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11-1505 

MONDAY, FE3RUARY 4 ,  1991 8:13 A.M, 

{OPEN COURT, JURY PRBSENT:) 

THE COURT: GOOD MORNIHG, LADIES AND G m L E M E N .  

THE JURORS: GOOD MORNING, 

THE COURT: DO YOU m E R  WHY WE'RE ?IEZtE? 

(mG-1 

THE COURT: OKAY. GOOD MORNING, COUNSEL. &RE W3 READY 

TO COMMENCE WITH OUR NEXT WITNESS? 

MR. LEWIS: YES, YOUR HONOR. 

f WANTED TO INQUIRE, 3EFORE W E  DO, WHETHER DU PONT HAS 

FINISHED PRESENTING ALL THE EVIDENCE IT INTENDS TO. 

THE COURT: WHERE ARE WE? 

HR. FIGG: YOUR HONOR, WE STILL -- HAVE YOU -- IF YOU 

RECALL FROM LAST WEEK, WE STILL HavE A FEW EXHIBITS THAT ARE TO 

BE DEALT WITH. 

IN -- 
SUBJECT TO A DISCUSSION OF TXAT AND GETTING THEl 

THE COURT: PINE. BUT, AS FAR AS WIWSSES, WE AIlE 

FINfS€iED WITH THE WITNESSES. 

MR. FIGG: YES. 

THE COURT: THEM W I T H  RESPECT TO -- IF -- IF WHAT 
YOU'RE SUGGESTING IS WITH RESPECT TO ANY MOTXONS -- 

MR, LEWIS: YES, YOUR HONOR. 

THE COURT: -- I W I L L  COMSIDER THEM RESERVED AESD NOT 

WAIVED BY VIRTUE OF YOUR HAVING BEEN COHPEILED TO GO FORWARD, 

CANDACE L. FRANCSS, OFFICIAL REPORTER, WSDC, 815-431-6080 
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FALXINH?M-DIRECT/frEWfS 11-1506 

KR. LEWIS: THANK YOU, YOUR HONOR. 

THE COURT: OKAY. AND WE'U CUAN UP TRE EXHIBXTS AT 

SOME POINT DURING ONE OF TIIE RECESSES. 

MR. FIGE: YES. TfIANB; YOU, YOUR HONOR, 

MR. LEWIS: YOUR HONOR, OUR FIRST WITNESS THIS MORNING 

IS DR. JOSEPH FALKINHAM. 

!PHI3 COURT: OKAY. YOU MAY PROCEED. 

THE CLERK: P-E RAISE YOUR RIGHT HAND. 

JOSEPH OLIVER FALKINKAM:, 111, DEFENDANT'S WITNESS, SWORN 

T?IE CLERK: PLEASE T m  TH3E STAND. 

PLEASE STATE YOUR FULL HAME AND SPELL YOUR LAST HAME 

FOR THE COURT. 

THE WITMESS: JOSEPH OLIVER FALKINHAM., THE THIRD. LAsl 

NAME: IS SPELLED F-A-L-K-I-N-H-A-M. 

THE CLERK: WOULD YOU PLEASE SPELL YOUR MIDDLE NAME? 

THE WITNESS: OLIVER, 0-L-I-V-E-R. 

THE CLERK: OKAY. 

THE COURT: YOU MAY PROCEED. 

DIRECT EXAMINATION 

BY MR. LEWIS: 

Q. DR. FAIXINHAM, WHAT Do YOU 00 FOR A LIVING? 

A. I'M AN ASSOCIATE PROFESSOR OF MICROBIOLOGY AT VIRGINIA 

POLYTECEINIC INSTITUTE AND STATE UNIVERSITY. 

Q. 

B-157. CAN YOU IDENTIFY THAT, PLEA!SE. 

LET HE HAND YOU A DOCUMENT THAT'S BEEN MKRKEP AS EmIBIT 

CANDACE L* FRANCIS, OFFICIAL REPORTER, U S E ,  435-431-6080 



FALlKfMHAM-DIRECT/LEWIS 11-1507 

/- 

a 

Q 

* 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Am YES. THIS IS A COPY OF MY CURRICULUM VITA. 

Q. WOULD YOU TELL THE JURY BRIEFLY ABOUT YOUR BACKGROUHD* 

A. 1 WAS BORN AND RAISED IN O W D ,  CALIFORNIA. f WRNT TO THE 

WNfVERSITY OF CALIFORNIA, STARTED IN 1959 AS A FRESHMAN AWD THEN 

GRADUATED IN 1969 WITH A PH.D. IN WICHZOBIOLOGY. 

AFTER BEING AT TfIE UNIVERSITY OF CALIFORNTA, 1969, I 

JOINED THE UNITED s n m s  AIR FORCE, WAS IN THE mrmD STATES AIF 

FORCE BIOMEDICAL SCIENCES CORPS FUR AIHOST FOUR YEARS AT TRAVIS 

AIR FORCE BASE, JUST UP THE ROAD IN FAIRFIELD, WHERE f RAN 

HOSPITAL IABS FOR THE AIR FORCE AT THAT MEDICAL CENTER. 

THE LAST YEAR TITAT I WAS IPI THE SERVICE, r WAS DOWN IN 

HERCED AT CASTLE AIR FORCE BASE DIRECTING A HOSPITAL LABQRATORY 

THERE 

Q. WHAT DID YOU DO THEN? 

A. AFTER BEING IN THE SERVICE, I WANTED TO GO BhCK AND TEACH AI 

A UMIVEZSITY, AN3 FIRST WENT BACK AND DID A POST-DOCrORAL 

FELIXlWSWfP WITH ROY CURTIS, WHO'S A ElfCROBIOIDGfST AND 

GENETICIST, gE WAS THEN AT THE UNIVERSITY OF ALABAMA IN 

BIRMINGHAM, AND I JOINED H I 5  LABORATORY WHERE f GOT BACX INTO 

RESEARCH. 

Q. ANDAFTERTHAT? 

A. r WAS WITH DR. CURTIS FROM i w z l  LATE IN 1972, TO 1974. 

UNfVERSTTY, VIRGINIA mLYTECHNXC INSTITUTE AND STATE ONIVERSITY, 

WHm I'VE BEEN EVER SINCE. 

CANDACE L. F'RAMCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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FALKINH?M-DIRECT//~XS 11-1508 

Qm YOU SAID YOUR PHmDm WAS IN MICROBfOX&GY* WHAT f S  

MICROBIOLOGY? 

A. 

W O K  AT THROUGH A MICROSCOPE. IT INCLUDES aACfERIA, THE 

ORGANISMS WHICH CAUSE DISEASE, SUCH AS THE ORGAWISM WHICH CAUSES 

TuBERCULx)SIS, MYCOBACTERIUM: TUBERCUIDSfS. IT INCIDDES OTHER 

ORGANISMS 0- FOR EXAMP=, YEAST -- WHICH IS A DIFFEREWE CLASS OF 

ORGANISMS, ALTHOUGH THEY ARE ALSO MICROSCOPIC. 

Q. 

BIOLOGY? 

A. MICROBIOLOGY IS MORE A DISCIPUNE IN WEfICE WE XDOK AT A 

NUMBER OF DfFFEREPST ORGANISMS, 

TOOLS THAT WE USE fN THE LABORATORY TO INVESTIGATE THE 

CHARACTERISTICS AND BEHAVIOR. AND THE TOOIS THAT HAVE BEEN 

DEVELOPED IN MOLECULAR BfOIDGY HAVE HELPED US UNDERSTAND HOW 

MICROORGANISMS WORK, HOW THEY CAUSE DISEASE, HOW WB CAN USE 

THEM, IN CLEANING UP OIL SPIUS, FOR 

MICROBX0IX)CY IS THE STUDY OF ORGAWXspls WfCH WX NORMALLY 

IS THERE ANY RELATIONSHIP 3ETWEEN MICRO3IOLXH;Y AND MULECUIAB 

MOLECULAR BIOXDGY IS ONE OF THE 

Q. IS THERE SOME PARTICULAR AREA ZN MICROBIOIDGY IN WHICH YOU 

HAVE CONCENTRATED? 

A. SINCE 197s0 MY W R A T O R Y  HAS FOCUSED OM A GROUP OF 

ORGANISMS WHICH CAUSE A TUBERCUWSIS-LIKE DISEASE. 

RFJATED TO THE ORGANISM WHICH CAUSES TUBERCULOSIS, MYCDBACTERIW? 

TUBERCULX)SIS. BUT UNLIKE MYCOBACTERIUM TWBERCULUSIS, 

MYCOElACTERIA WE STUDY -- MYCOBACTERIUM AVfUPI, AS IT'S 

PARTICULARLY NAMED -- 3s NOT T R A N S M I m D  FROM: mON-TO-PERSON,  

THEY ARE 

CANDACE L* PRANCIS, OFFICIAL REmRTERI WSDC, 415-431-6080 
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WITH IT. 

THE IMPORTANCE FOR OUR STUDY NOW a M T E R  W E  HAD 

WATERS, HOT OWLY WATERS THAT YOU FIND DOW IN THE ENVIROHMENT 

BUT ALSO PIPED-IN WATER AS WE=. 

THE IMPORTANCE NOWADAYS IS TH&T APPROXIMATELY 50 

PERCENT OF PATIENTS WITH ACQUIRED lMMUNODEFICIENCY SYNDROME, 

AIDS,  HAVE MYCOBACTERIUM AVfUM INFECTIONS, AND IT DOES SHORTEN 

THEIR LIFE-SPAN; IT DOES CAUSE THEM GREAT DTSCOMFOW. 

THE UPJFURTUNATE SITUATION THAT WE FACE OVRSELVES IN, 

AND A CWALLF,PJGE FOR THOSE OF US IN THE LAEORAmRY, 16 THAT THE 

ORGANISMS ARE RESISTANT TO VERY MAMY MICRO -- EXCUSE PIE, I 

MISSPOKE. NOT THE MICROORGANISMS. 

MYCOBACTERIA XRE RESISTANT TO ANTIBIOTICS AND SO TliERE 

ISN'T MUCH TREATMENT OR THERAPY FOR THESE, AND SO A ENMBER OF Ui 

IN THE ARXA LOOKING AT TWESE ORGANISMS HAVE UNDERTAKEN STUDIES 

OF THE MECHANISM OF THE RESISTANCE SO WE CAN WSE ANTIBIOTICS FOE 

THEM. 

Q. HAVE YOU WBLISHED Ibl YOUR FIELD? 

A. YES, 1 HAVE. THOSE PUBLICATIONS ARE INCLUDED IN HY 

CURRfCUWM VITA. 

Q* NOW, YOU'RE NOT GOING TO BE OPFERIPTG OPINIONS TODAY 

THE VALIDITY OF THE PATENTS AS SOME OF THE OTHER SCIEXTISTS 

HAVE; IS THAT RIGHT? 

CANDACE L. FRAWCfS, OFFICIAL REPORTER, U S E ,  415-431-6080 
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A. !FHAT'S C O m C T ,  

Q. WHAT ARE YOU GOING To TESTIFY ABOUT? 

A. I'M A TEACHER AT A UNIVERSITY. I TEACH WPWARDS OF, IN SOME 

YEARSl 300 STUDENTS. I TEACH Aw XNTROWCTORY GEbTETfCS CIASS; f 

TEACH MICROBIAL GENETICS; I TEACK mCRDBXOmGY. 

IN THOSE COURSES, PARTICULARLY MICROBIAL GENETICS AND 

MOLECWLAR BIOuH;YI THE MATERIAL INCLUDES THAT ON POLYMEFIASE 

CHAIN FSACTfON. AND SO I HAVE BEEN TEACHING THE PRINCIPLES OF 

POLYMERASE CHAIN REACTION TECHNOLOGY, AND THAT IS W T  I 

PERCEIVE My ROLE HERE TODAY. 

UNIVERSITY? 

A. YES, 1 HAVE, I'VE BEEN GIVEN THE OPmRTUNITY TO LECTURE TO 

THE UNITED STATES CONGRESS OFFICE OF TECHNOfIoGY ASSESSMENT, THE 

DP3ITED STATES -- THE UNITED STATES COMMERCE DEPARTMENT P A W  & 

TRADEMARK OFFICE ON GENETIC ENGINEERING AND BIOTEC!HNOIOGY. 

IN ADDITION, f HAVE LECTURED WITH A CONTIPJLTING 

EDUCATION GROUP FOR PATENT ATTOWEPS, ATTORISEYS AND BUSINESS 

PEOPLE. THE ORGANIZATION IS OUT OF WASHXNGTON, D.C. IT XS 

PATENT RESOURCES GROUP, INCORPORATED. 

AND PATENT RESOURCES GROUP, INCORPORATED, HAS TWO 

CANDACE L. -CIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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FALKINHAM-DIRECT/WEWIS 11-1511 

THOSE LECTURES STARTED IN, GOSH, 1981 I FIRST GAVE 

THOSE f;ECWRES, AND WE'VE BEEN GIVING THEM TWICE A YZAR SINCE 

THEN. 

Q. OTHER THAN YOUR TEACHING, DO YOU HAVE AMY CONTACP WITH PCR? 

A. I HAVE A NUMBER OF OTHER INSTAWCES -- I'VE HAD A NUMB= OF 

OTKER INSTANCES WfIEm I HAVE BEEN C A U E D  UPON TO SERVB AS A 

AND TO THE UNITED STATES AGENCY FOR INTERNATIONAL DEVELOPMENT. 

IN BOTH THOSE INSTANCES, THE POLXMERASE -IN REACTION 

HAS BEEN PROPOSED AS A mTHOD OF USE TO SOLVE CERTAIN PROB-• 

OF PARTICULAR INSTANCE IS THAT THE THIRD -- DEVEXUPING WORLD HA! 

A MUCH HIGHER INCIDENCE OF TUBERCUfa)SIS THAW THE UNITED STATES, 

AND LEPROSY. THE ORGANISMS TXAT WE WORX W I T H  ARE VERY SWWLY 

GROWING, AND SO IT TAKES A LONG TIME BETWEEN DIAGNOSIS OF THE 

DISEASE BEFORE WE CAN XNSTITUTB TREA-0 

AS A RESULT, THERE'S A GREAT =ED OF US TO DEVELOP 

RAPID HZTHODS FOR TIE DETECTION OF INFECTION EITHER OF 0- BY 

MYCOBACTERIUM TUBERCUlDSfS OR MYCOBACTERIUM LEPRAE, LEPRAE IS 

THE CAUSATIVE AGENT OF =PROSY. THERE'S SOME: 10 MILLION WES 

OF IXPROSY IN TlE WORLD. 

WE HAVE BEEN 0- I: HAVE HAD THE OPPORTUNITY TO RBVIEW 

BE TESTED AND EMPLUYED FOR DIAGNOSIS IN THE DEVELOPZMG WORLD. 

Q. 

A. f HAVE F O W W E D  TIIE POLYMERASE CHAIN REACTION LITERATURE 

ARE YOU AN EXPERT IN PCR? 

CANDACE L. FRANCIS, OFFICI= REPURTER, USDC, 415-431-6080 
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SINCE, I THINK, DECEH3ER 20TH OF 1985 WHEN AN ARTICIX APPEARED 

I N  THE SCIENTIFIC JOURNAL SCIENCE, MY OBJECTIW W A S  THAT, AT 

THE TIBE -- AND IT'S 3EEN REINFORCED -- THAT THIS IS ONE OF THE 

TECHNIQUES AND TECHNOI&GIES THAT WE NEED To 

AWARE OF AS THEY Go OUT INTO THE WORLD TO TAKE JOBS,  DO RESEARCE 

FUR -- BOTH IN THE ACADEMIC SETTING, TfIE XEDICAL S m I N G  AND 

INDUSTRY, AND SO I HAVE KEPT ABREAST OF THE TECKM0LXx;Y AND TW3 

PRINCIPLES OF ITS OPERATION. 

