCIES OF 

THE GOVERNMENT? 

A, WELL, I -- LIKE 1 SAY, THE NATIONAL CANCER INSTL7XlTE AT -- 
WHICH IS PART OF THE NATIONAL IFIGTITUTES OF HEALTH, 3'VE 

CONSULTED FOR THEM, AND "4 THE CENTER FOR DISEASE CONTROL IN 

ATLANTA. THAT WAS ANOTHm. 

Q. NOW, YOU'VE 3EEN HERE SINCE THE BEGINNING OF THE TRIAL AND, 

OF COURSE, YOU'VE HEARD THE TESTIMONY ABOUT CERTAIN ARTXCLFS 

FROM THE KHORAWA LAWFATORY. 

LET ME SHOW THEM TO YOU. 

(PAUSE IN PROCEEDINGS) 

Q. (BY MR. PISAHOW) STARTING WITH THE PANET ARTXCLF, WHICH 

WE'VE As EXHIBIT A-19 -- 
CANDACE L. FWWCIS, OFFICIAL REPORTER, USDC, 415-431-6030 
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A. YES. 

Q .  -- ARE YOU FAMILIAR W I T H  IT? 

A, I AM NOW, YEAH. I'M QUITE FAMILIAR WITH IT. 

Q. 

A. IN THE SWMMER -- EARLY SUMMER, I THINK, OF 1989, I WAS BACK 

WHEN DID YOU FIRST BECOKE AWARE OF THAT ARTICLE? 

AT CETUS TO SEE KEVIN KASTER, AND I GAN#T m E R  WHAT EXACTLY 

THE NATURE OF THE VISIT WAS, BUT HE MET ME OUT IN THE HAU IN 

FRONT OF HIS OFFICE AND HE HAD THIS PAPER IN H I S  HAND* 

Q. WHO IS MR, KASTER? 

A. HErS THE PATENT ATTORHEY AT CE!I'US WHO HA6 HANDLED MOST OF 

THE PCR PATENTS. 

Q+ BEFORE 3 3 f N G  SHOWN THAT ARTICLE BY THE CETUS A m R N E Y ,  DID 

YOU HAVE ANY KMOWLEEE OF PRIMER RXTENSION WORK !THAT HAD BEEN 

DONE IN THE KHORANA LABORATORY DURING THE LATE 1960's OR IWRItY 

1970'5? 

A, I M D  HEARD OF THE KHORANA LABORATORY, AND I KMEW THAT 

K H O W A  HAD GOTTEN THE NOBEL PRIZE FOR BREAKING THE GEN%TIC 

CODE, WHICH WAS -- "WLT'S WXAT I WAS THINKING OF As BEING -- ANC 

3 KNEW THAT HE HAD ALSO USED A VERY -- ONE QF THE 

I -- I DIDN'T . I DIDN'T READ THAT IJTERATtEtE, 

BECAUSE IT W A S  AN OLD *- 1 

A VERY ANTIQUATED METHOD OF ESXS THAT I WAS NOT IHTERESTED 

CAHIIACB L, FRANCIS, OFFICIAL REFOWER, USDC, 415-831-6080 
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IN LEARHIMG THE DETAILS OF XT,  

Q. WOW, WE HEARD SOME TESTIMONY YESTERDAY ABOUT THE PANET 

I4ETHOD, AND HR. FIGG SHOWED US THIS CHART, WFiICH HAS BEEM MARKE 

AS EXHIBIT A-182. 

DOES THIS CHART REPRESEN!T THE HETHOD THATOS DESCRIBED 

'IN THE PRINCIPAL PART OF "HE PANET PAPER? 

A. IT IT RESEMBLES IT+ THERE'S -- THERE IS ONE FAIRLY 

MUOR DIFFERENCE IN THE WAY THAT PANET DESCRIBED WHAT HE DID AM 

WHAT THAT CHART DESCRIBES, I DON'T KNOW HOW IMPORTANT THAT IS. 

Q .  CAM YOU SHOW US THAT DIFFERENCE? 

A. IT'S . . . I THINK I CAN TALK WIT€iOUT A MICROPHONE BECAUSE 

I'M NOT GOING TO BE DOWN HERE: FOR IDNG. 

