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11-1505

BE DEALT WITH. SUBJECT TO A DISCUSSION OF THAT AND GETTING THEM | -

MONDAY, FEBRUARY 4, 1991 o 8:13 a.M. |

{OPEN COURT, JURY PRESENT:)

mnﬁ COURT: GOOD MORNING, LADIES AND GENTLEMEN.

THE &URons: GOOD MORNING. | |

THE COURT: DO YOU REMEMBER WHY WE'RE'HERE? _

(LAUGHTER) |

THE COURT: OKAY. GOOD ﬁORNING, COUNSEL.'“#RE WE READY
TO COMMENCE WITH OUR NEXT WITNESS? | |
| MR. LEWIS: YES, YOUR HONOR.

I WANTED TO INQUIRE, BEFORE WE DO, WHETHER DU PONT HAS
FINISHED PRESENTING ALL THE EVIDENCE IT INTENDS To.. -

THE COURT: WHERE ARE WE? |

MR. FIGG: YOUR HONOR, WE STILL -- HAVE YOU -~ IF You

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

IN ~--

THE COURT: FINE. éUT, AS FAR As w1TNEssEs, WE ARE
FINISHED WITH THE WITNESSES. |

MR. FIGG: Yﬁs.

THE COURT: THEN WITH RESPECT TO -~ IF -~ IF WHAT
YOU’RE SUGGESTING IS WITH RESPECT TO ANY MOTIONS —-

MR. LEWIS: YES, YOUR HONOR. |

THE COURT: =-- I WILL CONSIDER THEM RESERVED AND NOT

WAIVED BY VIRTUE OF YOUR HAVING BEEN COMPELLED TO GO FORWARD.

"CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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s |  FALKINHAM-DIRECT/LEWIS | 11-1506

1 1 | ' MR. LEWIS: THANK YOU, YOUR HONOR.
- 2 | THE COURT: OKAY. AND WE’LL CLEAN UP THE EXHIBITS AT
_'. 3 | SOME POINT DURING ONE OF THE RECESSES.
4 MR. FIGG: YES. THANK YOU, YOUR HONOR.
® 5 o MR. LEWIS: YOUR HONOR, OUR FIRST WITNESS THIS MORNING
6 | IS DR. JOSEPH FALKINHAM.
7 | THE COURT: OKAY. YOU MAY PROCEED.
3 8 N  THE CLERK: PLEASE RAISE YOUR RIGHT HAND.
9 | JOSEPH OLIVER FALKINHAM, III, DEFENDANT’S WITNESS, SWORN
o 10 THE CLERK: PLEASE TAKE THE STAND.
| 11 PLEASE STATE YOUR FULL NAME AND SPELL YOUR LAST NAME
12 | FOR THE COURT. |
P
® 13 THE WITNESS: JOSEPH OLIVER FALKINHAM, THE THIRD. LAST
14 | NAME IS SPELLED r-A-L-k-I-N-H-A- . |
- 15 THE ci.ERK: WOULD YOU PLEASE épELL YOUR MIDDLE NAME?
2 16 | THE WITNESS: OLIVER, O-L-I-V-E-R. |
17 THE CLERK: ORAY. |
¢ 18 THE COURT: YOU MAY PROCEED.
19 DIRECT EXAMINATION
20 BY MR. LEWIS:
22 | Q. DR. FALKINHAM, WHAT DO YOU DO FOR A LIVING?
22 | A. I’M AN ASSOCIATE pﬁomsson OF MICROBIOLOGY AT VIRGINIA
2 - 23 | porvrEcENIC INSTITUTE AND STATE UNIVERSITY.
| 24 0. IET ME HAND YOU A DOCUMENT THAT’S BEEN MARKED AS EXHIBIT
25 | B-157. CAN YOU IDENTIFY THAT, PLEASE.
»
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j | | | FALKINHAM-DIRECT/LEWIS | 11-1507

1 | o A. YES. THIS IS A COPY OF MY CURRICULUM VITA. | - . -
- 2 | Q. WOULD YOU TELL THE JURY BRIEFLY ABOUT YOUR BACKGROUND.
L 3 | A. I WAS BORN AND RAISED IN OAKLAND, CALIFORNIA. I WENT TO THE
4 UNIVERSITY OF CALIFORNIA, s-_mm IN 1959 AS A FRESHMAN AND THEN
: . 5 | GRADUATED IN 1969 WITH A PH.D. IN nICRGBi-omGY.. |
| 6 - AFTER BEING AT m UNIVERSITY OF cammnnﬁ, 1969, I
7 | JOINED THE UNITED STATES AIR FORCE, WAS IN THE UNITED si-'mrn_s AIR|
o 8 FORCE BIOMEDICAL SCIENCES CORPS FOR ALMOST FOUR YEARS AT TRAVIS
9 AIR FORCE BASE, JUST UP THE ROAD IN FAIRFIELD, WHERE I RAN |
. 10 HOSPITAL LABS FOR THE AIR FORCE AT THAT MEDICAL CENTER
11 - THE LAST YEAR THAT I WAS IN THE SERVICE, I WAS DOWN N |
12 | MERCED AT CASTLE AIR FORCE BASE DIRECTING A HOSPITAL LABORATbRY
® f - 13 | THERE.
14 Q. WHAT DID YOU DO THEN?
15 A. AFTER BEING IN THE SERVICE, I WANTED TO GO BACK AND TEACH AT
e 16 | A UNIVERSITY, IA'ND FIRST WENT BACK AND DID A POST-DOCTORAL
17 | FELLOWSHIP WITH ROY CURTIS, WHO'S A MICROBIOLOGIST AND
) 18 GENETICIST, * HE WAS THEN AT THE UNIVERSITY OF ALABAMA I_N.
19 BIRMIﬁGm,' AND I JOINED HIS LABORATORY WHERE I GOT BACK INTO
20 RESEARCH. | | |
7 .21 | Q. AﬁD AFTER MT?
22 A. I WAS WITH DR. CURTIS FROM 1972, LATE IN 1972, 70 1974.
° . 23 | 1974, IN AUGUST, I JOINED THE FACULTY AT THE
24 | UNIVERSITY, VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERS_ITY,.
25 WHERE I’VE BEEN EVER SINCE.
&
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FALKINHAM-DIRECT/LEWIS 11-1508

Q. YOU SAID YOUR PH.D. WAS IN MICROBIOLOGY. WHAT 18
MICROBIOLOGY?
A. MICROBIOLOGY IS THE STUDY OF ORGANISMS WHICH WE NORMALLY

LOOK AT THROUGH A MICROSCOPE. IT INCLUDES BACTERIA,'iﬂE

ORGANISMS WHICH CAUSE DISEASE, SUCH AS THE ORGANISM WHICH CAUSES|
TUBERCULOSIS, MYCOBACTERIUM TUBERCULOSIS. IT INCLUDES OTHER

‘ORGANISMS -~ FOR EXAMPLE, YEAST -~ WHICH IS A DIFFERENT CLASS OF

ORGANISMS, ALTHOUGH THEY ARE ALSO MICROSCOPIC.
Q. 1S THERE ANY RELATIONSHIP BETWEEN MICROBIOLOGY AND MOLECULAR

BIOLOGY?

A. MICROBIOLOGY IS MORE A DISCIPLINE IN WHICH WE LOOK AT A

NUMBER OF DIFFERENT ORGANISMS. MOLECULAR BIOLOGY IS ONE OF THE
TOOLS THAT WE USE IN THE LABORATORY TO INVESTIGATE fHE 
CHARACTERISTICS AND BEHAVIOR. AND THE TOOLS THAT HAVE BEEN
DEVELOPED IN MOLECULAR BIOLOGY HAVE HELPED US UNDERSTAND:HOW
MICROORGANISMS WORK, HOW THEY CAUSE DISEASE, HOW WE CAN USE
THEM, IN CLEANING UP OIL SPILLS, FOR EXAMPLE.

Q. IS THERE SOME PARTICULAR AREA IN MICROBIOLOGY IN WHICH YOU
HAVE CONCENTRATED? |

A. SINCE 1975, MY LABORATORY HAS FOCUSED ON A GROUP OF

ORGANISMS WHICH CAUSE A TUBERCULOSIS-LIKE DISEASE. THEY ARE
 RELATED TO THE ORGANISM WHICH CAUSES TUBERCULOSIS, MYCOBACTERIUM

TUBERCULOSIS. BUT UNLIKE MYCOBACTERIUM TUBERCULOSIS,

MYCOBACTERIA WE STUDY ~-~ MYCOBACTERIUM AVIUM, AS IT’S

PARTICULARLY NAMED -- IS NOT TRANSMITTED FROM PERSON-TO-PERSON,

o o o e e Y £ M4 s - - - = - - . - B g .
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© FALKINHAM~DIRECT/LEWIS | 11-1509°

U 1 | AND WE HAVE BEEN ATTEMPTING TO DISCOVER HOW PEOPLE ARE Iercéggiﬁ%@
2 'wITH IT. o |
'3 | HE 1MPORTANCE FOR OUR STUDx'Now caME AFTER WE HAD

'4  - SHOWN THAT THE ORGANISMS ARE IN THE.ENViRONHENT“AﬁD.Iﬁ_NATURAL
5 | WATERS, NOT ONLY WATERS THAT YOU FIND DOWN IN TH# ENViRONHENT-.
6 _BﬁT-ALso PIPED-IN WATER_As'wELL. ”
7 THE IMPORTANCE NOWADAYS IS THAT APPROXIMATELY 50
8 | PERCENT OF PATIENTS WITH ACQUIRED-quﬁnonﬂrxcimncy“sYNbRQnE,

‘o | aIps, HAVE MycoBACTERTUM AVIUM Infzcrzbus, AND IT DOES SHORTEN
10 | TﬁExk LIFE-SPAN; IT DOES CAUSE THEM GREAT DIsconFoRT:.' |
_11"_"  | THE UNFORTUNATE SITUATION THAT WE FACE OURSELVEs :ﬁ,

12 AND A CHALLENGE FOR THOSE OF US IN THE LAEORAqui, I8 ?Hai THE
13_ . 0RGANISHS ARE RESISTANT TO VERY MANY MICRO -- EXCUSE ME, I
14 -gxsspoxﬂ; NOT'fHE.HICROORGANISHS.

15 | | | MYCOBACTERIA ARE RESISTANT TO ANTIBIOTICS AND SO THERE
16 { ISN’/T MUCH TREATMENT QR.THERAPY FOR THESE, AND 50 A NUMBER oF us|
17 | IN THE AREA LOOKING AT THESE ORGANISHS'HAVE'UﬁDERTAKEN STUDIES
18 | OF THE MECHANISM OF THE RESISTANCE S0 WE can USE ANTIBIOTICS FOR 
19 | THEM.

20 | Q. HAVE YOU PUBLISHED IN YOUR FIELD?

‘21 | A. Y¥ES, I HAVE. THOSE PUBLICATIONS ARE INCLUDED IN MY |
22_' CURRICULUM VITA. | |

'23 | . wnow, You’rE NoT coINg TOIBE.OFFERINGIOPINIONS TobAY aBdUT
24 | THE VALIDITY OF THE PATENTS AS sonE-of THE OTHER“SCIEHTIS?S

25 | HAVE; IS THAT RIGHT?
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® - | - | FALKINHAM-DIRECT/LEWIS 11-1510

2 1 A. THAT’S CORRECT.

2 | ‘. WHAT ARE YOU GOING TO TESTIFY ABOUT?

. 3 | A. I‘'M A TEACHER AT A UNIVERSITY. I TEACH UPWARDS OF, 'm__so'mz -
4“  YEARS, 300 STUDENTS. i-TEACHHAN INTRODUCTORYIGENETICS'CLASS:-I'.
. | 5 | TEACH MICROBIAL GENETICS; I Tmcn‘HIcnosiomGY._ |
| 6 | IN THOSE COURSES, PARTICULARLY MICROBIAL GENETICS AND
7 | MOLECULAR BIOLOGY, THE MATERTAL INCLUDES THAT on*rbtxuznnsz
o 8 | CHAIN REACTION. AND SO I HAVE BEEN TEACHING THE. .PRI-NCI_PL:E_S'_OFI

5 | POLYMERASE CHAIN REACTION TECHNOLOGY, AND THAT IS WHAT I
10 PERCEIVE MY ROLE HERE TODAY.
11 Q;-'HAvE YOU TAUGHT IN THE BIOTECHNOLOGY FIELD OUTSIDE OF THE--.
12 | unIvERSTTY? |
13 A. YES, I HAVE. I'VE BEEN GIVEN THE OPPORTUNITY TO LECTURE TO
'14i THE UNITED.STATES'CONGRESS OFFICE OF TECHNOﬁbéY ASSESSMENT, THE |
is.f.'UNITED STATES - THE UNITED STATES COMMERCE DEPARTHENT PATENT &_'
15_1: TRADEMARK OFFICE ON GENETIC ENGINEERING AND BIOTECHNOLOGY.
17 | IN_ADDITION, I HAVE LECTURED WITH A.CONTINUING_
18 | EDUCATION GROUP FOR pATENTVATTORﬁErs,_AmToRNEYS'AND BUSINESS
19 | PEOPLE. THE ORGANIZATIQN.IS~OUT_OF WASHINGTON, D.C.  :§;:3
20 | PATENT RESOURCES GROUP, INCORPORATED.
21 . AND PATENT nEstRCEs'cRoUP, INCORPORATED, HAS THO
22-_' LECTURES, ONE IN THE FALL AND ONE. IN THE SPRING, THAT I GIVE A
23f'_ LECTURE ON GENETIC ENGINEERING, BIOTECHNOLOGY, AND IN THE LAST
24 SEVERAL YEARS, WE HAVE INCLUDED THE POLYMERASE CHAIN REACTION

25 | TECHNOLOGY AS PART OF THOSE LECTURES.

| mnaqg L. FRANCIS, GFFICIAL m_:pomm, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS 11-1511

'THOSE LECTURES, AND WE’VE BEEN GIVING THEM TWICE A YEAR SINCE

THEN.

A. I HAVE A RUMBER OF OTHER iNSTANCES == I’VE HAD A NUMBER OF

| OTHER INSTANCES WHERE I HAVE BEEN CALLED UPON TO SERVE AS A

A MUCH HIGHER INCIDENCE OF TUBERCULOSIS THAN THE UNITED STATES, .

'DISEASE BEFORE WE CAN INSTITUTE TREATMENT.

RAPID METHODS FOR THE DETECTION OF INFECTION EITHER OF =-- BY

| A. I HAVE FOLLOWED THE POLYMERASE CHAIN REACTION LITERATURE

THOSE LECTURES STARTED IN, GOSH, 1981 I FIRST GAVE
Q. OTHER THAN YOUR TEACHING, DO YOU HAVE ANY CONTACT WITH PCR?

REVIEWER OF GRANT PROPOSALS TO THE NATIONAL INSTITUTES OF HEALTH

AND TO THE UNITED STATES AGENCY FOR INTERNATIONAL DEVELOPMENT.
_IN BOTH THOSE INSTANCES, THE POLYMERASE CHAIN REACTION

HAS BEEN PROPOSED AS A METHOD OF USE TO SOLV#ICERTAIN'PRoﬁLEMS..

OF PARTICULAR INSTANCE IS THAT THE THIRD -~ DEVELOPING WORLD HAS

AND LEPROSY. THE ORGANISMS THAT WE WORK WITH ARE VERY SLOWLY

GROWING, AND SO IT TAKES A LONG TIME BETWEEN DIAGNOSIS OF THE
AS A RESULT, THERE’S A GREAT NEED OF US TO DEVELOP

MYCOBACTERIUM TUBERCULOSIS OR MYCOBACTERIUM LEPRAE. LEPRAE IS
THE CAUSATIVE AGENT OF LEPROSY. THERE’S SOME 10 MILLION CASES
OF LEPROSY IN THE ﬁORLD,

WE HAVE BEEN —- I HAVE HAD THE OPPORTUNITY TO Rﬁvzsw
PROPOSALS IN WHICH THE POLYMERASE CHAIN Rzacrxoﬁ TECHNOLOGY WILL|
BE TESTED AﬁD-EMPLQYEp FOR DIAGNOSIS IN THE DEVELOPING WORLD.

