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mLLIs-DIRECT/FASAHOW 12-1798 

I 

A, TFWT'S RIGHT. 

MR. FIGG: OKAY, THANK YOU. NO FURTHER QUESTIONS, 

YOUR HONOR. 

THE COURT: MAY DR. SMITH EE EXCUSED WITHOWT BEING 

SUBJECT TO BEING RECAUSD? 

=* PASAHOW: 1 HOPE BO, YOUR HONOR, YES. 

THE COURT: I'M SURE HE HOPES SO, Too; RIGHT? 

THANK YOU VERY MUCH, DR. SMITH. YOU XAY STEP DOWN, 

[WITNESS EXCUSED) 

MR. PASAHOW: OUR NEXT WITNESS W I U  BE DR. KARY WLLI 

{PAUSE XN PROCEEDXNCS) 

THE COURT: YOU WANT TO STAND HERE? I'm ADMINISTER 

THE OATH SINCE WE'VE XDST OUR COURT CU3RK. 

WOULD YOU RAISE YOUR RIGHT HAND. 

KARY BANKS MULLIS, DEFENDANT'S WITNESSI SWORW 

THE COURT: IF YOU'D HAVE A SEAT HERE. AWD GIVE US 

YOUR NAME, AND ALSO S P E U  YOUR N m  FOR US, FIRST AND LAST, I 

THINK. 

THE WITNESS: MY NAHE IS KARY BANKS WUIS, K-A-R-Y, 

B-A-N-K-S, M-U-L->I-S. 

THE COURT: THANK YOU. 

THE WITNESS: IT'S DR. KARY B. MJLIZS. 

DIRECT EXAMINATION 

BY HR. PASAHOW: 

Q. GOOD A F T W O W ,  DR. W W S .  

CANDACE L. FRANCIS, OFFICIAL REmRTER, USDC, 415-431-6080 
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Q. ELAYBE I SHOULD HSLP CLEAR THINGS OFF UP H m .  

A. WE'VE GOT A LL)T OF STUFF, 

(PAUSE IN PROCEEDINGS) 

Q. (BY PASAHOW) DR. MUItLIS, Do YOU HAVE EXHIBIT B-1, THE 

'202 PATENT, THERE? 

A. Bel? LET'S SEE, I'VE GOT -- THESE HWST BE THE '195 AND THI 

' 2 0 2 ,  YES. 

Q .  AND YOU ARE THE INVENTOR, XARY MULLIS, ON THE '202 PATENT. 

A* THESE ARE MY PATENTS, YES. 

Q. COULD YOU PIZASE DESCRIBE FOR US YOUR PERSONAL BACKGROUND. 

A. WELL, f -- I START WXTH -- I WENT TO COLIIEGE, IF T€€AT#S FAR 

ENUUGH BACK, OR DO YOU WANT TO GO FURTHER BACK THPLN THAT? 

Q. THAT'S FINE. 

A. I WENT TO GEORGIA TECH AND GOT A DEGREE THERE IN CHEMISTRY. 

I STARTED XN CWEMIICAL ZNGINEEIUNG, AND 1 REALIZED ABW 

HALFWAY THROUGH THAT ENGINEERING W A S  -- WAS FUNt BUT m C A L  

ENGINEERING W A S  NOT GOING To BE Au 3" MUCH FUN, AND I LIKED 

CHEMISTRY A LOT BETTER. AND I ALSO STARTED GETTING INTERESTED 

IN PHYSICS AND QUANTUM ErnCTRODYNA?ErC TYPE THINGS. 

IT'S -- ALL KIND OF EXCITIMG STUFF WAS HAPPENING ABOUT 

THE?l IN CHEMISTRY, AND IT I W A S  SORT OF OSCIfiLATI#G BACK 

AND FORTH BETWEEN WHAT I W A S  GOING TO DO FOR A LIVING. 

BUT x ENDED UP WITH A DEGREE IN ~ S T R Y ,  MD THEN I 

WENT -- I m NOTICED THAT . . rN READING THINGS, L I ~  IN TXME 

CAWDACE Le FRANCIS, OFFICIAL REFORqER, WSDC, 415-432-6080 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

MUUIS-DIRECT/PASAHOW 12-1800 

HAGAZINE, SOME REAL EXCISING THINGS WERE mPPENING IN 

CALSFORNIA. TRAT W A S  ABOUT 1966. 

AND I DECIDED TO APPLY TO THE GRADUATE SCIIOOL IN 

I -- X FELT aKE I Was VERY LUCKY TO GET IN, BECAUSE TIZEY HADN"I 

TAN3H ANYBODY FROM GEORGIA SO I DIDN'T KNOW ANYBODY THERE 

RIGXT." SO IT WAS-A BIG CHANGE. 

I WENT INTO BIOCHEMISTRY -- INTO THE: BIOCHEMISTRY 
DEPARTMENT, AND f W A S  STILL TRYING -0 AT THAT POINT, f W A S  NOT 

SURE WHETHER f W m E D  TO 3E A BIOCHEMIST OR AN ASTROPHYSICIST. 

AND f HAD READ A rxlT OF ASTROPHYSSCS, I'D TAKEN PHYSICS 

Z COURSES AT GEORGIA TECH, AND I LeJEW YOU FROBABLY C O U m ' T  

LIVING BEING AN AsmoPmxcrsT BUT YOU COULD MAKE A L~VING BEIW 

A BIOCHEMIST, SO I WENT TO e- TO THE GECADUATE SCHOOL THERE AND 

STARTED TAKING BIOCHEMISTRY COURSES. 

(PAUSE IN PROCEEDINGS) 

THE WITNESS: SEIAU I JUST GO RIGHT THROUGH MY -- XY 

EDUCATION TEIETlE OR - 
Q. (BY MIZ. PASAHOW) WELL, WHY DON'T WE STOP AT U.C. FUR A 

MOKE3iT. 

WHXIIE YOU WERE AT THE UNXVERSITY OF CALIFORNIA, DID YO1 

TEACH? 

A. I TAUGHT IN, LIKE -- GRADUATE STUDENTS USUALLY, AFTER A 

COWPLE YEARS, END UP %%ACHING A COUPLE UF COURSES. f LIKED THA? 

CANDACE L. FRWCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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12-1801 nULLIS-DIRECT/PASAHOW 

AND SO 0- 1 EaEAN, HOST OF THEPI mN'T LIKE IT. 

A DUTY YOU HAVE TO PERFORB!, AND I REALLY KXlD OF LIKED IT. 

SO AMY TIHE I GOT A CHANCE TO GIVE LECTURES OR TO 

IT'S SORT OF LTKl 

TEACH, 1 WOULD DO IT, WHETHER -- AND, IN GENERAL, WHEX I WAS A 

GRADUATE STUDENT, I D I D  IT FOR FREE. IATER, AS I 9- RIGXT AFTEB 

I LEFT, I GOT MY DEGREE THERE, I: SPENT THE SUMMER TEACHING A 

COURSE AND . I . SO I -- I HAD TAUGHT A BY THE TIHE I GOT 

OUT. 

Q. WHEN DID YOU RECEIVE YOUR DOCTORATE DEGREE FROH THE 

UNIVERSITY OF CALIFORNIA? 

A4 1.972. 

Q. NOW, WE HEARD THAT HA- MAGAZINE IS ONE OF ONE OR TWU 

PREHIER PUBLICATIONS IN THE ENGLISH LANGUAGE. 

ARE YOU FAMIXJAR WITFI NATURE MAGAZINE? 

A. I SUBSCRIBE TO IT, AND I HAVE READ IT FOR YEARS, YEAH, I 

LIKE IT. 

Q .  HAVE YOU EVER PUBLISHED AN A R T f m  IN IT? 

A4 I PUBLISHED MY VERY FIRST ARTSCfiE fE3 TEEAT, AND lpHAT WAS IN 

1968 WHEN I WAS A -- I WAS A SECOND YEAR GRADUATE STUDENT IN 

BIOCEIEMISTRY THEZE WORKING IN THE fiABoRATORY OF J. B. N E f W D S  

ON SOME B 1 O - m  THINGS. 

AND I W A S  STXU INTERESTED IN ASTROPHYSICS, AND I WAS 

TAKING ASTROPHYSICS COURSES AT THE fMI-X!l?Y- AND I CrWE M Y  

GOT AN IDEA THAT I THOUGHT W A S  REALLY CLEVER, AND IT W A S  A 
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EluuIs-DIREm/P~AHow 12-1802 

UMIVEXSE, WHAT'S CAWtED A COSM0IXx;Y. 

AND SO I JUST -- I WROTE IT DOWN AND SENT IT TO NATURE. 

AND IT WAS KIND OF NAIVE FOR A GRAWAT3 STUDENT IN BIO-STRY 

TO m SENDING A THEORY OF m mrvmsE TO NATURE, so 

B E C T E D  IT RSGHT OFF, AND -- BUT I SEMT IT BACK. 

AND I SENT IT BACX. I PUT IN A FEW MORE FANCY WORDSF AND TKEY 

X REVISED IT 

A C C E m D  IT. AND -0 IT SAID THE SAME THING0 TT JUST SAXD IT f l  

A LITTLE BETTER, SO . 
'YEAH. THaT WAS MY FIRST EXPERIENCE WITH HATURE. 