OUR STUDENTS 

I AM NOT A PERSON WHO, BECAUSE OF CONTIETUOUS USE, 

CONSIDERS MYSELF AS GOOD AS THE OTHER WITNESSES WHO ARE GOING TC 

BE TESTfFYfHG IATER TODAY AND IN THE ENSUfNG WEEKS. SO Y O U ' U  

HEAR FROM. OTHER PERSONS WHO X FEEL ARE FR2WKLY MORE SKILLED AND 

MORE KNOWLEDGEABLE ABOUT THE OPERATIOM THAN AM I, BUT X'W QUIT1 

FXMILIAR WITH THE PRINCfPmS AND PRACTICE OF THIS TECHNOLOGY. 

Q. 

A. YES, I AM. I'M BEING PAID MY STANDARD CONSULTING FEE THAT 3 

CHARGE TO CUEMTS. 

Q. 

VIDEOTAPE, THAT'S 3EEN MARXED AS EXHIBIT B-l58. ARE YOU 

FAMILIAR W f l l K  ZT? 

A. YES, I AM. 

Q. WHAT IS IT? 

A. IT IS A VIDEODISK P R E S m A T I O N ,  VERY MUCH LIKE A VIDEOTAPE, 

BUT THE VIDEODISK GIVES US A LITTLE OPPPDRTUNfTY TO 0- TO USE IT 

IN DIFFERENT WAYS THAT I HA-, XN WORKING WITE THE AmRNEYS, 

CANDACE Le FRANCXS, OFFICIAL REPORTER, USDC, 415-431-6080 

ARE YOU BEING COMPENSATED POR YOUR WORK TODAY? 

WE HAVE A VIDEODISK, A SERIES OF VIDEO IMAGES ON A 
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MR* -1s AND OTHERS, DEVElDPED TO XLfXfSTRATE THE PRfNCIPfiES AND 

PRACTICE OF POLYMERASE CHAIN REACTION TgCHN0fxx;Y. 

Q .  WERE YOU INVOLVED IN ITS PREPARATION? 

A. YES, I WAS. WHEN I WAS FIRST CONTACTED BY m- W f S  WITH 

REGARD TO THIS CASE, f: MADE THE &UGGESTION THAT IT WOULD BE 

ADVANTAGEOUS FOR US BECAUSE UP THE NATDRE OF THE TECHNOLOGY To 

PREPARE A VIDEO PRESENTATION SO TJiAT WE COULD ILWSTRATE THE 

PRINCIPLES OF THIS. 

AND, AT THE TIME, I VULUHTEERED TO FROVIDE AN OUTLINE, 

m I C H  CONSISTED OF A SERIES OF STATEMFATS, AS WEU AS HY 

POORLY-DRAWN, HAHD DRAWN, FIGURES WHICH I THEN PRESENTED TO BIR. 

LEWIS, AND THE VIDEODISK THAT WE W I L L  BE REVXEWfNG TOMY IS A 

RESULT OF THAT. 

Q. IS THE MATERIAL ON THE DISK A SUFFICIENTLY ACCURATE 

DEPICTION OF THE THINGS IT ATTEBEFS TO mRTRAY TO THE JWRY? 

A. YES, IT IS. 

MR. LEWIS: YOUR HONOR, WITH YOUR PERMISSIOM, W€'D LIKE 

TO START THE TAPE. 

THE COURT: YES, YOU MAY. 

IS THIS A WLSER DISK? 

MR. LEWIS: YES, IT IS, YOUR HONOR. WE'VE PUT IT ON A 

WLSER DISK BECAUSE IT m S  IT EASIER TO PAUSE AHD MOVE BACK AND 

FORTH BETWEEN THE SEGMENTS* 

THE COURT: WITH A LfTTU3 BAR GRApiI AND Au =T? 

MR. fiEWIS: PARDON? 

CANDACE Lo FRANCIS, QFFICIAL REmRTER, U S E ,  415-431-6080 
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THE COURT: WITH A BAR, BAFt CODE, AHD ALL OF THAT? 

LEWIS: YES, WE HAVE A BAR CODE READER. HISS 

SREJOVIC W I L L  BE HELPING US WITH THAT. 

(PAUSE IN PROCEEDINGS) 

THFI WXTNESS: YOUR HONOR? 

THE COURT: YES. 

THE wmmss: COULD I KAVE mmIssroN TO COME: DOWN FROB 

m, GET A MICROPHONE, AND GO TO THAT? 

TIE COURT: SURELY. SURELY. 

THE WITNESS: THANK YOU VERY MUCH. 

THE COURT: I THINK THAT MTKE OVER !WERE W I L L  EXTEND 

FAR ENOUGH FOR YOU. 

MR. =IS, DO YOU WANT THE LIGHTS DIMMED AT AU? 

EIR. LEWIS: f THINK IT'S GOING TO BE VISIBLE WITHOUT 

THAT, YOUR HONOR. 

TXE COURT: OKAY. 

MR. IZWIS: IF 1 MAY: 

Q. DR. FALKINXAM, THE SUBJECT OF YOUR TESTIMONY IS mLYMERASE 

CHAIN REACTION. 

WHAT IS POLYMERASE CHAIN REACTION DONE ON? 

A. THE POLYMERASE CHAIN REACTION IS DOHE ON A EIOLECWLE CAlLED 

DEOXYRIBONUCLEIC ACID OR, AS WE'LL ABBREVIATE XT, DNA. AND THAT 

W I L L  APPEAR ON THE SCREEN HERE. 

Q. WHERE IS DNA FOUND? 
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MICROORGANISM OR MAMMAL, ELAN, CONSISTS OF A LARGE NUMBER OF 

C E U  -- BACTERIA MAY BE ONLY ONE CELL -- I 3  WHICH THERE IS A 

NUCLEUS, AND THE DNA IS XOCATED INSIDE THE NUCLEUS. 

AlJD WE SEE -- IF WE GET A CIXSEUP OF TKE NUCLEUS, WE 

SEE THAT THE NUCLEUS CONSISTS OF THIS SORT OF AMORPHOUS GROUP OF 

STRANDS 

IF WE COULD PAUSE AT THIS POINT. 

WE CALL THESE INDIVIDUAL STRANDS CHROMOSOMES. HUMAN 

BEINGS HAVE 22 PAIRS OF THESE c H R o f r l ~ s ~ ~ s #  ONE FROM MaTHER, ONE 

FROM FATHER. rN ADDITION, WE INHERIT ONE SEX-DETERMINING 

~ O M o S o ~  FROM o m  pmm# ONE -s 

TWO X CHROEZOSOMES; MALES HAVE AN X AND A Y CHROMOSOME, 

CHROMOSOMES ARE REALLY VERY IXlNG INFORMATIONAL 

M O L E C U ~ S .  I THINK OF THEM AS -- AS ~ N G  BOOKS, m A WAY, IN 

WHICH THEY’RE fNDfVfDUAL DISCRETE UNITS. 

AND !EIOSE 1M3IVIWAL DISCRETE UNITS WE WOULD THINK OF 

AS SENTENCES OR, IN GENETICS, CAI& GENES, AND =§E 

GENES THEN ENCODE. 

THEY REALLY CONTAIN INFORMATION, AND THAT INFORMhTION IS WHAT IS 

TURNED INTO THE ACTIVITIES THAT WE SEE I N  CELLS. 

THEY HAVE A LTTTLE CODE THAT IS READ, BUT 

FOR E m u ,  ONE GENE IS THE GENE FOR HUMAN INSULfW, A 

PROTEIN HORMONE, A SMALL M O L E ~ I E ,  wmm CIRCULATES THROUGH OUR 

BODY, WHICH HAS TO DO WITH THE REGUIATION OF SWGAR IN OUR 

BlD0DSTRE.M. 

Q. HOW HANY GENES ARE THERE IN A CELL €XOM A HUXW BEING? 

CANDACE L. FRANCIS, OFFICIAL MWON’ER, USDC, 415-431-6080 
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I?ALKINHAM-DIRECT/WIS 11-1516 

A. IPI A HUMAN BEING, THE ESTIMATES 0- AND THESE ARE ONLY 

AS 100,000 INDIVIDUAL HUMAN GENES. SOME ESTIHATES HAVE GONE 

DOWN TO SOMETHING ON THE ORDER OF 10,000 GEHES. 

FROM MOTHER AND ONE FROM FATHER, OUT OF PERHAPS A fIUNDRED 

THOUSAND, OR YOU GET A HUNDRED THOUSAND FROM ONE PARENT, YOU GE? 

A HUNDRED THOUSAND FROM ANOTfIER PAREEFT. 

SO THE FREQUENCY OF AN INDIVIDUAL GENE HAY 3E AS I O W  A3 

ONE IN A HUNDRED THOUSAND. 

Q* IS THERE A IAlT OF THIS MATERIAL XN A CELL? 

A. WEU, ALTHOUGH THERE ARE UrrS OF GENES, THERE STffiL IS A 

VXRY SMAU AMOUNT OF DNA IN A CELL THERE'S HOT A GREAT AMOUNT 

OF DNA IN TERMS OF -- WE THINK OF THE AMOUNTS THAT WE NEED IN, 

SAY, TEST TUBES IN A L A B O ~ ~ R Y  TO DIAGNOSE A PARTICUZAR HUMAN 

DISEASE OR SOXETHING LIKE THAT. WE DON'T HAVE VERY MUCH. 

HR* T;EwIS: EXCUSE ME. CAN YOU HEAR ME AU RIGEIT? 

THE COURT: OH, YES. YOU WERE TALKING TO THE COURT 

REPORTER AS WE= -- 

THE COURT: -- OR ME? 
ARE YOU ABLE To HEAR? 

THE REPORTER: (NODDfNG HEAD.) 

Q, (BY MR. LEWIS) WE'VE HEARD -- 'LWE JURY BAS ALREBDY HEhRD 

CANDACE L- F'RKNCIS, OFFICIAL REPORTER, WSDIC, 415-431-6080 
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SOMETHING ABOUT THE STRUCTURE OF DNA, BUT X'D LIKE YOU TO REVIEW 

TEiAT, IF YOU WOULD. 

A. YES. IN THE POLIXIWXHG DIAGRAM, WE GO AND MOVE FROM THE 

XNDIVXDUAL -- ALL THE CHROMOSOMES TO, SAY, AN INDIVIDUAL 

CHROMOSOME. 

DO YOU HAW A DIAGRAM OF THAT? 

STARTING UP HERE (INDICATING) WE ?IAm THE SORT OF LONG 

SPAGHETTI-LIKE THING WHICH YOU SAW. 

AND MOm STRUCTURE UNTIL FINAILY WE'VE STRETCHED IT OWT fzERE. 

AND NOW YOU SEE IT HAS MORE 

DNA XN C E U S  EXISTS AS A DOUBLE-STRANDED MOLECULE. YUC 

WOULD INHERIT ONE DOUBLE-STWDED MOLECULE FROM. OM3 PARENT, ONE 

DDU3I;E-STRANDED ETOflECUIrE FROM ANOTHER PARENT. 

THESE TWO STRANDS ARE WRAPPED AROUND ONE ANOTHER AS ONE 

WOULD WRAP TWO BEADS 1- STRINGS OF BEADS OR STRINGS OF PEARLS 

AROUND ONE ANOTHER. SO AS THEY'RE WRAPPED AROUND ONE ANOTHER 

THIS STRUCTURE, WE TALK ABOUT THE HXLICAL DNA, AHD SINCE IT'S 

MADE UP OF TWO STRANDS, WE TALK AEOUT IT AS THE DOUBLE HELIX. 

Q. NOW, IS THERE MORE DETAILS IN m S E ?  

A. YES. WE CAN LOOK AT THE INDTVIDUAL STRANDS TO FINO OUT WHA9 

THIS MOLECULE IS MADE OF. AND IN THE FOlJDWfNG DIAGRAM, WE HAW 

A REPRESENTATION OF TRAT, WHICH WBWE NOW BmW UP. 

WE'VE TAKEN THE HELICAL TURNS, THE COTL-LIKE TURNS, OW 

OF THE M O l X C U I Z ,  BUT AS YOU CAN SEE, XT IS GTIU A 

DOUBLe-STRANDED MOLECULE. HERE ARE THX UPPER STRAND AND TIIE 

LOWER STRAND. 

Q .  EXCUSE m, DR. FAwfIHHAM- THAT MAY BE A LITTfiE HARD TO SEE, 

C A N ~ C E  L. FRANCIS, UFFICIAL mrnmm, DSDC, 415-431-6080 
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WE HAVE A POSTER OF THOSE IMAGES TWlT EaAY BE HELPFUL. 

THIS IS EXHIBIT B-242. 

A. HERE IS A REPRESEWFATION OF WHAT WE HAVE DOHE IM THESE 

FIGURES. IN THE FIRST PANEL, YOU SAW THE CELL AND TH3 WCIZUS; 

THE CLOSE-UP VIEW OF THE NUCLEUS WITH TEE FIBERS OF !€'HE 

~ O M O S O M E S  

WE'RE LOOKING AT AN I N D M D U A L  CHROMOSOME, M D  WE FIND 

THAT IT'S ACTUAUY A DOUBLE-WOUND FIBER, AND ?!ERE ARE 

INDIVIDUAL COMPONENTS. 

NOW, DNA IS A POLYMER, "POLY" MEANING MANY, "MER" 

MEANING UNITS. 

THE INDSVIDUAL mms XN DNA rn FOUR ~omcuuzs. THEY 

CARRY A NUMBER OF NAMES. SOME OF THEM ARE NAMES THAT WE USE IN 

THE LABORATORY AS SHORTHAND NAMES. SOME OF TIEM ARE THE 

CHEMICAL NAMES. WE'LL USE THE SHORTHAND NAMES, THE CHEMICAL 

NAMES DON'T NEeESSARILY HELP US UNDERSTAND WHAT'S HAPPENING IW 

THIS PARTICUULR INSTANCE, BUT W E  HAVE G,  A, C AND T. WE TALK 

ABOUT THOSE AS THE W E S  IN DNA. 

AHD DNA, SURPRISINGLY, FOR Au OF THE THINGS THAT IT'S 

CAPABLE OF DOING, CONSISTS OF A DOUBLE-STRANDED MOLECULE AND TH3 

I N D I V I D U U  COMPOHENTS IN EACH ONE OF THESE STRAWDS ARE C,  A, C 

AND T. SO !FHERE'S NOT A GREAT DEAL OF VARIETY IX TERM OF WHAT 

THE MOLECULE IS MADE OF. 

REALLY LIKE A CODE, LIKE A -- SOME KfND OF SECRET CODE THAT ONE 

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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FALKINHAM-DIRFET/LEW;ewIS 11-1519 
~ 

USES, BUT THE -- THE INFORMATION IS LITERALLY IN THE SEQUENCE OF 

Q. YOU CALL BASES. 00 TgEY HAVE OTHER NAMES THAT WOULD 0- 

A. THE OTHER NAMES THAT YOU HAY HAVE HEARD ASW?ADY IN THIS 

TRIAL OR WILL HERE: NUCLEIC ACXDS, BECAUSE THESE MOfiECUUS ARE 

IN THE NUCLEUS. THEY'RE CAfS*eD NUCLEIC ACIDS. THEY'RE A I S 0  

ACIDIC MOLECULES. 

ALSO, WHEN THEY ARE READY TO BE I N C O ~ R h T Z D  INTO A DNA 

MOLECUIX, WE REFER TO THEM ALSO -- THEY HAVE A DfFF- -- 
SLIGHTLY DIFFEMNT FORM. THEY'RE CALLED NUCLEOTIDES. 

SO YOU'LL HEAR THOSE WORDS INTERCHANGEABLY. SOMETIMES 

I'LL LAPSE INTO SOME OF THOSE WORDS. 

Q. NOW, HOW DO THESE 3ASES FIT TOGETHER? THE 3uRY'S HEARD SOME 

OF THIS, BUT IF YOU COULD REVIEW IT, I'D APPRECIATE IT. 