RIGHT HERE: IN THE PAHET ARTICLE, AHD LN THE WOSX THAT 

KE DID,  THERE W A S  -- THIS IS NOT A VERY SHORT STRETCH OF T I S .  

T%ERE'S A PARENTHESES AND AN END, AND THEWZ#S PROBA3LY A HUNDRE: 

OR MORF, T'S BETWEEN THE -- THIS END AND THIS SEQUENCE OUT HERE. 

I T f S  SLIGHTLY -- I WN'T THINK TEIAT'S ALL THAT CRITICAL. 

Q. BUT THE POINT IS, THIS IS A VERY LONG, LONG STRING OF TIS? 

A.. YES. YES, IT 16- 

Q+ NOW, THERE WAS SOME TALK YESTERDAY, WHEH DR. SMITH WAS 

TESTIFYING, ABOUT THE RATIO OF PRIMEXS TO TEMPLATES. 

DO You RECALL THAT? 

Q. WELL, U T ' S  NOT GET I N T O  THILT, 

CANPACE L. F W C I S ,  OFFICIAL REMRTER, USDC, 415-431-6080 
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CAUXJIATE WHAT THAT RATIO IS? 

A. I THINK IT WAS CALCULATED IN -- IN THE COURTROOM, XT WAE 

CALCULATED WRONG. 

I MEAN, IF YOU TxK3K IN !TNE ARTICLE, WHEN THEY WERE 

DESCRX3ING THE -- THE LEVELS OF !N3E PRIMER THEY PUT IN, THEY 

WERE -9 THE PRXMER THAT HR- FIGG WAS REFERRING TO W A S  A POLYMER 

COHCEKCRATION OF IT W A S  -- W A S .  

SINCE m Y  DIDN'T KNOW EXACTLY WHAT THE COMPOSITION OF 

THE POLYMER W A S ,  THEY HAD TO GIVE THE CQNCgNTRA!PfON IN TERMS OF 

THE INDIVXDUAL NUCLEOTIDES, WHICH E3 A COMMON NOT -- IT'S A 

PRACTICE THAT'S MOT UMCQMHQM IN TALKING ABOUT DNA IF YOU DON'T 

BECAUSE OF THE FACT "H&T YOUfRE DEALING WITH A COLL3C"ION OF 

MANY DIFFERENT SIZES,  WHICH IS WRAT THEY WERE DCIING THERE. 

AND A LOT OF TTMES WHEN YOU HAW POLYMERS OF SOMETHING, 

IF YOU HAVE A HUNIIRED OR 200 BASES fH A ROW, THE PROCESS YOU 

PiAKE THAT POLYMER FROM G I V E S  YOU A WHOLE BUHcR OF DIFFERENT 

SIZES, 

CAN'T REALLY KNOW HOW M Y  INDIVIDUAL MOLl3CULES WERE ARE# EIJT 

SO YOU -- BY IWOWING HOW MUCH MATERIAL YOU HAVE, YQU 

YOU CAN MEASURE HOW MANY INDIVIDUAL MJCLEOTIDES TKF,RE ARE, AND 

THAT'S THE NUMBER. 

Q .  SO THAT WOULD BE HOW MANY A'S OR G'S OR T'S OR C'S? 

Am RIGHT, HOW MANY TOTAL THERE ARE- 

CANDACE I;. FRANCIS, OFFICIAL FUZPORTEZ, U S E ,  415-431-6080 
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Q *  OKAY* 

A. BUT THEY WF,= RINDING TO TEKISE TrS. AND !THEY GAVE IT IH -- 
IN TERMS OF NUCLEOTIDES, AND THEY SAID THERE IN THE LEGEND THAT 

IT WAS IN TERMS OF NUCLEOTIDES. 

THERE . . . TUT WAS -- IT WAS A LITTLE MISLEADING TO 

SAY THAT THERE W A S  A HANOMOLE O F  PRIMER THERE, THERE WAS ONLY A 

NANOMOLE O F  A AND THE PFiIKERS WERE EACH MADE OUT OF PROBABLY A 

HUNDFSI) OR 2 0 0  A e S  YOU COULD T E U .  

Q .  SO THE PRIMERS THEY WERE USING MERE WERE A HUNDRED OR 200 OF 

THESE A'S LONG? 