8 .  

CALIFORNIA? 

WBAT DID YOU DO AFT= YOU GRADUATED FROM THE UMVERSfTY OF 

A. 

HIWEST AND -- JUST frJ HY FINAL YEAR OF GRADUATE SCHOOL. 

WELL, I -- I WAS -- 1 HAD MARRIED THIS W O W  FROM THE 

AND 

SHE W A S  APPLYING TO MEDICAL SCHOUL IN IDTS OF DXFFERENT PIACES, 

AND THE PLACE TH&T SIIE GOT IN WAS IN -- BACK IN WER HOHE STATE, 

IN KANSAS, so I 

1 HAD 0- f HAD PUNNED TO DO POST-DOCTURAL WORK ON TRE 

EAST COAST OR ON THE WEST COAST, TEtIlQKfNG THAT' SHE'D GET INTO 

SOME SCHOOL HEAR THE HIDOLE OR m T  COAST OR WEST COAST, 

A?4D I HADN'T PWLNNEP ON GOING TO KANSAS BECAUSE THERE 

WAS REZJ&Y NOT A OF EXCXTING BIOCHEMfSTRY, AS FAR AS S KMEW 

GOING ON IN KANSAS. IT !FURNED OUT IT WAS NOT SO BARREN AS AU 

THAT. 

CAMDACE L. FRANCIS, OFFICIAL REPORTER, U S E ,  815-431-6080 
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MULLIS-DIRECT/PASAI3UW 12-1803 

PEDIATRIC CARDIOLOGY DEPARTMENT, WHICH XS KIND OF A BIG JUHP 

FROM BEING AM ORGANIC CFEMIST, BUT THEY HEEDED A -- THERE W A S  A 

COUPCE OF PEDIATRIC CARDI0LXx;ISTS AE5D PATHOmISTS THERB WHO 

NEEDED -- OR THEY THOUGHT THEY NEEDED A BIOCHZMIST To WORX W I T H  

THEM* 

SO THEY HAD A PROBLEM WHICH HAD TO DO WITH -- WELL, 
!iXEIR RESEARCH INTEREST W A S  A DISEASE CALIED XDfOPATHfC 

RESPIRATORY DISTRESS SYNDROMZ. IRDS, WE CAUZD IT. 

IT'S SOMETHING THAT HAPPENS TO KIDS THAT -0 -- 
LIKE PREMATURE BABIES DON'T HAVE THEIR =OS COMPLETELY 

DEVEWPED, AND THEY 0- A U>T OF TIMES, m f E S  &RE GUIHC To EAVI 

TO HAW3 HEART SURGERY ALSO PRETTY EARLY IN THEIR LIFE, AND WITH 

AN I N S U F F I C I m  0- m N  THEY GO INTO m T  SURGERY, 

THEY'RE IHPROPER -- THE LUNGS AREN'T DEVEIDPED WELL ENOUGH, 

-- 

EITHER. 

AND THE W N G  DOES THIS PUNNY THING, WHICH IS THAT IF 

THE BLOOD COMING THROUGH IT IS NOT BEING PROPERLY OXYGENATED, 

THE PART OF THF, W G  THAT'S NOT PROPERLY OXYGENATED IN THE BLOO: 

SORT OF SHUTS ITSELF DOWN. IF THE WHOLE LUHG XS MOT WORKING 

RIGHT, THE WHOLE LUNG SHUTS ITSEW m t  

IT'S PROBABLY A HECHAMISM FOR DEFENDING YOURSELF 

AGAINST AN INJURY, BUT SN THESE KXDS, WIOfrE UfNG IS mSSED 

m. 

SO WHEN THEY GO INTO SURGERY, THE HEART PRESSURES -0 

CANDACE L, FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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MufiLr S-DXRECT/PASAHOW 120x804 

OUT OF THE RIGHT SIDE OF THE HEART IS SUPPOSED TO GO TFIROUGH THE 

W N G  -- IT CAN'T GO TEROUGH THE IUNG BECAUSE THE W N G  HAS 

SQUEEZED ITSELF CLX)SED -0 THE HEART PRESSURE GOES UP A Zxrr. A 

UT! OF KIDS DIE.  

SO WE WERE TRYXNG TO FIGURE OUT IF !WERE W A S  MY WAY TO 

UNDERSTAND THAT ~ C H A N X S M  BASED Oi BIOCHEMXSTRY: 3N OTfIER WORDS, 

COULD YOU FXGURE OUT WHAT XXND OF BIOMEMLCAL IS BEING RELEASED 
\ 

THAT IT'S UMDEROXYGENATING THE BIX)OD THAT'S CAWSING THAT WH0f;E 

PROCESS. 

STOP IT IF WE COULD KNOW WHAT W A S  CAUSING IT. 

IT'S SOMETHING -9 BECAUSE WE COULD FIGURE OUT A WAY Tc 

SO WE STUDIED 3iT FOR, 1 DON'T KMOW, TWO OR W E  YEARS; 

PUBLISHED SOME PAPERS, IT TURNS OUT IT'S A VERY, VERY DIFFICULl 

PROBLEM. WE HADE S W E  PROGFtESS ON IT, 'BUT WE CERTAINLY DIDN'T 

CURE THE SYNDROME. 

Q .  WHAT WAS YOUR WSfTION AT THE UNIVERSITY UF KAHSAS? 

A. I THINK I WAS BEING PAID AS A TESCKING ASSOCIATE, BUT IT 

REALLY W A S  MORE LIKE A POST-DOWW FELLOWSHIP, EXCEPT FQR 

BIOCHEMISTS 

S WAS LEWWING A U T  OF MEDICINE; THEY WERE fiEAR1sIHG 

som BIOCHEMISTRY. 

IT WASN'T LIKE YOU GO TO A PLACE WHERE SOME3UDY -- I 
WOULD HAVE PFtOmBLY IENDED UP. IF IT HADN'T BEEN FOR GAIL 

CANDACE Le F'RANCIS, OFFICIAL REPORTER, U S E ,  415-431-6080 
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MULL1 S-DfRECT/PASAHOW 12-1805 

LABORATORY OF SOME OTHER BIOCHEEaIST WHO WAS FAIRLY MORE 

EXPERIENCED !l'HAN I. 

BUT, THIS WAY, I SORT OF BROADENED My BDUCATfON. 1 

DIDN'T XEAW A U T  OF BIOCHEMISTRY. I LEARNED A LOT ABOUT 

PHYSIOIDGY AND MEDXCINE AND STUFF, 

I WOULD KAVE THOUGFXT OF IT SORT OF LIKE A 

POST-DOCTORAL FEUWSWfP. 

Q. WHhT DID YOU DO mER YOU IBFT THl3 UNfVERSfT!l OF KANSAS? 

A. THEN I CAME BACK OUT HERE AND WENT TO -9 I GOT A 

POST-DOCTORAL FEISXIWSHXP AT THB UNIVERSITY OF CALIFORNIA AT SAN 

FRANCISCO, OUT EERE AT THE MED CENTER, AND WOaKED IN THE -- 1N 
THE LABORATORY OF THIS WLN HAHED WOLFGANG SAD= (PHONETIC), 

AND HE WAS INTERESTED I# THE -- WEAT'S CALLJ3D THE 

PfIARMACOKINETXCS OF MORPHINE, BUT -0 WHICH ME2tHS HOW FAST 

DOES -- DO MORPHINE AND OTHER OPIATE TYPE DRUGS GET IN AND OUT 

OF YOUR SYSTEM WlTH VARIOUS ROUTES OF ADMINISTRATION, THINGS 

LIKE THAT. 

AND THAT FIELD HAD SUDDENLY BECOME REAL EXCITING 

BECAUSE SOMEONE HAD JUST DISCOVERED THAT 

OPIATES, THAT THERE WERE THINGS MADE IW YOUR BODY THAT WERE 

WERE INIZRNAL 

SIMILAR TO oprm. THEY HAD SIMILAR EFFECTS TO OPIATES zis THAT 

THEY MADE YOU FEE& THAT SAME SENSE OF WELL-BEING AND TEAT PaND 

OF THING. AMD THAT W A S I  IN FACT, WHAT, THE WHOLE OPIUM BUSINESS 

W A S  ABOUT. 

THAT WAS WNFZE MORFHINE WAS GOING WHEN IT W E  YOU FEE 

CANDACE L- -CIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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WONDERFUL W A S  TO THESE UTITZ CEHTERS THAT WERE THERE FOR TEE 

REASON THAT YOU MADE STUFF LIKE THAT YOURSELF, PARTICUmY WKEP 

YOU WERE INJURED OR SOMETiZXNG LIKE THAT, AND YOUR BODY WAS 

TRYING TO KEEP YOU FROM FREAKING OUT, 

SO WE STUDXED THAT, AND THAT W A S  REALLY KIND OF FUN, 

STUDIED THE BINDING OF THOSE EPTKEPHALINS AND STUFF TO THOSE 

UNIVERSITY OF CALIFORNIA? 

3975, AND SO THAT WOULD WAVE BEEN ABUUT ' 7 5 ,  ' 7 6 ,  ' 7 7 .  MAYBE I' 

W A S  -- IT W A S  PROBABLY U T E  ' 75  UNTIL LATE ' 7 7 ,  ' 7 8 .  