A. WELL, ONE OF THE XMPORTANT T l i f N G S  THAT WAS DISCOVERED EABLY 

ON ABOUT !FHE STRUcmTRE OF DNA W A S  THhT THERE SEEMED TO BE XN 

LIVING CELLS A VERY INTERESTING AGREEMWT BETWEEN THE AMOUMT OF 

A BASE AND T. THEY WERE ALWAYS EQUAL. THE AMOUNT OF C BASE ANI: 

THE AMOUNT OF C BASE, THEY WERE ALUAYS EQUAL. 

IT'S NOW BEEN SHOWN THAT THESE BASES G AND C ARE ALWAYS 

PAIRED OPPOSXTE ONE ANOTHER IN THE STRANDS, NOT NEXT TO ONE 

AE30TIER MJT, RA-, OPPOSITE ONE TO ANOTHER, AND OPPOSIT3 AN A 

IS AIS0 -0 ALWAYS A T; OPPOSITE A 1 IS ALWAYS AN A. 

hS A CONSEQUENCE OF THAT, IF I TELL YOU THE SEQUENCE 01 

ONE OF TKE S W D S  UF DNA AND YOU KNOW THAT WHEREVER 'IZZERE'S A 

CANDACE L. F R M C I S ,  OFFICXAL =PORTER, US=, 115-431-6080 
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FAflxfNHAM-DIRECT/XLEWIS 11-1520 

C ,  THERE'S A G IN THE OPPOSITE STRAND, =RE THERE'S A T, 

THERE'S AN A AND SO ON, YOU CAN TELL ME WHAT THE SEQUENCE IS IN 

THE OPPOSITE STRAND. 

Q o  CAW YOU GO OVER THAT AGAIN? I THIISK YOU HAVE A PICTURE. 

A. YES. WE HAVE A CONTINUATION €#ERE FROM THIS PANEL THAT WE'VE 

JUST SHOW YOU. 

AHD HERE YOU SEE THE EWES A, T, G AND c. A BINDS w m  

T t  G BINDS WITH C.  

IN ORDER TO SHOW THfS A LITTIZ BETTER, YOU SEE THAT 

IT'S ONLY THE A FITS IN TO TfIE T, SORT OF SIDT mm, AND THE G 

ONLY FITS IN WITH THE C.  

Q.  IS THAT WHAT THE BASES REALLY I&OK LIKE? 

A. NO, THAT'S -- THIS IS JUST A SCHEMATIC DIAGRAM OF WHAT THE 

BASES LOOK LIKE0 MY STUDENTS GET VERY DISTRESSED WHEN WE MOVE 

FROM !THIS SCHEMATIC TO THE REAL STRUCTWRE OF THE BASES. THIS IS 

WEEN THEIR EYES SORT OF R O U  BACK IH THEIR HEADS AND THEY GET A 

LITTLE UPSET. WE DO HAVE SOME CHZHXSTRY IN GENETICS. 

Q. OKAY. YOU WERE T A m G  ABOUT THE STRANDS THAT THESE BASES 

FORM. THEY CAN COME APART? 

A. YES, THEY CAW. 

IN TIE POLIDWING DIAGRAMS m, 1'U SHOW YOU THAT THE 

DOUBLE-STRANDED DNA MOLECULE CAN BE SEPARATED INTO TWO SINGLE 

STRANDS 

NOW, THIS rs AN IMPORTANCE FOR CELZS BECAUSE, AS I 

SAID, THE SEQUENeE IS WHAT'S m R T A M T .  

CANDACE La FRANCIS, OPPXCIAL REPURTER, VSDC, 415-431-6080 
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THIS PROCESS OF SEPARATING THE DOUBLE-STRANDED DNA 

MUflECULE INTO SINGLE STRANDS IS CALLED DENATURATION. A FAIRLY 

BIG WORD, BUT IT#S A SIMPLE ONE, BECAUSE THE NATURAL STRUCTVRE 

OF DNA IS THE DOUBIZ-STRANDED, AND SO WHEN WE SEPARATE IT INTO 

SINGLE-STRANDED PIECES, WE T A U  ABOUT THAT As DENATURATION OR 

REVERSING THE HA- CONDITION. 

Q. HOW IS DENATURATION ACCOMPUSHED? 

A. WE CAN SEPARATE -- APT= WE fSUfiATE DNA, WE3 CAM SEPARATE THE 

DOUBLE-STRANDED MOLECULE INTO A SINGLE -- INTO ITS SINGLE 

STRANDS BY A VARIETY OF TECHNIQUES. !FHE ONE MOST COMMUHLY USED 

IS -- IS HEAT. W32 CAN SEPARATE THE STRANDS BY RAfSIHG THE 

TEMPERATURE, SO !XWAT THEY NOW CAN NO U)NGEW INTERACT. 

THESE -- WHAT HOLDS THESE TWO STRANDS TOGETHER IS BOT A 

VERY TIGHT, TIGm BOND. WE USE THE WORD "BOND." IT'S NO!T AS 

TIGHT AS THE BOND HOLDING THE BASES IN THE INDIVIDUAL GTRAWDS. 

IN ADDITION TO HEAT, WE CAN PUT THE DNA IN AN ACID 

SOLUTION WHICH AfsO SEPARATES THE TWO STRANDS, OR WE CAN PUT IT 

IN AN ALKALINE SOLUTION AND SEPARATE THE TWO STRAMDS. 

Q- IS THERE ANOTHER TERM THAT'S SOMETIMES USED FOR THIS 

PROCESS? 

A. 

YOU MAY HEAR PEOPLE TALKING ABoprr MELTING DNA. AND THAT 

BECAUSE WE CAN USE !FEWERATIIRE TO SEPARATE THESE STRANDS, 

REFERS -- THAT'S A JARGON WORD, SORT OF A MWBO JUMBO SHORTENED 

WORD, THAT WE USE IN THE LAgoRAToRY TO INDICATE m T  TKE TWO 

STRANDS HAVE BEEN SEPARATED FROM ONE AMOTHER. 

CANDACE L. m a s ,  OFFICIAL REPORTER, USDC, 415-431-6080 
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FALKINHAM-DIRECT/Z;IS 11-1522 

Q. AND THOSE STRANDS CAM COME BACX TOGETHER? 

A. THE STRANDS CAN COME BACK TOGETHER AGAIN- ONE: OF THE NfCE 

TXINGS ABOUT DNA IS, WE CAW MANIPULATE IT IN THE LABORATORY. 

HERE IS THE PROCESS OF BRINGIWG THE TWO STRANDS BACK 

TOGETHER AGAIN, IT'S CAXJXD REHATURATION, OR ANNEALING, 
1 

A-N-H-E-A-L-I-N-G. "ANNEALING," OR BRINGING THE TWO STRANDS 

TOGETHER, SORT OF A REVERSAL OF THE WSE OF THE WORD "KELTING." 

THIS REESATURATXON PROCESS, HOWEVER, IS RATHER SPECPFXC, 

BECAUSE, As YOU SEE IEI THE DIAGRAM HERE, THE SEPARATED TOP 

STRAND IS NOW ASSOCIATED W I T H  THE ORICINAILY-SEPARATED BOTl'UM 

STRAND, AND WIEN THEY ChME BACK T O G E m R  AGAIN, THEY F0-D THE 

ORIGINAL DOUBLE-HELICAL MOLECULE, THE DOUBLE-STRANDED MOLECULE, 

AGAIN FOILOWING THE T BINDS WITH A, C BINDS WITH G RULES 

THROUGHOUT. 

SO IF ONE SINGLE-STRANDED DNA IS COHPLEHENTARY BY =SI 

A-T, G-C SEQUENeES, THEN THE TWO MOlJWULES CAW COME BACK 

TOGETHER AGAIN. 

Q. CAN STRANDS OF DNA FROM TWO DIFFERENT SOURCES COME TOG3TBER 

LIKE THAT? 

A. YES, IT'S POSSIBLE TO DO THAT As WELL. 

ONE CAN ISOLATE DNA FROM ONE INDIVIDUAL, ElAKE IT 

SINGLE-STRANDED, AND NOW BRING TEAT TOG- WITH 

SfNGLE-STRANDED DNA FROM ANOTHER SOURCE, AWD SEE IF YOU CAN GET 

THE FORMATION OF THE: SINGU-STRAND BINDING WITH ANOTHER 

SINGLE-STRAND TO KAKE A DOUBLE-STRANDED M A ,  AND DNA's CAN 

CANDACE L. FR~~NCIS, QmIcru REPORTER, UGDC, 415-431-6080 
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FAIXINHAM-DIRECT/LEWfS 11-1523 

BE FROM THE TWO DIFFERENT SOURCES. 

WE'VE BORROWED A WORD FROM THE BREEDERS, ANXMAL AND 

PLANT BREEDERSt WHO TALK ABOUT HYBRIDS, THESE ARE ANXM?LX OR 

PLANTS THAT ARE TIE RESULT OF MATING BETWEEN TWO UNRELATED, 

PERHAPS, ORGANISMS, OR DISTANT RELATIVES OF ONE ANOTHER- 

AND SO WE'VE MADE A NEW INDIVIDUAL CO-SED OF DNA OF 

ONE PARENT AND DESA OF ANM'HER PARENT. AND SO WE REFER IPT THIS 

CASE -- ALTHOUGH WE'RE HJOT DEALING W X T H  A WHOLE ORGWISM BUT 

JUST DNA, WE REFER TO THIS AS HYBRIDIZATION. AHD WE WOULD TALK 

ABOUT A M0f;ECWLE IN WHICH THE DNA STRAND IS FROM O m  SOURCE AND 

THE OPPOSITE STRAND IS FROM ANOTHER SOURCE. THE OPPOSITE S-E 

I REFERRED TO AS THE COHPLEKEWT. IF THEY ARB EXOH TWO DIFFEREN7 

SOURCES, WE WOULD REFER TO THAT DNA AS A HYBRID. 

Q. WHAT'S NECESSARY FOR STRANDS LIKE THAT F'ROBS DIFFERENT 

SOURCES TO BIND TOGETHER? 

A. THE MOST IMPORTANT THING, AGAIN, IS THAT THE SEQUENCE IN OM 

OF THE STRANDS IS COMPLEMENTARY TO THE SEQUENCE IN THF, OPPOSfm 

STRAND I 

AND HERE, WE HAVE A FIGURE SHOWING A S M U L E R  PIECE OF 

DNA, HERE FOR rmusmmm PURPOSES, FINDING ITS ~ N P ~ E N T .  

NOW, THIS U R G E R  MOLECWm HAS OTHER REGIONS WHICH ARE 

NOT COM?LEXENTARY, AND THAT W A S  SHOWN IN THE BEGIDQPlING OF TEE 

DIAGRAM BY THIS SMAXUR PIECE HERE ON THE BOTTOM ATT-ING TO 

PAIR AT ONE REGION, AND IT COULDN'T FIND THE RIGHT A-T, C-C 

SEQUENCE PAIRING, BUT IT W A S  ABLE TO XW AE3oTHER REGION. 

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-60&0 
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FALKINHM-DXRECT/LEWIS 11-1528 

Q. HOW U N G  DOES IT TAKE A SHORT GE-NT LIKE THIS TO -- TO 
FIND A MATCHING PLACE, fF THERE IS ONE, IN, SAY, A HUMAN -- A 

HUMAN'S GENES? 

A. WELL, IT WOULD DEPEMD VERY MUCH ON HOW FREQWEHT THESE TWO 

PIECES OF DEJA WJ3RE. IF THIS SMALLER PIECE HERE ON THE BOTTOM 

HAD TO IDOK THROUGH A VERY LARGE M O L E C U U  OF' DNA, SAY, IT HAD TO 

FIND ITS COMPLEMENT AND =RE WAS ONLY ONE OF THOSE COMPLEMENTS 

OUT OF A HUNDRlW THOUSAND SEQUENCES, YOU COULD 1-m THAT THAT 

WOULD OCCUR SLOWLY. 

ON THE OTHER HAND, IF THERE WAS fxrrS OF THESE 

TWO-COMPLEMENTARY SEQUENCES, THAT REACTION WOULD OCCUR VERY 

QUICKLY. AND, IN SOME CASES IN TWE IABORATQRY, WE CAN HAVE 

THESE REACTIONS OCCUR VERY QUICKLY, ON THE -- ON THE TIME ORDER 

OF SECONDS, BECAUSE THE CONCENTRATIOM OF THE COMPLE3ENTARY 

SEQUENCE IS SUCH TiIAT IT'S VERY LIKELY THAT THEY'LL ENCOUNTER 

SOME -- SOKE -- THE COMPLEMENT. 

OM THE OTHER W D ,  YOU MIGHT HAVE TO USE IDNGER PERIODS 

OF TIME IF THESE SEQUENCES WERE VERY RARE AND YOU HAD TO FIND A 

COMPLEMENT FROM m S  OF OTHER SEQUENCES, NONE OF OQHICH WER3 

ComLEMXNTARY 0 

Q.  ARE THERE OTHER CONDITIONS THAT AF'FEeT THE SPEED? 

A. YES. THERE ARE A VARXETY OF CONDITIONS THAT AFFECT THE 

SPEED OF mrs REACTION. IT WOULD HAVE TO DO WITH THE 

TEMPERATURE. WHAT WAS THE TEMPERATURE mrs -- WHEN THIS 
REACTION W A S  CARRIED OUT? 

CANDACE L. F'RMCIS, OFFICIAL REPORTER, USDC, 115-431-6080 
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F A w C I ~ - D I R E c T / L E W I  S 11-1525 

IT'S BEEN DISCOVERED THAT THE CONCENTRATION OF THINGS 

LIKE SALTS IN THE S O W T I O N  -- AND WHBN 1 SAY "SALT," I MEAN 

SODIUM CHWRIDE -- OTHER KINDS OF SALTS f N F m C E  THIS PROCESS 

As WELL. 

SO WE c35N CXAHGE THE CONDITIONS To EITHER ACCELERATE OR 

RETARD THIS REACTION. 

Q. WHAT HAPPENS IF THERE'S N m  A COMP-NTARY SEQUENCE IN, FOR 

INSTANCE, THE TOP STRBMD THAT YOU HAVE THERJ3? 

A. IN THE F O W W I N G  PORTION OF THE PRESENTATION, WE SHOW WHAT 

HAPPENS WFN Wl3 DON'T HAW3 COMPLEMENTARY SEQUENCES. THEY SfHPLY 

DO NOT BIND. 

HERB, ON THE TOP, WE HAVE A PXRTICUIAR DNA SEQUENCE, 

AND HERE W E  HAVE A SMzlELER PIECE, AGAIN FOR ILLUSTRATIVE 

PURPOSES, AND YOU SEE THAT IT'S TRYING HERE ON THE LEFT TD PAIR 

UP. IT DOESN'T FIND ITS COMPLEMFNT. 

IT NOW W I L L  MOVE TO ANOTHER AREA AIJD FIHD THAT -- JLND 

YOU CAN LDOK AT THIS FOR A lXlNG PERIOD OF TIME, AND YOU'LL SEE 

THAT THERE ARE E30 COMPLEMENTARY REGIONS BETWEEN THIS SMA- OR 

UlWER BAND HERE AND THE W f P E R  BAND, SO WB WOULD NOT GET THE 

FORMATION OF A DOUBIE-S-ED MOLECULE IN TBIS PARTICUIAR 

INSTANCE e 

Q. IN THIS DIAGRAM -- ACTUALLY, WE'V3 GOT AM- POSTER, I 

BELIEVE, THAT SMMARIZES THXS PART. 

(PAUSE IN PROCEEDINGS) 

MR. LEWXS: IS THAT EXHISIT B-243? 

CANSAC3 L. FRANCIS, OFFICIAL REmRm, U S E ,  415-431-6080 
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MS. S W O V I C :  YES. 

MR. LEWIS: YES. 

Q. 

POINTS OH THESE BASES. 

YOU CAN SEE IT BIDRE CLEARLY HERE, BUT WE'VE PWT LITTLg 

WHAT DOES THAT SIGNIFY? 