Q. ARE YOU AN EXPERT IN PCR?

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6&80
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FALKINHAM-DIRECT/LEWIS 11-1512

SINCE, I THINK, DECEMBER 20TH OF 1985 WHEN AN ARTICLE APPEARED

. IN THE SCIENTIFIC JOURNAL SCIENCE. MY OBJECTIVE WAS THAT, AT

THE TIME -- AND IT’S BEENIREINFORCED —- THAT THIS IS ONE OF THE

 TECHNIQUES AND TECHNOLOGIES THAT WE NEED TO HAKE OUR STUDENTS

AWARE OF AS THEY GO OUT INTO THE WORLD TO TAKE JOBS, DO RESEARCH
FOR - BOTH IN THE ACADEMIC SETTING, THE MEDICAL SETTING AND
INDUSTRY, AND SO I HAVE KEPT ABREAST OF THE TECHNOLOGY AND THE
PRINCIPLES OF ITS OPERATION. |

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

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

BE TESTIFYING LATER TODAY AND IN THE ENSUING WEEKS. S0 YOU’LL

HEAR FROM OTHER PERSONS WHO I FEEL ARE FRANKLY MORE SKILLED AND

| MORE KNOWLEDGEABLE ABOUT THE OPERATION THAN AM I. BUT I'M QUITE

FAMILIAR WITH THE PRINCiPLES AND PRACTICE OF THIS TECHNOLOGY.

Q. ARE YOU BEING COMPENSATED FOR YOUR WORK TODAY?
A. YES, I AM. I‘M BEING PAID MY STANDARD CONSULTING FEE THAT.I_
CHARGE TO CLIENTS.

Q. WE HAVE A VIDEODISK, A SERIES OF VIDEO IMAGES ON A
VIDEOTAPE, THAT’S BEEN MARKED AS EXHIBIT B-158. ARE YOU

FAMILIAR WITH IT?

' Ao' YES, I AH.
. Q. WHAT IS IT?
 A. IT IS A VIDEODISK PRESENTATION, VERY MUCH LIKE A VIDEOTAPE,

BUT THE.VIDEODISK GIVES US A LITTLE OPPORTUNITY TO ;- TD USE IT

IN DIFFERENT WAYS THAT I HAVE, IN WORKING WITH THE ATTORNEYS,

- r———r - = vy w————
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FALKINHAM-DIRECT/LEWIS - 11-1513

PREPARE A VIDEO PRESENTATION SO THAT WE COULD ILLUSTRATE THE

'PRINCIPLES OF THIS.

‘A. YES, IT IS.

 LASER DISK BECAUSE IT MAKES IT EASIER TO PAUSE AND MOVE BACK AND|

FORTH BETWEEN THE SEGMENTS.

MR. LEWIS AND OTHERS,.DEVEﬁOPED TO ILLUSTRATE THE PRINCIPLES AND
PRACTICE OF POLYMERASE CHAIN REACTION TECHNOLOGY.

Q; WERE YOU INVOLVED IN ITS PREPARATION? -

A. YES, I WAS. WHEN I WAS FIRST CONTACTED BY MR. LEWIS WITH
REGARD TO'THIS'CASE, 1 MADE THE SUGGESTI@N THAT IT_wbﬁLnfBE

ADVANTAGEOUS FOR US BECAUSE OF THE NATURE OF THE TECHNOLOGY TO

AND, AT THE TIME, I VOLUNTEERED TO PROVIDE ANIOUTLINE,
WHICH CONSISTED OF A SERIES OF STATEHENTS,'As wﬁLL AS MY
POORLY-DRAWN, HAND DRAWN, FIGURES WHICH I THEN PRESENTED TO MR.
LEWIS, AND THE VIDEODISK THAT WE WILL BE REVIEWING'TDDAY IS A
RESULT OF THAT.
Q. IS THE MATERIAL ON THE DISK A SUFFICIENTLY ACCURATE

DEPICTION OF THE THINGS IT ATTEMPTS TO PORTRAY TO THE JURY?

MR. LEWIS: YOUR HONOR, WITH YOUR PERMISSIOH, WE’D LIKE_':
TO START THE TAPE.
THE COURT: YES, YOU MAY.
IS THIS.A LASER DISK?‘

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

THE COURT: WITH A LITTLE BAR GRAPH AND ALL THAT?

MR. LEWIS: PARDON?

B P e N
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FALKINHAM-DIRECT/LEWIS . 11-1514

10

THE chRT: WITH A BAR, BAR CODE, AND ALL OF THAT?

MR. LEWIS: YES, WE HAVE A BAR CODE READER. MISS
SREJOVIC WILL BE HELPING.US WITH'THAT.

(PAUSE IN PROCEEDINGS)

THE WITNESS: YOUR ﬁoNOR?

THE COURT: YES.

THE WITNESS: COULD I HAVE PERMISSION TO COME DOWN FROM
HERE, GET A MICROPHONE, AND GO TO THAT?

THE COURT: SURELY. SURELY.

THE WITNESS: THANK YOU VERY MUCH.

THE COURT: I THINK Tnaé MIKE OVER THERE WILL EXTEND
FAR ENOUGH FOR YOU. |

MR. LEWIS, DO YOU WANT THE LIGHTS DIMMED AT ALL?

MR. LEWIS: I THINK IT‘S GOING TO BE VISIBLE WITHOUT

' THAT, YOUR HONOR.

THE COURT: OKAY.
MR. LEWIS: IF I MAY:
Q. DR. FALKINHAM, THE SUBJECT OF YOUR TESTIMONY IS POL?HERASE
CHAIN REACTION. | |
WHAT IS POLYMERASE CHAIn-REACTION_DoNE'ON?
A. THE POLYMERASE CHAIN REACTION IS DONE ON A MOLECULE CALLED
DEOXYRIBONUCLEIC ACID OR, AS WE/LL ABBREVIATE IT, DNA. AND THAT

WILL APPEAR ON THE SCREEN;HERE,'

- Q. WHERE IS DNA FOUND?

A. DNA IS FOUND IN CELLS. EVERY INDIVIDUAL, WHETHER A

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIREC‘I‘/LEWIS R 11-1515

3 1 | MICROORGANISM OR mmAL mm, consxs'rs OF A LARGE NUMBER oF
ke 2 | CELLS -- BACTERIA MAY BE ONLY ONE CELL -- IN WHI_C_H THERE Is A
o 3 | wverevs, AND THE DNA IS LOCATED INSIDE THE NUCLEUS. | | |
s | | AND WE SEE -~ IF WE GET A CLOSEUP OF THE Nﬁcms,._'wz
._' 5 | SEE THAT THE NUCLEUS CONSISTS OF THIS SORT OF AMORPHOUS GROUP OF
| ¢ STRANDS. |
7 . IF WE COULD PAUSE AT THIS POINT.
® 8 WE CALL THESE INDIVIDUAL STRANDS CHROHOSGMES. HUMAN
s | nemics mAvE 22 parms op THESE CHROMOSOMES ,l ONE FROM MOTHER, ONE
| 10 | FROM FATHER. IN ADDITION, WE INHERIT ONE SEX-DETERMINING
M a1 CHROMOSOME FROM ONE PARENT, ONE FROM ANOTHER. ‘.’[’HE FEMALES HAVE
12 | THO X CHROMOSOMES; MALES HAVE AN X AND A ¥ CHROMOSOME . R
° - 13 | CHROMOSOMES ARE REALLY VERY LONG INFORMATTONAL
| 14 _MOLECU]'..ES; I THINK OF THEM AS -- AS LONG BOOKS, IN A WAY, IN
15 | WHICH THEY’RE INDIVIDUAL DISCRETE UNITS. | N
¢ 16 | AND THOSE INDIVIDUAL DISCRETE UNITS WE WOULD '.'THINK oF
17 | as sewrences OR, IN GENETICS, WE CALL THEM GENES, AND THESE
° 18 | GENES THEN ENCODE. THEY HAVE A LITTLE CODE THAT 1s READ BUT
19 | THEY REALLY CONTAIN mromnon, AND THAT INFORMATION IS wm'r IS |
- 120 | TURNED INTO THE ACTIVITIES THAT WE SEE IN CELLS.
A 21 | © FOR EXAMPLE, ONE Gm_ IS THE GENE FOR HUMAN INSULIN, A
22 | PROTEIN HORMONE, A SMALL MOLECULE, WHICH CIRCULATES THROUGH OUR
® - 23 'Bont, WHICH HAS TO DO WITH THE REGULATION OF SUGAR IN OUR
24 | BLoODSTREAM. |
| 25 | O. HOW MANY GENES ARE THERE IN A CELL FROM A HUHAN BEING?
®

CANDACE L. FRANCIS, OFFICIAL REPORIER, -Usnc_, 4-15--431_-_-61_0:310* T
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FALKINHAM-DIRECT/LEWIS  11-1516

' A. IN A HUMAN BEING, THE ESTIMATES -- AND THESE ARE ONLY

ESTIMATES AT THE PRESENT TIME —- THE ESTIMATES HAVE BEEN AS HICGH|

‘AS 100,000 INDIVIDUAL HUMAN GENES. SOME ESTIMATES HAVE GONE
DOWN TO SOMETHING ON THE ORDER OF 10,000 GENES.
SO THAT WITH RESPECT TO THE INSULIN GENE, THERE’S ONLY

ONE INSULIN GENE INHERITED FROM EACH PARENT, SO YOU HAVE ONE

' FROM MOTHER AND ONE FROM FATHER, OUT OF PERHAPS A HUNDRED

THOUSAND, OR YOU GET A HUNDRED THOUSAND FROM ONErPARENf}'YOU GET|
A HUNDRED THOUSAND FROM-ANOTHER_PAkﬁuT.y' o |

SO THE FREQUENCY OF AN INDIVIDUAL GENE~nAy-éﬁ”AS LOW ASJ
ONE IN A HUNDRED THOUSAND. |

Q. IS THERE A LOT OF THIS MATERIAL IN A CELL?

' A. WELL, ALTHOUGH THERE ARE LOTS OF GENES, THERE STILL IS A

VERY SMALL AMOUNT OF DNA IN A CELL. THERE’S NOT A GREAT AMOUNT

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

SAY, TEST TUBES IN A LABORATORY TO DIAGNOSE A PARTICULAR HUMAN

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

MR. LEWIS: EXCUSE ME. CAN YOU HEAR ME ALL RIGHT?
THE COURT: OH, xES, YOU WERE TALKING to_TﬁE COURT
REPORTER AS WELL - | |
| MR. LEWIS: YES, YOUR HONOR.
THE COURT: -- OR ME?
ARE YOU ABLE TO HEAR?
THE REPORTER: (NODDING HEAD.S

Q. (BY MR. LEWIS) WE‘VE HEARD =-- THE JURY HAS ALREADY HEARD

e s r—r-
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® : FALKINHAM-DIRECT/LEWIS 11-1517

4 1 SOMETHING ABOUT THE STRUCTURE OF DNA, BUT I’D LIKE YOU TO REVIEW

2 | THAT, IF YOU WOULD. DO YOU HAVE A DIAGRAM OF THAT?

\d 3 | A. Y¥ES. IN THE FOLLOWING DIAGRAM, WE GO AND MOVE FROM THE
4 | INDIVIDUAL -- ALL THE CHROMOSOMES TO, SAY, AN INDIVIDUAL

| 5 | CHROMOSOME.

® | | -
6 STARTING UP HERE (INDICATING) WE HAVE THE SORT OF LONG
7 | SPAGHETTI-LIKE THING WHICH YOU SAW. AND NOW YOU SEE IT HAS MORE

i 8 | AND MORE STRUCTURE UNTIL FINALLY WE’VE STRETCHED IT OUT HERE.

9 DNA IN CELLS EXISTS AS A DOUBLE-STRANDED MOLECULE. YOU

10 | WOULD INHERIT ONE DOUBLE-STRANDED MOLECULE FROM ONE PARENT, ONE
11 | DOUBLE-STRANDED MOLECULE FROM ANOTHER PARENT.
12 THESE TWo STRANDS ARE WRAPPED AROUND ONE ANOTHER AS ONE|
13 | WOULD WRAP TWO BEADS —- STRINGS OF BEADS OR STRINGS OF PEARLS
14 | AROUND ONE ANOTHER. SO AS THEY'RE WRAPPED AROUND ONE ANOTHER IN
15 | THIS STRUCTURE, WE TALK ABOUT THE HELICAL DNA, AND SINCE IT'S
16 | wapE up oF o sTQANps, WE TALK ABOUT IT AS THE DOUBLE HELIX.
17 | Q. NOW, IS THERE MORE DETAILS IN THESE? |
18 | A. YES. WE CAN LOOK AT THE INDIVIDUAL STRANDS TO FIND OUT WHAT
19 THIS MOLECULE IS MADE OF. AND IN THE FOLLOWING DIAGRAM, WE HAVE
20 | A REPRESENTATION OF THAT, WHICH WE’VE NOW BLOWN UP. |
21 | WE'VE TAKEN THE HELICAL TURNS, THE COIL-LIKE TURNS, OUT
22 or-iHE HOLEcuﬁa, BUT AS YOU CAN SEE, IT IS STILL A
23 | DOUBLE-STRANDED MOLECULE. HERE ARE THE UPPER STRAND AND THE

24 | LOWER STRAND.

25 | Q. EXCUSE ME, DR. FALKINHAM. THAT MAY BE A LITTLE HARD TO SEE.

~ CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS | 11-1518

- WE HAVE A POSTER OF THOSE IMAGES THAT MAY BE HELPFUL.

THIS IS EXHIBIT B-242.
A. HERE IS A REPRESENTATION OF WHAT WE HAVE DONE IN THESE

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

‘THE CLOSE-UP VIEW OF THE NUCLEUS WITH THE FIBERS OF THE

CHROMOSOMES .

WE’RE LOOKING AT AN INDIVIDUAL CHROMOSOME, AND WE FIND

THAT IT’S ACTUALLY A DOUBLE-WOUND FIBER, AND HERE ARE THE

INDIVIDUAL COMPONENTS.
NOW, DNA IS A POLYMER, "POLY" MEANING MANY, "MER"
MEANING UNITS.
THE INDIVIDUAL UNITS IN DNA ARE FOUR MOLECULES. THEY
CARRY A NUMBER OF NAMES. SOME OF THEM ARE NAMES THAT WE USE IN
THE LABORATORY AS SHORTHAND NAMES. SOME OF THEM ARE THE

CHEMICAL NAMES., WE/LL USE THE SHORTHAND NAMES. TI{E CHEMICAL

' NAMES DON’T NECESSARILY HELP US UNDERSTAND WHAT’S HAPPENING IN

THIS PARTICULAR INSTANCE. BUT WE HAVE G, A, C AND T. WE TALK
ABOUT THOSE AS THE BASES IN DNA. |
AND DNA, SURPRISINGLY, FOR ALL OF THE THINGS THAT IT’S
CAPABLE OF DOING, CONSISTS OF A DOUBLE-STRANDED MOLECULE AND THE|
INDIVIDUAL COMPONENTS IN EACH ONE OF THESE STRANDS ARE G, A, C
AND T. SO THERE’S NOT A GREAT DEAL OF VARIETY IN TERMS OF WHAT
THE MOLECULE IS MADE OF. |
ACTUALLY, THE INFORMATION THAT IS -- THAT’S IN THIS,

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

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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 FALKINHAM-DIRECT/LEWIS 11-1519

" THESE BASES IN THE MOLECULE.