A. YES, THEY ?"HEY DESCRIBED HOW THEY HADE THOSE, BUT 

THEY DIDN'T TELL YOU EXACTLY HOW m G  "HEY WERE, BUT IT'S , . . 
THEY -- THERE'S -- THEY HAICE SOHE REFERENCES IN THE PAPER TO THE: 

FACT THAT THEY WERE IDHG. THEY WE= A HUNDRED OR 200.  

Q1 AND TO GET THE NUMBER -- THE NUMBER OF MOEECULES, THEN, OF A 

PRImR, YOU HAVE TO DIVIDE THE NUMBER OF A'S BY THE B'lJH33R OF 

A'S ON AVERAGE IN EACH PRIMER? 

A. YEAH. I T ' S  A COMPLICATED -- TO GET THE ACTUAL NlTMBER OF 

CAHMCE L. FRANCIS, OFFICIAL REPORTER, WSDC, 415-431-6080 
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AND THAT W A S  THE MUMBER THAT THEY'D HAD IN THIS PAPER, 

AND THATcS WHERE THE ONE NANOPIOLE CAME FROM, SO . . . THE ACTUAL 

m B E R  OF NAN0MOL;ES OF THE FRIHER THERE WAS PROBABLY A HUNDFZD 

OR 200 TIMES LESS THAI4 THAT* 

Q+ SO THE l?UH3ER OF NANOMOLFS THAT'S GIVEN IN THE ARTICLE, 

TKAT'S THE NUMBER OF NANOMOLE$ OF ONE T f  IS THAT RIGHT? 

A. IT'S ACTIJAUY -- IN THIS W E ,  XT W A S  A -- OF A'S. 
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PRIMERS IS VERY DIFFICZTLT, BUT THAT'S THE BASIC IDEA. 

WHAT'S + WHW'S -- THAT GIVES YOU A m E R .  YOU SAY DIVIDE 

THAT INTO TEE NUMBER OF NUCLEOTIDES; THAT'LL TELL YOU THE NUHBEX 

OF FRIMERst 

YEAH. IT TURNS OUT WB SHOULD HAVE DIVIDED THAT NUHBER 

BY A HIRJDRFJI OR $0. 

QI NOW, DOES W E  -- DOZS TEE P-T ARTICLE, INCLWDING THE 

SECTION ABOUT THE UWWBLISWED WORR FROM DR. MOLZNEUX, DOES THAT 

DESCRIBE OPERABLE CONDITIONS TH&T CQULD Bft USED FOR TWE PCR 

PROCESS? 

A. NO, 

Q. WHY NOT? 

MR. FIGG: EXCUSE ME, YOUR HCWOR, WE'= GETTING INTO 

EXPERT TESTIMONY NOW BY DR. MULLIS. 

THIS IS SOMETWING SPECIFICALLY DISCUSSED AT THE 

PRETRIAL, AND I THINK WE DECIDED 'THAT WE WOULD NOT 3E TESTIFYIN4 

AS AM EXPERT WITNESS. 

MR. PMAHOW: I ?lXINK THAT'S WRONG, YOUR HONOR. I 

THINK WE DISCUSSED WITNESSES AT THE PRETRIAL. 

DR. MULLIS WOULD TESTIFY. 

I REPEATEDLY SA1 

THZS SUBJECT HATTER fS EXPLICITLY S333 OUT IN TEE 

WHO WOULD BE TESTIFYING. 

CANDAtX E. FRANCIS, OFFICIAL pEPORTERt USDC, 415-431-6080 
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PIR. FIGG: WELL, 1 DON'T BELIEVE THAT 'WAS THE WAY IT 

CAPPE om. 

THE COURT: WEXJ;, THE LATTEFt IS NOT QUITE -- THE L3LTTER 

IS ,NOT QUITE: TRUE. 

THE OBJECTIQN IS OVERRUWD. 

YOU M?iY PROCEED. 

Q. (BY PASAHorJ3 Ix) YOU RECALL TEE QUESTION, DR. M U U S ?  

A. WEZE THERE CONDITIONS IN THIS ARTICLE TWAT COULD HAVE BEEN 

USED FOR PCR? IS THAT WHAT -- 
Q .  TfIE QUESTION WAS -- T€€E QUESTION W A S  THAT, AND COUIJI YOU 

EXPLAIN YOUR ANSWER. 