A. THOSE AGAIN ARE SCHEMATIC, BUT THEY DO REPRESENT SOMETHING 

MPORTANT ABOUT THE DNA STRUCTURE THAT YOU W f L L  HEAR AS WE MOVE 

THROUGH NOT ONLY THE PRESENTATION BW THE PRESENTATION OF THE 

OTHERS FOLlOWIEJG. 

EACH ONE OF THE BASES, AS YOU SEE, HAS A POINTED END 

W E R E  ON THE RIGHT OF THE G AND HERE SORT OF INDENTED PORTION. 

AI& OF THESE MOLECULES HAVE THAT PARTICULAR STRUCTURE. 

WE CAN SEE IT AS WEU ON THE VIDEO HERE. ON THE 

LEFT-HAND END OF THE ID- SINGLE-STRANDED PIECE OF DNA, YOU SEI 

THAT THERE'S A SMAU ARROWEEAD HERE AT THIS C UN THE LEFT-HAND 

END, AND HERE ON THE RIGHT-HAND END, THE T WAS AN INDEXFATIOH 11 

IT. 

IN THE UPPER STRAND, YOU SEE THAT !FHE ARROWHEAD HERE fb 

ON THE OPPOSITE END OF THE MOLECULE, WITH RESPECT TO THE WAY 

WE'VE DRAWN THE WWER, AND THE ARROWHEAD NOW IS AT THE G END. 

Q. DR. F - I m ,  DO THE BASES ACTUALLY XOOK LIKE THIS? 

A. NO, THE BASES DO HOT IDOK LIKE THIS. THEY HAVE A VERY 

COMPLICATED STRUCTURE. WE'VE ATTEMPTED, f# A SCHEMATIC WAY, TO 

SHOW SOME UMTQUE CHARACTERISTIC ABOUT THE BlOLECUfiES, JWD I'VE 

SHOWN THAT IN TfIE F0I;LX)WIING PRESENTATION IN THE VIDEO HERE, THE 

CANDACE L. FRANCZS, OFFICIAL REPORTER, U S E ,  415-433-6080 
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NATURE OF THESE ENDS4 

WE TALK ABOUT DNA AS HAVING ENDS. WE TALK ABOUT IT AS 

HAVING A THREE-PRIMED END -- P-R-I-M-E 0- AND A FIVE-PRIMED END. 

AND HERE WE HAVE A DOUBm-STRANDED DNA XU--, AND WIE 

WILL SEE THE LABELING ON THIS W 0 I ; E c U L E  NOW. 

THE MOLECULE IS THE FIVE-PRXMED END; THE OTHER EWD OF THIS fx)pIG 

STRAND IS THE THREE-PRImD END- 

IN THE OPPOSITE STRAND -- AND THIS IS A RULE ABOUT 

DNA -- THE OPPOSITE STRAND WFIERE, INSTEAD OF W I N G  fN THE 

FXVE-PRIME ON THE LEFT TO THE T€iREE-PRlME ON THE RIGHT, As IT IE 

IN THE UPPER STRAND IN THIS VIDEO, THE IDWER STRAND GOES FROM 

THE THREE-PRIMED END TO THE FIn-PRIMED END IN MOVING FROM LElT 

TO RIGHT. 

WE TALK ABOUT THAT AS DNA HAVING ANTI-PARALLEL STRANDS. 

1 DON'T KNOW IF TWAT WORD WILL COME UP, BUT IT'S ClEJE OF THE 

WORDS THAT C O W  UP ASOUT DNA. 

THIS FIVE-PRIME ANQ TIIREE-PRIHE HAVE TO DO W I T H  THE 

REAL CFRMICAL STRUCTURE OF THE NUCLEIC ACIDS, OR THE BASE, AND 

BETWEEN THE INDIVIDUAL 3ASES IN OF STRANDS. 

SO THE fifNKAGE GOES FROM THE FEVE-PRIHE POSITION OF QNI 

TO THE THREE-PRIU POSITION OF THE OTHER. AWD DEPEHDIIG UWII 

mreH STRAND IT IS, o m  WES IN A ~ ~ - T O - R T G H T  DIRECTION; TEE 

CAMDACE L. FRANCIS, OFFICXAL RE==, WDC, 415-431-6080 
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Q. TfIE JURY'S WMRD ABOUT S O m I N G  W D  A GROWING END- DaES 

!IXAT CORRESPOND TO ONE OF TEIESE? 

A. YES. DNA IS HADE BY THE ADDITION OF INDIVIDUAL RASES, AND 

THE XNDIVIDUAL EiASES !MAT IT ADDS TO HAVE TO HAVE A THREE-PRImD 

END FREE, 

SO IN A MOLECULE, IT WfU START 3UfLDfEJG AT A FREE 

THREE-PRIMED EEJD; TT W I L L  NOT START BUILDING AT A FREE 

FIVE-PRIm END. 

NOW, THAT'S ONLY PART OF THE STORY. YOU'LL SEE LITER 

THAT NOT ONLY DO Wl3 HAVE TO HAVE THAT FREE END, BUT WE ALSO HAVE 

TO HAVE SOMETHING TO GUIDE OR SERVE: AS A PA- FOR THE 

SYNTHESIS. 

Q. ALL RIGHT. W I T H  THIS BACKGROUND, LET'S -- LET'S CHANCE THE 

SUBJECT A LITTLE BIT: 

r w  LIXE YOU TO EXF~ATN WHAT IT 1s THAT p c ~  DOES. WHAT 

DOES IT ACCOMPLISH? 

A *  ALL RIGHT. fN THE FIRST PORTfOM NOW OF THE VIDEO, WE MOVED 

FROH THE SORT OF BASIC BACKGROUND INFORMATION TO PCR. 

IF WE PAUSE RIGHT BERE AT THE BEGINNING OF THE PROCESS. 

(PAUSE IN PROCEEDImsCS) 

THE WITNESS: PULWERASE CEAIN REACTIOH STARTS OFT 

WITH, I# THIS PARTICULAR EXAMPLE, WHICH IS A TYPICAL EXAMPLE, WE 

SORT OF HAVE A MICROSCOPIC VIEW OF WHAT' W E  WOULD HAVE IN A TEST 

TUBE, so To SPEAK. 
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WE HAVE DNA STRKNDSO DOUBLE-STRANDED DNA, AND 

PARTICUIAR CASE, WE HAVE A LARGE NUMBER OF STRANDS HERE SHOWN IN 

THIS L I m  CIRCLE. THOSE ARE ALL COLDRED IN PINK. AND IN ONE 

OF THE STRANDS, WE SEE A BLUE SEQUENCE, WHICH IS A TARGET 

SEQUENCE a 

THIS WOULD BE A SEQUENCE TEEAT WE ARE P k R T I C U m Y  

INTERESTED IN. 

THAT WE WISH To STUDY -- WE MIGHT WISH TO STUDY, IN ORDER TO 

DfAGNOSE OR TO DETERMINE WHETHER AN INDIVIDUAL HAS SOME 

INHERITED DISEASE. 

FOR EXAWE, IT COULD BE A PARTICULAR HUMAN GENE 

FOR EXAMPLE, W E  NOW =OW !t'HAT CYSTIC FIBROSIS, A 

DISEASE WHICH OCCURS IN HUMAMS -- IT'S I m R f T E D  0- IS DUE TO A 

CHANGE IN A PARTICULAR DNA SEQUENCE, A GENE. !WAT GEM3 W A S  JUS9 

ISOLATED AHD CHARACTERIZED ABOUT -0 WXTHIN THE LAST YEAR BY A 

GROUP OF INVESTIGATORS FROM: DETRUIT AND TORONTO. 

AND WE WOULD LIKE TO =OW WEETHER OR NOT AN INDIVIDUAL 

HAS INHERITED THE NORMAL GENE OR AX ABNORMAL GENE. fP THEY'VE 

INHERITED THE ABNORMAL GENE? WE WOULD UKI3 TO START SOHE KIND OE 

THERAPY RIGHT OFF THE BAT TO TRY To HELP THAT INDIVIDUAL. 

AT THE END 0- XF WE WOULD NOW CONTINUE THE VIDEO -- YOI; 

W I L L  SEE THAT AT THE END OF THE PCR PROCESS0 WE GO FSOM A 

SITUATION IN WHICH THERE'S, IN THIS L E F T - W D  CIRCLE, ONE TARGE'I 

DNA SEQUENCE WITH XDTS OF OTHER SEQUENCES. 

NOW, ON THE RIGHT-HAND SIDE, YOU SEE TIiE FIELD IS 

FI-D W I T H  LITTLE DNA M0LECIXXSI SCHEMATICAUY DRAWN. THEY'RE 

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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MOSTLY ALL BWE, AND THERE VERY FEW OTHER SEQWEMCES COMPARED 

TO THE TARGET SEQUENCE. 

WHAT THIS IS, IS THE -- AND WHAT PCR DOES -- IS 
SPECIFICALLY AMPLIFY THIS TARGET SEQUENCE, raARTI?G MANY COPIES OF 

THIS TARGET SEQUENCE, SO THAT ALTHOUGH, REMEMBER, WE START OFF 

IN C E U S  W I T H  PERHAPS A GENE THAT WE MTGHT BE INTERESTED IN, 

THERE MIGHT BE ONLY ONE COPY UF THAT W I T H  RESPECT TO A HUNDRED 

THOUSAND OTHER COPIES. 

AT THE m~ OF PCR, WE CAN ma coPrEs OF THAT 

INDIVIDUAL GENE, SO W Y ,  IN FACT, THAT WE WILL BE AB= TO STUDY 

THIS PARTICULAR GENE I N  THIS WfXTURE SO THAT ME CAN THEN USE A 

SMALL SAMPLE, AMPLIFY THAT PARTICULAR TARGET, AND THEN STUDY THI 

AMPLIFIED PRODUCT FOR DIAGNOSIS. 

Q. (BY €IR. LEWIS) =T0S TURN TO HOW YOU 00 Pa: 

WHAT DOES IT TAKE TO DO IT? 

A. AU RIGHT. !WE FOLLOWING PORTION OF THE VIDEO WTfiL BE A 

REVIEW OF HOW POLYMERASE CHAIN REACTION IS -ED OUT. 

AND, FIRST, WE LIST TEE mY IWGREDIENTS: -'S TfIE 

DNA TEMPIATE, THE TARGET DNA OR ANY OTHER DNA THAT ONE STARTS 

WXTII;  T H E  DNA BASES; DNA PRIMERS: AND FINALLY THE DNA 

POLYMERASE, AM ENZYME WHICH MAKES DNA. 

WE'LL T[fRN TO EACH OlJE OF THOSE NOW. FIRST OF AI&, THE 

DNA TEMPLATE. 

Q. WHY IS IT C A I U D  A TEMPLATE? 

A. IT'S CALLED A TEMPIATE BECAUSE IT IS USED TO GUIDE OR . . . 
CANDACE L a  FRWCIS, OFFICIAL REPORTER, USDC, 415-431-6Q80 
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USED AS A PATTERN TO MAKE COMPIZMENTARY STRANDS, SO THAT W E  

DUPLICATE THE STRANDS OF THAT HO~CWLE.  

AND SO SINCE IT'S USED AS THE GUIDE, THEN WE START WXTH 

THAT DNA MOLECULE, AND WE CALL IT THE TEMPLATE FOR THAT REASON. 

Q. AND WIS CONTAINS THE TARGET THAT WE WERE TALKING ABOUT 

EARLIER? 

A. THIS DNA TEMPLATE WOULD CONTAIN THE PARTICULAR TARGET. 

TYPICALLY, THAT -- THAT IS MAYBE THE DNA OF AN ENTIRE 

CELL, AND TfIEREOS OHLY ONE TARGET SEQUENCE 3N IT. %'€ERE ARB 

OTHER APPLICATIONS IN WHICH YOU MIGHT START WITH SOME DIFFERENT 

KIND OF PRODUCT, BUT FOR ILttJSTRATTON HERE TODAY, WE'LL START 

W I T H  A VERY LARGE MOLECULE AND THE TARGET SEQUENCE IS JUST A 

SMALL SEQUENCE WITHIN THAT. 

Q. YOUR NEXT INGREDIENT WAS DNA BASES? 

A. YES, THE NFXT INGREDIENT aRE TWE DNA BASES. YOU'VE SEZN 

THOSE NOT ONLY IN THE VIDEO BUT IN TFlZ PAEJELS. THEY CONSIST OF 

THE T, G ,  A AND C BASES, 

AN IMPQRTANT COl@OM3NT, THE THIRD OF THE POLYMERASE 

CHAIN REACTION, ARE PRI-. ABE SWLLL PIECES OF 

SINGLE-STRANDED DNA. 

nOLfGO" W Z N G  A PEW, WUCLEOTIDES," A WORD THAT WE USE 

SYNONYMOUSLY WITH BASES. 

THEY'RE ALSO CALLED OLIGONUCLEOTIDES0 

AND SO THE PRIMERS ARE A SEQUENCE OF' A 

FEW BASES. 

THESE ARE USED TO START THE DNA SYNTHESIS OR FHE HAKING 

AWD EACH ONE OF THESE, AS IS TYPICAL OF A DNA MOLECUa,  OF DNA. 

CANDACE L. FRANCIS, OFFICIAL REPORTER, WSDC, 415-431-6080 
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HAS ONE END OF -- THE FIVE-PRIMED END AND THE T H R E E - m D  EMD. 

Q. I'M SORRY. WHICH END W A S  WHICH? 

A. IN THIS PARTICULAR EXAMPLE, I'D HAVE To -- I THINX WE HAD 

WERE THAT THE =OWHEAD UAS THE 0 0 0 I ' D  HAVE TO GO BACR AND 

fxK)K AT MY -- LOOK AT MY EARLIER FIGURE HERE TO MAKE SURE X KNOW 

WHAT -- 
Q. THAT'S THE DIRECTION OF GROWTH? 

A. THAT'S THE DIRECTION OF -- OF -- TKE FIVE-PRIMED END IS NOT 
!IWE DIRECTION OF GROWTH. IT'S THE THREE-PRIMED END THAT'S THE 

DIRECTION OF GROWTH. 

f 'M SORRY. I HAVE TO REMEMBER WHAT THE LITTLE 

31RROWHEADS KEAN AT EACH END. WE DON'T MVE THEM LABELED. XATEB 

ON, Y O U ' U  SEE THAT WE HAVE THEM LABELED AND WE'LL POINT OUT. 

8uT EACH ONE HAS A FIVE-PRIMED END AND A THREE-PRIMED 

END. IT'S IMPORTANT TO REMEMBER THAT THE THREE-PRIMED END fS 

WHERE DNA BASES CAM BE ADDED, HOT THE FIVE-PRIMED END. 

Q. WILL Awy RAWDQM STRAND OF W E S  DO AS A PRIMER? 

A. NO. THE PRIMERS ARE CHOSEN BECAUSE TIIEY SPECIFICALLY ARE 

COMPLEMENTARY TO A REGION OF THE TARGET SEQrnNCE, SO THEY'RE NOT 

JUST ANY SEQUEHCE OF DNA BUT, RATHER, THEY ARE WMPL,EMENTARY TO 

A VERY SPECIFIC PORTION OF TEAT TARGET. 

Q .  WHAT WAS THE U T  INGREDIENT? 

A. TW3 LAST IHGMDIEHT IS DNA POLYMERASE. 

Q .  NOW, THE JURY'S EEARD QUITE A BIT ABOUT POLYMERASE, BUT 

COULD YOU REVIEW BRIEFLY WHAT IT IS. 

CAHDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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A. HERE WE JUST SHOWED DNA POLYMERASE AS KIND OF A LITTfiE 

BULLET-SHAPED MOLECULE. 

DNA POLXMERASES AR33 FOUND IN =LIS. SOME C E U S  EVEN AS 

SIMPLE As A LTTTIZ BACTERIUM E, COLI, WHICH IS A NORMAL 

fN?lABfTANT OF HUMANS. WE USE IT IN M 0 - m  BIOLOGY RESEARCH. 