.HOLECULE, WE REFER TO THEH ALSO =- THEY HAVE A DIFFERENT -

'_SLIGHTLY DIFFERENT FORM. THEY’RE CALLED NUCLEOTIDES.

THE AMOUNT OF C BASE, THEY WERE ALWAYS EQUAL.

- I8 ALSO =-= ALWAYS A T; OPPOSITE A T IS.ALWAYS AN A.

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

Q. YOU CALL THEM BASES. DO THEY HAVE OTHER NAMES THAT WOULD --|
A. THE OTHER NAMES THAT YOU MAY HAVE HEARD ALREADY IN THIS
TRIAL'dR.WILL_HEREE NUCLEIC ACIDS, BECAUSE THESE MOLECULES ARE
IN THE NUCLEUS. THEY’RE éALLED NUCLEIC ACIDS.. THEY’/RE ALSO
ACIDIC MOLECULES. |

ALSO, WHEN THEY ARE READY TO BE INCORPORATED INTO A DNA

S0 YOU’LL HEAR THOSE WORDS INTERCHANGEABLY. SOMETIMES
I’LL LAPSE INTO SOME OF THOSE WORDS .
Q. NOW, HOW DO THESE BASES FIT TOGETHER? THE JURY’S HEARD SOME
OF THIS, BUT IF YOU COULD REVIEW'IT, I’D APPRECTATE IT.
A. WELL, ONE OF THE IMPORTANT THINGS THAT WAS DISCOVERED EARLY
ON ABOUT THE STRUCTURE OF DNA WAS THAT THERE SEEMED TO BE IN
LIVING CELLS A VERY INTERESTIﬁG-AGREEHENT BETWEEN éHE AMOUNT OF:

A BASE AND T. THEY WERE ALWAYS EQUAL. THE AMOUNT OF G BASE AND

IT’S NOW BEEN SHOWN THAT THESE BASES G AND C ARE ALWAYS
PATRED OPPOSITE ONE ANOTHER IN THE STRANDS, NOT NEXT TO ONE

ANOTHER BUT, RATHER, OPPOSITE ONE TO ANOTHER, AND OPPOSITE AN A

AS A CONSEQUENCE OF THAT, IF I TELL YOU THE SEQUENCE OF.

ONE OF THE STRANDS OF DNA AND YOU KNOW'THAT'WHEREVER THERE’S A

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS _ 11-1520
C, THERE’S A G IN THE OPPOSITE STRAND, WHERE THERE’S A T,
THERE’S AN A AND SO ON, YOU CAN TELL ME WHAT THE SEQUENCE IS IN
THE OPPOSITE STRAND. |
Q. CAN YOU GO OVER THAT AGAIN? I THINK YOU HAVE A PICTURE.
A. YES. WE HAVE A CONTINUATION HERE FROM THIS PANEL THAT WE'VE
JUST SHOWN YOU. |

AND HERE YOU SEE THE BASES A, T, G AND C. A BINDS WITH

~T: G BINDS WITH C.

IN ORDER io'sadw THIS A ;ITTLE BETTER, YOU SEE THAT
IT’S ONLY THE A FITS IN TO THE T, SORT OF SLOT HERE, AND THE G
ONLY FITS IN WITH THE C. |
Q. IS5 THAT WHAT THE BASES REALLY LOOK LIKE?
A. NO. THAT’S -- THIS IS JUST A SCHEMATIC DIAGRAM OF WHAT'THE
BASES LOOK LIKE. MY STUDENTS GET VERY DISTRESSED WHEN WE MOVE

FROM THIS SCHEMATIC TO THE REAL STRUCTURE OF THE BASES. THIS IS |

'WHEN THEIR EYES SORT OF ROLL BACK IN THEIR HEADS AND THEY GET A

LITTLE UPSET. WE DO HAVE SOME CHEMISTRY IN GENETICS.

Q. OKAY. YOU WERE TALKING ABOUT THE STRANDS THAT THESE BASES
FORM. THEY CAN COME APART? | |
A. YES, THEY CAN.

IN THE FbLLOWING DIAGRAMS HERE, I’LL SHOW YOU THAT iHE
DOUBLE-STRANDED DNA MOLECULE CAN BE SEPARATED.INTO TWO SINGLE
STRANDS.

NOW, THIS IS AN IMPORTANCE FOR CELLS BECAUSE, AS I

SAID, THE SEQUENCE IS WHAT’S IMPORTANT.

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS - 11-1521

THIS PROCESS OF SEPARATING THE DOUBLE-STRANDED DNA -

MOLECULE INTO SINGLE STRANDS IS CALLED DENATURATION. A FAIRLY

BIG WORD, BUT IT’S A SIMPLE ONE, BECAUSE THE NATURAL STRUCTURE

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

'SINGLE-STRANDED PIECES, WE TALK ABOUT THAT AS DENATURATION OR

REVERSING THE NATURAL CONDITION.

Q. HOW IS DENATURATION ACCOMPLISHED?

A. WE CAN SEPARATE ~- AFTER WE ISOLATE DNA, WE CAN SEPARATE THE
DOUBLE-STRANDED MOLECULE INTO A,SINGLE'-f INTO ITS SINGLE |
STRANDS BY A VARIETY OF TECHNIQUES. TnnfoNE.npsT_connonnx:ﬁszb
IS -~ IS HEAT. WE CAN SE?ARATE THE STRANDS ﬁY:RAIéins'THﬁ-'
TEMPERATURE, SO THAT THEY'NOﬁ can-nb LONGER INTERACT. |

THESE -- WHAT HOLDS THESE TWO STRANDS TOGETHER IS NOT A

- VERY TIGHT, TIGHT BOND. WE USE THE WORD "BOND." IT’S NOT AS

TIGHT AS THE BOND HOLDING THE BASES IN THE INDIVIDUAL STRANDS.
IN ADDITION TO HEAT, WE CAN PUT THE DNA IN AN ACID

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

| IN AN ALKALINE SOLUTION AND SEPARATE THE TWO STRANDS.

| Q. IS THERE‘ANOTHER'TERH-THAT'S SOMETIMES USED FOR THIS

PROCESS?
A. BECAUSE WE CAN USE TEMPERATURE TO SEPARATE THESE STRANDS,

YOU MAY HEAR PEOPLE TALKING ABOUT MELTING DNA. AND THAT

_ REFERS -- THAT’S A JARGON WORD, SORT OF A MUMBO JUMBO SHORTENED

WORD, THAT WE USE IN THE LABORATORY TO INDICATE THAT THE TWO . -

STRANDS HAVE BEEN SEPARATED FROM ONE ANOTHER.

T CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, #15-431-6080
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' FALKINHAM-DIRECT/LEWIS . 11~-1522

'Q. AND THOSE STRANDS CAN COME BACK TOGETHER?
"'A. THE STRANDS CAN COME BACK TOGETHER AGAIN. ONE OF THE NICE

" THINGS ABOUT DNA IS, WE CAN MANIPULATE IT IN THE LABORATORY.

HERE IS THE PROCESS OF BRINGING THE TWO STRANDS BACK

| TOGETHER AGAIN. IT‘S CALLED RENATURATION, OR ANNEALING,
A-N-N-E-A-L-I-N—-G. "ANNEALING," OR BRINGING THE TWO STRANDS

' TOGETHER, SORT OF A REVERSAL OF THE USE OF THE WORD "MELTING."

THIS RENATURATION PROCESS, HOWEVER, IS RATHER SPECIFIC,
BECAUSE, AS YOU SEE IN THE DIAGRAM HERE, THE SEPARATED TOP

STRAND IS NOW'ASSOCiATED WITH THE ORIGINALLY~-SEPARATED BOTTOM

STRAND, AND WHEN THEY CAME BACK TOGETHER AGAIN, THEY FORMED THE

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

- AGAIN FOLIOWING THE T BINbS WITH A, C BINDS WITH G RULES

TEROUGHOUT.

80 IF ONE-SINGLE*STRANDED DNA IS COMPLEMENTARY BY THESE

- A-T, G-C SEQUENCES, THEﬁ THE TWO MOLECULES CAN COHE BACK

TOGETHER AGAIN.

Q. CAN STRANDS OF DNA FROM TWO DIFFERENT SOURCES COME TOGETHER
LIKE THAT?
A. YES, IT’S POSSIBLE TO DO THAT AS WELL.

ONE CAN ISOLATE DNA FROM ONE INDIVIDUAL, MAKE IT

~ SINGLE-STRANDED, AND NOW BRING THAT TOGETHER WITH
. SINGLE-STRANDED DNA FROM ANOTHER SOURCE, AND SEE IF YOU CAN GET
' THE FORMATION OF THE SINGLE-STRAND BINDING WITH ANOTHER

~ SINGLE-STRAND TO MAKE A DOUBLE-STRANDED DNA, AND THE DNA’S CAN

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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'FALKINHAM-DIRECT/LEWIS  11-1523

BE FROH:THE TWO DIFFERENT 56URCES.

WE’VE BORROWED A WORD FROM THE BREEDERS, ANIMAL AND
PLANT BREEDERS, WHO TALK ABOUT HYBRIDS. THESE ARE ANIHALS_OR
PLANTS THAT ARE THE RESULT OF MATING BETWEEN TWO UNRELATED,
pERﬁAps,_oRGANISMs, OR DISTANT’RELATIVES.QF ONE ANOTHER.

AND SO WE’VE MADE A NEW INDIVIDUAL COMPOSED OF DNA OF

" ONE PARENT AND DNA OF ANOTHER PARENT. AND SO WE REFER IN THIS

CASE -~ ALTHOUGH WE’RE NOT DEALING WITH A WHOLE ORGANISM BUT
JUST DNA, WE REFER TO THIS AS HYBRIDIZATION. AND WE WOULD TALK

ABOUT A MOLECULE IN WHICH THE DNA STRAND IS FROM ONE SOURCE AND |

. THE OPPOSITE STRAND IS FROM ANOTHER SOURCE. THE OPPOSITE STRAND

I REFERRED TO AS THE COMPLEMENT. IF THEY ARE FROM TWO DIFFERENT

| SOURCES, WE WOULD REFER TO THAT DNA AS A HYBRID.
" Q. WHAT’S NECESSARY FOR STRANDS LIKE THAT FROM DIFFERENT

'SOURCES TO BIND TOGETHER?

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

. OF THE STRANDS IS COMPLEMENTARY TO THE SEQUENCE IN THE OPPOSITE

| STRAND._

AND HERE, WE HAVE A FIGURE SHOWING A SMALLER PIECE OF

'DNA, HERE FOR ILLUSTRATIVE PURPOSES; FINDING ITS'COHPLEHENT.

'NOW, THIS LARGER MOLECULE HAS OTHER REGIONS WHICH ARE

 NOT COHPLEMENTARY, AND THAT WAS SHOWN IN THE BEGINNING OF THE

DIAGRAM BY THIS SMALLER PIECE HERE ON THE BOTTOM ATTEMPTING TO
PAIR AT ONE REGION, AND IT COULDN’T FIND THE RIGHT A-T, G-C

SEQUENCE PAIRING, BUT IT WAS ABLE TO IN ANOTHER REGION.

“CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS . 11-1524

Q. HOW LONG DOES IT TAKE A SHORT SEGMENT LIKE THIS TO =— TO
FIND A MATCHING PLACE, IF THERE IS ONE, IN, SAY, A HUMAN —— A
HUMAN’S GENES?

A. WELL, IT WOULD DEPEND VERY MUCH ON HOW FREQUENT THESE TWO

- PIECES OF DNA WERE. IF THIS SMALLER PIECE-HERE ON THE BOTTOM

HAD TO LOOK THROUGH A VERY LARGE MOLECULE OF DNA, SAY, IT HAD ro|
FIND ITS COMPLEMENT AND THERE WAS ONLY ONE OF THOSE COMPLEMENTS -
OUT OF A HUNDRED THOUSAND SEQUENCES, YOU COULD IMAGINE THAT THAT
WOULD OCCUR SLOWLY.

ON THE OTHER HAND, IF THERE WAS LOTS OF THESE
TWO~COMPLEMENTARY SEQUENCES, THAT REACTION WOULD OCCUR VERY
QUICKLY. AND, IN SOME CASES IN THE LABORATORY, WE CAN HAVE
THESE REACTIONS OCCUR VERY QUICKLY, ON THE -~ ON THE_TI&E-ORDER
OF SECONDS, BECAUSE THE CONCENTRATION OF THE COHPLEHENTARY
SEQUENCE IS SUCH THAT IT’S VERY LIKELY THAT THEY’LL ENCOUNTER
SOME -- SOME -- THE COMPLEMENT. | |

ON THE OTHER HAND, YOU MIGHT HAVE TO USE LONGER PERIODS
OF TIME IF THESE SEQUENCES WERE VERY RARE AND YOU HAD TO FIND A -
COHPLEHENT FROM 1LOTS OF OTHER.SEQUENCES, NONE OF WHICH WERE
COMPLEMENTARY . |
Q. ARE THERE OTHER CONDITIONS THAT AFFECT THE SPEED?

A. YES. THERE ARE A VARIETY OF CONDITIONS THAT AFFECT THE
SPEED OF THIS REACTION. IT WOULD HAVE TO DO WITH THE
TEMPERATURE. WHAT WAS THE TEMPERATURE THIS -- WHEN THIS

REACTION WAS CARRIED OUT?

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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IT/S BEEN DISCOVERED_TﬁAr THE éoNCEN:RATIoN or-rﬁ:ncs

LIKE SALTS IN THE SOLUTION -- AND WHEN I SAY WSALT," I MEAN
SODIUM.CHLORIDE--- OTHER KINDS OF SALTS INFLUENCE-THIS'PROCESS.
AS WELL. |

" S0 WE CAN CHANGE THE CONDITIONS TO EITHER ACCELERATE OR
RETARD THIS REACTION. o
Q. WHAT HAPPENS IF ERERE’S. NOT A COMPLEMENTARY SEQUENCE IN, FOR

INSTANCE, THE TOP STRAND THAT YOU HAVE THERE?

" A. 1IN THE FOLLOWING PORTION OF THE PRESENTATION, WE SHOW WHAT

HAPPENS WHEN WE DON'T HAVE COMPLEMENTARY SEQUENCES. THEY SIMPLY!
DO NOT BIND.

HERE, ON THE TOP, WE HAVE A PARTICULAR DNA SEQUENCE,

' AND HERE WE HAVE A SMALLER PIECE, AGAIN FOR ILLUSTRATIVE
'PURPOSES, AND YOU SEE THAT IT'S TRYING HERE ON THE LEFT TO PAIR

'UP. IT DOESN’T FIND ITS COMPLEMENT.

'IT NOW WILL MOVE TO ANOTHER AREA AND FIND THAT =- AND
YOU CAN LOOK AT THIS FOR A LONG PERIOD OF TIME, AND YOU’LL SEE
THAT THERE ARE NO COMPLEMENTARY REGIONS BETWEEN THIS-SMALLER OR
LOWER BAND HERE AND THE UPPEﬁ BAND, SO WE WOULD NOT CET THE
FORMATION OF A DOUBLE-STRANDED MOLECULE IN THIS PARTICULAR
INSTANCE. |

Q. 1IN THIS DIAGRAM -- ACTUALLY, WE’VE GOT ANOTHER POSTER, I

BELIEVE, THAT SUMMARIZES THIS PART.

(PAUSE IN PROCEEDINGS)

MR. LEWIS: IS THAT EXHIBIT B-2437

"CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS 11-1526

-MS._SREJGVIC: YES.