I WIGHT HAVE THOSE FIGURES OFF. I HAVE A HARD TlW3 

WfTH YEARS. 

BECAUSE OF THIS PATENT THING, BECAUSE EVERYBODY WANTS TO K N O W  

I'VE LATBLY LEARNED HOW TO KEEP THEW STRXIGHT 

A- NOW, THIS W X U  BE HELPFUL. 

OKAY. IT'S ' 7 3  TO '"1'9. 

THIS IS A RE&= OF MY BACKGROUND, YES. 

Q. 

A. WELL, IN 1979, I HAD DECIDED THAT 1 WANTED TO GET BACK INTO 

SOMETHING THAT W A S  A rX"l"rLE MORE CHEMICAL !PHAM 1 WAS WING. I 

WHAT DID YOU 00 IN 19791 

W A S  WORKING ON CHEMICALS IN ORGAN -- IN, LIKE, RATS, BASIcAI;LY, 

CANDACE L* FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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MULUS-DIRECl?/PASAHOW 12-1807 

AND STUFF LIKE THAT IN THE LAB, AND f REALLY GOT TIRED OF DOING 

TnAT 

AND 1 ENJOYED ORGANIC CHE?4XSTRY PROBABLY MORE THAN 

ANYTHING ELSE I EXER LEARNED, AND SO 5: *- AND I NOTICED THAT 

SUDDENLY IT W A S  POSSIBLE TO S!lN!THESXZE DNA, THAT THEY WERE 

REALLY STARTING TO, YOU KNOW. 

I MEAN, THEY RAD BEEN DOING IT FOR A LONG TIME, A 

L1TTL;E BIT, 3UT FINALLY -0 DNA W A S  FINALLY COMING ALIVE AND I 

DECIDED TO GET INVOLVED IN 'MIAT. IT IOOKED LIKE THAT W A S  A 

REALLY INTERESTING FlELD. 

AND SO I -- 1 KNEW SOME PEOPLE -- OR AT LEAST ONE 
PERSON REALLY WELL OVER AT CETUS CORfoRATIUPS AND, THROUGH HSM, 

I -- I KNEW TRAT THERE WAS A POSITION THERE AVAfXlABLE FOR AN 

ORGANIC CHEMIST WHO COULD SYNTHESIZE THESE WWL3 PIE-5 OF DNA 

THAT WE'VE BEEN TALKING ABOUT. THEY eAu IT AN OLIGONUCLEOTIDE 

CHEMIST, OR AN UGLY-OH-NUCLEUTIDE CEEMfST. 

BUT THAT WAS -- 1 WENT OVER THERE AWD 11PTERVfEWED. 1 

ORGANIC CHEMICALS, GAVE THEM A TALK !PO PROVX THAT f COULD 

AND . . THEY DECIDED, WELL, ONE ORGANIC CHEMIST IS AS GOOD AS 

ANY OTHER. 

THEY JUST NEEDED AN ORGANIC CHEHIST ANQ -- ALTHOUGH 1 
HAD NO EXPERIENCE MAKING OLXGUNTJCLEOTIDES AT THE TIME, BVT f HAl 

HADE A TAT OF OTHER C F E M X c A L s .  SO THEY HZRED ME, WHICH I THINK 

ST W A S  PROBABLY A D W B  THING TO DO AT THE TIME, BUT f DIDN'T 

T E U  THEM BECAUSE I -- m y  FOmD E X P ~ ~ ~ D  

CANDACE L. FRANCIS, OFFICIAL REPORTER, US=, 415-431-6080 



11 1 

s- 2 a 
3 4& 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

m x s - P I R E c T / P A s ~ o w  12-1808 

OLfGONUCIIEOTfDE MEMIST, BUT IT TURNED OUT IT WAS -9 THAT IT 

WORKED OUT A I L  RIGHT BECAWSE I QUICKLY LE,ARWED HOW TO MAKE 

0WGONUCL;EoTIcDESo 

AND I DIDN'T COm IN WITH A ZD!I' OF PREJUDICES ABOUT HOB 

TO HAXE "HEM. I JUST WENT TO TfIE LXTEW4TURE THAT W A S  A V A I W L E  

AEJD -KED AT THE NEWEST HETHODS THAT WERE COMING OUT0 AND 1 

W A S  ALWAYS WATCHING FOR THOSE KIND OF THINGS RATHER THAN SORT 03 

DEPENDING ON THE OLD-FASHXONED METHODS THAT THEY -- AT THE 

Trm, THEY HAD A M B  THERE THAT WAS USXNG METHODS THAT WERE 

QUITE OUTDATED OR -- YOU KNOW, OUTDATED THEN MEANT TWO OR THREE 

YEARS om* 

EWI' THEY WERE OUTDATED AHD I DIDN'T -- I CZME IN 

THINKING THEY'D BE DOING 3RAND NEW KIND OF METHODS, AND SO THAT 

W A S  PROBABLY TO THEIR ADVANTAGE THAT THEY DIDN'T HIRE A19 

EXPERIENCED CHEMIST. 

Q. BEFORE WE GO INTO THE DETAILS OF YOUR EHPLOYMENT AT CETUS, 

LET ME ASK: 

HAVE YOU EVER DUNE A PCR REACTION W I T H  YOUR OWN HANDS? 

A. 

T H O U S ~ D S  PROBABLY SINCE THEN* 

YES, I DID THE FIRST ONE, AND T'VE DONE PROBABLY EUMDREDS 

IT'S HARD TO SAY WHAT'S A REACTION. IF YOU COUNT THE 

HUMBER OF TU3ES I'VE USED UP DOING m, IT'S PROBABLY IN THE 

TENS OF THOUSANDS- 

Q. ANYWAY, YOU'VE DONE A Zxrr OF -. 
A. I'VE DONE A LOT OF THEM. THAT'S SORT OF BEEM A GOOD LIVING 

CAMDACE L a  FRANCIS, OFFICIAL REmRTER, U S X ,  415-431-6080 
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YOU GIVEN YOUR OWN LABORATORY? 

Ai YEAH. T?iERE WAS e THERE -0 I WENT TO WORK THERE FOR THl 

ORGMIC CHEMIST !FEAT WAS THERE, AND AFTER f THINK IT WAS aBouT 1 

?lEAR -- IT MAY NOT' HAVE BEEN QUITE A YEAR -- F€AD SOME 

DIFFERENCES ABOUT HOW WE THOUGHT THINGS OUGHT TO BE, AND I -- 
THEY FINALLY SEPARATED OFF I N T O  TWO YES, SO THAT 1 HAD MY OWN 

Q v  HOW SOON AFTER YOU WENT TO CETUS DID YOU SYHTHESIZE YOUR 

FIRST OLIGOMUCLEOTIDE? 

A. 

MONTHS, SOMZTHIEJG LIKE THAT. fT I- I HAD A -- A PERSOD, SORT 0 

ABOUT -- THEm'S ABOUT TWO WONTHS IN THERE WHERE I W A S  SORT OF 

JUST FIGURING OUT WHAT W A S  GOING ON, LWWNfNG A PEW !IXINGS. 

WELL, I THINK IT TOOK ABOUT -- I THINK IT WAS ABOUT THREE 

THEY BROUGHT SOHEBODY IN WHO W A S  AN OLD WNGcTXME -- H 
HAD BEEN A -- AN OLfGONWCLEOT3DE CHEMIST FOR A IQNG TIME AND HE 

~ T N E D  rn A LrmLe BIT. 

AND THEN 1 THINK !I!HERE W A S  SORT OF A -- AN m G E M C Y  - 
wmm m im A f x ) ~  OF EMERGENCIES AT CETUS r N  THOSE DAYS -- 
WHERE THEY SUDDENLY WANTED SOMETHING R E A U Y  W, AND !B€EY 

THOUGHT THAT SHOULD HAVE HAD XT A MONTH OR TWO AGO, AND I 

SET OUT TO DO THAT W f T H  A COUPLE OF TECHNICIANS !IXAT WERE THERE 

WORKIEJG WITH m e  

W WE PIPJAUY MADE A 15 B M E  mNG 0LLGONUCL;E~XDE. I 

=DACE L. FRAWCXS, OFFICIAL REPORTER, USDC, 415-431-6080 
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MWUIS -DlRECT/PAsAHOW 12-1810 

THINK THAT W A S  IN THE WINTER !WE FIRST YEAR THAT I GOT -, 
WHICH WOULD HaVE BE- WINTER OF 1980, 

Q. GOING ON FROM TIfERE, HOW MANY OF THESE PIECES 15 BASE 

PAIRS LONG DID YOU m, SAY, IN THE: FlRSf YEAR YOU WERE THERE? 

A. 

THE FIRST ONE, AND WE SORT OF FIGhED OUT WHJLT WE WERE DOING 

!P€iEN, AND WE ALSO HAD -- WELL, WE'D 5UST GOTTEH XORE AND MORE 

EXPERIENCE. 