E+ COLI HAS THREE DNA POLYMERASES, ROMAN 1, 

ROMAN NUMERAL 11, ROMAN NUMERAL 111. 

SOME VIRUSES HAVE BEEN SHOWN TO HAVE THEIR OWN DNA 

POLYMERASE AS WELL. THE VIRUS T4, FOR EXAMPLE, WHICH AeTuAUY 

INFECTS A LITTLE 3ACTERXAL CELL, HAS ITS OWN DNA POLYMERASE. 

Q. DO THESE DIFFERENT KIND OF POLYM€RASES HAVE DIFFEREMT 

CIURAeTERfSTICS? 

A. YES, THEY DO. THE -- FOR EXAMPLE, THE ENZYME DNA 

POLYMERASE -- OR ONE OF THE DNA POLYMERASES FROM E. COLI WORKS 

BEST, FOR EXAMPLE, AT 37 DEGREES CENTIGRADE, OR OUR BODY 

TEMPERATURE OF 98 .6 .  IT'S AN fWHABfTMT OF US, AND SO IT'S 

EVOLVED TO THE POINT WHERE IT GROWS BEST AT OUR BUDY 

TEMFERATURl3+ 

ON THE OTHER IF YOU GO TO YOSEMITE AND YOU GO AND 

FIND THE SuI;pwuR HOT SPRINGS, YOU FIND OTHER ORGAHIEMS THAT ARE 

CAPA3LE OF GROWING AT !THOSE EXZVAmD TEMPERATURES. 

FROM ONE OF THOSE -- THE ORGANISM'S HAME IS m S  

AQUATICUS -- THEY ISOLATED A DNA POLYMERASE, THAT DNA 

POLYMERASE OPERATES AT ELEVATED TEMPERATURES, !lXMPERATURES 

ALMOST AS HIGH AS WATER THAT YOU AND 1 COULDN'T PUT OUR FINGERS 

CANDACB L. -CIS, OFFICIAL =PORTER, USDC, 415-431-6080 
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IN. SO THAT ORGAHISM, WHICH HAS ADAPTED TO GROWING AT ELEVATED 

TEMPERATURE HAS A DNA POLYMERASE WHICH IS ACTIVE AT ELEVATED 

TEMPERA-. 

Q. DOES POLYMERASE Do ANYTHING BUT MAKE DNA? 

A. DNA POLYMERASES ARE FASCINATING ENZYMES, NOT ONLY FOR PEOPLE 

WHO STUDY ENZYMES BUT ALSO FOR PEOFLE WHO STUDY ORGANISMS AND 

GENETICS 

DNA POLYMERASES MAKE DNA BY ADDING SINGLE BASES AT A 

TIME TO A 'TfIREE-PRIMED END OF A PRIMEL IW mDIT10M8 THEY CAN 

DEJA. THEY CAN BACK UP ON THE STRAND THAT THEY'VE MADE 

AMD UNMAKE IT. 

!FHAT'S NOT TOO HARD TO IMAGINE, BECAUSE IF SOMETHING IS 

CAPABLE OF MAKING SOMETHING, IT'S CAPABLE OF UNMAKING XT AS 

WELL. 

THAT ACTIVITY IS CALLED AN EXONUCLEASE, WUCLEASEn 

BECAUSE IT'S BREAKING DOWN NUCLEIC ACIDS, AND WE USE AS A SUFFIX 

OR ENDING TERM FOR EEJZYHES '@ASE". 

IN mD1T10H8 DNA POLmRASES, IF THEY mCOUMTER, AS 

THEY'RE MAKING A STRAND A STRZWD IN FRUMT OF !F€iEM, NOT THE 

TEMPLATE STRAND BUT A STRAND THAT THEY WOtfLD 0- THAT'S OW -- 
THAT'S COMPLEMENTARY To THE TEMPLATE, IN OTHER WORDS, WOufiD BE 

JUST IN FRONT OF THEM, THEY DEGRADE OR BREAK DOWN !FHAT BY AN 

EXONUCLEASE ACTMTY AS WEU* 

SO DNA POLYMERASES, SOME BUT HOT ALL NECESSARILY, HAVE 

NOT ONLY THE POLY€ERIZXNG ACTIVITY BUT THE EXONUCLEASE ACTIVITY 
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THAT W W S  THEM TO 

THEM OR IJMMMtE DNA THAT THEY'VE W D Y  SWTH3SfZED AND THEM 

RESYmmSIZE IT. 

DNA, EITHER DNA THAT'S IN FRONT OF 

THE CONSEQUENCE OF THAT IS VERY 3;mRTAMT TQ -- TO YOU 
AND I, ALTHOUGH f DON'T TEiINK WE TEIm OF THAT ALL THE TIME. BY 

GOING BACK OVER THE DEJA THAT THEY'VE HADE, UNMAKING IT, AND THEN 

REHAKING IT AGAIN, THEY DO G 4 ~ T f E I N G  !FHAT AflL OF US WHO TYPE 

HAVE TO DO, AND THAT I5 PROOFBEAD, 

THEY GO BACK OVER, BREAK DOWN WHAT THEY'VE HADE, AM3 

RE- IT, SO TIUT THEY mWER THE CHANCE OF KAKING AN ERROR. 

AND WE CAI& THAT PROOFREADING OR AN EDITING FU14CTfQN OF THE DNA 

POLYMERASE. 

SO IT'S A VERY FASCINATING ENZYME, AND IT MAKES SURE 

THAT WHEN THE MOLECULE MAKES A CUMPLEKENTARY STRAND, TKE 

COMPLEMENTARY STRAND IS MORE CUISELY ACCURATE OF WHAT EXACTLY 

SHOULD FLAW3 HAPPENED. 

Q- 

IT AND REPLACES IT, IS -RE A TERM FOR THAT? 

A. THAT -- WE FIND THAT THERE ARE A NUHEiER OF TERMS IN THE 

LITERA-. WE TALK ABOUT THAT AS NICK TRANSLATION, BECAUSE WE 

SORT OF MOVE A LITTLE SPACE U N G  FORWARD IN THE DNA As IT'S 

BEING BROmN DOW. 

Q. NOW THAT WE'VE TALKED ABOUT THE INGREDIENTS, LST'S START 

WEEN POLYPIERASE RUNS INTO A STRAND AHEAD OF IT AND DEGRADES 

TAMING ABOUT THE PRUCESS. 

WHERE Do WE BEGIN? 

CANDACE Le FRAMCfS, OFFICIAL REPORTER, USM:, 415-431-6080 
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A. 

MOVE TO THE FIRST CYCLE OF THE POLYMERASE CHAIN REACTION -- 
CONSISTS OF, HERE, A STRAND OF DNA WITH TEE TARGET SEQUENCE. 

HERE, THE OTHER DNA, IN KEEPING W I T H  WHAT WE SHOWED RARLIER, 

WAS -- THE OTHER DNA IS PINK AWD OUR TARGET SKQ-CE HERE IS IN 

KIND OF A BWE C0LX)R. TXIS IS TEE TARGET SEQUEISCE WHICH IS PARl 

OF THE DNA MOLECULE. 

ALL RIGHT, THE FIRST STEP OF TIIE PROCESS HERE -- WE NOM 

AND IF WE CONTINUE TO FQLLXIW THAT NOW, WE W I L L  SEE THAI 

WE FOCUS PRINCIPAUY ON THE TARGET SEQUENCE HERE. IT'S A 

DOUB~-STRANDED DNA EIDLECUI;E. AND m THE EXAMPLE THAT WE'LL BE 

USING HERE, IT'S EMBEDDED IN PART OF A LARGER MOLECULE. 

IN THE FIRST CYCLE, THE: FIRST STEP OF THE FIRST CYCm 

IS TO SEPARATE TXX DO--STRANDED DNA MOLEXULE INTO SINGLE 

STRANDS, AND THAT'S SHOWN IN THE FOLfXTWING. 

HERE WE HAVE THE TWO STRANDS SEPARATED FROM ONE 

ANOTHER. 

HOW, REMEMBER, THOSE ARE COMPIZMENTARY STRANDS: IN 

OTHER WORDS8 THEY -- THEY CAN REFOW A PAIR. FUT IN THIS CASE, 

WE'VE TAKEN THE CONDITIONS OF THIS DNA SAMPLE AM WE'VE AANSTEl 

IT SUCH THAT IT'S HOW DNA -0 DNA SING=-STRAND. 

THE: NEXT STEF OF THIS PROCESS INVOLVES TEE ADDITION OF 

THE PRIMEW, AND THAT'S SHOWN IN THE FOLIDWING: 

HERE ARE THE TWO PRIMERS. ON THE IDWER ORIGINAL 

STRAND, YOU'LL ME TALK ABOUT TIIE PARENTAL STRANDS, THOSE 

ARE THE ONES THAT WE STARTED wrm. 

CANDACE Le FRANCIS, OFFICIAL REPORTER, US=, 415-431-6080 
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HERE, THE PARENTAL STRANDS ARE HERE ON THE mli WITH 

THE TARGET SECTION AND THE UTHER DNA, HERE ON THE TOP THE T&RGET 

SECTION OF THE DNA. 

Tf3E PRIMERS, AS WE SAID BEFORE, ARE VERY SPECIPICASJJY 

CHOSEN. THEY ARE CHOSEN SUCH THAT ONE OF THEM IS COMPIZMENTARY. 

KERE, I'M fUUSTRATfNG THE 'STRAND. THIS PRIMER IS 

COMP-NTARY TO ONE END OF ONE OF THE BIEJGLE-STRANDBD TARGET 

SEQUENCES; !IWE WHER PRIMER IS COMPLEMENTARY TU THE OPPOSITE END 

HERE, THE RIGHT-HAND END OF THE -- OF THE UPPER STRAND. 

COMPLEMENTARY TO THE UPPER -- TO THE RIGHT-ffAND END OF THE U P m  

IT'S 

TmPIATE STRAND. 

SO THESE PRIMERS ARE CHOSEN 60 TEAT THEY ONLY BIND TO 

THESE PARTICULAR ENDS. 

Q. WKAT HAPPENS NEXT? 

A. NEXT WE'LL SHOW -- CONTINUE TO RUN THE VIDEO HERE, 

TWO THINGS THAT I W J W T  To ILLUSTRATE HERE: AGAIN, THE 

THREE-PRIMED AND FIVE-PRIMED EHDS. THE PRIMER HAS A FIVE-PRIHED 

END AND A THREE-PRIMED END. 

HERE, I'M ILUTSTRATINC THE UPPER PRIMER. THE IDWER 

PRImR AGAIN HAS A FIVE-PRIMED AND A THREE-PRIMED END. 

WHAT IS IMPORTANT HERE IS THAT A SMALL LITTLE BUI;tlgT 

HERE ON mWER PRIMER AEJD OH THE UPPER PRIMER WHICH 

REPRESENTS DNA POLYMERASE, DNA POLYMERASE BINDS TO THE 

THREE-PRImD END. 

SO TWO THINGS: FIRST, THE lpoLywERAs% BINDS To THE 

CANDACE L. FRANCIS, OFFICE& REPORTER, USDC, 415-431-6080 
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THREE-PRIMED END; AND THESE PRIMERS ARE CHOSEN SO TMT THE 

THREE-PRXMED END W W S  THE POLYMERASE TO SYNTHESIZE A 

COMPLEHENTARY STRAND WHICH CONSXSTS OF THE TARGET SEQUENCE AND 

DNA CONTfNUING ON. 

THE PRIMER FIVE-PRImD END HERE ON THE m M  STRAND ON 

THE LEFT DOES NOT SERVE AS A SOURCE FOR ADDING MZW BASES OR 

SOMETHING TO ADD HEW BASES TU BY THE mLYl4ERASE. THE POLYMERASE 

JUST DOES NOT DO THAT. 

Q. 1 THINK YOU HAVE SOKE PI-S, AND I'D LIm YOU TO EXPLAIN 

IN MORE DETAIL HOW THE PRIMER BINDS WHEB THE POLYMERASE ADDS THE 

BASES 

A. 

FOCUS JUST ON ONE OF THE ORIGINAL TARGET §EQUENCES AND THE WUND 

PRIMER. 

AT THIS POINT, WE'RE GOING TO MOVE TO A S M A U R  PORTION AND 

YOU SEE HERE m T  THIS PRIMER HAS BOUND TO A SPECIFIC 

REGION, AND WE WOULD SAY THAT FROM THSS . . . THIS SECOND BASE 

ON THE RIGHT-HAND END, THE C ,  MOVING NOW TOWARDS !IXE LEFT, THAT 

WOULD CONSIST OF THE TARGET REGION THAT W E  WOULD LIKE TO HAVE 

AMPLIFIED. 

REDEMBER THAT =I§ fS ALSO GOING ON WITH THE BOTTOM 

STRAHD. WE'RE JUST FOCUSSEJG ON THE UPPER STRAND. 

THIS IS THE FIVE-PRXHZD END OF THE =MER HERE ON THE 

LEET, THIS G. THE T -RE ON THE mFT-HAND END OF !lT€3 PRIMER IS 

THE THREE-PRIMED END. 

AFTER WE GET THE PRIMERS, THEY TIEN -- THEN DNA 

CANDACE L F'RANCXS, OFFICIAL REPORTER, WSDC, 435-131-6080 



* 
10 

-. 

r) 

11 
a ... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

1 4  

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
0 



* 

e -,. 

3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1Q 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

11-1540 

Q* HOW -- HOW FAST DOES THIS ADDITION OF BASES Go? 

A. THE ADDITION OF BASES DEPENDS AGAIN ON THE CONDITIONS. 

Q. PERHAPS 1 SliOULD ASK: HOW FAST CAN IT GO? 

A. IT CAN GO ENORMOUSLY FAST, SO FAST THAT I CAN'T IMAGTNE HOW 

IT'S DONE AS RAPIDLY AS IT'S DONE. 

SOME OF THE NUMBERS THAT I'VE SEEN fEs THE LITERATURE 

HAVE STARTED AT 100 BASES ADDED PER SECOND. OH THE OTHER HAND, 

IF THE CONDITIONS ARE AWUSTED, THE RATE OF INCORPORATION OF 

BASES CAN BE RATHER SmW, 

DEPENDING UPON THAT RATE OF ADDITION OF NBW EWES, YOU 

WILL NEED TO JUST EITHER HAVE A SHORT OR RAPID INCUBATION TIME 

IN ORDER TO MAKE THE ENTIRE PRODUCT THAT YOU'D LIKE TO MAKE. 

Q. 

BASES IN EXPERIMENTS. CAN YOU EXPLAIN HOW THAT WORKS. 

SOME OF THE TESTIMONY HERE HAS CONCERNED USING RADIOACTIVE 

A. YES. IN 323E NEXT PANEL, WE DIAGRAM IN THIS PARTfCUUR 

EXLMPLE WIW THE CLOSE-UP OF ONE OF THE TEMPLATE STRANDS AND TIlE 

PRIMER AND POLYXEXCASE. HE= WE HAVE TWO G'S. THESE TWO G'S IN 

DARK BWE ARE RADIOACTIVE. 

Q. I'M SORRY, ARE THOSE C'S OR G'S? 

A. C'S. 1'1 SORRY. I MISSPOKE, THANK YOU. 

THESE TWO C'S ARE RADIOACTIVE. fE9 OTHER WORDS, PART OE 

THE MOLECULE CONTAINS AN ATOM WHICH IS A C T U U Y  RADIOACTfvE. 

WE USE THAT SO WE CAN F O W W  WHERE THE MOmCUm IS, 

THE -ON IS, IS THAT W E  DON'T WANT TO ISOLATE LARGE, IARGE 

AMOUNTS OF DNA, BUT IF WE HAVE THIS RADIOACTIVE ELEMENT SENDS 

CANDACE It. FRANCIS, OFFICIAL REPORTER, USDC, 415-433p-6080 
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OUT A VERY STRONG SIGHAL FOR A VERY SMALL AMOUNT OF DNA. 