'MR. LEWIS: YES.
Q. YOU CAN SEE IT MORE CLEARLY HERE, BUT WE?VE-EBT'LITTLE |
POINTS ON THESE BASES.

WHAT DOES THAT SIGNIFY?
A. THOSE AGAIN ARE SCHEMATIC, BUT THEY DO REPRESENT 'SOMETHING
IMPORTANT ABOUT THE DNA STRUCTURE THAT YOU WILL HEAR AS WE MOVE
THROUGH NOT ONLY THE PRESENTATION BUT THE PRESENTATION OF THE
OTnﬁhs FOLLOWING. |

EACH ONE OF THE BASES, AS YOU SEE, HAS A POINTED END
HERE ON THE RIGHT OF THE G AND HERE SORT OF INDENTED PORTION.
ALL OF THESE MOLECULES HAVE THAT PARTICULAR STRUCTURE.

WE CAN SEE IT AS WELLION'THE VIDEO HERE. ON THE
LEFT-HAND END OF THE LOWER SINGLE-STRANDED PIECE OF DNA, YOU SEE

THAT THERE’S A SMALL ARROWHEAD HERE AT THIS C ON THE LEFT-HAND

" END, AND HERE ON THE RIGHT-HAND END, THE T HAS AN INDENTATION IN|

iT.

IN THE UPPER STRAND, YOU SEE THAT THE ARROWHEAD HERE IS
ON THE OPPOSITE END OF THE MOLECULE WITH RESPECT TO THE WAY
WE’VE DRAWN THE LOWER, AND THE ARROWHEAD NOW IS AT THE G END.
Q. DR. FALKINHAM, DO THE BASES ACTUaLLx.ioox LIKE THIS?
A. NO, THE BASES DO NOT LOOK LIKE THIS. THEY HAVE A VERY

COMPLICATED STRUCTURE. WE’VE ATTEMPTED, IN A SCHEMATIC WAY, TO

SHOW SOME UNIQUE CHARACTERISTIC ABOUT THE MOLECULES, AND I’VE

SHOWN THAT IN THE FOLLOWING PRESENTATION IN THE VIDEO HERE, THE

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS | 11-1527

. NATURE OF THESE ENDS.
HAVING A THREE-PRIMED END —- P-R-I-M-E =~ AND A FIVE-PRIMED END.

" WILL SEE THE LABELING ON THIS MOLECULE NOW.

' .FIVE-PRIHE ON THE LEFT TO THE. THREE-PRIHE ON THE RIGHT, AS IT IS

REAL CHEMICAL STRUCTURE OF THE NUCLEIC ACIDS, onfTHE'BASE,ﬂAND.

'WHICH STRAND IT IS OHE GOES IN A LEFT-TO*RIGHT DIRECTION. THEZ'

WE TALK ABOUT DNA AS HAVING ENDS. WE TALK ABOUT IT AS
'AND HERE WE HAVE A DOUBLE-STRANDED DNA MOLECULE, AND WE

AT ONE END OF ONE OF THE STRANDS ~— HERE M
ILLUSTRATING THE UPPER STRAND ~- WE'VE INDICATED THAT:OﬁE END OF.
THE MOLECULE IS THE FIVE-PRIMED END; THE OTHER END OF THIS LONG
STRAND IS THE THREE-PRIMED END. | : o

IN THE~0PP651TE sT§ANp'-¥ AND THIS :s'A_ﬁULE'ABOUT.

DNA -~ THE OPPOSITE STRAND WHERE, INSTEAD OF GOING IN THE

IN THE UPPER STRAND IN THIS VIDEO, THE LOWER STRAND GOES FROM
THE THREE-PRIMED END TO THE_FIVE*PRIHED END IN.HOVING_FROH'LEFT
TO kIGHT. | | | |

WE TALK ABOUT. THAT AS DNA HAVING ANTI—PARALLEL STRANDS.
I DON/T KNOW IF THAT WORD WILL COME UP, BUT IT'S ONE OF THE
WORDS THAT COMES UP ABOUT DNA.

THIS FIVE-PRIME AND THREE-PRIME HAVE TO DO WITH THE

IT HAS TO DO WITH THE POSITION OF THE -- THE LINKAGE OR THE BOND
BETWEEN THE INDIVIDUAL BASES IN ONE OF THE STRANDS.
SO THE LINKAGE GOES FROM THE FIVE-PRIME Poszrxon,or aHE‘:

TO THE THREE-PRIME POSITION OF THE OTHER. AND DEPENDING UPON

' CANDACE L. FRANCIS, OFFICIAL REPORTER, USBC 415-431—6080
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'FALKINHAM-DIRECT/LEWIS - 11-1528

OTHER GOES IN THE RIGHT—TO“LEFT DIRECTION.
Q. THE JURX'S HEARD ABOUT SOHETHING CALLED A GROWING END. *bOES

TﬁAT’CORRESPOND-TO ONE OF THESE? -

A. YES. DNA IS MADE BY THE ADDITION OF INDIVIDUAL BASES, AND-

THE INDIVIDUAL BASES THAT IT ADDS TO HAVE TO HAVE A THREE-PRIMED
END FREE. |

S0 IN A MOLECULE, IT WILL START BUILDING AT A FREE
THREE-PRIMED END; IT WILL NOT START BUILDING AT A FREE
FIVE-PRIME END. '
| NOW, THAT’S ONLY PART OF THE STORY. YOU’LL SEE LATER
THAT NOT ONLY DO WE HAVE TO HAVE mHAT'FREE.ﬁND,.BUT WE aiso'HAvE
TO HAVE SOMETHING TO GUIDE OR SERVE AS A PATTERN FOR THE
SYNTHESIS. |
Q. ALL RIGHT. WITH THIS BACKGROUND, tﬁmfs-f- LET’S CHANGE THE
SUBJECT A LITTLE BIT: .

I’D LIKE YOU TO EXPLAIN WHAT IT IS THAT éca:ﬁozs-_ WHATD
DOES IT ACCOMPLISH? .
A. ALL RIGHT. IN THE FIRST PORTION NOW oF THE VIDEO, WE MOVED
FROM THE SORT OF BASIC BACKGROUND INFORMATION TO PCR..

1IF WE PAUSE RIGHT HERE AT THE BEGINNING OF THE PROCESS.

| (PAUSE IN PROCEEDINGS)

THE WITNESS: POLYMERASE CHAIN REACTION STARTS OFF

- WITH, IN THIS PARTICULAR EXAMPLE, WHICH IS A TYPICAL EXAMPLE, WE]

'SORT OF HAVE A MICROSCOPIC VIEW OF WHAT WE WOULD HAVE IN A TEST

TUBE, SO TO SPEAK.

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS | 11-1529

WE HAVE DNA STRANDS, DOUBLE-STRANDED DNA, AND IN THIS _
PARTICULAR CASE, WE HAVE A LARGE NUMBER OF STRANDS HERE SHOWN IN

THIS LITTLE CIRCLE. THOSE ARE ALL COLORED IN PINK. AND IN ONE-

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

SEQUENCE.
THIS WOULD BE A SEQUENCE THAT WE ARE PARTICULARLY
INTERESTED IN. FOR EXAMPLE, IT COULD BE A PARTICULAR HUMAN GENE

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

- DIAGNOSE OR TO DETERMINE WHETHER AN INDIVIDUAL HAS SOME

"INHERITED DISEASE.

FOR EXAMPLE, WE NOW KNOW THAT CYSTIC FIBROSIS, A

DISEASE WHICH OCCURS IN HUMANS ~-- IT’S INHERITED -- IS DUE TO A

'CHANGE IN A PARTICULAR DNA SEQUENCE, A GENE. THAT GENE WAS JUST

ISOLATED AND CHARACTERIZED ABOUT -- WITHIN THE LAST YEAR BY A
GROUP OF INVESTIGATORS FROM DETROIT AND TORONTO.

AND WE WOULD LIKE TO KNOW WHETHER OR NOT AN INDIVIBUAL

HAS INHERITED THE NORMAL GENE OR AN ABNORMAL GENE. IF THEY'VE

INHERITED THE ABNORMAL GENE, WE WOULD LIKE TO START SOME KIND OF

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

AT THE END -- IF WE WOULD NOW CONTINUE THE VIDﬁo'-- You
WILL SEE THAT AT THE END OF THE PCR FROCESS, WE GO FROM A
SITUATION IN WHICH iHERE's, IN THIS LEFT-HAND CIRCLE, ONE TARGET
DNA SEQUENCE WITH LOTS OF OTHER SEQUENCES. |

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

| FILLED WITH LITTLE DNA MOLECULES, SCHEMATICALLY DRAWN. THEY’RE

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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7 1 MOSTLY ALL BLUE, AND THERE ARE VERY FEW OTHER SEQUENCES COMPARED

2 TO THE TARGET SEQUENCE.

s
® 3 WHAT THIS IS, IS THE -- AND WHAT PCR DOES -~ IS

4 | SPECIFICALLY AMPLIFY THIS TARGET SEQUENCE, MAKING MANY COPIES OF
o 5 | THIS TARGET SEQUENCE, SO THAT ALTHOUGH, REMEMBER, WE START OFF

6 | IN CELLS WITH PERHAPS A GENE THAT WE MIGHT BE INTERESTED IN,

7 THERE MIGHT BE ONLY ONE COPY OF THAT WITH RESPECT TO A HUNDRED

s | THOUSAND OTHER COPIES. | |

9 AT THE END OF PCR, WE CAN MAKE COPTES OF THAT

10 | INDIVIDUAL GENE, SO MANY, IN FACT, THAT WE WILL BE ABLE TO STUDY|
11 | THIS PARTICULAR GENE IN THIS MIXTURE SO THAT WE CAN THEN USE A
12 ' SMALL SAMPLE, AM?LIFY THAT QARTICULAR TARGET, AND THEN STUDY THE
13 | AMPLIFIED PRODUCT FOR DIAGNOSIS. |

14 | Q. (BY HR. LEWIS) LET’S TURN TO HOW YOU DO PCR:

15 WHAT DOES IT TAKE TO DO IT?

16 | A. ALL RIGHT. THE FOLLOWING PORTION OF THE VIDEO WILL BE A

17 | REVIEW OF now_ponannASE CHAIN REACTION IS CARRIED OUT.

18 AND, FIRST, WE LIST THE KEY INGREDIENTS: THERE'S THE
19 | DNA TEMPLATE, THE TARGET DNA OR ANY OTHER DNA THAT ONE STARTS

20 | WITH; THE DNA BASES; THE DNA PRIMERS; AND FINALLY THE DNA

21 | POLYMERASE, AN ENZYME WHICH MAKES DNA.

22  .' | WE/LL TURN TO EACH ONE OF THOSE NOW. 'FIRST OF ALL, THE|
23 | DNA TEMPLATE.

24" | Q. WHY IS IT CALLED.A'TEHPLATE?

25 | A. IT’S CALLED A TEMPLATE BECAUSE IT IS USED TO GUIDE OR . . .

" CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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o . _
8 1 | USED AS A PATTERN TO MAKE COMPLEMENTARY STRANDS, SO THAT WE
4 2 | DUPLICATE THE STRANDS OF THAT noméu:.g. | |
_..‘ 3 .mm SO SINCE IT’S USED AS THE GUIDE, THEN WE START WITH
4 | zaar om MOLECULE, AND WE CALL IT THE TEMPLATE FOR THAT REASON.
o 5 | Q. AND THIS CONTAINS THE TARGET THAT WE WERE TALKING ABOUT
P EARLIER? | |
7 | A. THIS DNA TEMPLATE WOULD CONTAIN THE PARTICULAR TARGET.
° g8 | TYPICALLY, THAT -- THAT IS MAYBE THE ._DNA OF AN ENTIRE
9 | CELL, AND THERE’S ONLY ONE TARGET SEQUENCE IN IT. THERE ARE
10 | orner APPLICATIONS IN WHICH YOU MIGHT START WITH SOME DIFFERENT
¢ 11 | KIND OF PRODUCT, BUT FOR ILLUSTRATION HERE TODAY, WE’LL START
12 | WITH A VERY LARGE MOLECULE AND THE TARGET SEQUENCE IS JUST A
‘f 13 | sMALL SEQUENCE WITHIN THAT.
| 14 | Q. YOUR NEXT INGREDIENT WAS DNA BASES?
15 | A. YES, THE NEXT INGREDIENT ARE THE DNA BASES. YOU’VE SEEN
he 16 | THOSE NOT ONLY IN THE VIDEO BUT IN THE PANELS. THEY CONSIST OF
17 | e, e A AND C BASES. |
® 18 - AN IMPORTANT COMPONENT, THE THIRD OF THE POLYMERASE
19 | CHAIN REACTION, ARE PRIMERS. THESE ARE SMALL PIECES OF
20 | s:ﬁGLE—STRANDED miA. THEY’RE ALSO _cm.n:b 'omeouucmo_rmz's,_ |
o 21 | “OLIGO" MEANING A FEW, "NUCLEOTIDES," A WORD THAT WE USE
22 SYNONYMOUSLY WITH BASES. AND SO THE PRIMERS ARE A sEQUENc:E OF A |
'y 23 | rEw Bases. |
24 THESE ARE USED TO START THE DNA sYi{'I'HE-s-Is OR THE MAKING
25 | OF DNA. AND EACH ONE OF _THESE_, AS IS TYPICAL .O_F A DNA MOLECULE,
A T cANmCE L. rméxfs., OFFICIAL REPORTER, TSDC, 4-1-5-"-4-'5-1--._60_8_0_
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21

HAS ONE END OF —- THE FIVE-PRIMED END AND THE THREE-PRIMED END.
Q. I’M SORRY. WHICH END WAS WHICH?
A. 1IN THIS PARTICULAR EXAMPLE, I’D HAVE TO -- I THINK WE HAD

HERE THAT THE ARROWHEAD WAS THE . . . I’'D HAVE TO GO BACK AND

LOOK AT MY -- LOOK AT MY EARLIER FIGURE HERE TO MAKE SURE I KNOW

WHAT =~
Q. THAT’S THE DIRECTION OF GROWTH?

A. THAT’S THE DIRECTION OF -- OF -- THE FIVE-PRIMED END IS NOT
THE DIRECTION OF GROWTH. IT’S THE THﬁEE-PRIHED END THAT’S THE
DIRECTION OF GROWTH.

I’M SORRY. I HAVE TO REMEMBER WHAT THE LITTLE

' ARROWHEADS MEAN AT EACH END. WE DON‘T HAVE THEM LABELED. LATER

ON, YOU’LL SEE THAT WE HAVE THEM LABELED AND WE’LL POINT OUT.
BUT EACH ONE HAS A FIVE-PRIMED END AND A THREE-PRIMED

END. IT’S IMPORTANT TO REMEMBER.THAT THE THREE-PRIMED END IS

WHERE DNA BASES CAN BE ADDED,.NOT THﬁ'FIVE-PRIMED Enb.

Q. WILL ANY RANDOM STRAND OF BASES DG AS A PRIMER?

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

COMPLEMENTARY TO A REGION OF THE TARGET SEQUENCE, SO THEY’RE NOT|

JUST ANY SEQUENCE OF DNA BUT, RATHER, THEY ARE COMPLEMENTARY TO

A VERY SPECIFIC PORTION OF THAT TARGET.

Q. WHAT WAS THE LAST INGREDIENT?

A. THE LAST INGREDIENT IS DNA POLYMERASE.

Q. NOW, THE JURY’S HEARD QUITE AIBIr ABOUT POLYMERASE, BUT

COULD YOU REVIEW BRIEFLY WHAT IT IS.

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-231-6080
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A, HERE WE JUST SHOWED DNA POLYMERASE AS KIND OF A LITTLE
BﬁLLET-SHAPED'HOLECULE.