-- THAT YOU COULD USE FOR PCR. 

AT ALL OFFERED, IN FACT, IN REGARD TO THEIR DISCISSSIOW OF THE 

WORK TKXT HAD SUPPOSEDLY BEEN DOME ]PREVIOUSLY BY MOLIEJEXJX. 

THAT -- THIS PAPER'S NOT ABOUT THAT WORK. I KEm., IT 

JUST MENTIONS IT AS A WAY -- IT'S A SPRINGBOARD IN THIS PAPER TO 

WHAT THEY ARE PRESENTING IN THIS PAPER. 

THEY SAID, WE TRIED THIS ME2HOD AND THIS GUY HOLJmUX 

WOULDN'T WORK, AND AS WE €€AI3 DESCRIBED EARLCER IN THIS KLEPPE 

PAPER, THAT WE -- WE THOUGHT IT MIGHT NOT WORK, AND WHEN IT 

DIDN'T' WORK, WE DID THIS WORK WHICH WE'RE REPORTIHG IN THIS 

PAPER. 

CANDACE L. FRAFlCIS, OFFICIAL REPORTER, WSDC, 415-431-6080 
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AND THAT'S -- m T ' 6  WEAT -- S MEAN, THAT'S WHAT -- 
THAT'S HOW THAT PARAGRAPH COMES TO BE IN THIS PAPER. THIS 

PAPER'S NOT ABOUT TWXT METHOD. IT'S JUST SAYING, WE TRIED IT 

AND IT DIDN'T WORK. 

Q. NOW, YOU ALSO HAVE THE KLEFPE PAPER WP TIT=, E m B T T  A-l8? 

A. YES. 

Q. WHEN DID YOU FIRST SEE THAT PAPER? 

AUGUST MAYBE. 

Q. AFTER THIS LAWSUIT WAS -- 
A, AUGUST '89 SOMEWHERR. 

Q. 

A. AFTER THE LAWSUIT W A S  FILF,D. 

AFTER THIS LAWSUIT W A S  FILED? 

Q. NOW, DOES THE KLEPPE PAPER HAW WITHIN IT OPERABLE 

CONDITIONS THAT COULD BE USED FOR A PCR PROCESS? 

A, NO. NO, IT DOES NOT, 

Q .  WHY MOT? 

A. WELL, IT -- WELL, BECATBE THEY COULDN#T FIND THEM. 1 MEZN, 

THEY DIDN'T HAVE CONDITIONS FOR PCR PROCESS WHEN 'XWEY WROTE THAI 

PAPER. 

THEY -- THEY -- AT THE END WP THAT PAPER, THEY -- THEY 

HAVE A PASSAGE IN !lXERE THAT SAYS, ME HOPE WE CAN FIND SOMETHINI 

THAT WILL ALLOW US TO F!XPIJCATE THIS GENE THAT WE THINK WE'RE 

GOING TO HAVE =DE PRETTY SOON. AND WE THINK I T  MIGHT BE 

SOMETHING LIKE THIS, AND IF IT ISN'T, IT'LL 3E SOMETHING LIKE: 

CANDACE L. FRANCE3, UFFXCIAL REPORTER, USI)C, 415-431-6080 
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TRAT'S KIND OF WHAT THAT PAPER SAYS. IT EITHER IS 

GOING TO INVOLVE . e EXTEMDING OLIGONUCLEOTIDES ON A . DNA 

DUPLEX, OR IT'S GOING TO INVOLVE ATTACHING THE ST-, OR -- IT 
DOESN'T SAY a@ATTACHIMG" THERE; ZT SAYS SEPARATING THEM, 

PHYSfCALLY PIPITIFIG THE24 IN TWO PLACES AIZD W I N G  THEM IN SOHE 

OTHER WAY. AND I THINK THAT OTHER WAY IS WHAT WAS DESCRIBED IN 

THE PWET ARTICLE. 