SO IT'S SORT OF LIKE A LITTLE FLAG IN A CROWD OF A !POUR 

GUIDE, OR A -- OR A CHILD OR A CAR IN A PARKING Urr. 

SMALL -- IT'S A SIGNAL THAT AIJDWS YOU TO FIND A PARTIcffLAR 

IT'S A 

MOLJ3CUL;E THAT YOU'RE INTERESTED XH* 

HOW, WE'VE ANIMATED TH&T HOW. 

THE POL- wru AGAIN START WIHG THE 

COMPLEMENTARY STRAND, USING TEE TEWIATE As A GUIDE# AND IN THIS 

CASE THE POLYMEXASE JUST RANDOMLY PICKS FROM THE C'S !IXAT ARE 

AVAILABLE TO IT. FIRST IT PICKED A RADIOACTTVE C ,  PUT fT 

OPPOSITE A G. THE SECUND TIME, IT PICKED UP A NOH-RADIOACTIVE 

C.  THE THIRD TIME, IT'S PICKED UP A RADIOACTIVE C. 

DEPENDING UPON HOW FREQUENT ImfE RADIOA€TfVE BASE IS IN 

AMONGST THE TOTAL AMOUNT OF BASES OF THAT TYPE, YOU'LL GET WORE 

OR LESS OF TKE BASES INCORPORATED; IN THIS PARTICUZAR CASE, THE 

C'S WILL 3E RADIOACTI-. SO THE ENZYME SIMPLY PICKS FROM SORT 

OF A RANDOH POOL MADE UP OF RADIOACTIVE AND NOW-RADIOACTIVE C'Sm 

IF ALL THE MOLECULES WERE RADIOACT= e's, THEM 

WREREVER THERE WAS A C ,  IT WOULD HAVE TO BE A RADIOACTIVE C ,  

IF, OM THE OTgER HAMD, THERE WERE VERY I D W  NUMBER OF RADIOACTIVE 

C'8 REXIATlVE TO THE NORMAL -- OR !FEE NOM-RADIOACTIV3 C'S,  THEN 

TBE MOLECULE WOULD HAVE RADIOACTIVE C'S IN BUT THEY WOULD BE 

VERY INFREQUEEPTa 

Q .  I'M SORRY. I'VE SIDETRACKED YOU W I T H  THIS QUESTION ABOUT 

RADIOACTIVITY. 
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WE WERE BACK XN CYCLE ONE OF A PCR REACTION. 

A. YES. 

NOW, MY POINT I# FOCUSING NARROWLY HERE IS TO SHOW YOU 

WHAT IS HAPPENING IW THIS PARTICULAR CASE -- IF WE WOULD PAUSE 

RIGHT HERE -- WEAT'S HAPPENING IN THIS UPPER BIGHT-HMD TEMPLATE 

PRIMER WHERE DNA POLYMERASE EAS BEEN. 

SO WE'VE BEEN SORT OF FOCUSING OH THAT. WE KIND OF 

USED !FIE MICROSCOPE AND =KED UP CIOSE AT THAT. 

NOW, THAT IS AS WELL HAPPENING SIMWLTANEOUSLY ON THIS 

U W E R  STRAND As mu. 

BUT WHAT WE WANT TO Do NOW IS TO MOVE TO A IARGER 

SCALE. AND NOW IF WE'U CONTINUE, YOU WILL SEE THE EXTENSION A9 

!FHE THREE-PRIMED END HERE ON THE UPPER AND IOWER PRIMERS BY DNA 

POLYMERASE. 

NOW, TELS IS THE -- EXCUSE ME. 

Q. THIS IS THE -- AT THE END OF THE FIRST CYCLE NOW? 

A, YES, THIS IS THE END OF THE FIRST CYCLE. 

NOW, I'D LIKE TO POINT OUT WHAT WE HAVE. 

WE EAVE THE ORIGINAL TWO STRANDS. HERE, THE mWER 

STRAND WITH THE TARGET SEQUENCE; THE UPPER S-D wrm TARGET 

SEQUENCE. 

AND NOW THE PRODUCTS OF THAT DNA REPLICATION, WHICH 

WERE STARTED W I T H  TKE PRIMERS, EXTENDED BY DNA POLYMERASE IN T€E 

PRESENCE OF THE BASES. THEY -- BECAUSE OF THE: HATORE OF THX 

PRIMERS, THEY WERE STARTED AT A DMZQUE SPOT AND CCIBITINUED SO 

CANDACE L. -CIS, OFFICIAL 'REPORTER, U S E #  415-431-6080 
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THAT T€iEY -- WE HAVE MOW A COMPLEMENT OF A TARGET MI3 A 

COEIPIZBENT OF TffE DNA ON ONE SIDE OF THE TARGET SEQvEptC3. 

WE WOULD CALL THIS TEE lDNG PRODUCT AS DISTINGUISHED 

FROM A PRODUCT WHICH IS JUST THY3 -&ATE m- 

Q. ALL RIGHT, WE'VE GOTTEN To THE EMD OF CYCLE ONE. WE MOVE 

INTO A NEW CYCLE? 

A, YES, THE SECOND CYCLE IS fNITfA!FED WITH THE SEPARATION OF 

THE DOUB=-STR?MXD MOLECULES INTO &fNGm STRMDS, 

I'D POINT OUT RIGHT HERE THAT JUST BECAUSE OF THE 

MECHANICS OF DOING THIS, WE ENDED UP WITH -$E TWO STRANDS IN 

THE MIDDLE AS BEING RATHER CfXlSE C m S E  TO ONE ANOTHER. 

THEY ARE ISOIXI'ED SEPARATE STRANDS. I WOULD LIKE THEM TO BE A 

LITTLE FURTHER APART, BUT WE NEED MURE ROOM IN HERE BETWFXN !FIE, 

STRANDS To SHOW AIL THE DETAXL IN TERMS OF THE PRIMERS AND THE 

POLYMERASE. 

SO THE FSRST STEP OF THIS PROCESS IS TO SEPARATE THESE 

TO -- DOUBIZ-STRANDED MOx*ECUx+ES NOW INTO FOUR SINGLE STRANDS. 

AND THE NEXT STAGE OF THLS IS 1 ~ s ~ ~ D f  XS TEaE 

BINDING OF PRImRS4 

NOW, HERE, AGAIN, HERE 1s THE ORIGINAL UPPER. I'M: 

ILLUSTRATING THE UPPER STRAHD W I T H  fTS BOUND PRXMER HOW. 

HERE WE HAVE THE IONG PRODUCT, SLIGHTLY DIFFERENT 

MOLECULE IN TERMS OF THE FACT THAT IT DDESrJ'T CONTINUE HERE ON 

TEE RIGHT. WE'RE -KING AT TEE UPPER OF TWO WIPDXlE IDNG 

pRoDucTs. 

CANDACE L. FRANCIS, OFFICIAL REPORTER, WBC, 415-431-6080 
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THE PRIMER HAS BOUND TO THE OPPOSITE END OF THIS IQNG 

PRODUeT, WHICH, IN FACT, IS TffE COMPLEMENT OF THIS UPPER 

PARENTAL STRAND. 

AND THE SAME THING IS TRUE HERE AT THE BOTTOM. 

AGAIN, THE PRIMERS BIND TO SPECIFIC REGIONS WHICH 

YOU'VE CHOSEN AND ARE HERE IN THIS PARTICULAR EXAMPIE WITHfR 

THAT TARGET SEQUENCE. AND THEY BINQ WITH THE RIGHT THREE-PRIMED 

ENDt SO WHEN POLYMERASE BINDS, AS WE SEE IN THE FOIJDWIEJG, 

POLYMERASE BINDS To THE TfIREE-PRIMF,D END, AND THhT'S SHOWN HERE. 

Q .  OKAY. BEFORE YOU GO ON, DR. FALKINRAM, LET ME A S K  A 

QUESTION : 

IS THE PRIMER THAT BINDS TO THE IONG PRODUCT, THE 

THINGS IN TIE MIDDLE, TIE SAM3 PRIPIER THAT BINDS TO TffE: ORIGINAL 

STRANDS? 

A, YES, IT IS. NOW -- BUT I HAVE TQ MAKE IT C m  THAT =SE 

TWO PRImRS ARE DIFFERENT FROM ONE ANOTHER. 

ONE PRIMER HERE BOHDS TO T&E RIGHT-KAMD END OF ONE OF 

THE COMPLEMENTS, AND HERE THE PRIMER BINDS TO ¶'€€E LEFT-HAND END 

OF TFiE UP -0 OF THE mWER ORIGIPTAL T W E T  SEQUENCE. 

THIS PRIMER, AS A H I i m  OF FACT, IS THE SAME AS TIIE 

PRIMER BINDING HEZE TO THIS m H G  PRODUCT. 

THIS IONG PRODUCT WAS THE COMPLEMENT OF THIS PARENTAL 

STRAND. THIS PARENTAL STRZIE3D IS THE COMPLEMENT -- ON THE BUTTOM 

IS TffE C0MPf;ElrlENT OF THE ONE ON TEIE TOP. -FORE, THIS -- 
THESE TWO PRIMERS ARE BINDING To THE S W  REGION OF DNA. 

CANDACE L, FRANCIS, OFFICIAL REPORTER, UGIX:, 415-431-6080 
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Q. WE'VE HAD THE BINDING AND WE WERB SHOWING THE POLYMERASE 

COMING ON BEFORE I INTERRUPTED YOU. 

WHAT GOES ON NEXT? 

A. AFTER POLYMERASE HAS BOUND AGAIN N -E-PRXMED END XIW 

THE PRESENCE OF TIE BASES, AWD IF THE COHDITIONS ARE 

APPROPRIATE, WE HAVE THE EXTENSION OF THAT AND THE VIDEO W I L L  

SHOW NOW THE EXTENSION OF THE MOLECULES. 

AND TKIS IS AT THE END OF THE SECOND CYCI;E. BIT%' 1 NEEC 

TO POINT A FEW THINGS OUT THAT !FYPIFY AND MAKE THIS SECOND CYCLE 

UNIQUE: 

HERE, JUST BEFORE WE LEAE, WE HAVE THE BRIGHTER 

STRANDS 

THE THIRD STEP OF THE CYCIE WOULD BE AGAIN Tl3B 

SEPARATION OF THE STRANDS. AND HERE WE HAVE THE SEPAaATED 

STRANDS, SO WE HAVE EIGHT SEPARATED STRANDS, 

THE SECOND STEP OF THAT WOULD RE THE BIMDING OF THF, 

PRIMERS, AND THAT'S SHOWN HERE. 

IF WE WOULD HOLD THAT FOR A SECOND, I WOULD POINT OUT 

THAT THE PRIMERS ARE BINDING TO THE ORIGINAL TEMPWLTE STRANDS. 

WE'VE ALREADY SEEN THAT. THEY'RE BINDING TO THE IOHG PRODUCTS. 

WE'VE SEEN THAT. 

HERE, PRIMER IS BINDING TO THSS PRU'DUCT OF THE 

SECOND CYCLE, WHICH IS JUST THE TARGET SEQUENCE, THE TARGET 

SEQUENCE L I T E W Y  BEING DEFINED BY THOSE TWO PRIMERS FROM THE 

RXGHT-HAND AND THE LEFT-HANDED E m .  

CANDACE L. mI31s, OFFICIAL REPORTER, USDC, 415-431-6080 
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AGAIN, THE DNA POLYMERASE BINDS TO !F?ZE TIEREE-PRIMED END 

AND, wrm ANIMATION, YOU'LL SEE THAT THEY'RE EXTENDED. 

AND AT THIS POINT, f WANT TO I I T R A T E  SOMETHING, AND 

I THINK IT'S WELL ILLUSTRATED HERE AND W I L L  BE THE MEXT CYCLE: 

ONE OF THE CHARACTERISTICS OF THE PCR REACTION XS THAT 

YOU START SEEING HOW JUST GRAPHICAUY MORE OF THE TARGET REGXON 

DEFINED HERE BY THE ENDS OF THE PRIMER !WAN YOU DO OF THE OTHER 

DNA HERE SHOWN XN PINK. 

AT THE VERY BEGINNING OF PCR, I SAID: WEIAT DOES PCR 

DO? ONE OF THE THXNGS TIIAT PCR DOES IS MAKE MORE COPY OF A 

PARTICULAR TARGET SEQUENCE, €EN3 SHOWN IN THE MIDDLE HERE, AND 

NOT AS MANY COPIES OF THE OTHER DNA. 

ROW, THIS IS AT THE END OF THE THIRD CYCLE. 

Q. YOU HAVE ONE MORE CYCLE TO SHOW US, DR- FALKIISHAM* 

A. YES. 

Q. WOULD YOU EXPLAIN WHAT TKAT UNE DOES. 

A. YES. LET'S W K  AT NOW THE F'UURTH CYCLE. OUR SCREEN WILL 

BE PRETTY WEU F f U E D  UP AS WE'BE GOING THROUGH HERE. 
c 

HERE, AT %HE B 3 G f m f N G  OF THE FOURTH CYCLE, WE HAVE TIXI! 

SEPARATION OF THE STRANDS, THE DENA!WRATIOH E". 

HERE THEY ARE Au $EPARATED. 3VEN !FHOUGH SOME OF THEM 

ARE TOGETFER, THEY ARE STLLL SEPARATED STRANDS. THE PRIw3p,Rs 

BIND- 

WE KEEP CWMGING SCALES HERE BECAUSE THE PI- GETS 

CANDACE L* FRANCIS, OFFICIAL REFURTER, ZISDC, 415-431-6080 
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BUSIER AND BUSIER. 

ELERE: ARE THE PRIMERS. NOW DNA P O L W E  BINDS. UNDER 

THE RIGHT CONDITIONS, WE GET EXTENSION, THE XNCUmRATIOW OF THE 

BASES AT THE T H R E E - P D  END. 

AND AGAIN YOU CAN SEE THAT WHAT' WE'VE DONE IS, WE'VE 

MADE MORE OF TEE TARGET SEQUEHCES. THE NUMBER OF IDMG PRODUCTS 

ARE NOT KEEPING UP HOW WITH THE NUMBER OF AMPLIFICATIONS OF THE 

TARGET SEQUENCE, HERE SHOWN IN WHITE IN TdE CENTER HERE. 

AND AT THE END OF THIS FOURTH CYCLE, YOU SEE WE HAVE 

SUBSTANTIAL INCREASE IN TfIE TARGET SEQUENCES AND NOT AS GREAT BN 

INCREASE IN THE OTHER DNA OR THE DNA NEfGHBOR. 

LEWIS: YOUR HONOR, WE HAVE ONE MIPIOR TEcHblICAL 

DIFFICULTY. 

THE COURT: YES. 

MR. m f S :  COULD WE HAVE A MOMEKI' -RE WE COULD TURN 

OFF THESE MONITORS? IT W I L L  TAKE NO MORE THAN A MINUTE TO Do. 

TKE COURT: SURELY. 

(PAUSE IN PROCEEDINGS) 

Q. (BY MR. LEWIS) NOW, DR. FA=-, YOU WERE -NG ON 

THE WAYS IN WHICH THE U N G  -- 
THE REPORTER: I'M SORRY, =* =IS, I CAN'T HEAR YOU. 

COULD YOU SPEAK UP, PI;EASE? 

Q m  (BY =IS) BEFORE OUR LITTLE DIFFICULTY, YOU 

REMARKING ON THE WAY THAT THE EONG PRODUCTS WERE BEING COPIED AS 

COMPARED TO THE TARGET SEQUENCE. 

CANDACE L. FRANCIS, OFFICIAL REPORTER, US=, 455-431-6080 
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FALKINHAM-DIRECT/IlEWIS 11-1548 

A, YES. 

Q. 

A. YES. THE TARGET SEQUENCE, AS YOU SAW GRAPHICALLY, APPEARED 

TO BE MULTIPLYING FASTER THAN THE OmER SEQUENCES. AS A HATTER 

OF FACT, IT'S IPSCREASING -- THE TERM THAT WE USE TO DESCRIBE XTS 

INCREASE IS EXPONENTIAL, IT'S INeREASING BY LITERALLY POWERS OF 

Two 0 

ARE THERE TERMS THAT DESCRIBE THOSE RATES OF INCREME? 