DNA pOLYMERASEs'AﬁE FOUND IN CELLS. SOME CELLS EVEN as
SIMPLE AS A LITTLE BACTERIUM E. ¢OLI; ﬂHIcH-Is,A NbﬁuAL_
INHABITANT OF HUMANS. WE USE IT IN MOLECULAR BIOLOGY RESEARCH;_

E. COLI HAS THREE DNA POLYMERASES, ROMAN NUMERAL I,

'ROMAN NUMERAL II, ROMAN NUMERAL III.

SOME VIRUSES HAVE BEEN SHOWN TO HAVE THEIR OWN DNA
POLYMERASE AS WELL. THE VIRUS T4, FOR EXAMPLE, WHICH ACTUALLY

INFECTS A LITTLE BACTERIAL CELL, HAS ITS OWN DNA POLYMERASE.

Q. DO THESE DIFFERENT KIND OF POLYMERASES HAVE DIFFERENT

CHARACTERISTICS?

‘A. YES, THEY DO. 'THE.—-fFOR'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 INHABITANT OF US, AND 50 IT’S

. EVOLVED TO THE.POINTHWHERE IT GROWS:BEST AT OUR BODY

TEMPERATURE.
ON THEUOTHER.HAHD,'IF YOU GO TO YOSEMITE.AND'YOU”GO*AND

FIND THE SULPHUR HOT SPRINGS, 'YOU ‘FIND OTHER ORGANISMS THAT ARE

- CAPABLE OF- GROWING AT THOSE EIEVATED TEMPERATURES.

FROM ONE OF-THOSE == THE QRGRNISH'S NAME IS THERMUS

AQUATICUS -- THEY ISOLATED A DNA POLYMERASE. THAT DNA

POLYMERASE OPERATES AT ELEVATED TEMPERATURES, TEMPERATURES

ALMOST AS HIGH AS WATER THAT YOU AND I COULDN’T PUT OUR EIKGERS-..

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




sFALKINHAH~ﬁIRECT/iEWIS . 11-1534
e - 2 IN. SO THAT ORGANISM, WHICH HAS ADAPTED TO GROWING Am Etva¢Eb'
2 | TEMPERATURE HAS A DNA POLYMERASE WHICH IS ACTIVE AT ELEVATED
® s | TEMPERATURE.
4 | Q. DOES POLYMERASE DO ANYTHING BUT MAKE DNA?

5 | A. DNA POLYMERASES ARE FASCINATING ENZYMES, NOT ONLY FOR ‘PEOPLE |
6 | WHO STUDY ENZYMES BUT ALSO ron PEOPLE WHO STUDY ORGANISMS AND.
7. | cewETICS. | | |
® 8 | DA POLYMERASES MAKE DNA BY ADDING SINGLE BASES AT A
9 | TIME TO A TBREE-PRIHED-END of*a PRIMER. 1IN ADDITION, THEY CAN
10 | UNMAKE DNA. THEY CAN BACK UP ON THE STRAND THAT THEY'VE MADE
11 | AND UNMAKE IT.
12 | | .THAT'SINOT TOO HARD TO IMAGINE, BECAUSE IF SOMETHING IS
® 1_3.  CAPABLE OF MAKING ..SOME_TH'ING, IT’S mmmj_'_op-.ﬁﬁmmé ; ITAS

N WELLQ | S . - -
15 | THAT ACTiVITY Is CALLED AN EXONUCLEASE,-*nucLEASE"
'_is | BECAUSE IT’S BREARING howN NuanIc ACIDS, AND-WE USE gs'a_surFIx'
17  .OR ENDING TERM FOR ENZYHES "ASE"Y. | |

® is . IN ADDITION, DNA POLYHERASES, IF THEY ENCOUNTER, AS
| 19 :.THEY'RE MAKING A STRAND A STRAND IN FRONT OF THEM, NOT THE
20 | TEMPLATE sTRAND BUT A STRAND THAT THEY WOULD -- THATS ON —-
21 | THAT’S COMPLEMENTARY TO THE TEMPLATE, IN OTHER WORDS, WOULD BE
22 | JusT 1IN FRONT OF THEM, THEY DEGRADE OR BREAK DOWN THAT BY AN
® 23 | EXONUCLEASE Acwm_m AS WELL'. |
24 | ' SO DNA POLYMERASES, SOME éUTZNOT ALL NEcﬁSSAﬁiLY; ﬁAvE

25 | NOT ONLY THE POLYMERIZING ACTIVITY BUT THE EXONUCLEASE ACTIVITY |

- CANDACE L;'Fnanczs,-OFFICIALEREPORTEaf-UsDc, 415,431,50g°'"'
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THAT ALLOWS THEM TO UNMAKE DNA, EITHER DNA THAT’S IN FRONT OF

THEM OR UNMAKE DNA THAT THEY'VE ALREADY SYNTHESIZED AND THEN
RESYNTHESIZE IT.
THE CONSEQUENCE OF THAT IS VERY IMPORTANT TO -- TO YOU

AND I, ALTHOUGH I DON’T THINK WE THINK OF THAT ALL THE TIME. BY

- GOING BACK OVER THE DNA THAT THEY’/VE MADE, UNMAKING IT, AND THEN

REMAKING IT AGAIN, THEY DO SOMETHING THAT ALL OF US WHO TYPE

- HAVE TO PO, AND THAT IS PROOFREAD.

THEY GO BACK OVER, BREAK DOWN WHAT THEY'VEZHADE,.AND
REMAKE IT, SO THAT THEY LOWER THE CHANCE OF'MAKiNG AN ERROR.
AND WE CALL THAT PROOFREADING OR AN EDITING FUNCTION OF THE DNA
POLYMERASE. |

S0 IT*S:; VERY FASCINATINGﬂEHﬁYME, AND IT MAKES SURE
THAT WHEN THE MOLECULE MAKEQ'A COMPLEMENTARY STRAND, THE
COMPLEMENTARY STRAND IS MORE CLbsELY-AchRATE OF WHAT EXACTLY

SHOULD HAVE HAPPENED.

Q. WHEN POLYMERASE RUNS INTO A STRAND AHEAD OF IT AND DEGRADES

IT AND REPLACES.IT,'IS’THERE A TERM FOR THAT?

A. THAT ~-- WE FIND THAT THERE ARE A NUMBER OF TERMS IN THE
LITERATURE., wﬁ TALK ABOUT THAT AS NICK TRANSLATION, BECAUSE WE
SORT OF MOVE A LITTLE SPACE ALONG FORWARD IN THE DNA AS IT’S
BEING BROKEN DOWN.

Q. NOW THAT WE’VE TALKED ABOUT THE INGREDIENTS;.LET'S_STAﬁT:
TALKING ABOUT THE PROCESS. |

WHERE DO WE BEGIN?

CANDACE L. FRANCIS, OFFICIAL REPbRTER,"Usnc;'415-431-6080
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A. ALL RIGHT. THE FIRST STEP OF THE PROCESS HERE —-- WE NOW
MOVE TO THE FIRST CYCLE OF THE POLYMERASE CHAIN REACTION -~

CONSISTS OF, HERE, A STRAND OF DNA WITH THE TARGET SEQUENCE.

| HERE, THE OTHER DNA, IN KEEPING WITH WHAT WE SHOWED EARLIER,

WAS -- THE OTHER DNA IS PINK AND OUR TARGET SEQUEN&E HERE IS IN

'KIND OF A BLUE COLOR. THIS:IS THE TARGET SEQUENCE WHICE IS PART

OF THE DNA MOLECULE.
" AND IF WE CONTINUE TO FOLLOW THAT NOW, WE WILL SEE THAT

WE FOCUS PRINCIPALLY ON THE TARGET SEQUENCE HERE. IT’S A
DOUBLE-STRANDED DNA MOLECULE. AND IN 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 CYCLE
IS TO SEPARATE THE DOUBLE-STRANDED DNA MOLECULE INTO SINGLE
STRANDS, AND THAT’S SHOWN IN THE FOLLOWING. |

HERE WE HAVE iHE-Two STRANDS SEPARATED FROM ONE
ANOTHER. |

NOW, REMEMBER, THOSE ARE COMPLEMENTARY STRANDS; IN
OTHER WORDS, THEY —- THEY CAN REFORM A PAIR. BUT IN THIS CASE,
WE’VE TAREN THE CONDITIONS OF THIS DNA SAMPLE #ND WE'VE ADJUSTED|
IT SUCH THAT IT’S NOW DNA -- DNA SINGLE~STRAND.

THE NEXT STEP OF THIS PROCESS INVOLVES THE ADDITION OF
THE PRIMERS, AND THAT’S SHOWN IN THE FOLLOWING:

HERE ARE THE TWO PRIMERS. ON THE LOWER ORIGINAL

STRAND, YOU’LI. HEAR ME TALK ABOUT THE PARENTAL STRANDS. THOSE

- ARE THE ONES THAT WE STARTED WITH.

i e mp—— . S T . o — - R e

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




10

11
12
13

14

15

16

- 17

18

19

20

21

22

23

24

25

FALKINHAM-DIRECT/LEWIS © 11-1537

HERE, THE'PARENTAL.STRANbs'ARE_HERE-ON THE BOTTOM WITH
THE TARGET SECTION AND THE OTHER DNA, HERE ON THE TOP THE TARGET
SECTION OF THE DNA. | | |

THE PRIMERS, AS WE SAiD.BEFORE,.ARE.VERY-SPECIFICALLY

CHOSEN. THEY ARE CHOSEN SUCH THAT ONE OF THEM IS-COMPLEMENTARY;~

. HERE, I’M ILIUSTRATING THE BOTTOM STRAND. THIS PRIMER IS

chPiEMENTARy_To ONE END OF ONE OF THE SINGLE-STRANDED TARGET._.
SEQUENCES; THE OTHER PRIMER IS COMPLEMENTARY TO THE dpposITE END|
HERE, THE RIGHT-HAND END OF THE -- OF THE UPPER STRAND. IT’S
COMPLEMENTARY To THE UPPER —~ TO THE RIGHT-HAND END OF THE UPPER
TEMPLATE STRAND. | | .

| ‘SO THESE PRIMERS ARE CHOSEN SO THAT Tnzy'buny'glnn TO
THESE PARTICULAR ENDS. |

Q. WHAT HAPPENS NEXT?

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

TWO THINGS THAT I WANT TO ILLUSTRATE HERE: AGAIN, THE

THREE-PRIMED AND FIVE-PRIMED ENDS. THE PRIMER HAS A FIVE-PRIMED

' END AND A THREE-PRIMED END.

-_HERE,.I'M iLLusTRATING'THE UPPER pRIHER} THE-LowER'
PRIMER AGAIN HAS A fIVE—PR:uEn AND A THREE-PRIMED END. .
WHAT IS IMPORTANT HERE :s_QHAT A'SHALL_LITT:E BULLET
HERE ON THE LOWER PRIMER AND ON THE UPPER PRIMER WHICH

REPRESENTS DNA POLYMERASE, DNA POLYMERASE BINDS TO THE

‘THREE-PRIMED END.

SO TWO THINGS: FIRST, THE POLYMERASE BINDS TO THE

CANDACE L. FRANCIS, OFFICIAL REPQRTER,-QSDC};415-431-6030 
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THREE-PRIMED END; AND THESE PRIMERS ARE CHOSEN SO THAT THE

THREE-PRIMED END ALIOWS THE POLYMERASE TO SYNTHESIZE.AT

. COMPLEMENTARY STRAND WHICH CONSISTS OF THE TARGET SEQUENCE BND

DNA CONTINUING ON.

THE PRIMER FIVE-PRIMED END HERE ON THE BOTTOM STRAND ON/

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

SOMETHING TO ADD NEW BASES TO BY THE POLYMERASE. THE POLYMERASE |
JUST DOES NOT DO THAT. |
Q. I THINK YOU HAVE SOME PICTURES, AND I’D LIKE YOU TO EXPLAIN
IN MORE DETATL HOW THE PRIMER BINDS WHEN THE POLYMERASE ADDS THE
BASES.
A. AT THIS POINT, WE’RE GOING TO MOVE TO A SMALLER PORTION ap |
FOCUS JUST ON ONE OF THE ORIGINAL TARGET SEQUENCES AND THE BOUND
PRIMER. |

YOU SEE HERE THAT THIs.paxﬁER HAé BOUND TO A SPECIFIC
REGION, AND WE WOULD SAY THAT FROM THIS . . . THIS SECOND BASE
ON THE RIGHT-HAND END, THE C, MOVING NOW TOWARDS THE LEFT, THAT
WOULD CONSIST OF THE TARGET REGION THAT WE WOULD LIKE TO HAVE |
AMPLIFIED. | |

REMEMBER THAT THIS IS ALSO GOING ON WITH THE BOTTOM
STRAND. WE’RE JUST FOCUSING ON THE UPPER STRAND. |

THIS IS THE FIVE-PRIMED END OF THE PRIMER HERE ON THE

'LEFT, THIS G. THE T HERE ON THE LEFT-HAND END OF THE PRIMER IS

THE THREE-PRIMED END.

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

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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POLYMERASE CAN BIND AND THAT’S SHOWN NEXT.

AND HERE IS THE DNA POLYMERASE.

READY NOW, IF WE GIVE IT THE DNA BASES, TO ADD THE

‘BASES ONE AT A TIME TO THE THREE-PRIHED END, AND THAT'S SHOWN IN.

"THE NEXT PANEL.

I’VE SORT OF CHANGED WHERE WE WERE A LITTLE BIT TO ADD

.A LITTLE HORE ROCM FOR THE INDIVIDUAL BASES.

AND THAT’S ANIMATED. AND YOU CAN SEE NOW THAT WHERE

| THERE’S A T, THE DNA POLYMERASE INCORPORATES AN A; THREE G’S IN

‘A ROW, SO WE HAVE THE INCORPORATION OF THREE C’S; A T, AND NOW

AN A IS BEING BROUGHT IN: AND A T IS BEING BROUGHT IN.
NOW, THIS MOVED OFF THE SCREEN. THE POLYMERASE WILL
CONTINUE ADDING BASES TO A THREE-PRIMED END.’

SOMETIMES THE POLYMERASE CAN SEPARATE, JUST

' SPONTANEOUSLY, EVEN THOUGH IT STILL HAS SOME TEMPLATE TO USE AS

A CUIDE OR A PATTERN. THERE’S A THREE~PRIMED END WHICH IS'

- AVAILABLE FOR IT; THE BASES ARE AVAILABLE. SOMETIMES THE

POLYMERASE CAN SEPARATE.
 ALTERNATIVELY, WE CAN CHANGE THE CONDITIONS SO THAT THE
POLYMERASE IS NO LONGER ACTIVE. WE COULD gaxsﬁ THE TEMPERAiURE
FOR, SAY, THE E. COLI POLYMERASE ABOVE -~ SIGNIFICANTLY ABOVE 57' 
DEGREES CENTIGRADE, OR 98.6, SO THAT IT NO LoNGER'Ié Acrzvz;
ALTERHATIVELY IF THE POLYMERASE RUNS OFF SO THAT
THERE'S NO MORE TEMPLATE STRAND, IT WILL STOP MAKING THE

COHPLEMENTARY STRAND.

"CANDACE L. FRANCIS, OFFICIAL REPOBTER,~gsnc,}415—@31;5030"-
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| A. IT can Go ENORMOUSLY FAST, SO FAST THAT I CAN’T IMAGINE HOW

| BASES CAN BE RATHER SLOW. .

Q. SOME OF THE TESTIMONY HERE HAS CONCERNED USING RADIOACTIVE
EXAMPLE WITH THE CLOSE-UP OF ONE OF THE TEMPLATE STRANDS AND THE|

. Q. I’M SORRY. ARE THOSE C’S OR G’S?