AhTD THE FIRST ALTERNRTI- WHICH TEIEY SUGGESTED, RATHER 

VAGUELY 3UT SUGGESTED, THAT THEY M I G H T  TRY TO DO THEM 

TOGETHER 9- AT "HZ SAME TZME, THEY DECIDED THAT. WOULDN'T WORK BY 

THE TIME THEY WROTE THE PAMET ARTICLE:. 

BDT THERE'S NOTHING IR THE KLEPH3 W E R ,  THERE'S NO 

EXPERIMENTAL DETAIL IN THE KLEPPE PAPER, THAT REA3;T;Y RELATES AT 

ALL TO EITHER OF THOSE METHODS. AND IN THE PANET PAPER, THERE'S 

ONLY EXPERIMENTAL DETAIL RELATING TO THE IXM'ER, THE WNE THAT 

DID NOT IWOL'VE A PCR EVEN LIKE FRUCESS. 

Q. NOW, IN THE KIXPPE PAPER, THERE ARE EXPERIMENTAL DETAILS 

ABOUT SINGLE STRAMDS OF DNA AND PRIMERS BEING EXTENDED ONTO 

THOSE SINGLE STRANDS; IS THAT RIGHT? 

A. YES, THERE IS SOME WORK IN THF,RE ON -* THAT'S WXAT THE PAPEE 

IS m u T .  

Q- AND AMONG !€'HE DESCRIPTZONS OF THOSE EXPERIHEHTS, THEY 

EXPLAIN THE CONDITIONS THEY USED FOR THOSE P R m  EXTENSIOM 

m C T I O N S  

CANRACE L. FRAwCISf OFFICIAL REPORTER, DSDC, 415-431-6080 
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A. YES. THEY HAVE -- THEY HAW3 GOOD DETAIL DESCRIBING TEEE 

EXPERIMENTS THAT THEY HAD ACTUALLY DONE, AND T W Y  WT THAT IN 

THAT PAPER. 

Q. Do YOU R 3 3 W  WHAT' TEE CONCXNTRATION HAS OF THE PRIMERS -* 

I'M SORRY. 
. .  

DO YOU RECALL WWLT THE CONCENTRATION W A S  OF THE 

T-LATE THAT WAS BEING USED IN THOSE EXPERfMEWS? 

A. I BELIEVE IT'S SOMETHING LIKE -- IT'S FROM TICNTH MICROMOLAR 

UPWARDS, SOMETIMES -- MAYBE A LITTLE LOWER, BUT AROUND THE RANG1 

OF MICROMOLAR. 

Q. AND DD YOU RECALL THE -- THAT THERE'S AN EXAMPLE IH YOUR 

PATENT THAT W A S  DISCUSSED WRING HR. -- DR. SMITH'S TESTIMONY 

YESTERDAY? 

A, YEAH, WELL, I FSMEMBER m E  ONE W€AT W A S  DISCUSSED, YES. 

Q. AND THAT WAS THE EXAMPLE 1, r BELIEVE IT WAS? 

A. IT WAS THIS SAME EXPERTMEWT THAT'S STILL ON THE MONITORS. 

Q. THAT WAS -- 
A. EXAMPLE 1, YES. 

Q .  EWMPLE 1 WAS THE VERY FIRST PCR EXPERIMENT YOU EVER DID? 

A. IT WAS -- IT WAS BASICALLY THAT. 1 THOUGHT IT 

APPROPRIATE TO PUT IT IN THERE. 

Q. NOW, DR* SMITH TESTIFIED YESTERDAY, YOU'LL =CALL, T?iAT THE 

CWMCENTRATION OF THE TEMPLATE IN TrmSE TWO EXPERIXENTS W A S  

SIMILAR, AT LEAST, IF HOT EXACTLY THE SAME. 

A. WELL, THE COMCENTRATION OF THE TEMPTATE WASN'T THAT 

CANDACE L. FRANCIS, OFFICIAL REPORTER, WSDC, 415-451-6080 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1Q 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21. 

22 

23 

2 4  

25 

13-1923 m ~ I s - D I R e c T ~ P A s p i H ~ w  

DIFFERENT IN THE TWO -- IN THE -- m O M  THE -- THE ONES THAT 

IN THE KLEPPE PAPER, YOU HEAH? 

Q .  UH-HUH. 