THE FIRST CYCLE, WE HAD TWO STRANDS; THEN WE HAD FOUR 

STRANDS; THEN WE HAD EIGHT STRANDS; THEN WE HAD 16 STRANDS, IN 

ENSUING CYCLES, 32, 64, 128. THAT'S AN EXPONENTIAL XNCREASB AND 

IS CONTRASTED TO THE SIDmR OR ARIl?HMETfC OR L I N W  INCREASE OF 

THE OTHER DNA STRANDS IN THAT MIXTURE IN THE TWO. 

AND I'M ILLUSTRATING THIS IN THE F O W W I N G  

REPRESENTATION. FOR SIMPLICITY, RATHER TH&N STARTING WITH TWO 

ORIGINAL STRANDS, f'M ONLY STARTING WTTH SIMPLY ON3 STRAND, ONE 

PARENTAL STRAND. 

THE EXPONENTIAL HERE ON THE RIGHT-WD SIDE WOULD BE 

REPRESENTATIVE OF THE r N c m A s E  IN THE TARGET SEQUENCES; ON THE 

LEFT-HAND SIDE, THE -- W X m  THE HEADING "LIMEAR, THXS IS 

REPRESENTATIVE OF THE OTHER DNA AND ITS RATE OF INCREASE. 

AT THE BEGINNING OF THE CYCLE, WE'LL START OFF WITH THE 

SAME TWO STRANDS AND WE HAVE ONE EACH. 

SO LET'S m K  AT WHAT HAPPENS AT THE END OF THE FIRST 

CYCx*E. WE'LL HAVE THAT SHOWN IN A MOHENT HERE. 

(PAUSE IN PROCEEDINGS) 

CANDACE L. =CIS, OFFICIAL REPORTER, US=, 415-431-6080 
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THE WITNESS: I THINK tsE HAVE A 10-SECUND DEWLY THAT 

WE8- BUILT INTO THIS. ffERE WE ARE. 

THE END OF THE FIRST CYCLE -- IF WE COULD PAUSE HERE 0- 

WE HAVE THE TWO PRODUCTS MADE FROM THE LINEAR AND TWO PRODUCTS 

MADE FROM THE EXPONENTIAL. 

Q. (BY MR. =IS) NOW, ONE OF m S E  XS T H E  ORIGINAL STRAMD 

THAT YOU FWD? 

A. YES. AT THE BOTTOM IS THE UWXGINAL S-D, BOT€€ =HEAX 

AND EXPONBNTIAL. 

HERE 1s !WE COMPLEMENT OF THAT STRAND, BOTH UISDER THE 

LINEAR OR EXPONENTIAL MODEL, ITS COMPLEMF,NT, AND THAT'S THE ONE 

ABOVE IT. 

AT THE -- 
Q. SO -- 
A. EXCUSE ME. 

BUT AT THE END OF THE FIRST CYCLE, UE CAN'T R E A U Y  TELL 

AT ALL WHETHER OR NOT THE MULTIPLICATION IS A =NEAR OR 

EXPONENTIAL, BECAUSE THE MJBlBFZ OF PRODUCTS IS THE SAME. 

Q. OKAY. GO AHEAD -- GO ON. I'M SORRY. I 1-D YOU. 

A. LET'S IOOK AT THE SECOND CYCLIE. 

HERE AT THE SECOND CYCIIE, WE HAVE THE FOLfxlwIlJc: AT 

THE BOTTOM ON THE LI- SIDE, W E  HAVE THE PARENTAL STRAND. WE 

HAVE THE FIRST PRODUCT MADE FROM THAT, WSING IT AS A COW-. 

THEN WE ALSO HAVE A PROWCT NOW WHICH WAS THE OQMPLEPIENT OF THIS 

ORIGINAL PARENTAL STRAND AT THE BOTTOM, GIVING US THREE STRANDS. 

CANDACE L. FRANCIS, OFFICIAL REPORTER, US=, 415-831-6080 
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0- HERE ON THE RfGHT-HAND SfDE,  WE HAD TEE ORfGfNAL 

PARENTAL STRAND AND THE ONE THAT WAS BYNTHESIZED. 

HAW Two OTHER STRANDS. THIS XS BECAUSE, UWDER THE EXPONENTIAL 

MODEL IN WHICH WE SAW THE TARGET DNA AMPLIFYING, IT'S NOT JUST 

THE ORIGINAL TEMPLATE STRAND THAT'S BEING W E D  TO GUIDE TIIE 

SYNTHESIS OF ITS COMPLEMENT BUT ALSO W3 HAVE THE SYNTHESIZED 

STRAND FROM THE FIRST CYCLE BEING USED TO A COBIPXZMENT, 

USED AS A ISMPLATE TO HAKE AN- STRAND. 

BUT NOW W E  

SO IN THE EXPONENTIAL ONE, OEJE OF Tfne mYS IS TO 

UNDERSTAND THAT IT'S NOT JUST THE ORIGINAL STRAND BUT THE 

ORIGINAL STRAND AND ZTS PRODUCT WHICH CAN BE USED. 

SO WE GO FROM TWO STRAPIDS AT TgE EMD OF TKE FIRST CYCLE 

TO FOUR STRANDS HERE, AND WE WOULD START SEEING THE DIFFERENCE 

BETWEEN LINEAR AND EXPONENTIAL DUPLICATION. 

AT THE END OF THE THIRD CYCLE, Y O U ' U  SEE THAT NOW WE 

START SEEING A GREATER DIFFERENCE, FOUR UHIIEB LINEAR MODEL: 

EIGHT UNDER AN EXPONENTIAL MODEL. 

AT TfIE END OF THE FOURTH CYCm -- WE'LL START GOING 

THROUGH CYCLES -- Y O U ' U  SEE THAT W E  HAVE FIVE NUH3ER OF STRANDS 

HERE UNDER THE IJNFAR MOIZCUIE; 16 UNDER EXIK)NENTfAL MUDEL. 

WE MOVE TO THE FIFTH CYC'IIE. START MUVING THROUGH THESE 

A LITTLE QUICKER. YOU CAN SEE S I X  HERB; 32 STRANDS ON THE OTHEX 

SIDE 

WE FRANKLY ENDED U P  WITH A LOT OF PROBLEW3 BECAUSE WE 

COULDN'T PUT THE STRANDS m, AND SO YOU'LL SEE A SORT OF BAR 

CANDACE L. FRANCIS, OFFICIAL REPORTER, U S E ,  815-431-6080 
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FALKrM€AM-DIRECT/LEWIS ll-1551 

GRAPH THAT GETS LARGm AND LARGER. 

REPLICATION. 

AND CONTIMUING. THE SEVENTH CYCLE, W E  HAVE EIGHT WDEE 

THE LINEAR MODEL 

EIGHT CYCLES, M I N X ;  AND 250 WDER EXPUMEMTIAL. 

THE NINTH CYCUI -- WE PAUSE RIGHT THBRE. 

AT THE NINTX CYCI;Et WE SEE 10 COPIES VNDER =NEAR; 500 

COPIES UNIXR EXPONENTIAL. 50 MORE COPIES UNDER THE EXPOHl?J?TIAL 

MODEL. 

CYCLES, YOU'LL SEE THAT NOW WE GO -- THERE ARE A HUNDRED MORE 

COPIES EXPOMEPITIALLY. THESE ONX-THOUSANDS ARE ACTUAUY 

APPROXIMATIONS. THE NUMBER IS ACTUAUY, I T?IINK, 1,056, BUT WE 

WERE JUST IMPRESSED. 1 WAWTED TO GIVE YOU THE IDEA OF THE 

MAGNITUDE OF THIS INCREASE- 

LET'S CONTINUE WITH A FEW HORE CYCLES. 

AT THE END OF THE 2 O T H  CYCLE, WE HAVE AXMOST SOWE 

NUMBER CIXlSE TO A IILLIOM; UISDER TEE LINEAR MODEL ONLY 21. 

AlSD F I N A U Y ,  f THINK WE END WITH 30 CYCLES IN WHICH WE 

H&VE A BILLION STRANDS OF TH3 TARGET SEQUENCE AND ONLY, IN OOR 

EXAMPIX, IT WOULD BE 31 STRANDS OF THE OlJA. 

SO WE EAVE ACHIEVED WITH THE mLYKERASE CHAIN REACTION 

THIS ENORMOUS 1N-E OR AMPLIFICATION OF THE TARGET SEQUEEJCE, 

AND THOUGH WE HA- SOME INCREASE IN THE OTEEER SEQUENCES, IT 

CAWDACE L. FaAwCIS, OFFICIAL RESORTER, U S E ,  415-431-6080 
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ISN'T HEAR AS MUCH. 

Q. f THINK WE HAVE A COUPLE OF POSTERS To SUMMARIZE THfS 

PROGRESSION, AND I HAVE A COUPLE MORE qvESTION5. 

(PAUSE IN PROCEEDINGS) 

TNE WITNESS: THE POST- SEEM TO BE GETTING BSGGER AND 

BIGGER HERE. 

Q. (BY MR. LEWIS) THEY'RE EXPONENTIAL. 

A. THEY'RE EXPUNXNTIAUY IISCREASINC. I SEE. 

(LAUGHTER) 

Q. (BY MR. =IS) THESE HAVE BEEN MARKED AS EXHIBITS B-168 ANI 

B-I69 

AND THESE ARE ESSENTIALLY THE SAME THINGS THAT WERE 

SHOWN IN THE VIDEO? 

A. YES. mT' I'VE ATTEMPITD TO DO HERE IS, RATmR THhN SHOW 

THEM TO YOU SORT OF TIME U P S E  WXTH THE VIDEO, WE RAW3 ON YOUR 

IEFT-HAND SfDE HERE THE BEGINNING W I T H  THE SIMGLE-STRAHD AND POI: 

CAN SEE THAT THAT SfNGlrE-STRAND IS HIGHLIEKFF,D IN RED ALL THE 

WAY ACROSS, AND THE NUMBER OF CYCLES. 

WE'VE SHOWN IN DETAIL TfiE bTEfPZBER OF STRANDS UP TO S I X  

B I U I O N  STRANDS AT THE lOTH, P O W ,  AND 30Tw CYCLE. 

AND THAT'S CONTRASTED =RE ON THE JURY'S RIGHT. AGAIN, 

THE PARENTAL STRAND IS SHOWEJ HERE IN RED ACROSS THE -M, 

AND AT THE ENR OF 10, 20 AND 30  CYCIZS, WE HAVE Pl, 21 

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6088 
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AND 32 STRANDS COWARXD TO 1,000, ONE MILLION, ZWD ONE BflLIUN 

STRANDS 3Y AKPLfFICA'TfON THROUGH AN EmNXNTIAL INCREASE. 

I WOULD form om TEAT PROBABLY THESE HEIGHTS OF ~ S E ,  

1,000, ONE MILLION AND A B I U I O N ,  ARE fRoBABLY HOT TO SCALE, 

THEY WOULD JUST KIND OF ZIP OUT OF THE CEXLTNC HERE. 

Q. THIS 15 FAIRLY ABSTRACT, BUT IN PRACTICAL TERMS, HOW DOES 

THE DIFFERENCE BETWEEN A LINEAR AND fExPONEMTIAL INCREASE AFFEff 

THE SCIENTIST'S WORK? 

A. WELL, THE -- OWE OF THE PROBLEMS THAT WE HAVE, AS I SAID 

BEFORE, HAS TO DO WITH DIAGNOSIS AHD THINGS LIm THAT. 

LET ME ILLUSTRATE: PARTICULARLY WITH A -- WITH A 

PATfENT W I T H  0- W I T H  AIDS WHO XS SUSPECTED OF HAVING A 

MYCOBACTERIUM A V I W  INFECTXON, OR A PATfENT IN THE DEVEIDPfNG 

WORLD WHO IS SUSPECTED OF HAVING TUBERCULOSIS OR OF LEPROSY, THE 

ORGAWISM MYCOBACTERIUM LEPRAE CAN'T BE GROWN, SO THE DIAGNOSIS 

IS BASED ON WIFESTATION OF SYMPTOMS, WHICH fS QUITE FAR BEYONE 

THE POINT WHERE YOU WANT TO INSTITUTE AM!TIBfOTIC THERAPY. 

TUBERCUI;X)SIS AND HYCOBACTER1:UM CAN BE CULTURED IN !FHE 

LABORATORY. BUT FROM TIIE POINT OF VSEW OF A PATlEHT XM THE 

PHYSfCIAN'S OFFICE COMPWLINLNG OF WEIGHT USS, MIGHT SWEATS AND 

FEVERS, AEJD PERSISTENT COUGH FOR A XIONG PERIOD OF TIME, IT W4Y 

BE UPWARDS OF S I X  TO EIGHT WEEKS BEFOm WHEN THAT CULTURE IS 

TAKEN 

IT'S NOT LIKE A THROAT SWAB FOR STRBF THROAT, -RE YOU 

CAN GET IT WITHIN 24 HOURS OR LESS, BUT, RATHER, IT C&M BE AS 

CANDACE L a  FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080 
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fx>NG AS S I X  TO EIGHT WEEKS. 

NOW, IF THE PERSON HAS TU3ERCULX)SIS, YOU WOULD LIKE TO 

INSTITUTE THERAPY RIGHT THEN AND THERE. IN AN A I D S  PATIENT, THE 

SAME KIND OF DELAY O C W  BECAUSE MYCOBACTERIUM AVfIfM, THAT WE 

FIND IN PERHAPS 50 PERCENT OF AIDS PbTfEbTTS, IS A SIDW-CROWING 

ORGANISM AS #ELL. 

ONE OF THE ADVANTAGES WOULD BE To TAKE A SPECTFIC 

TARGET SEQUXNCE OF, SAY, THOSE THREE ORGAPBISMS -- AND I'M 
SPEAKING QP THOSE -E ORGANISMS BECAUSE I'M VERY FAMILIAR WITH 

THE RESEARCH AND THE CLfNfCAL PRACTICE IN MICRORACTERIUIDGY XN 

r n ~ c U f x ) S I S .  

WE TAKE AND IDENTIFY A TARGET SEQVEPOCE, HAVE PRIMERS 

WHICH AMPLIFY THAT TARGET SEQUENCE, AND HOPEFUUY WE MIGHT BE 

A3LE TO FIND A PATIENT IN WHICH THEY MAY HAVE ONE -- HERE WE'RE 
XLMlSTRATIHG HE= WITH THESE ORIGINAL STRANDS -- OWE PIECE OF 

DNA; IN OTfIER WORDS, ONE ORGANISM IN A PATIENT. WE MIGHT BE 

ABLE TO AMPLIFY THAT THROUGH ENOUGH CYCfiES SO THAT WE'D BE ABLE 

To DETECT WHETHER OR NOT THAT PIECE OF DNA WAS THERE, 

WE CAH'T DO IT HORMM&Y BECAUSB WE: CAN'T FIND THAT ONE 

LITTLE PIECE OF DNA IN AMONGST AI& CELI& OF THE BODY. 

SO IF WE CAN AHPLZFY WITH PCR, WE'D BE ABIE TO PROVIDE 

A VERY m Y  IMPOSITION OF ANTIBXOTXC THERAPY OR SOME XIND UF 

SUPPORTIVE THERAPY TO TREAT THXS PATIENT. AND, AS f THIHX Au 

OF US XNOW, THE SARLIER YOU INSTITUTE TREATKENT, THE BETPER THE 

PROGNOSIS POR THE PATIENT, THE BETTER THE PATIENT -- THE SOONER 

CANDACE L -CIS, OFFICIAL REPORTER, USDC, 435-431-6080 
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THE PATIENT GETS WE=* 

SO THIS XS SOMETHING THAT'S VERY ~~~ TO US 

WORKING NOT ONLY WITH MYCOBACTERIA BUT MANY, MANY DISEASES 

THROUGHOUT THE WORLD AND IN AMERICA AS WELL* 

Q. 