{ A. C’S. I’M SORRY. 1 MISSPOKE. - THANK YOU.

FALKINHAM-DIRECT/LEWIS =~ 11-1540
Q. HOW -- HOW FAST DOES THIS ADDITION OF BASES GO?
A. THE ADDITION OF BASES DEPENDS AGAIN ON THE CONDITIONS.

Q. PERHAPS I SHOULD ASK: HOW FAST CAN IT GO?

IT’S DONE AS RAPIDLY AS IT’S DONE.
SOME OF THE NUMBERS THAT I‘VE SEEN IN THE LITERATURE
HAVE STARTED AT 100 BASES ADDED PER SECOND. ON THE OTHER HAND,

IF THE CONDITIONS ARE ADJUSTED, THE RATE OF INCORPORATION OF

DEPENDING UPON THAT RATE OF ADDITION OF NEW BASES, 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.

BASES IN EXPERIMENTS. CAN YOU EXPLAIN HOW THAT WORKS. -

A. YES. IN THE NEXT PANEL, WE DIAGRAM IN THIS PARTICULAR

PRIMER AND POLYMERASE. HERE WE HAVE TWO G’S. THESE TWO G’S IN |

DARK BLUE ARE RADIOACTIVE.

THESE TWO C’S ARE RADIOACTIVE. IN OTHER WORDS, PART OF
THE noLEcutE'couTAINs AN ATOM WHICH IS ACTUALLY RADIOACTIVE.
 WE USE THAT SO WE caﬁ_rOLLow'wﬁEkE THE-MOLECULE:IS;
THE REASON IS,:IS THAT WE DON’T WANT TO ISOLATE LARGE, LARG#

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

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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OUT A VERY STRONG SIGNAL FOR A VERY SMALL AMOUNT OF DNA.

SO IT’S SORT OF LIKE A LITTLE FLAG IN A CROWD OF A TOUR|
GUIDE, OR A -- OR A CHILD OR A CAR IN A PARKING LOT. IT'S A
SMALL -- IT’S A SIGNAL THAT ALLOWS YOU TO FIND A PARTICULAR
MOLECULE THAT YOURE INTERESTED IN,

_ NOW, WE'VE ANIMATED THAT NOW.

THE POLYMERASE WILL AGAIN START nak:ﬁs THE

COMPLEMENTARY STRAND, USING THE TEMPLATE AS A GUIDE, AND IN THIS

CASE THE POLYMERASE JUST RANDOMLY PICKS FROM THE C’S THAT ARE

AVAILABLE TO IT. FIRST IT PICKED A RADIOACTIVE C, PUT IT

OPPOSITE A G. THE SECOND TIME, IT PICKED UP A NON-RADIOACTIVE
C. THE THIRD TIME, IT’S PICKED UP A RADIOACTIVE C.

DEPENDING UPON HOW FREQUENT THE RADIOACTIVE BASE'IS IN

- AMONGST THE TOTAL AMOUNT OF BASES OF THAT TYPE, YOU’LL GET:HO?E

OR LESS OF THE BASES INCORPORATED; IN THIS PARTICULAR CASE, THE

' C’S WILL BE RADIOACTIVE. SO THE ENZYME SIH?LY'PICKS'FRQH SORT

OF A RANDOM POOL MADE UP OF RADIOACTIVE AND NON-RADIOACTIVE C’S.
IF ALL THE MOLECULES WERE RADIOACTIVE C’S, THEN

WHEREVER THERE WAS A C, IT WOULD HAVE TO BE A RADIOACTIVE C.

IF, ON THE OTHER HAND, THERE WERE VERY LOW NUMBER OF RADIOACTIVE

C’S RELATIVE TO THE NORMAL -- OR THE NON-RADIOACTIVE C’S, THEN

| THE MOLECULE WOULD HAVE RADIOACTIVE C’S IN IT BUT"THEY WOULD BE.

VERY INFREQUENT.

Q. I’M SORRY. I‘VE SIDETRACKED YOU WITH THIS QUESTION ABOUT

. RADTOACTIVITY.

CARDACE L. FRANCiS, OFFICIAL REPORTER, USDC, 415-431-6080
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11 Y WE WERE BACK IN CYCLE ONE OF A PCR REACTION.
4 2 | a. yEs.
° 3 NOW, MY POINT IN FOCUSING NARROWLY HERE IS TO snow‘yw '
4 | wmAT 1S HAPPENING IN THIS PARTICULAR CASE -- IF WE WOULD PAUSE
o 5 | RIGHT HERE -- WHAT’S mppﬁnme IN THIS Uéé’ER RIGHT-HAND TEMPLATE |
6 | PRIMER WHERE DNA POLYMERASE HAS BEEN. | |
7 SO WE'VE BEEN SORT_ OF FOCUSING ON THAT. WE KIND OF
& s | USED THE MICROSCOPE AND LOOKED UP CLOSE AT THAT.
o | | NOW, THAT IS AS WELL HAPPENING SIMULTANEOUSLY ON THIS
o 10 | LOWER STRAND AS WELL.
11 BUT WHAT WE WANT TO DO NOW IS TO MOVE TO A LARGER
12 | SCALE. AND NOW IF WE‘LL CONTINUE, YOU WILL SEE THE EXTENSION AT
® T 13 THE THREE-PRIMED END HERE ON THE UPPER AND LOWER PRIMERS BY DNA '_
14 - POLYMERASE. ‘
15 NOW, THIS IS THE -- EXCUSE ME.
* 16 Q.  THIS II_S' THE -- AT THE END OF THE FIRST CYCLE NOW?
17 | A. YES, THIS IS THE END OF THE IFIR:ST CYCLE.
® 18 NOW, I’D LIKE TO POINT OUT WHAT WE HAVE.
19 ~ WE HAVE THE ORIGINAL :bwo STRANDS. HERE, THE LOWER
20 | STRAND WITH TBE'-TARGET SEQUENCE; THE UPPER STRAND WITH TARGET
® ' '
21 | SEQUENCE.
22 | AND NOW THE PRODUCTS OF THAT DNA REPLICATION, WHICH
> 23 | WERE STARTED WITH THE PRIMERS, EXTENDED BY DNA POLYMERASE IN m
24 | PRESENCE OF THE BASES. THEY -- BECAUSE OF THE NATURE OF THE
25 | PRIMERS, THEY WERE STARTED AT A UNIQUE SPOT AND CONTINUED 50
o L '

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS . 11-1543

THAT THEY -- WE HAVE NOW A COMPLEMENT OF A TARGET AND A

' COMPLEMENT OF THE DNA ON ONE SIDE OF THE TARGET SEQUENCE.

WE WOULD CALL THIS THE LONG PRODUCT AS DISTINGUISHED
FROM A PRODUCT WHICH IS JUST THE TEMPLATE HERE.
Q. ALL RIGHT. WE/VE GOTTEN TO THE END OF CYCLE ONE. WE MOVE

INTO A NEW CYCLE?.

" A. YES. THE SECOND CYCLE IS INITIATED WITH THE SEPARATION OF

THE DOUBLE-STRANDED MOLECULES INTO '__S-'INGLE STRANDS.
I'D POINT OUT RIGHT HERE THAT JUST BECAUSE OF ‘I'HE
MZECHANICS OF DOING THIS, WE ENDED UP WITH THESE TWO SMDS IN

THE MIDDLE AS B_EING -RATHER CLOSE TOGE.'I‘HER, CLOSE TO ONE AHOTHER.

 THEY ARE ISOLATED SEPARATE STRANDS. I WOULD LIKE THEM TO BE A

| LITTLE FURTHER APART, BUT WE NEED MORE ROOM IN HERE BETWEEN THE

STRANDS TO SHOW ALL THE DETAIL IN TERMS OF THE PRIMERS AND THE
POLYMERASE.

SO THE FIRST STEP OF THIS PROCESS IS TO SEPARATE THESE

- TO == DOUBLE-STRANDED HOIECUIE'S NOW INTO FOUR SINGLE STRANDS.

AND THE NEXT STAGE OF THIS IS ILLUSTRATED, IS THE
BINDING OF THE PRIMERS. |

NOW, HERE, AGAIN, HERE IS THE ORIGINAL UPPER. I’M
ILLUSTRATING THE UPPER STRAND WITH ITS Bouﬁp pR:nER NOwW.

HERE WE HAVE THE LONG PRODUCT, SLIGHTLY'DIFFERENT

_HOLECULE ‘IN TERMS OF 'I'HE FACT THAT IT DOESN’T CONTINUE. HERE ON .

THE RIGHT. WE’RE LOOKING AT THE UPPER OF THE TWO MIDDLE LONG

PRODUCTS.

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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' FALKINHAM-DIRECT/LEWIS | 11-1544

THE PRIMER HAS BOUND TO THE OPPOSITE END OF THIS LONG

PRODUCT, WHICH, IN FACT, IS THE 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 EXHMPLE-WITHIN'

THAT TARGET SEQUENCE. AND THEY BIND WITH THE RIGHT THREE-PRIMED|
END, SO WHEN POLYMERASE BINDS, AS WE SEE IN THE FOLLOWING,
POLYMERASE BINDS TO THE THREE-PRIMED END, AND THAT’S SwaN-HERE.
Q. OKAY. BEFORE YOU GO ON, DR. FALKINHAM, LET ME ASK A
QUESTION:

IS THE PRIMER THAT BINDS TO THE LONG PRODUCT, THE
THINGS IN THE MIDDLE, THE SAME PRIMER THAT BINDS rdfTaE ORIGINAL
STRANDS?
A. YES, IT IS. NOW -- BUT I HAVE TO MAKE IT CLEAR THAT THESE
TWO PRIMERS ARE DIFFERENT FROM ONE ANOTHER.

ONE PRIMER HERE BONDS TO THE RIGHT-HAND END OF ONE OF
THE COMPLEMENTS, AND HERE THE PRIMER BINDS To THE“LEFT—HANn;an
OF THE UP -- OF THE LOWER ORIGINAL TARGET SEQUENCE.

THIS PRIMER, AS A MATTER OF FACT, IS THE SAME AS THE

PRIMER BINDING HERE TO THIS LONG PRODUCT.

THIS LONG PRODUCT WAS THE COMPLEMENT OF THIS PARENTAL
STRAND. THIS PARENTAL STRAND IS THE COMPLEMENT -- ON THE BOTTOM

IS THE COMPLEMENT OF THE ONE ON THE TOP. THEREFORE, THIS ~-

THESE TWO PRIMERS ARE BINDIﬂG TO THE SAME REGION OF'DﬁA.

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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. FALKINHAM-DIRECT/LEWIS  11-1545

'Q. WE'VE HAD THE BINDING AND WE WERE SHOWING THE POLYMERASE
| coMING ON BEFORE I INTERRUPTED YOU.

. THE PRESENCE OF THE BASES, AND IF THE CONDITIONS ARE

_ SHOW NOW THE EXTENSION OF THE MOLECULES.

| TO POINT A FEW THINGS OUT THAT TYPIFY AND MAKE THIS SECOND CYCLE

'STRANDS, SO WE HAVE EIGHT SEPARATED STRANDS.

'SECOND CYCLE, WHICH IS JUST THE TARGET SEQUENCE, THE TARGET
SEQUENCE LITERALLY BEING DEFINED BY THOSE TWO PRIMERS FROM THE |

RIGHT-HAND AND THE LEFT-HANDED ERDS.

WHAT GOES ON NEXT?

A. AFTER POLYMERASE HAS BOUND AGAIN TO THE THREE-PRIMED END IN |
APPROPRIATE, WE HAVE THE EXTENSION OF THAT AND THE VIDEO WILL
AND THIS IS AT THE END OF THE SECOND CYCLE. BUT I NEED

ﬁNIQUE:

| HERE, JUST BEFORE WE LEAVE, WE HAVE THE BRIGHTER
STRANDS. | |

" THE THIRD STEP OF THE CYCLE WOULD BE AGAIN THE

SEPARATION OF THE STRANDS. AND HERE WE HAVE THE SEPARATED

THE SECOND STEP OF THAT WOULD BE THE BINDINé OF THE
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 TEMPLATE sTﬁAnns; '
WE’VE ALREADY SEEN THAT. THEY'RE BINDING TO THE LONG PRODUCTS .
WE'VE SEEN THAT. | .

. HERE, THE PRIMER IS BINDING TO THIS PRODUCT OF THE

T CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAH*DI#ECT/LEWIS "  _f1151546;'
NOW, IF WE CONTINUE. |
AGAIN, THE DNA POLYHERASE.BINDS TO THE”TnﬁgE;pRIMED Eﬁo
AND, WITH ANIMATION,:YOU'LL SEE-THAT:fHEY'RE'EXTENDED. |
AND AT THIS POINT, I WANT TO ILLUSTRATE SOMETHING, AND |
I THINK I7/S WELL ILLUSTRATED HERE AND WILL BE THE NEXT cYéiE:

ONE OF THE CHARACTERISTICS OF THE PCR'REACTION Is THAT

_YOU START SEEING NOW JUST GRAPHICALLY MORE OF THE TARGET REGION

DEFINED HERE BY THE ENDS OF THE PRIHER THAN YOU DO OF THE OTHER

DNA HERE SHOWN IN_PINK;

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

 Do? onE OF THE THINGS THAT PCR DOES IS MAKE MORE CoPY OF A

PARTICULAR TARGET SEQUENCE ' HERE SHOWN IN THE MIDDLE HERE, AND
NOT AS MANY COPIES OF THE OTHER DNA.

- NOW, THIS Is.am THE END OF THE THIRD CYCLE._;
Q. YOU HAVE ONE MORE CYCLE TO SHOW US, DR. FALKINHAMN.

A. YES.

Q. WOULD YOU EXPLAIN WHAT THAT ONE DOES.

A. YES. LET’S LOOK AT NOW THE FOURTH CYCLE. _oURlscR£EN'w1LL
HERE, AT THE BEGINNING OF THE FOURTH CYCLE, WE.HAVE THE.H
SEPARATION OF THE STRANDS, THE DENATURATION EVENT.
HERE THEY ARE ALL $EPARATED. _EVEN.Tnoucn_sonz'of TREM
ARE-TOGETHER; THEY.AKE-STILL'SEPARATED:STRANDS; THE_PRIHERS
.BiND. | | o |

WE KEEP CHANGING SCALES HERE BECAUSE THE FIGURE GETS

e ey e e e g e - o o T

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




B

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24

25 .

geppnan e T

FALKINHAM-DIRECT/LEWIS - . 11-1547

BUSIER AND BUSIER.

HERE ARE THE PRIMERS. NOW DNA POLYMERASE BINDS. UNDER|

- THE RIGHT CONDITIONS, WE GET EXTENSION, THE INCORPORATION OF THE

BASES AT THE THREE-PRIMED END.
 AND AGAIN YOU CAN SEE THAT WHAT WE’VE DONE IS, WE’VE
MADE MORE OF THE TARGET SEQUENCES. THE NUMBER OF LONG PRODUCTS
ARE NOT KEEPING UP NOW WITH THE NUMBER OF AMPLIFICATIONS OF THE
TARGET SEQUENCE, HERE SHOWN IN WHITE IN THE CENTER HERE.
AND AT THE END OF THIS FOURTH CYCLE, YOU SEE.WE HAVE.

SUBSTANTIAL.INCREASE IN THE TARGET SEQUENCES AND NOT AS GREAT AN

INCREASE IN THE OTHER DNA OR THE DNA NEIGHBOR.

MR. LEWIS: YOUR HONOR, WE HAVE ONE MINOR TECHﬁICAL
DIFFICULTY. | |

THE COURT: YES.

MR. LEWIS: COULD WE HAVE A MOMENT WHERE WE COULD TURN
OFF THESE MONITORS? IT WILL TAKE NO MORE THAN A MINUTE TO DO.