IT HAD -- IT HAPPENED PRETTY FAST. AFTER WE -- AEFER WE GOT 

I ' D  SAY WE PROgABLY MRDE 10 MORE BEFOREI YOU KNOW, TWO 

MONTHS W A S  GONE, AND TflEH PROBABLY 10, 2 0 ,  OR 30 THE FIRST YEAR, 

I ' D  SAY, SOI4ETHING LIKE TIRT. 

RECORDS OF THAT SO- BACK OVER IN THE BASEMENT AT CETUS 

I'D HAVE TO zIcloK -- X'VE GOT 

PROBABLY 

Q. 

OLIGONUCLEOTIDE, HOW MUCH WOULD YOU MAKE? 

A. 

THESE DAYS, IT'S MADE IN LITTLE TEENY QUANTITIES IN HACHINES. 

BUT WE WERE D U N G  WITH BIG FLATS, YOU KNOW, W E  HUGE 

QUANTITIES OF SMELLY LIQUXPS, THINGS THAT OTHER PEOPLE THOUGHT 

WERE SMELLY. 

HUW -- WHEN YOU WOULD MAKE A PARTICULAR SEQUENCE INTO AH 

WE ACTUALLY MADE QUITE A BIT. WE WERE DOING THIS IN -- 

I LIKE THE SHELL OF CHEXICALS. BUT XOTS OF BIG 

QUANTITIES OF THINGS. 

AND SO WE -- AND WE WERE ALWAYS BEING VERY 

CONSERVATXVE, BECAUSE IF YOU DO SO= - YOU DON'T JUST WSH A 

BUTTONm IN FACT, YOU WNrT EVEN PUSH A BUTTON THESE MYS. I#W 

THAT THESE BAYS FROM PEOPLE WHO DON'T UNDERSTAND =T 

m D A c J I  -CIS, OFFICIAL REPORTER, U S E ,  415-431-6080 
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THEY'RE TALKING ABOUT, BECAUSE rmEYcRE NOT O L I G O N U C ~ ~ I D E  

CHEMISTS, AND THEY MIN'T REALIZE THERE'S A U T  OF HASSLE 

INVOLVED S T I U .  IT'S JUST A LOT EASIER. 

BUT BACK THEN, XT W A S  REALLY A HASSLE AND IT WOULD BE 

MONTHS YOU WOULD BE SOMETIMES ON ONE PROJECT* 

WITH IARGE MOUNTS JUST IN CASE SOHEZHING U P E N E D  DOWH THE 

ROADr SO YOU MIGHT SCREW UP, AND ONE OF cm3E RE34CTIONS MIGHT BE 

REALLY BAD INSTEAD OF AVERAGE. 

SO YOU'D START 

AND SO YOU WANTED TO BE WAY OUT AHEAD BECAUSE THE 

YIELDS OF THE REACTIONS WOULD ALWAYS -- IF YOU DID -- STARTED 

UP -- IF YOU 6OT A 50 PERCENT YIELD IN TI3E FIRST ONE AND A 50 

PERCENT YIELD IN THE SECOND ONE AND A 50 PERCENT YIELD IN THE 

THIRD ONE, YOU'RE DOWN TO, YOU mOW, ABOUT I2 PERCENT. AND TIEl 

IF YOU SUDDENLY GET A 1 PERCENT YIELD INSTEAD OF A SO, YOU'D 

BETTER HAVE A IDT. 

SO WE EAD A Zxrr MORE THAPJ WE NBEDED REAEJIY. BUT THE 

AMOUNT THAT W3 WOULD PROCESS RIGHT TO THE VERY END WOULD BE 

MAY3E 20 WHAT THEY CALL -- THEY HAVE A UNIT U D  OD UrJIT. 

DON'T XNOW IF WE'VE HEARD TKAT HERE YET, BUT IT'S ABOUT 30 

I 

MICROGRMS.  1 KNOW YOU'VE HEARD THAT WORD BUT e A HXCROGRAF 

IS LIKE A . . . A GNAT'S EYE OR SOMETHING LIKE THAT. 

SO 30 K I C R O G W  IS NOT A m# BUT IT'S UNLY NOT A fioT 

IF YOU'RE PWING TO EAT IT. IF YOW'RE GOING TO USE rT IN AN 

OLIGONUCLEOTIDE EXPERXMENT, 30 HlCRffiRAMS IS QUITE A LOT, M D  

I BXCIJSE ME, I MIGHT JUST RMBU IF YOU . 
CANDACE FRANCIS, OFFICIAL RESORTER, USW, 415-431-&#0 
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Q. GOING BACK TO THESE OD's, HOW OF THEM DO YOU mrm YOU 

WOULD HAKZ IN AN INDIVIDUAL SYNTHESIS BACK IN THOSE EARLY DAYS? 

A. WELL, THE VERY IXMT THAT WE'D EVER WAKE WOULD BE TWO OR 

-E* I W3AH, THAT WOU&D BE THE VERY m T *  AND THAT WOULD 13x 

VERY CONSERVATIVE. WE WOULD PROBABLY END UP MAKING 20 -- 10 OR 
20 OD's IH A FARTICUXAR SYNTHESlS. 

Q- NOW, XF -0 I KNOW YOU DIDN'T BAVE PCR BACK BUT HOW 

MANY PeR RE?LCTIONS COULD YOU 00 WIm ONE OD OF PRIMER? 

A. IF 1 USE A 0 

1 THINK 0- SEE, I USED TO W A PCR REACTION, AND I'D 

USE ABOUT, WHAT, A HUNDRED PXCOMOSW OF PIUWER AND AN OD IS A 

COUPLE OF NANOMOLES, SO THAT'S . . 30? 50. 

(PAUSE IN PROCEEDINGS) 

mow, YOU CAN Do THESE REACTIONS - f KmN, THERE'S NO -- YOU 

DON'T HAVE TO ALWAYS DO IT IN THE SAHE VOLUME, AND SO XF YOU 

WANTED TO DO -- IF YOU WANTED TO DO IT W I T H  LESS, YOU CERTAINLY 

COULD. 

CAN DO IT I1J FIVE, THAT MEANS YOU CAW USE 20 TIMES IZSS, 

THERE'S NO REAL STRICT AWOUNT THAT IT TAKES TO DO A PU 

REACTION, REALLY, BECAUSE YOU HAVE A XAT OF VARIABLES UNDm YOUI 

CONTROL WHEN YOU'RE DOING THOSE KIND OF THINGS. 

HBARD THzlT HERE ABOUT HOW YOU DON'T HAVE ENOUGH TO DO IT AND IT 

I MEAN, WE'VE 

CANDACE L, FRANCIS, OFFICIU REPORTER, USDC, 615-431-6080 
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TAKES MORE. THAT'S NOT REALXY TRUE, I WOULD SAY. 

Q* (BY HR. PASAHOW) IZT'S TRY AND STXCK TO THE QUESTION. 

A. OKAY. 

AUTOMATE THE SYNTHESIS OF' OLlGoNUcLEOTIDES. AND IT W A S  A BXG 

BLACK BOX -0 

Q. 3EFORE YOU -- 
A, -0 AND SO WE BOUGHT ONE. 

Q. 

USED TO MAKE THE OUGONUCLEOTIDES STAYED THE SAME? 

BEFORE YOU BOUGHT THAT FIRST MACHZNE, HAD THE METHOD YOU 

A. NO, NO. WE HAD BEEN MODIFYING IT RAPIDLY AS WE AIDNG* 

AS A BlATX'ER OF FACT, WE WERE ALREADY MAKING THEM A fioT FASTER 

TKAN IN THE VGRY BEGINNING* 

I I U D  DONE A LOT OF SORT OF PIONEERING WORK IN -GIN( 

THE METHODS. r WAS ALWAYS TRYING TO ma IT EASIER BECAUSE 

WE I- WE ALWAYS HAD A BIG WORKfXlAD, AND ANYTHING I COULD DO TO 

HkKE IT FASTER, MORE E F F I C I m ,  I DID. AND SO WE BAD -- I HEAN, 

I'VE DONE IDTS OF LITTLE EXPERIMENTS AND IHPROVED THE #EmOD 

QUITE A BIT0 

Q. 

A. WE=, THE THING THAT 1 DID THAT WAS THE 0- SORT OF -- 
O m  OF THE NICEST THINGS I'VE EVER DONE -- AND m T  SORT OF 

WHAT IMPROVEMENTS DO YOU RECALL HMIHG? 

CANDACE L* W C f S ,  OFFICIAL MmRm, usw, 415-433-6089 
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HAS I FIGURJZD OUT A WAY 0- WE WOULD BE W N G  m S E  THINGS, 

DOING WHAT THEY CALL BLOCK CONDENSATIONS WHERE YOU'D TAKE TWO 

HALVES OF THE M0LECUX;E YOU WERE TRYING -- YOU'D START OUT WITH 

MONOMERS AND STICK THElJl TOGETHER, AND TEEM YOU'D TAKE -- YOU'D 
TaKE DIMERS AND TAKE TWO DIMERS AND STICK THEM TOGETHER, AND ALI 

OF =IS STUFF W A S  BEING DONE IN WHAT W A S  CALLED €'WILY PROTECTED 

FORM, W I N G  !CHAT WE -'T EXACTLY USIN% THE SAME MONOMERS 

THAT WE WERE mmrw ABOUT HERE. THERE WERE THOSE, PLUS A wmu 

LOT OF ORNAMENTAL ONES, HAKING THEE! ESANIPULATABLE. 