TALKING ABOUT? 

A. YES. LET'S MOVE ON IN THE VIDEO. 

AND IF WE FREEZE RIGHT HERE, LET ME DESCRIBE WHAT I'M 

DO YOU HAVE A VIDEO BEGMEW2 THAT IUXWERATES WHAT YOU WERE 

ATTEMPTING TO SHOW. 

WHAT I WANT TO SHOW HERB IS THAT IT ISN'T STRANDS THAT 

SORT OF GET STACKED UP SOMEWHERE, BUT WE ACTUAILY WORK WITH 

TUBES 

YOU'VE SEEN mSENTATIUNS WHERE TUBES ARE INVOLVED, I'M 

SURE. 

BUT HERE I HAVE TWO BBAKERS, ONE ON THE &Em SHOWING 

THE LINEAR AMPLIFICATION. HERE WE'VE GOT THAT -- XH THIS 
RfGHT-HkND PANEL THAT YOU'RB LOOKING AT ON THE VIDEO, THE 

RIGHT-HAND BEAKER SHOWS THE EXPONENTfAL INCREASE. 

AND HERE, WHAT 1 WANTED TO SHOW YOU AND ILUJSTRiiTE IS 

THAT THE TARGET SEQUENCE W I L L  BE -- W I L L  END UP FILZZNG THIS 

BFAKER WITH MANY, HANY COPIES WHERJ3 THE LINEAR DOES NOT, AND 

THAT LITERAILY IS WHAT'S HAPPENING IN THE TUBE, 

IF WE COULD CONTINUE. 

HERE WE'RE AT THE FIFTH CYCLE WITH SIX STRANDS W E  BY 

THE LINEAR REPLICATION EloDEL; 32 BY THE EXPOmTIAL. 

CANDACE L, FRANCIS, OFFICIAL REmRTER, WSDC, 415-431-6080 
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AND CONTINUING ON, WE'LL JUST LET IT RUN THROUGH THE 

CYCLES 

CYCLE 10, YOU SEE MORE AND MORE STRANDG THERE OH THE 

RIGHT-fIA1JD SIDE. 

THESE ARE A'JTBMFTS BY WE JUST TO ILLUSTRATE THIS 

MAGNIFXCATIOH, AND AMPLIFICATXOH IS THE WORD THAT IS COMMONLY 

ASSOCIATED WITH THE POLYMERWE CHAIN REACfION. 

Q. ALL RIGHT. I'M GOSNG TO CHANGE THE SUBJECT A LITTLE BIT. 

LET ME GET THE WSTERS OUT OF THE WAY. 

[PAUSE IN PROCEEDINGS) 

Q. (BY MR. LEWIS) DR. FALKINHAM, YOU DESCRIBED HOW THE PCR 

PROCESS WORKS. 

ARE YOU FAMILIAR W I T H  DIFFICULTIES, COMPLICATIONS !lXAT 

ONE CAN RUN INTO IN TRYING TO DO A PCR REACTION? 

A. ONE OF THE THINGS THAT I DID IN HOT OWLY PREPARING FOR CLAS! 

AND TALKING ABOUT THE POLYMERASE CHAIN RBACTION BUT AISO IN 

PREPARING FOR THlS PRESEHTATIDN WAS NOT ONLY TO ILLUSTRATE THE 

FRINCIPLES BUT AISO TO ILLUSTRATE SOME PROBLEMS THAT CAN OCCUR. 

THERE IS AIAEADY PUBLISHED, AS YOU CAN IMAGINE, SINCE 

1985 PAP- DESCRIBING THE mLYMERASE -IN REACTION, ITS USE, 

AHD ATSO WHAT f WOULD CONSIDER TO BE REVIEW TYPE ARTICIJ3S IN 

WHICH THE PROCESS AND THE TECWOUGY WAS REVXEWED AND PEOPLE 

IDENTIFIED PR03LEMS !llHAT CAN GO WRONG IN TWE mLYMERASE C H B f N  

REACTION. 

AND SO WHAT I'VE DONE IS PUT THREE OF THESE TOGETHER 

CANDAeE Lm FRANClfS, OFFICIAL REPORTER, PSDC:, 415-431-6080 
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WHICH ATTEMPT TO ILWSTRATE PROBLEMS WITH REGARD TO EITHER THE 

TEMPLATES OR THE PRIMERS THAT SORT OF FALL IN A GENERAL CATEGORY 

TO GIVE YOU A LITTLE MORE UNDERSTANDING OF THIS m C T I O N .  

Q .  OKAY. 

BXNDXNG To THE TEMPLATES AS PART OF REACTXON. IS THERE A 

PROBLEM IN OBTAINING TH&T BINDING? 

A. YES, TKERE CAN BE A FROB=. AND =TJS ILfdJSTRATED IN THIS 

FIRST INSTANCE. THESE ARE AI& HEADED AS: 'WHAT CAN GO WRONG?" 

fS THERE A PROBLEM -- YOU DESCRIBED THE PRIMERS 

HERE WE HAVE A VERY SCHEMATIC PRESENTATION OF THE TWO 

ISOLATED TEMPLATE STRAWDS ABOVE AND BEmW IH BLUE AEJD TWO 

PRIMERS WHICH WOULD BE COMPIEMENTARY TO EITHER -- TO OPPOSITE 
ENDS OF THE COMPLEMENTARY S-DS. 

AND IT WOULD BE OUR OBJECTIVE AFTER THE DEHATWRATIDN 

STEP TO ADD THE PRIMERS AND HAVE THEM ANNEAL OR RENATURE AT THE 

SPECIFIC SITES. AND THAT'S SHOWN HERE. 

DON'T WORRY THAT THIS DNA APPEARS TO BE -. THAT'S 

ALL RIGHT. DNA IS NOT m U Y  A IDNG, STRAIGHT, R I G I D  THING 

MY POINTER. 

THIS IS HHAT ONE WANTS ANS) THIS IS WH&T I'VE 

ILLUSTRATED, BUT EET ME SHOW YOU HERE AS mrs VIDEO MOVES WHAT 

CAN GO WRONG, 

HERE, THE PRIMERS HAVE NOT BOUND TO THJ3 TEMPLATE BUT, 

RATHER, THE TWO TEMPLATE S W D S  HAVE: BOUND. 

NOW, TIfE QUESTION IS, WHAT -- UNDER WHAT CONDITIONS? 

WEU, IF THE TEMPIATE STRANDS ARE IN EXCESS, THERE ARE IATS OF 

CANDACE La FRANCIS* OFFICIAL REPORTER, USDC, 415-431-6060 
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f 
1 THOSE TEMPLATE STRANDS, WE WOULD EXPECT THAT TO HAPPEN, BECAUSE 

2 TH€Y COULD FIND ONE ANOTHER MORE EASILY. 

4 
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10 

11 

CONCENTRATION WAS VERY I D W ,  THERE =RE VERY PEW OF THEM IN THAT 

MfXTURE, THEY, Too, WOULD HAVE A DIFFICULT TIME FINDING TEESE 

TEXPIATES, AND PERHAPS WE WOULD FAVOR TEMPIAT3-TEHPLATE 

REASSOCIATION OR RE-MNEALING OR M N E A L I # G  OR RENATWRATION OVER 

PRIMERS mw RELATIVE To -- 
Q .  I'M SORRY. YOU SAID PRI-. 

9 

1 12 1 A. I'M SORRY. I D I D  MISSPEAK. 

WE CAN CURE THAT BY KEEPfNG THE CONCENTRATION OF 

13 
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I -- BY KEEPING THE CONCENTRATION OF THE TEMPLATE STRANDS 

END OF ONE PRIMER A N D  FIVE OF THE OTfER; HERE'S THE FIVE WITH 

Om, THE THREE-PRIME 0% THE OTHER OM THE W m .  

WE fx3oK AT THUSE VERY QUICKLY. WE CAN SAY, WEU, THOSE 

I LOW AND, COUPLED WITH THAT, KEEPING THE CONCENTRATION OF THE 
l4 I 
15 

16 
e 

PRXMERS HIGH SO THAT WE HhVE RATHER HIGH RATIOS OF THE: NUMBER OF 

PRfMF,RS TO THE N?JMBER OF TEKPLATES. 

18 

19 

THEMSELVES? 

A. YES, AND THAT'S IUUSTRATED IN THE E'OWWING FIGURE HERE. 

1 AGAIN f ENTITLED IT: "WHAT CAN GO WRONG?" 2o I 
21 

e 
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WOULD BE PFiXMERS. THEY ARE A FEW NUCLEOTIDES ZDNG SO %3EY -- 
LXKE THESE OLIGONUCLeoTXDES 0 

BIPT AS ILLUSTRATED I# THE FOuxlWING HERE, YOU SEE THAT 

THERE'S A PROBLEM, AND THAT IS TEAT IF' YOU IDOK CSlDSELY ENOUGH 

AT THESE, AND WE FIND THAT ONE EWD OF THE UPPER PRIMER, THE 

THREE BASES, THE G ,  C ,  A AT THE IIEFT-HAHD END OF THE UPPER 

PRIMER CAN PAIR WITH THE R I G H T - m D  END OF THE OTHER PRIMER. 

NOW, I HAVE FULFILLED THE REQUIREMENTS OF m N G  THE 

DOUBLE-STRANDED DNA EIOLEXULE, BECAUSE O m  OF THE STRANDS, THE 

UPPER HERE, GOES -- IN GOING F'ROM LEFT-TO-RIGEFf, FIVE -- EXCUSE 
BE,, 1 HISSPOKE -- THREE TO FIVE, THE IOWER STRAND GOES F'ROM FIFE 

TO -E. so THE STRANDS ARE -- HAVE THIS opposrm FOWTW, A 

WORD THAT WE'VE USED. 

Q .  AND WHAT HAPPENS? 

A. WELL, IN THE PRESENCE OF DNA POLYMERASE, AND T€E RASES? 

TWESE TWO PRIMERS CAM BE EXTENDED AT 'PHE THREE-PRIMED RHD, AND 

WE WOULD HAVE THIS KfND UF INTERESTING MOLECULE. IT'S NOT AN 

AMPLIFIED TARGET SECTION PARTICULARLY. 

SINGLE-PRIMBR. 

IT'S HOT JUST A 

SINCE IT'S COMPOSED OF TWO PRSMERS, WE'VE COME UP W I T H  

A SORT OF WHfMSXCAL MNEHOHIC AND CALL IT A PRIMZR DIMER -- 
P-R-I-M-E-R, PRIMER, DIKER D-I-M-E-R, "DI" -IN TWO, "MER" 

m I N G  UNITS -- SO IT'S MADE UP UFTWO PRIMER UEJfTS. 

Q. 

THERE PROB- TIWT CAN OCCUR WITH THE TEMPIATEG AIDHE? 

YOU POINT OUT SOME PROBLEMS W I T H  TEMPLATES AND PRIMERS. AM 

CANDACE L. FRANCIS, OFFICIAL RJPORTER, USDC, 415-431-6080 



i 

0 

Q 

Q 

c 

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 

FALKINHAPS-DIRECT/f;EWfS 11-3560 

A- YES, THERE ARE- 1 WOULD POINT OUT, JUST BEFORE WE IEAVE 

THIS, THAT -- THAT THIS REALLY ISN'T -- ISN'T PCR, BECAUSE WE 

HAD NO INTERACTION OF THESE PRIMER ELOmCULES WITH THE TEMPLATE. 

LET'S GO ON NOW AHD TAIP: A I b O K  AT THIS THIRD PROBLEM 

WHERE 1 HAVE TWO PRlM3 -- TWO TEHPIATES. I HAW TO BE CAREFUL. 

I'M GETTING TOO MANY WORDS IiERE. 

W3 HAVE T)IE TWO TEHPLATE STRANDS NOW HAVE BE= 

SEPARATED, WHICH IS THE FIRST STEP OF ANY PCR R3AmIONo 

AND AGAIN LOOKING AT THESE, WE WOULD SAY, WELL, THOSE 

BUT IN IOOKIBIG AT THOSE FURTHER, ARE JUST TEMPLATE SEQUENCES, 

mn HERE, TO ILLUSTRATE SOME =OB-, THIS UPPER TEMPLATE 

S W D  HAS A REGION -- RAS TWO REGIONS WHICH ARE COMPLEMFJTARY 

To ONE ANOTHER. ACTUAUY, IT CAN FORM THIS BAIRPIN-UKE 

STRUCTWRE * 

WE TALK ABOUT THESE STRUCTURES IN DNA AS HAVING A STEM, 

HERE W I T H  THE WHITE BONDS HOLDING THESE TOGETHER, W I T H  A U)OP 01 

THE LIEFT-HAND END, THIS STEH-UKIF STRUCTURE THE34 CUULD FORM 

WITH T€IESE ISOLATED TEMPLATES. 

NOW, HERE IS THE THREE-PRIMED END OF THE TEMPLATE AND, 

AS YOU CAN S E E ,  THE PSVE-PRIMED 

OF THIS UPPER TEMPlATE CAN SERVE AS A TEMPLATE, AND WE WOULD 

HERE ON THE RIGHT-HAND SIDE 

ACTUALLY EXTEND FROM THIS THRBE-PRIMED END TO THE RIGIW-HAND 

SIDE AS S H O W  IN THE VIDEO. 

Q. XS THAT Pa? 

A. THIS XSN'T PCR, EITHER, BECAUSE YUU H?kVEN'T BEEN THE PRIMER! 

CANDACE Le FRANCIS, OFFICIAL REmmER, U S E ,  415-431-6080 
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IMTETZACTING W I T H  THIS MOLECULE, EITHER. 

Q. WHAT HAPPEHS TO THE BOTTOM STRAND? 

A. THE BOTTOM STRAND, SfNCE IT'S THE COMPLEMENT OF THE UPPER 

STRAND, THE SAME THING COULD HAPPEN. THB SAME THING IN -- BY 
THAT I MEAN, WE COULD FORM A HAIRPIN, AND TKAT'S SHOWN HERE. 

BUT WEAT I WANT TO POINT 'OUT' Wfm THIS HAIRPIN EIOlZZULE 

IS THAT, A L m o u G H  THERE IS A REGTON DOWN AT THE VERY BUTTUH 

OF THE THREE-PRfBED END OF THE TEMPIATE THAT COUID BE USED AS A 

TEMPLATE, THIS IS A FIVE-PRIMED END OF THE MOLECULE, ON THE 

UPPER PART, TKAT COULD NOT BE EXTEHDED BY DNA POLYMERASE, SO WE 

WON'T GET AH INCORPORATIOH OF BASES INTO THAT MOLECULE. 

IF 'CJE WERE, SAY, ME&SIJRING, FOR EXAMPLE, THE 

INCORPORATION OF A RADIOACTIVE ELEMENT, HERE WE HAVE A G ,  WE'D 

LOOK FOR TIIE RADIOACTIVE INCORPORATION OF A C HERE. WELL, IT 

WOULDN'T HAPPEN BECAUSE DNA POLYMERASE W I U  NOT ADD AT A 

FIVE-PRIMED END. 

Q. 

TOP STRAND, WOULD TEfEY GET ADDED? 

A. YES. THE RADIOACTIVE BASES W E  EXl'ENDED DOWN HERE. HERE 

THERE ARE TWO C'S ON THE WWER STRAND OF TKE THBBE-PRIMED END OF 

THZ UPPER TEMPUTE MOLECUIZ. THEY WOULD, DEPEMDING UPON THE 

AMOUNT OF RADIOISOTOPE -- TOTAL RADIOISOTOPE, WE WOULD PROBABLY 

GET ONE OF THOSE MOLECULES RADIOACTlVE. 

Q. HOW CUULD YOU T E U ,  THEM, WHE!WER YOU'RE GETTING SOMETHING 

LIKE THIS OR PCR? 

IF YOU HAD RADIOACTIVE BASES WHEN YOU WERE WORKfNG WIW T A B  

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