THE COURT: SURELY.

(PAUSE IN PROCEEDINGS)

| Q. (BY MR. LEWIS) ' NOW, DR. FALKINHAM, YOU WERE REMARKING ON

THE WAYS IN WHICH THE LONG -~

THE REPORTER: I‘M SORRY, MR. LEWIS, I CAN‘T HEAR YOU.
COULD YOU SPEAK UP, PLEASE? |
Q. (BY MR. LEﬁiS) BEFORE OUR LITTLE'DIFFICULTY, YOﬁ'WERE
REMARKING ON THE WAY THAT THE LONG PRODUCTS WERE ﬁEINc COPIED AS

COMPARED TO THE TARGET SEQUENCE.

R P
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' FALKINHAM-DIRECT/LEWIS . 11-1548

 LEFT-HAND SIDE, THE -- WITH THE HEADING "LINEAR," THIS IS

'CYCLE. WE’LL HAVE THAT SHOWN IN A MOMENT HERE.

A.:_YES.

0. ARE THERE TERMS THAT DESCRIBE THOSE RATES OF INCREASE?

A. YES. THE TARGET SEQUENCE, AS YOU SAW GRAPHICALLY, APPEARED
TO BE MULTIPLYING FASTER THAN THE OTHER SEQUENCES. AS A_MRTTERI
OF FACT, IT’S INCREASING =-- THE TERM THAT WE USE TO DESCRIBE ITS|
INCREASE IS EXPONENTIAL. IT’S INCREASING BY LITERALLY POWERS OF
TWO. |

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.INCREASE AND
IS CONTRASTED TO THE SLOWER OR ARITHMETIC OR LINEAR INCREASE OF
THE OTHER DNA STRANDS IN THAT MIXTURE IN THE TWO.

AND I’'M ILLUSTRATING THIS IN THE FOLLOWING
REPRESEﬁTATION. FOR SIMPLICITY, RATHER THAN STARTING WITH TWO
ORIGINAL STRANDS, I‘M ONLY STARTING WITH SIMPLY ONE STRAﬁb; ONE
PARENTAL STRAND. |

THE EXPONENTIAL HERE ON THE RIGHT-HAND SIDE WOULD BE

REPRESENTATIVE OF THE INCREASE IN THE TARGET SEQUENCES; ON THE

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.

S0 LET’S LOOK AT WHAT HAPPENS AT THE END OF THE FIRST

(PAUSE IN PROCEEDINGS) -

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKIKHAﬁfDIRECT/LEWIS __11-1549

THE .WI.":.I:_NESS'.: E: THINK WE HAVE A 10-SECOND DELAY THAT
WE'VE BUILT INTO THIS. HERE WE ARE.

THE END OF THE FIRST CYCLE -- IF WE COULD PAUSE HERE —-
WE HAVE THE TWO PRODUCTS MADE FROM THE LiNEAR AND THO PRODUCTS
MADE FROM THE EXPONENTIAL. |
Q. (BY MR. LEWIS) NOW, ONE OF THOSE IS THE ORIGINAL STRAND
THAT YOU HAD?

A. YES. HERE AT THE BOTTOM IS THE ORIGINAL STRAND, BOTH LINEAR

AND EXPONENTIAL.

HERE IS THE COMPLEMENT OF THAT STRAND, BOTH UNDER THE

' LINEAR OR EXPONENTIAL MODEL, ITS COMPLEMENT, AND THAT’S THE ONE

ABOVE IT.
| AT THE --
Q. SO =~
A. EXCUSE ME.
BUT AT THE END OF THE FIRST CYCLE, WE CAN’T REALLY TELL
AT ALL WHETHER OR NOT THE MULTIPLICATION IS A LINEAR OR |
EXPONE&TIAL, BECAUSE THE NUMBER OF PRODUCTS IS THE sAum;

Q. OKAY. GO AHEAD -- GO ON. I‘M SORRY. I INTERRUPTED YOU.

A. LET’S LOOK AT THE SECOND CYCLE.

HERE AT THE SECOND CYCLE, WE HAVE THE FOLLOWING: AT

THE BOTTOM ON THE LINEAR SIDE, WE HAVE THE PARENTAL STRAND. WE

HAVE THE FIRST PRODUCT MADE FROM THAT, USING IT AS A COMPLEMENT.

THEN WE ALSO HAVE A PRODUCT NOW WHICH WAS THE COMPLEMENT OF THIS

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

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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OVER HERE ON THE RIGHT-HAND SIDE, WE HAD THE ORICINAL
PARENTAL STRAND AND THE ONE THAT WAS SYNTHESIZED. BUT NOW WE
HAVE TWO OTHER STRANDS. THIS IS BECAUSE, UNDER THE_EXPbNENTIAL
MODEL IN WHICH WE SAW THE TARGET DNA AMPLIFYING, IT’S NOT JUST
THE ORIGINAL TEMPLATE STRAND THAT's BEING USED TO GUIDE THE
SYNTHESIS OF ITS coﬁPLEMENT BUT ALSO WE HAVE THE SYNTHESIZED |
STRAND FROM THE FIRST CYCLE BEING USED TO MAKE A COMPLEMENT,
USED aS A TEMPLATE.TO MAKE ANOTHER STRAND. |

SO0 IN THE EXPONENTIAL ONE, ONE OF THE KEYS IS TO.

- UNDERSTAND THAT IT‘S NOT JUST THE ORIGINAL STRAND BUT THE

' ORIGINAL STRAND AND ITS PRODUCT WHICH CAN BE USED.

S0 WE GO FROM TWO STRANDS AT THE END OF THE 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, YOU’LL SEE THAT NOW WE
START SEEING A GREATER DIFFERENCE, FOUR UNDER LINEAR MODEL:
EIGHT UNDER AN EXPONENTIAL MODEL. |

AT THE END OF THE FOURTH CYCLE -- WE’LL START GOING
THROUGH CYCLES ~- YOU’LL SEE THAT WE HAVE FIVE NUMBER OF STRANDS
HERE UNDER THE LINEAR MOLECULE; 16 UNDER THE EXPONENTIAL MODEL.

WE MOVE TO THE FIFTH CYCLE. START MOVING THROUGH THESE

A LITTLE QUICKER. YOU CAN SEE SIX HERE; 32 STRANDS ON THE OTHER

WE FRANKLY ENDED UP WITH A LOT OF PROBLEMS BECAUSE WE

COULDN’T PUT THE STRANDS HERE, AND SO YOU’LL SEE A SORT OF BAR

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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GRAPH THAT GETS LARGER AND LARGER. .

HERE, SIX CYCLES, WE HAVE 64 UNDER EXPONENTIAL
REPLICATION.

AND CONTINUING. THE SEVENTH CYCLE, WE HAVE EIGHT UNDER
THE LINEAR MODEL. | | | |

EIGHT CYCLES, NINE; AND 250 UNDER EXPONENTIAL

THE NINTH CYCLE -- WE PAUSE RIGHT THERE.

AT THE NINTH CYCLE, WE SEE 10 COPIES UNDER Lmnzang_soo 

' COPIES UNDER EXPONENTIAL. - 50 MORE COPIES UNDER THE EXPONENTIAL

MODEL.

OKAY. CONTINUING ON NOW IN THE 10TH AND ENSUING -

'CYCLES, YOU’LL SEE THAT NOW WE GO =-— THERE ARE AVHUNDRED_HDRE

COPIES EXPONENTIALLY. THESE ONE-THOUSANDS ARE ACTUALLY
APPROXIMATIONS. THE NUMBER IS ACTUALLY, I THINK, 1,056, BUT WE

WERE JUST IMPRESSED. I WANTED TO GIVE YOU THE IDEA OF THE

| MAGNITUDE OF THIS INCREASE.

LET’S CONTINUE WITH A FEW MORE cycLES.
AT THE END OF THE 20TH CYCLE, WE HAVE AIMOST SOME

NUMBER CLDSEITD A MILLION; UNDER THE LINEAR nonEL.ONLg 21.
AND FINALLY, I THINKLWE END WITH 30 CYCLES;IN.WHICH WE-.

HAVE A BILLION STRANDS OF THE TARGET SEQUENCE AND ONLY, IN OUR

 EXAMPLE, IT WOULD BE 31 STRANDS OF THE OTHER DRA.

SO WE HAVE ACHIEVED WITH THE POLYHERLSE CHAIN REACTION.
THIS ENORMOUS INCREASE OR AMPLIFICATION OF THE TARGET’SEQUENCE,”

AND THOUGH WE'HAVE SOME INCREASE IN“THE OTHER SEQUENCES nIT-'

e
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ISN’T NEAR AS MUCH.

Q. I THINK WE HAVE A COUPLE OF POSTERS TO SUMMARTZE THIS
PROGRESSION, AND I HAVE A COUPLE MORE QUESTIONS.
(PAUSE IN PROCEEDINGS)
THE WITNESS: THE POSTERS SEEM TO BE.GETfING BxcGER AND
BIGGER HERE. | : |
Q. (BY MR. LEWIS) THEY'RE EXPONENTIAL.
A. THEY’RE EXPONENTIALLY INCREASING. I SEE.
(LAUGHTER)

Q. (BY MR. LEWIS) THESE HAVE BEEN MARKED AS EXHIBITS B-168 AND

B'169 .

AND THESE ARE ESSENTIALLY THE SAME THINGS THAT WERE
SHOWN IN THE VIDEO?
A. YES. WHAT I'VE ATTEMPTED TO DO HERE IS, RATHER THAN SHOW.
THEM TO YOU SORT OF TIME LAPSE WITH THE VIDEO, WE HAVE ON YOUR
LEFT-HAND SIDE HERE THE BEGINNING WITH THE SINGLE-STRAND AND YOU
CAN SEE THAT THAT SINGLE-STRAND IS HIGHLIGHTED IN RED ALL THE
WAY ACROSS, AND THE NUMBER OF CYCLES.

WE’VE SHOWN IN DETAIL THE NUMBER OF STRAHDS UP TO SIX

_ CYCLES AND THEN HERE WE GO FROM A THOUSAND 'I'O A HILL!ON TO A

BILLION STRANDS AT THE 10TH, ZOTH, AND SOTH CYCIE.

AND THAT’S CONTRASTED HERE ON 'I’HE J'URY'S RIGH'I‘ AGAIN,
THE PAREN‘I‘AL STRAND IS SHOWN HERE IN RED ACROSS THE BOTTOH, '
FOLLOWING 'I'HE _I.EG-END, AND THEN THE COPIES_. HERE ARE MADE.

AND AT THE END OF 10, 20 AND 30 CYCLES, WE HAVE 11, 21

"CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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EALKiﬁHAHéDiRECT/LEWIS  11-1853
1 | AND 31 STRANDS COMPARED TO 1,000, ONE MILLION, AND ONE'BILonﬁ_
2 | STRANDS BY AMPLIFICATION THROUGH AN EXPONENTIAL INCREASE.
3 | I WOULD POINT OUT THAT.PROBABLY THESE HEIGHTS OF THESE,
d ' 1,600, ONE MILLION AND A,BIﬁLION,-ARE'PROBABLY NOT io SCALE.
5 | THEY WOULD JUST KIND OF ZIP OUT OF THE CEILING HERE.
6 | Q. THIS IS FAIRLY ABSTRACT, BUT IN PRACTICAL énnns, HOW DOES
7 | THE DIFFERENCE BETWEEN A LINEAR AND EXPONENTIAL INCREASE AFFECT
8 | THE SCIENTIST’S WORK?
9 | A. WELL, THE -- ONE OF THE PROBLEMS THAT WE HAVE, AS I SAID
10 | BEFORE, HAS TO DO WITH DIAGNOSIS AND THINGS LIKE THAT.
1 LET ME ILLUSTRATE: PARTICULARLY WITH A -- WITH A
12 | PATIENT WITH -- WITH AIDS WHO IS SUSPECTED OF HAVING A
13 | MYCOBACTERIUM AVIUM INFECTION, OR A PATIENT IN THE DEVELOPING |
14 | WORLD WHO IS SUSPECTED OF HAVING TUBERCULOSIS OR OF LEPROSY, THE|
15 | ORGANISM MYCOBACTERIUM LEPRAE CAN‘T BE GROWN, SO THE DIAGNOSIS
16 | 15 BasED ON MANIFESTATION OF SYMPTOMS, WHICH IS QUITE FAR BEYOND
17 | THE POINT WHERE YOU WANT TO INSTITUTE ANTIBIOTIC THERAPY.
18 | TUBERCULOSIS AND MYCOBACTERIUM CAN BE CULTURED IN THE
15 | LABORATORY. BUT FROM THE POINT OF VIEW OF A PATIENT IN THE
20 | PHYSICIAN’S OFFICE COMPLAINING OF WEIGHT 1OSS, NIGHT SWEATS AND
21 | FEVERS, AND PERSISTENT COUGH FOR A LONG PERIOD OF TIME, IT MAY
22 | BE UPWaRDS OF SIX TO EIGHT WEEKS BEFORE WHEN THAT CULTURE IS
23 | TAKEN. |

24 IT’S NOT LIKE A THROAT SWAB FOR STREP THROAT, WHERE YOU|

25 | CAN GET IT WITHIN 24 HOURS OR LESS, BUT, RATHER, IT CAN BE AS

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS 11-1554

LONG AS SIX TO EiGHT WEEKS.

NOW, IF THE PERSON HAS TUBERCULOSIS, YOU WOULD LIKE TO
INSTITUTE THERAPY RIGHT THEN AND THERE. 1IN AN AIDS.PATIENT; THE
SAME KIND OF DELAY bccuns BECAUSE-ﬁYCOBACTERIUE-AVIUH; THAT WE
FIND IN PERHAPS 50 PERCENT OF AIDS PATIENTS, IS A SLOW-GROWING
ORGANISM As'wﬁLL. |

ONE OF THE ADVANTAGES WOULD BE TO TAKE A SPECIFIC
TARGET SEQUEﬁCE OF, SAY, THOSE THREE ORGANISH$ ~= AND I'M.
SPEAKING OF THOSE THREE ORGANISMS BECAﬁSE_I!n VERY FAMILIAR WITH

THE RESEARCH AND THE CLINICAL PRACTICE IN MICROBACTERIOLOGY IN

TUBERCULOSIS.

WE TAKE AND IDENTIFY A TARGET SEQUENCE, HAVE PRIMERS

WHICH AMPLIFY THAT TARGET SEQUENCE, AND HOPEFULLY WE MIGHT BE

'ABLE TO FIND A PATIENT IN WHICH THEY MAY HAVE ONE ~- HERE WE’RE

ILLUSTRATING HERE WITH THESE.ORIGINAL'STRANDS -- ONE PIECE OF
DNA; IN OTHER WORDS, ONE ORGANISM IN A PATIENT. WE MIGHT BE
ABLE TO AMPLIFY THAT THROUGH ENOUGH CYCLES SO THAT WE’D ﬁE ABLE
TO DETECT WHETHER OR NOT THAT PIECE OF DNA WAS THERE.

WE CAN’T DO IT NORMALLY BECAUSE WE c&n#ifFIND THAT ONE
LITThE-PIECE OF DNA IN AMONGST ALL THE CELLS OF THE 3092; |

SO IF WE CAN AMPLIFY WITH PCR, WE’D BE ABLE TO PROVIDE

A VERY EARLY IMPOSITION OF ANTIBIOTIC THERAPY OR SOME KIND OF

SUPPORTIVE THERAPY TO TREAT THIS PATIENT. AND, AS I THINK ALL
OF US KNOW, THE EARLIER YOU INSTITUTE TREATMENT, THE BETTER THE

PROGNOSIS FOR THE PATIENT, THE BETTER THE PATIENT —- THE SOONER

“CARDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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THROUGHOUT THE WORLD AND IN AMERICA AS WELL.