BUT WE WOULD DO -- EVERY TIME WE WWLD DO A 

CONDENSATION, WE WOULD HAVX TO FIGffRlE OUT -- WE WOULD HAVE THE 

PRODUCT, %'HEN WE'D HA= OWE OR TWO, BOTH OF THE REAWfONS THzlT 

fRODUcTS 

EXCEPT IT'S GOT A I A Y E R  OF SORT OF CRYSTALLINE MATERIAL 029 'ME 

SURFACE, SORT OF LIKE VERY FINE SAND THAT STICKS TO IT. 

AND YOU PUT THE MATERIAL OH THE m B l  OF THAT AND DIP 

IT INTO A -- JUST LET IT SIT DOWN fOSTO A LIQWID, LIKE A METHANO 

OR SOMETHING, AND THAT WOULD Su3wLY SORT OF DRIFT UP THE PIATE 

BECAUSE IT WOULD BE -me THE DRY SUBSTRATE ON THE SURFACE OF 

THE PLATE AWD SORT OF JUST SUCK IT UP LIKE CAPZhUU7ITY. 

CANDACE L. mums, OFFICIAL REPORTER, WSDC, 415-ai-6080 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1s 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

12'1815 

AND AS IT DID THAT, ET WOULD WOVE THE CQMPOUHDS UP THE 

PLAm AT DIFFZRXNT RATES, DEPENDING OH WHAT THEY WERE, HOW 

LIKED mE METHANOL, AND HOW THEY LIKED THE PLATE. SEP3LRATE 

THINGS + 

AND WE WOULD END UP 2HERE W I T H  A WHOLE BUEICH OF 

W D S  UP THE PLATE, AND WE COULD TELL THEY WERE THE23 BY m7 

LIGHT SHINING ON THEM, BUT WE COULDN'T TELL WIiICIS OM3 W A S  OUR 

PRODUCT. WE COULD GUESS WHICH UESE WAS OuEl PRODUCT BUT WE 

COULDN'T TELL. 

AND THE ONE THAT W A S  OUR PRODUCT, WHAT WE WAWED TO 00 

W A S  SCRAPE ?&L THAT STUFF OFF !FHE PLATE, LIKE WITH A RAZOR 

BLADE, fHTO A BEAKER AND =PED, MEANING GET THE PRODUCT OFF 

THAT SILICA GEL -- THE STUFF ON THE PLATE WAS CALLED A SXLICA 

GEL. 

SO WE'D HAVE TO SCRAPE !FHEM ALL OFF A UIT OF T m S  APSD 

PROCESS THEM ALL. TIEN WE'D HAVE TO FIGURE OUT WHICH ONE WAS 

THE RIGHT ONE AND WHICH ONES WERE TO BE -OWN AWAY. AND THAT 

WOULD TAKE ABOUT TWO DAYS. 

WE DIDN'T HAVE TO WORK SOLID FOR Tw6 DAYS, BUT TKE 

PROCESS *- THERE WERE A U T  OF SLOW STEPS IN THaT TOOK 

ABOUT TWO DAYS. 

AND THEN mE RESULTS WEREN'T ALL THAT GREAT WHEN HE GO 

TO THE END. SOMETIMES WE'D mow FOR SURE THAT mrs WAS om 

PRODUCT AND somxms WE WEREN'T. 

AWD IT'S R E A U Y  SCARY WKEN YOU'RE TRYING TO Do 
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SOMETHING THAT TAKES 10 OR 15 STEPS AND YOU'RE NOT EvEls SURE ON 

TI333 THIRD STEP 

RIGHT THING. 

TiIE THING YOU'RE PUTTING IHTO IT IS THE 

SO I FIGURED OUT A METHOD. I W A S  G3TTXNG IIJTERESTED I19 

CUHPUTERS, AND 1 HAD THIS R E A U Y  -- WE €€AD A MACHXNE THERE 

CALLED A ! 3 P E e " r " R O P ~ ,  WHICH'I TBfNK THEY =TONED THOSE 

KIND OF THINGS HERE. IT'S A MAMINE THAT MEASURES LXCIFT. 

AND YOU PUT A LITTflE TEST TUBE IN IT -- A CUVETTE THEY 

CALL IT -- AHD PUT A SOxXrrION IH THERE AND SHINE LIGHT THROUGH 

IT. 

AND YOU CAN SHINE DIFFERENT FREQUENCIES, LIKE YOU CAN 

PUT 260 NANOMETERS, OR 280,  AND VARIOUS -0 AND YOU CAN MEasu-RE 

HOW MUCH OF VARIOUS m Q m C f E S  OF LIGHT GET ABSORBED BY 

WHATEVER'S IN THAT LITTLE CWETTE. 

AND WHAT f DISCOVERED THAT I COULD DO W A S ,  BY KNOWING 

THE SEQUENCE THAT I THOUGHT I WAS MAKING, THE THING r WAS HUPIN( 

I W A S  GOING TO GET, BY KNOWING THAT, AND KNOWING -0 AMD HAVXNG 1 

3UNM OF N?JMBERS THAT I 

EXPERIMENTS, I COULD CALCULATE WHAT THE RATIOS OF THOSE -0 OF 

CALCULATED FROH SOME OTHER 

THE LIGHT Awommcms SHQULD BE FOR ANY PARTICULAR THING I WAS 

GOING TO -. 
so I corn SAY, IF m s  IS REALLY WHAT r mrm IT IS, 

AND X PUT THESE NUMBERS THAT I TAKE OFF TEEE SPECI'ROPHOTOMETER 
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HULLIS-DIRECT/PASAHOW 12-1817 

GO AWAY. 

fT WOULD TELL YOU HOW BAD OFF IT W A S  OR HOW CIDSE IT 

W A S ,  SO m T  0- IT IMMEDIATELY GAVE US A METHOD TO ANALYZE WiAT 

WE WERE DOING M D  IN A QUANTITATXVE RIND OF WAY- AND IT REAIbY 

METHOD. 

W A S  -a IT WAS 0- IT DID W SWTHESIS IN A DIFFERENT WAY. 

IT W A S  AN AUTOMATED DEVICE AND WE WO-D ON HOW TO GET 

AND THAT SORT OF -0 AFTER THAT, WB DIDN'T NEED M! THAT TO WORK. 

BEAUTIFUL METHOD, WHICH I -- IS FOR SALE, IF ANYBUDY WANTS IT, 

Q. 

J?ROM BIOLOGICALS OF CANADA? 

A. OKAY. THAT UNE CAME IN, AND WE W E D  TO GET IT TO WORK AND 

IT WOULD HOT WORX, SO WE SENT IT BACK. 

GOING TO THIS FIRST MACHINE, YOU SAID IT CAKE AROUND 1981 

AND THEN A FRIEND OF M I N E  TEAT I HAD M3T WHEN 1 W A S  AT 

UCSF, NAMED RON COOK, HAD STARTED A LITTflE COMPANY OVER IN SAM 

RAFAEL CALLED BIOSE&RC3%, AND HE HAD DEVEfrOPED A MACHINE. AND E 

HAD MADE THREE LITTLE PROTOTYPES OF IT. 

AND SO HE BROUGm ONE, KNOWING THAT f WAS WORKING OVER 

AND THE THREE OF US WORKING TOGETHER SOHEWHAT, BUT lusl 

SOMEWHAT INDEPENDENTLY, GOT *- FINALLY FIGURED OUT HOW TO -- 
CANDACE Lo FRANCfS, OFFICIAL REPORTER, U S E ,  415-431-6080 
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THOSE WERE EASY TO MAKE WORK, ST DIDN'T TAKE A IDT OF WORK TD 

RUN. IT HADE A GOOD MACHINE* 

THE CHEMfSTRY WE PLAYED WITH SOKE, AND RON PLAYED WITH 

SOME, AND Two AT GENmTEcH PLAYED wrm DIFFERENT CHEMISTRIES. 

THOSE MACHINES WORKED WELL. 

SUDDENLY, WHAT HAD BEEN TAKING US A U T  OF TIME AND 

EFFORT TO DO WAS -- IT W A S  -- IT WAS NOT TRIVIAL, LIKE ZT'S NOT 

JUST PUSHING A BUTTOH. 

ALL THE RIGHT THINGS, AND YOU TO ALL THUSE MEMICAU 

YWRSELF, OR EITHER YOU HAW3 TO KNOW HOW TQ QWALSTY CONTROL THEF 

WHEN THEY COME FROM THE WWUFACTURER AMD STUFF. BUT IT DID HAKE 

YOU HA- TO KEEP ALL THE BOTTLES FULL OE 

IT A HECK OF A IDT EASIER. 

Q. DrD YOU HAVE mm TJXE AS A RESULT OF THIS  WINE ARRIVING 

REALLY GOTTEN XNTERESTED ENOUGFi IN THE CWPU!FER !lQ TAKE EVERY 

TIME-CONSWlING THING TH&T I EVER DfD TF€AT WAS REPETITIVE AND pu1 

IT ON THE CO-ER. 