A. IT WAS AROUND -- IT WAS IN THE ~CRO3IOLB;;R RANGE, 

Q. COWLD -- 
A. I THINK T?€EY DBCSDED YESTERDAY -* THEY CALCUUTED IT OUT TO 

Q. IF IT'S TRUE THAT TEIE CONCENTRATION OF THE TEKPIATE AND THE 

TWO WERE T€iE SAME, WHY COULDNrT SOMFDNE HAVE USED THE CONDITIONS 

IN THE KLEPPE PAPER AS A mrrmmm FOR CONDITIONS THAT COULD BE 

USED IN A PCR REACTION? 

A. WEU, YOW HAVE TO HAVE MORE THAN JUST THE CONCENTRATION. 

THE PCR REACTION IS A FAIRLY IWTERESTING -- IT'S AN -- THERE'S A 

LOT OF DIFFEREHT THINGS, f MEXN, CONCENTRATION OF TEMPLATE IS 

ONE. 

THE TIME -- ST WTXe3LL THING THAT -- THE BIG -- 
REAL BIG DIFFERENCE, 1:NG THAT U P P E  DIDN'T QUITE CATCH 

6 
ON, WAS THAT THE TXMZ W'I' IT TAKES BEFORE -- THAT IT TAKES FOR 

d 
4 

HYBRIDIZING -- THE TI& YOU AfrLXlW FOR HY3RLDIZIMG !IWE 

OLIGONUCLEOTIDES, T!& TIME YOU ALLOW A PASS BEFORE YOU PUT IN 

THE E N Z m  THAT EiTENDS THE DIIIGONUCIJ~OTLDES, TW&T HAS TO BE 
7 

SHORT ENOUGH SO T?iE TEMPLATE STRANDS DON'T GET TO 

REHYBRXDXZE W&TH EACH OTHER. 

W D A C E  It. FRANCIS, OFFICIAL RE-TER, U S K ,  415-451-6080 
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NOW, IF YOUR TEMPLATE STRANDS ARE AT A CONCEIRFRATION 

LIKE XN KLEPPE: OR LIKE IN EXAMPLE 1 OF THE PATENT, YOU HAVE TO 

BE FAIRLY QUICK. YOU CAN'T WAIT 15 OR 2 0  MINUTES. IF YOU WAIT 

15 OR 20 MINUTES, THE TEMPLKTE AT THOSE COPTCENTRATIONS HAS HAD 

TIm TO FIND ITSELF AND RE-ESTABLISH A DUPLEX TEMPLATE. IT 

MOHtT ALLOW THE PRIMBRS IN THEF!E AT T€KAT POINT. 

Q. 

EXPIAIN THIS INVOLVING MAGNETS? 

I THINK YOU SUGGESTED AH ANALOGY IN THE PAST T?€AT HIGWI? HEW 

A. OH, YEAH, THAT -- WRRE'S A -1 THIS IS A -- YOU SORT OF 

IMAGINE -- IF YOU lMAGINE A -- JUST IMAGINE A SWIIWING POOL 

THAT#S GOT KIND OF CHOPPY WAmR IN IT. AND THIS IS TO SIMULATE 

THE FACT THAT THE TEMPERATURE IS AT A CERTAIN -- TfifRE'S A 

CERTAIN TEMPERATURE INSIDE OF A TUBE. I THINK THE CHOPPINESS QP 

THE WATER MOVES THINGS AROUND. 

AWD JUST THINK -- YOU CAN THINK OF A BUNCH OF BAR 

MAGNETS- THINK ABOUT SOMETHING ABOUT mrs LONG (IWDICATING) 

THAT WERE PLASTIC AND THEY WOULD FLOAT DN THE SURFACE OF THE 

WATER. 

OKAY. NOW, THE BAR -- A BAR HAGNET HAS THE PROPERTY, 

IF YOU STICK IT UP ASIDE MOTHER BAR M&GHET, IT WILL CLUMP 

TOGETHER AND HOLD FAIRLY TIGHTLY. 

TEIEM ON THE SURFACE OF THE SWIMMING POOL AND A L L O W  THE CHOPPY 

=DACE I;. FRANCIS, 0FFY.CIA.L REPORTER, USDC, 415-431-5030 