Q. DO YOU HAVE A VIDEO SEGMENT THAT ILLUSTRATES WHAT YOU WERE

TUBES.
16
- RIGHT-HAND BEAKER SHOWS THE EXPONENTIAL INCREASE.

BEAKER WITH MANY, MANY COPIES WHERE THE LINEAR DOES NOT, AND

| THAT LITERALLY IS WHAT’S HAPPENING IN THE TUBE.

THE LINEAR REPLICATION MODEL; 32 BY THE EXPONENTIAL.

FALKINHAM-DIRECT/LEWIS = 11-18585
THE PATIENT GETS WELL.
SO THIS IS SOMETHING THAT’S VERY IMPORTANT TO US

WORKING NOT ONLY WITH MYCOBACTERIA BUT MANY, MANY DISEASES

TALKING ABOUT?
A. YES. LET's novE'oN IN THE VIDEO.
_AND IF WE FREEZE RIGHT'HERE; LET.ME'DESCRIBE_WHAT I'M
ATTEMPTING TO sndw. | | |
| WHAT i_WANT TO SHOW HERE'JS THAT IT ISN’T STRANDS THAT

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

YOUVE SEEN PRESENTATIONS WHERE TUBES~ARE'rNVOLvED, 1M
SURE. |

BUT HERE I HAVE TWO BEAKERS, ONE ON THE LEFTZSHOWING
THE LINEAR AMPLIFICATION. HERE-ﬁE'VE GOT THAT —- IN THIS

RIGHT-HAND PANEL THAT YOU’RE LOOKING AT ON THE VIDEO, THE
AND HERE, WHAT I WANTED TO SHOW YOU AND ILLUSTRATE IS

THAT THE TARGET SEQUENCE WILL BE -- WILL END UP FILLING THIS

" IF WE COULD CONTINUE.

HERE WE’RE AT THE FIFTH CYCLE WITH SIX STRANDS MADE BY |

“CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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FALKINHAM-DIRECT/LEWIS ' 11-1556

MAGNIFICATION, AND AMPLIFICATION IS THE WORD THAT IS COMMONLY

ASSOCIATED WITH THE POLYMERASE CHAIN REACTION.

ONE CAN RUN INTO IN TRYING_TO DO A PCR REACTION?

PRINCIPLES BUT ALSO TO ILLUSTRATE SOME PROBLEMS THAT CAN OCCUR. .

AND CONTINUING ON, WE’LL JUST LET IT RUN THROUGH THE
CYCLES. |

CYCLE 10, YOU SEE MORE AND MORE STRANDS THERE ON THE
RIGHT-HAND SIDE.

THESE ARE ATTEMPTS BY ME JUST TO ILLUSTRATE THIS

o. ALL RIGHT. I’M GOING TO CHANGE THE SUBJECT A LITTLE BIT.
LET ME GET THE Posrﬁns OUT OF THE WAY.

(PAUSE IN PROCEEDINGS)
Q. .(BY MR. LEWIS) DR. FALKINHAM, YOU DESCRIBED HOW THE PCR
PROCESS WORKS.

ARE YOU FAMILIAR WITH DIFFICULTIES, COMPLICATIONS THAT

A. ONE OF THE THINGS THAT I DID IN NOT ONLY PREPARING FOR CLASS
AND TALKING ABOUT THE POLYMERASE CHAIN REACTION BUT ALSO IN

PREPARING FOR THIS PRESENTATION WAS NOT ONLY TO ILLUSTRATE THE

THERE IS ALREADY PUBLISHED, AS YOU CAN IMAGINE, SINCE
1985 PAPERS DESCRIBING THE POLYMERASE CHAIN REACTION, ITS USE,
AND ALSO WHAT I WOULD CONSIDER TO BE REVIEW TYPE ARTICLES IN
WHICH THE PROCESS AND THE TECHNOLOGY WAS REVIEWED AND PEOPLE
IDENTIFIED PROBLEMS THAT CAN GO WRONG IN THE POLYMERASE CHAIN
REACTION. | | | |

ARD SO WHAT I‘VE DONE IS PUT THREE OF THESE TOGETHER

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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WHICH ATTEMPT TO ILLUSTRATE 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 REACTION.

Q. OKAY. IS THERE A PROBLEM -- YOU DESCRIBED THE PRIMERS

" BINDING TO THE TEMPLATES AS PART OF REACTION. IS THERE A

'PROBLEM IN OBTAINING'THAT BINDING?

A. YES, THERE CAN BE A PRDBLEM AND THAT’S ILLHSTRATED IN THIS

FIRST-INSTANCE. THESE ARE ALL HEADED AS: 'ﬁHATwCAN GO WRONG?"

HERE WE HAVE A VERY SCHEMATIC PRESENTATION OF THE TWO
ISOLATED TEMPLATE STRANDS ABOVE AND BELOW IN BLUE AND TWO

PRIMERS WHICH WOULD BE COMPLEMENTARY TO EITHER =- TO OPPOSITE

| ENDS OF THE COMPLEMENTARY STRANDS.

AND IT WOULD BE OUR OBJECTIVE AFTER THE DENATURATION

STEP TCO ADD THE PRIMERS AND HAVE THEM ANNEAS OR RENATURE AT THE

'.SPECIFIC SITES. AND THAT’S SHOWN'HERE.

DON'T WORRY THAT THIS DNA APPEARS TO BE BENT THAT’S

ALL RIGHT. DNA IS NOT REALLY A LONG, STRAIGHT,'RIGID THING LIKE_

| MY POINTER.

THIS IS WHAT ONE WANTS AND THIS IS WHAT I‘VE

ILLUSTRATED, BUT LET ME SHOW YOU HERE AS THIS VIDEO MOVES WHAT

'CAN GO WRONG.

'HERE, THE PRIMERS HAVE NOT BOUND TO THE TEMPLATE BUT, -
RATHER, THE TWO TEMPLATE STRANDS HAVE BOUND.

NOW,. THE QUESTION IS WHAT — UNDER WHAT CONDITIONS?

'WELL,_IF_THE_TEMPLATE-STRANDS ARE IN_EXCESS, THERE ARE.LQgs-Qg   '

“CANDACE L. FRANCIS, OFFICIAL 3EPQ3$ER,;vsncjjamsetsigsqﬁﬁf.




FALKINHAH-DIRECT/LEWIS | ' 11-1558
s 1 '_ THOSE TEMPLATE STRANDS, WE WOULD EXPECT THAT TO HAPPEN, BECAUSE
e 2-' _THEY COULD FIND ONE ANOTHER MORE EASILY. -
g | _. s | ' IF THE f’RIHERS WERE VERY INFREQUENT, THEIR
.4;:' CONCENTRATION WAS VERY LOW, THERE WERE VERY FEW or THEM IN THAT |
5 | MIXTURE, THEY, TOO, WOULD HAVE A DIFFICULT TIME FINDING THESE
6 TEMPLATES, AND PERHAPS WE quLn FAVOR TEMPLATE—TEHPLATE
7 | REASSOCIATION OR RE-ANNEALi&G'oR ANNEALING OR RENATURATION OVER
0 8 éRIHER_ BINDING TO THE TEMPLATE.
e | . WE can CUREiTHA@ BY KEEPING THE CONCENTRATION OF
10 'PRIMERS LOW RELATIVE TO -- |
11 | Q. I‘M SORRY. YOU SAID PRIMERS.
12 | A. I’M SORRY. "I DID MISSPEAK.
o 13| -~ BY KEEPING THE CONCENTRATION OF THE TEMPLATE STRANDS |
14 | LOW AND, COUPLED WITH THAT, KEEPING'THE'CONCENTRATION-GF THE
;'15' _PRIMERS HIGH so-THAT-WE.HAVE?RATHER HIGH RATIOS OF THE NUMBER OF
16 | PRIMERS TO THE NUMBER OF TEMPLATES.
17 ':.Q. ARE THERE PROBLEMS THAT CAN OCCUR WITH THE PRIMERS
.i_ 18 | THEMSELVES? |
-':.9' | A. YES, AND mT?s iLmsmmn IN THE _rou.owim FIGURE HERE. |
20 . AGAIN I ENTITLED IT;'-?WH&T:CAN GO WRONGZ"
21 | AND HERE WE HAVE TWO mxms | T}IREE-PR-IIE'D,_ ;
22  : FIVE-PRIMED, FIVE-PRIHED, THREE-PﬁIHED. 'HERE?S'THE THREE-PﬁiHEb
.;J_ﬂ' 23 | END OF ONE PRIMER.AND FIVE op THE OTHER; HERE’S THE FIVE “WITH
: 24 | ONE, THE THREE-PRIME OF THE OTHER ON THE LOWER.

25 | WE _r.oox_.n'_r_ THOSE VERY QUICKLY. __ WE CAN SAY, WELL, THOSE|

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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' AT THESE, AND WE FIND THAT ONE END OF THE UPPER PRIMER, THE

' DOUBLE~-STRANDED DNA MOLECULE, BECAUSE ONE OF THE STRANDS, THE

THESE TWO PRIMERS CAN BE EXTENDED AT THE THREE~-PRIMED END, AND

WOULD BE PRIMERS. THEY ARE A FEW NUCLEOTIDES LONG SO THEY ~--
LIKE THESE OLIGONUCLEOTIDES.
BUT AS ILLUSTRATED IN THE FOLIOWING HERE, YOU SEE THAT

THERE’S A PROBLEM, AND THAT IS THAT IF YOU LOOK CLOSELY ENOUGH

THREE BASES, THE G, C, A AT THE LEFT-HAND END OF THE UPPER
PRIMER CAN PAIR WITH THE RIGHT-HAND END OF THE OTHER PRIMER.

NOW, I HAVE FULFILLED THE REQUIREMENTS OF MAKING THE

UPPER HERE, GOES -- IN GOING FROM LEFT-TO-RIGHT, FIVE -4-zxqusz |
ME, I MISSPOKE -- THREE TO FIVE, THE LOWER STRAND GOES FROM FIVE!
TO THREE. SO THE STRANDS ARE -- HAVE THIS OPPOSITE POLARITY, A
WORD THAT WE’VE USED.
Q, AND WHAT HAPPENS?

A. WELL, IN THE PRESENCE OF DNA POLYMERASE, AND THE BASES,

WE WOULD HAVE THIS KIND OF INTERESTING MOLECULE. IT’S NOT AN
AMPLIFIED TARGET SECTION PARTICULARLY. IT’S NOT JUST A
SINGLE-PRIMER.

| SINCE IT’S conposnb OF TWO PRIMERS, WE’VE COME UP WITH
A SORT OF WHIMSICAL MNEMONIC AND CALL IT A PRIMER binzg -
P-R-I-M-E-R, PRIMER, DIMER DQI-H-E—R,.-DIN MEANING TWO, "MER"
MEANING UNITS -- SO IT'S nADE_U?'oF TWO QRIMER-UNITS. |
Q. YOU POINT OUT SOME PROBLEMS.WITH TEMPLATES Aﬁo PRIMERS. ARE|

THERE PROBLEMS THAT CAN OCCUR WITH THE TEMPLATES ALONE?

T CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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A. YES, THERE ARE. I WOULD POINT OUT, JUST BEFORE WE LEAVE

WHERE I HAVE TWO PRIME -- TWO TEMPLATES. I HAVE TO BE CAREFUL.

SEPARATED, WHICH IS THE FIRST STEP OF ANY PCR REACTION.

| ARE JUST TEMPLATE SEQUENCES. BUT IN LOOKING AT THOSE FURTHER,

' HERE WITH THE WHITE BONDS HOLDING THESE TOGETHER, WITH A LOOP ON

' THE LEFT-HAND END. THIS STEM-LOOP STRUCTURE THEN COULD FORM

'SIDE AS SHOWN IN THE VIDEO.

THIS, THAT -- THAT THIS REALLY ISN’T -- ISN‘T PCR, BECAUSE WE
HAD NO INTERACTION OF THESE PRIMER MOLECULES WITH THE TEMPLATE.

LET’S GO ON NOW AND TAKE A LOOK AT THIS THIRD PROBLEM

I’M GETTING TOO MANY WORDS HERE.

WE HAVE THE TWO TEMPLATE STRANDS NOW HAVE BEEN
AND AGAIN LOOKING AT THESE, WE WOULD SAY, WELL, THOSE

AND HERE, TO ILLUSTRATE SOME PROBLEMS, THIS UPPER TEMPLATE
STRAND HAS A REGION -- HAS TWO REGIONS WHICH ARE COMPLEMENTARY
TO ONE ANOTHER. ACTUALLY, IT CAN FDRM'THIS.HAIRPiN-LIKE .
STRUCTURE. | |

WE TALK ABOUT THESE STRUCTURES IN DNA AS HAVING A STEM,

WITH THESE ISOLATED TEMPLATES.

NOW, HERE IS THE THREE-PRIMED END OF THE TEMPLATE AND,
AS YOU CAN SEE, THE FIVE-PRIMED END HERE ON THE RIGHT-HAND SIDE
OF THIS UPPER TEMPLATE CAN SERVE AS A TEMPLATE, AND WE WOULD

ACTUALLY EXTEND FROM THIS THREE-PRIMED END TO THE RIGHT~HAND

Q. IS THAT PCR?

A. THIS ISN’T PCR, EITHER, BECAUSE YOU HAVEN’T SEEN THE PRIMERS

CANDACE L. FRANCIS, OFFICIAL REPORTER, USDC, 415-431-6080
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' INTERACTING WITH THIS MOLECULE, EITHER.

Q. 'WHAT HAPPENS TO THE BOTTOM STRAND?

A. THE BOTTOM STRAND, SINCE IT’S THE COMPLEMENT OF THE UPPER

STRAND, THE SAME THING COULD HAPPEN. THE SAME THING IN -~ BY
THAT I MEAN, WE COULD FORM A HAIRPIN, AND THAT’S SHOWN HERE.

' BUT WHAT I WANT TO POINT OUT WITH THIS HAIRPIN MOLECULE

‘IS THAT, ALTHOUGH THERE IS A REGION DOWN HERE AT THE VERY BOTTOM

OF THE THREE-PRIMED END OF THE TEMPLATE THAT COULD BE USED AS A

TEMPIATE, THIS IS A FIVE-PRIMED END OF THE MOLECULE, ON THE
' UPPER PART, THAT COULD NOT BE EXTENDED BY DNA POLYMERASE, SO WE

WON’T GET AN INCORPORATION OF BASES INTO THAT HOLECULE.

IF WE WERE, SAY, MEASURING, FOR EXAMPLE, THE
INCORPORATION OF A RADIOACTIVE ELEMENT, HERE WE HAVE A G, WE'D
LOOK FOR THE RADIOACTIVE INCORPORATION OF A C HERE. WELL, IT

WOULDN’T HAPPEN BECAUSE DNA POLYMERASE WILL NOT ADD AT A

FIVE-PRIMED END.

Q. - IF YOU HAD RADIOACTIVE BASES WHEN YOU WERE WORKING WITH THIS|

‘TOP STRAND, WOULD THEY GET ADDED?

A. YES. THE RADIOACTIVE BASES WE EXTENDED DOWN HERE. HERE
THERE ARE TWO C’S ON THE LOWER STRAND OF THE THREE-PRIMED END OF
THE_UPPER TEMPLATE MOLECULE. .THEY_WOULD,.DEPENDIﬁG UPON THE
AMOUNT OF RADIOISOTOPE -- TOTAL RADIGISOTOPE,'WE WOULD PROBABLY
GET ONE OF THOSE MOLECULES RADIOACTIVE. :

Q. HOW COULD YOU TELL, THEN, HHETHER YOU’RE GETTING SOMETHING

LIKE THIS OR PCR?
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