SO A W T  OF MY ADMINISTRATIVE KIND OF TASKS, THERE WERl 

THINGS 0- I MEANt I WAS SORT OF DIRECTING THE IAB, AND TEERE 

WERE FOUR OR PI- PEOPLE IN TIE IAB* YEAH, THERE WERE ABOWT 

ADMINISTRATIVE STUFF, TRYING TO KEEP TRACK OF EVERY SYN!FHESIS 

CANDACE L. FRANCIS, OFFICIAL REPORTER, WSDC, 415-431-6080 
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HuuLs-DIREcT/PAsAHow 12-1819 

AND HOW IT WAS HADE AND EVERY BATCH OF STUFF. A IMT OF THAT 

STUFF f W A G E D  TO GET ON THE COKPUTER. 

THEN I DEVEEOPED A IDT OF OTHER ANALYTICAL ROUTINES 

TEtAT, kTHEN THE PEOPLE IN THE LAB WOULD USE THOSE AHD THEY WOULD 

TAKE -- THEY WOULD -- INSTEAD OF HAVfNG TO CA-TE THXMGS OUT 

AND TFE COHE'UTER PROGRAMS WOUW KEEP TRACK OF WHAT WAS WING ON, 

IT WOULD MAKE REZORDS OF -- IT'S LIKE SOHEBODY BBDE 

mrs COMPOUND AWD PUT IT IN mxs. HERE ZLRE THE ~ R S  =ox IT, 

THAT WOULD BE IN A PLACE WHERE X COULD EASILY IDOK AT IT. 

SO 0 AHD THB WAY 9- AND THZ COMPUTER PROGRAMS COW 

BE: SET UP SO THAT THEY WOULD WATCH FOR THINGS THAT WEREN'T 

WORKING RIGHT, AND THEY WOULD SORT OF SEND UP A F I A G  AND TIlEN 

I'D HAW TO BE MOTIFfED. 

BUT, BASICALLY, I HAD THE LAB ~ I N G  ON -- mm, TIIE 
COMPmER W A S  TAKING CARE OF MORE STUFF THAN I WAS AFTER AWHILE, 

SO 1 fIAD rXrrS OF TIWE. 

THE ~ S W E R  rs YES. 

Q. WHAT DID YOU Do WITH THAT T m ?  

A. I S T ~ E D  -- mu, YOU mow, I LIKE: TO PLAY mom rN mn 

WLB, AND SO I HAD ALL THESE OLIGONUCLEOTIDES, AEfD 1 REAILY 

DIDN'T KMOW TOO MUCH ABOUT TEE PROPERTIES QF OLIGWUCLEOTIDES 

BECAUSE NOBODY REALLY, YOU XNUW, HAD Too MUCH TIME TO PLAY WITH 

TmM. 

WE KNEW SOHE OF T'HB THINGS THEY WOULD DO AND 1 KNEW 
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WENT TO PLAY WITH THEM MYSELF. 

I STARTED DESIGNING LITTLE XXPER1-S TO DO VARIOUS 

THINGS WITH THEM. I COULD GIVE YOU SOHE EXAMPIIES OF ONE UP THE& 

OR OF MANY* 

Q. WELL, THERE'S O m  OF THEM ZN WHICH YOU LEARllED SOME 

INFORMATION ABOUT THE PROCESS OF DBNATUBATXON AND RENATURATION 

WE'VE BEEN TALXING ABOUT? 

A. OH, YEAH. x -0 I WASN'T TRYING TO DO 0- THAT'S HOT WHAT r 

WAS TRYING TO FIND OUT, 3UT I FOUND TH4T OUT. 

WHAT 1 W A S  TRYING TO DO WAS FIGURE OUT IF !I'HERE W A S  A 

WAY, KNOWING THE SEQUENCE OF ONE, LIKE IF YOU KNOW THJ3 A, C ,  C,  

T PART OF IT, OR WHATEVER SEQUENCE IT IS, IF YOU HAVE -- IF YOU 

SEQUENCES 0- YOU'VE HEARD 'I*fIS STUFF -- THEY'LL STICK TOGETHER, 

LIKE TWO LITTLE BAR HAGNETS, KIND OF, YOU CLICK, EXCEEC THEY'RE 

SQUIGGIJER PROBABLY. 3UT WHEN THEY COME TOGETHER, THEY DO HAKE 

IT KIND OF RIGID. 

BUT THE TEMPERATURE -- TEEY'LL COME TomTHER AND 

THEY'LL STAY TOGETHER IF THE TZMPERATURE IS I D W  ENOWGH, 

RAISE THE TEMPERATURE HIGH ENOUGH, THET'LL SfxlWLY S m  APART. 

IF YOU 

AWD DIFFERENT SEQUBNCES AND DIFFEBENT LENGTRS HAVE 

DIFFEmNT TEMPEXATURES AT WHICH TIfEY 00 MOS'S OF THEIR SEfAKfMG 

APART. LIKE, THEY START SHAKfHG APART AT, SAY, 55, SLND BY THE 

TIME THEY'RE UP TO 75 ,  THEY'RE REALLY COMING APART, AND THEN 85 

CANDACE L. FRIWCIS, OFFfCULL REPORTER, USDC, 815-431-6080 
- - - ----I--- 
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THEY'RE COMPLETELY APART, THAT SORT OF m I N G .  

SO YOU CAN CAflCULATE . . . TEIERE'S A IDT -0 HERE 

A XlOT OF FORMWxrAs AROUND THAT SUPPOSEDLY WOULD HELP YOU 

~ T E  THE WELTING TEMPERATUF~E FOR A ervm SEQUENCE IF YOU 

KNEW THE SEQUENCE. BUT THOSE FORMULASr NONE OF THEM ltEALLY 

CORRECT, BECAUSE IT W A S  A REALLY COWPXlfCATED PROCBDURZ. 

I MEAN, IT R E A U Y  IS A VERY SBQUENCE-DEmDZNT THING 

TEAT NUBODY COMPLEZELY tMDERSTANDS Y E T .  

BUT I DECIDED TO DO SOHE EXPERIHENTS WHERE f WOULD JUS3 

MELT OLIGOWUCLEOTIDE PAIRS. X'D MAKE TWO THAT WERE 

COHPLEME~ARY TO EACH OTHER MD m THEW r m  A 

SPECPROPHOTOMETER, AND YOU CAN WATCH THBM MELT EM A 

SPECTROPHOTOMETER BECAUSE THEY ABSUFt3 MORE LIGHT WHEH THEY'RE 

SEPARATE THAN THEY Do WHEN THEY'RE STUCX TO%EmER. 

BECAUSE WHEN THEY'L(E &TUCK 'TOGETHER, TNEY SORT OF DON'1 

THEY'Rl3 JUST LIKl 

SO THEY ABSORB PION 

PRESENT QUITE AS W I D E  A TARGET FOR %€I& LIGHT. 

LITTLE TEENY THIElGS WITEN THEY'RE NOT APART. 

LIGHT WEEN THEY'RE APART. 

UNDERSTAND. 

THAT'S AI& YOU NEED TO KNOW TO 

SO I PUT TWO OLIGONUCLEOTIDES IN A CUVETTE AT A 

TEMPERATURE, LIKE, 30 DFGREES. THEN I ' D  RAISE THE TEMPERA- 

UP TO WHERE f'D -- M D  I'D WATCH TWE LIGHT GOING !PHROUGH THE 

CWXTI"E TRE WHOIZ TTME- 

SO I WATCHED FOR THE LIGHT JUST TO DROP OFF. IF I WERl 

WATCHING -- IF 1 WAS GOING FROW A HIGH TEMPERATURE TO A UIl 

CANDACE L- W C I S ,  OFFICIAL REPORTER, USDC, 415-431-6080 
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mms-DIRECT/PASAIEOW 12-1822 

TEMPERATURE, X'D JUST P m  THE RATE AT WHICH 

LIGHT ABSORBENCE DECLINED AS A FUNCTION OF TEMPERA=. 

THEN, GOING BACK THE OTHER WAY, I ' D  

INCREASE. 

I- THE -- THE 
AHD 

THE LIGHT ABSORBENCE 

SO YOU CAN DO THE FXPERIMEMT BOTH WAYS. YOU CAN HAUE 

THE TWO THINGS SITTING IN A S O W I O 1 J  AND, YOU KNOW, SEPAlRATE 

FROM EACH OTHER. AND YOU W DROP THE TEMlpERATuRE AND 

THEY'LL FIND EACH OTHER, AHD YOU CAN DO IT THAT WAY. THA"f'LL 

HAPPEN AT A PARTICULAR !l%MPERATlJRE. 

AND IF YOU M, IT BACKWARDS8 WHERE YOU START OFF WITH I' 

AS A DUPLEX AND THEN YOU HEAT IT, IT'IL EVENTcfbuY COPIE APART. 

AND THAT'U JtrpmPEN 0- m T  THING W I L L  HAPPEN AT THE SAXE 

TEpllPElzATURE, REALLY, XF YOU DO IT S m W  ENOUGH GUXNG UP AND DOWN 

AND IF YOU -- 
P. coum I GET YOU TO DRAW TIU~T THING YOU'E~E mrm wrm YOUR 

HANDS? 

A. YEAH. 

THE COURT: COULD WE GET HIM TO DO THAT TOMORROW? 

TflE WITNESS: SURE. 

EIR. PASAHOW: OF COURSE, YOUR HONOR. 

THE COURT: IT IS 1:OO O'CLOCK AND, AS YOU XAY OR HAY 

HOT KNOW, I START ANOTHER TRIAL AT 2:OO. 

KR. 'PASAHOW: UH. 

THE: COURT: AND SO 0 e WE NEED To GET ALL OF THIS 

STUFF c m w ~  up, AND r mow WE'VE GOT so= OTHER W~TTERS TO 

CANDACE L. -CIS, OFFfCIAL =PORTER, USDC, 415-431-6080 
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TAKE CARE OF, SO WE'U PICK IT UP FROM THERE TOMOmOWa 

THE WITNESS: OKAY. 

THERI?, IN THE AFTERNOON, AND IF YOU COULD PUT YOUR BOOKS ON -0 IE 

THERE ROOM ON THAT FAR SIDE TABLE? 

mE JURORS t (NODDING HEADS . ) 
THE COURT: OKAY. FINE. IF YOU COULD DO THAT, I WOULI 

APPRECIATE IT. 

THANK YOU. YOU'RE EXCUSED. WE'U SEE YOU TOMORROW. 

AND YOU MAY STEP DOWN, DR, MULLIS. 

THE WITNESS: T I S H K  YOU. 

(JURY EXCUSED) 

(OPEN COURT, JURY NOT =SENT:) 

THJ3 COURT: OKAY. DID YOU GET A TAB ON A-182, HR. 

FIGG? 

THE COURT: ARE YOU GOING TO HOVE THAT INTO EXIDBNCE? 

CANDACE L. FRANCIS, OFFICXAL REPORTER, USDC, 415-431-60&0 
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MR. PASAHOW: WHICH IS A-182? 

THE COURT: 

S T I U  VP HERE ON STAND. 

DO YOU STILL HAVE -0 I THINK IT'S TKE UHE 

MR. PASAHOW: OH, NO. E10 OBJECTION. 

THE COURT: NO OBJECTION. OKAY. TffEN A-182 IS 

ADMITTED. 

(PLAINTIFF'S EXHIBIT A-I82 

RECEIVED IN EVID3NCE) 

(PAUSE I19 PROCEEDINGS) 

THE COURT: AND THEN WlUiT -UT TfIE OTHER EXHIBITS THA2 

WE HAD SOME PROBLEMS ON YESTERDAY? 

MR. FIGG: WELL, WE HAD A FEW 0- COUP= OF OTHERS THAT 

1 TEIINX THE ONLY WFXER WE MARKED TODAY THAT WE SHOULD MOVE IN. 

ONE W A S  A-181. 

(PAUSE IN PROCEEDINGS) 

KR. FIGG: A-181 IS TfIE MESSING PAPER AND 0 182 

WE'VE ALREADY T A m D  ABOUT, 

(PAUSE IN PROCEEDINGS) 

Ew. FfGG: THE H?LNDWRITT~ NOTES WERE WARRED FOR 

IDENTIFICATION. f DON'T XNOW THAT -- 
THE COURT: AND THAT'S ALL THAT YOU~FtB GOING TO M, WTI 

THEM; RIGHT? 

HR. F I G :  THAT'S A I L  I PLAN TO M1 WITH THEM, 

MR. PASAHOW: YOUR HONOR, f WOULD OPPOSE 0- 

!r€m corn: YES. 

CANDACE L e  FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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HR. PASAHOW: -- THE ADMISSION OF E%HIBIT A-181. 

THE ARTICLE W A S  USED FOR WHATEVER EFFECT IT HAD DWRIHG 

f THINK IT WOULD BE VERY CONF'USING TO DR. SMITH'S EXAMfrJATION. 

ADMIT IT INTO EVIDENCE WHERE SOMEONE COuI*o START ARGUING THAT 1T 

WAS INTENDED TO IIAVE EFFECTS THAT IT DOESN'T. 

IT'S V I R T U U Y  WPaSSIBm TO EVEN TALK AlsouT IMPEACHIPFG 

DR. SMITH ON THE EXISTENCE OF THIS ARTICLE WITHOU!T BEING IN THE 

PROCESS OF ARGUING THAT IT'S PRIOR ART. AND THAT'S EXAmLY WHAl 

SHOULDN'T BE ALWWED, GIVEN THE SXISTENCE OF TWE STATUTE AND THE 

FAILURE TO DESIGNATE IT. 

KR. F f G G :  YOUR HONOR, TWE STATUTE IS DISCRETXOHARY 

W I ~  rn COURT. ITS -- ITS APPLICATION IS D I S ~ T I O E S A R Y  wrm 

THE COURT. 

DR. SMITH TESTIFIED ON DImeT EXMINATION AS TO CERTASI 

FACTS, AND W USED THIS ARTICLE TO IMPEACH HIS TESTIHONY. 

FOUND THE ARTICLE AFTER HEARING HTS TESTIMONY AND -1 

WE 

!THE COURT: WELL, I -- 
MR. FIGG: -1 SO 0- 

THE COURT: THE PARTS OF mE ARTICU TULT YOU WISH TO 

HIGHLIGHT OR POINT OUT BY EXAMINSNG DR. SMITH ARE REF'ERRED TD I1 

THE RECORD AS EXTHER A PXRT OF YOUR QUESTfOH OR ANSWER. 

I DO THINK THAT XT TENDS TO MUDDY THE RECORD BY 

PARTICULARLY SINCE THE JURY W A S  TOLD THAT THEY'RE NOT TO 

CONSfDBR IT AS PRIOR ART, AND IT W A S  ADMITTED FOR A LIMITED 

PURPOSE, THAT WHAT €US COME IN BY WAY OF H f S  EXMIXNATION IS 

-- 
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IS REJECTED. 

HOW -- 
m a  FIGG: THERE WAS ONE OTEIER EXHIBIT. 

COURT: *a ARE TfIERE OTHERS THAT -- YES. 

(PAUSE IN PROCEEDINGS) 

ME. FIGG: OH, THIS W A S  JUST ONE THAT W E  DID HOT -0 WE 

NEGLECTED TO MOVE IN WITH DR. VAM DE SANDE. IT'S EXHIBIT A-179, 

MR. PASAHOW: IS THIS THE CORRECTED VERSION? 

HR. FIGG: CORRECTED VERSION. 

MR. PJSASOW: ND OBJECTION, YOUR HONOR. 

THE COURT: 1795 

KR. FIGG: A-179. 

THE COURT: ADMITTED. 

(PLAINTIFF'S EXHIBIT A-179 

RECEXVBD IN EVIDENCE) 

MR. PASAHOW: JUST TO CURIFY WXAT WE MEAN BY THE 

CORRECTED VERSION, THERE WAS NO SWBSTITIJTION OF ONE NUHBER FOR 

ANOTHER. 

MR. FIGG: NO. WE DIDN'T HOVE TK3 OTHER ONE IN, 

RIGHT. 

THE COURT: OKAY. HAVE WE GOT TffE OTHER EXHIBITS 

STRAIGBTENED Oulr NOW, OR WHERE DO WE STAND ON THIS? 

CANDACE L. FRANCIS, OFFICIAL REPORTER, WSN, 415-431-6080 
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MR. FSGG: NO OmECTfON 

(DEFENDANT'S EXBIBIT B-46 

RECEIVED I# 3VIDEWCE) 

MR. PASAHOW: AND TH3B EXHIBlT B-160, WHICH IS THE 

EXCERPT OF CLAIM 1 OR, I SHOULD SAY, THE POSTER. 

MR. F I G :  HO OBJECTION. 

(DEFENDANT'S EXHIBIT B-160 

RECEIVED IN EVIDENCE] 

MR. PASAHOW: B-172, WHICH IS THE POSTER OF =PIPE. 

MR. FIGG: NO OBJECTION. 

{DEFEHDANTfS EXHIBIT B-172 

RECElVED SEI EVIDENCE) 

MR. PASAHOW: 

MR, FfGG: NO OBJECTION 

B-173, WHICH IS T€€E POSTER OF PANET. 

{ D E F ~ D A N l " S  EXHIBIT 13-173 

RECEXVED IN EVIDENCE) 

HR. PASAHOW: B-174, WIIICH IS THE: POSTER mol4 !Em 

NATIONAL &CIENCB FOUNDATION GRANT. 

MR, PlGGz NO OBJECTION. 

(DEPENDANT'S EXFIXBIT B-174 

RECEIVED IN EVIDENCE) 

B-244, WZCH IS A FOSTER OF PAGS 6 FROM MR. PASAHOW: 

THAT SAME GRANT PROPOSAL. 
-~ 

CANDACE L a  FRANCIS, UFFFICIAL REPORT=, USDC, 415-431-6080 
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WR. FXGG: NO OBJECTION, 

(DEFENDANT'S EXHIBIT B-244 

RECEIVED IW EVIDENCE) 

MR. PASAHOW: 3-30, WHICH IS THE TIHELINE WE USED. 

MR. F I G :  NO OEUECTION. 

( D h B A N T ' S  EXHIBIT B-30 

RECEIVED IN EVIDENCE) 

m. PASAHOW: B-18lA AND B, WHICH ARE THE TWO PAGES 

FROM THE SECOND EDITION OF THE CIX)NIPJG MANUAL. 

MR. FfGG: NO OEJEmfON !EO THAT. 

(DEFENDANT'S EXHIBITS B-18lA & 

B-181B REC3IVED IN EVIDENCE) 

MR. PASAHOW: AND 8-165, WHICH IS POSTER OF CLAM 

OF TfIE '195 PATENT. 

MR. FIGG: NO OBJECTION. 

(DEFENDANT'S EXHIBIT B-165 

RECEIVED IN WIDBNCE) 

m. PASAHOW: AMD THEl4 -, IN ADDITIW, WERE A 

SERIES OF EXHXBSTS THAT I USED DURING DR. VAN DE SANDE'S 
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SEWESAL OF THESE EXIlIBITS, AT LEAST CmSE To WALF OF 

!I%EH, WERE COPIES OF PAGES FROM THE KLEPPG NOTEBOOKS, AND WE 

WOULD NOT OBJECT TO THEIR BEING ADMITTED SUBJECT TO ADPXISSION OE 

THE ENTIRE DOCUMENT UNDER RULE 106. 

MR- PASAHOW: WELL, FIGC HAS A GOOD POINT, AND I 

WOULD WITHDBAW MY MUTIOW As TO THE MOTEBOOK PAGES. 

WfIOU3 106 (SIC)  IN? IS THAT WAT YOU'RE SAYING? 

HR. PASAHOW: WELL, THE NOTEBOOK PAGES ARE TO 

YOUR HONOR'S RULING AND IPJSTRUCTION TO THE JURY, AND OBVIOUSLY 

IT WOULD BE QUITE coNmsrNe TO START FIDDLING WITH THAT, AND 

THAT HADN'T BEEN OUR INTENT. WE WAD JUST MADE THESE POSTERS SO 

THE JURY WOULD BE ABLE TO SEE WHAT WS WERE TALKING ABOUT -- 
THE COURT: OKAY. 

THB COUFiT: SO WHBRE DOES THAT LEAVE US AS FAR AS 106 

(SIC) IN XTS ENTXRETY? OR -- 
HR. FIGG: IT WASN'T EXHIBIT 106. XT WAS RULE 106, 

THE -- I FORGET WEAT !EIE EXHIBIT IS FOR THB 1JOTEBWKS. 

WERE VARIOUS PORTIONS OF DR. EIZFPE'S NOTEBQOKS, 

TKE COURT: YOU MEAN 1,006? WHAT ARE YOU 

EIR. PASAHOW: NO. I mrm I -- WE HAD m m  TALK 
CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6680 
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ABOUT mrs OFF THE RECORD, AND WE WIU COME BACK TO YOUR HONOR. 

THE COURT: OKAY. 

JUST HEED TO GET THE RIGHT Nuw&ERs ATTACHED TO IT. 

T?E COURT: UXAY. OKAY. WHAT ABOUT REST OF THE 

EXHIBITS USED WITH DR. VAN DE SANDE? 

Ew. FXGG: I THINK THAT'S WHAT PIR. PASAHOW XNDICATFD 

WE'RE GOING TO HAVE TO GET THE NUMBERS STRAIm. 

THE COURT: OKAY, OH THOSE. 

PIR. FIGG: WE'LL HAVE NO TROUBIZ DOING THAT. 

COURT: AMD SO THEM YOU'LL TAKE CARE OFTHOSE AT 

ANOTHER TIME. 

MR. PASAHOW: YES, TOUR HONOR. 

THE COURT: HOW, YESTERDAY, THERE WERE SOW3 OTHER 

EXHIBITS THAT YOU WERE GOING SORT OUT. HAVE YOU m T ,  

OR ARE !FHESE THE ONES YOU'RE T-NG ABOWT? 

EXHIBITS WE WERE GUXNG TO SORT OUT YESTERDAY, AND I SUGGEST WE 

PROBABLY OUGHT TO 3EFORE WE YOU WITH MORE ARGLMENT ABOUT 

THE COURT: YEAH, BECAUSE Ip YOU'RE GOING TO BE ABLE - 
MR. F I G :  THAT'S FINE WXTH WE. 

THE COURT: -- STIFUIATE TO SOME OF TEEM, THEN THERE'S 

NO POINT Ill -- THERE'S NO POINT IN HASHING -USE OUT NOW. 

OKAY. m, FOR THE RECORD, A-182 AND B-46, 160, 172, 

CiWDACJ3 L. FRAWCfS, OFF'IC3AL REPORTER, USDC, 425-431-6080 
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173, 174, 244, 30, 18l.A AND B, AND 165 ARE ADMITTED, AND THE 

REST WE W f U  TAKE UP AT SOME OTHER TfME, I GUESS- 

WOULD I BE CORRECT IN GUESSING THAT DR. wVI&IS WIL& BE 

ON THE STAND AU OF TOMORROW, OR M) YOU THINK e 

AHOTHER HOUR AND A W e  

MR. prw: I'M A LITTLE CONFUSED. WE WERE INFORMED 

frAST NIGHT THAT DR. MULLIS' TESTIHONY WOULD BE INTERRUPTED BY 

DOCTOR 9- OR BY HR. ANDERSON. 

KR. PASAHOW: WELL, MR. m E R s o N  HAS FIXED HSS 

SCHEDULE, SO TwkT'S NOT A PROBLEM NOW. I'M SORRY. 

MR. FfOG: OKAY. 

THE COURT: OKAYc DO YOU PSSOW HOW ILWG Y O U ' U  BE ON 

CROSS? IT'S A HARD ONE TO GUESS. 

Ew. FIGG: AFTER I FAILED UN MY ESTIHATE TODAY, ISM 

RELUCTANT TO GlVE YOU AN ESTIMATE, YOUR HONOR. 

CALLING? 

THB COURT$ OKAY. 

JUST ANSWER THE QUESTIONS TOMORROW. 

IT W f U  fELP A GREAT DEAL IF YOU 

THE WITNESS: OKAY. T'LL TRY. 

T)IE COURT: 0-Y. THAT W T U  GET US TBERE A W T  MORE 

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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QUICKLP 

YES? 

KR. FIGG: THERE W A S  ONE POINT I NOTICED I -- DURING 

DRAW ON THE PAGE. 

I THINK THAT HE’S TALKING ABOUT ZXPERlHENTS THAT WERE 

DESCKIBED IN LABORATORY 1JoTEBOOKS TH?LT CETOS =FUSED TO PRODUCE 

TO US BECAUSE THEY WERE, ACCORDING TO CETUS‘ DETEFtMINATIUN, 

1RRE’I;MANT BECAUSE THEY WERE TOO EAEfLY. IF THAT IS SO, f WOULD 

O3JECT TO TIIE TESTIMONY ABOVT THOSE EXPEZIPZENTS COMING IN. 

MR. PASAHOW: IT’S MY UNDERSTANDTHG, YOUR HONOR, THAT 

THESE EXPERIMENTS WERE NOT RECORDED IN M Y  OF DR. ENLLfS’ 

NOTEBOOKS. 

lJlR0 FIGG: WELL, OR WE RECEIVED -- TIBY -SED i 

CUTOFF DA!FE AND WE RECEIVED NO -- 
TRE COURT: DID THESE COME UP IN A DEPOSITION? 

PIGG: NO. 

CAMDACE L. FRANCIS, OFFICIAL REPORTER, DSDC, 415-431-6080 
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HE DID mroR TO T~IAT TIME- 

THE COURT: WELL, WIUT IS T€U RELEVANCY OF THIS 

EXPERIHENTAL WORK? 

MR. PASAHOW: WEIEN HE WAS DOSNG THIS EXP-, HZ 

MADE A -- AN OBSERVATXON WHIBI LATER PROVED TO BE USEmL !PO IIIM 

AS HE WAS CONCEIVING THE GONOITIONS FOR pcR* 

THE WURK THAT HE -- THESE EXPERIMENTS THAT HE DID -- 
AND HE'S PREPARED TO, AND f PLAN TO EUCXT TESTIMOMY ABOUT 

THEH -- WIDE INFORMAL EX-§ THAT WERE NOT RECORDED IN 

WRITING. T€€E?l W33RE JUST -- AS HE PUT IT, HE WAS PIAYTNG WITH 

!I'HESE OLIGONUCLEOTIDES IPI THE IABORAT0RY. AND SO NO DOCUMENTS 

-RE WITHHELD THAT ARE RELEVANT TO T€?ESE EXPERIHENTS- 

THECOURT: WELL-- 

m. PIGG: WELL, I mum UKE TO mxm -- AMD I w x u  

REVIEW HIS DEPOSITfON TRABSSCRIPT, BECAUSE I: THIm WE ASmD HIM 

TO IDENTIFY H I S  WORK !CHAT HB !FHOWGllT W A S  R E W w T  TO PCR, AND w1 

STARTED WITH THE FIRST EXPERIMFNTS IN SLPTEKBER OF 1983, BUT 

I'LL m E W  THAT- 

TIE COURT: WELL, YOU HAY DO THAT. BE PREPARED TO SHO1 

ME THOSE TOMORROW -- 
MR. FfGG: YES. 

THE COURT: - MORNING IF "WERE'S STILL GOING TO BE 3LN 


