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UNI TED STATES PATENT AND TRADEMARK OFFI CE

BRUKER SPATI AL BI OLOGY, | NC.,
Petitioner
V.
PRESI DENT AND FELLOWS OF HARVARD COLLEGE
and 10X GENOM CS, | NC.,
Pat ent Omner

Case | PR2024- 00526
U S. Patent No. 11,542,554

DEPOSI TI ON OF KI RK CZYMMEK, PH. D., produced,
sworn and exam ned on Novenber 26, 2024, between the
hours of eight o' clock in the forenoon and twel ve
o' cl ock noon of that day, at the Crowne Pl aza Hotel,
11228 Lone Eagle Drive, Bridgeton, M ssouri 63044,
before WlliamL. DeVries, a Certified Court
Reporter (MD, Registered D plonate Reporter, and
Certified Realtinme Reporter, in a certain cause now
pending in the United States Patent and Trademark
Ofice, Before the Patent Trial and Appeal Board,
bet ween BRUKER SPATI AL BI OLOGY, INC., Petitioner,
vs. President and Fell ows of Harvard Coll ege and 10X
Genomi cs, Inc., Patent Omer; on behalf of the

Pat ent Omer.
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For

For

M ssouri

APPEARANCES

the Petitioner:

M. Derek C. Walter, Ph.D.

Weil, CGotshal & Manges LLP

201 Redwood Shores Par kway
Redwood Shores, California 94065
(650) 802-3000

derek.wal ter@weil.com

t he Pat ent Owner:

Ms. Pratibha Khanduri, Ph.D.
M. David H Hol man, Ph.D.
Sterne Kessler CGoldstein & Fox
1101 K Street NW 10th Fl oor
Washi ngton, D.C. 20005

(202) 371-2600

pkhanduri @t er nekessl er. com
dhol man@t er nekessl er. com

Court Reporter:
WIlliamL. DeVries, RDR/ CRR
CCR #566
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5
| T 1'S HEREBY STI PULATED AND AGREED by

and between counsel for the Petitioner and counsel
for the Patent Owner that this deposition may be
taken in shorthand by WlliamL. DeVries, RDRICRR a
Certified Court Reporter and Certified Shorthand
Reporter, and afterwards transcribed into
typewiting; and the signature of the witness is
expressly reserved.
* * * * *
KI RK CZYMVEK, PH. D.

of lawful age, produced, sworn and exam ned on
behal f of the Patent Oaner, deposes and says:

(Starting tinme of the deposition: 8:03 a.m)

COURT REPCRTER: Do you swear or affirm
that the testinony you are about to give in this
proceeding will be the truth, the whole truth, and
not hi ng but the truth?
THE WTNESS: | do.
EXAM NATI ON

QUESTI ONS BY MS. KHANDURI
Good norning, Dr. Czynmek.
Good nor ni ng.
How are you doi ng?

Good.

o >» O > O

My nane is Pratibha Khanduri, and |I'm

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 5
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wth the law firm Sterne Kessler Goldstein & Fox. |
represent 10X CGenomics and |I'Il be taking your
deposition today. | have --

MR. WALTER  You m ght want to speak up
just alittle bit.

THE W TNESS: (kay.

Q (By Ms. Khanduri) | have with ne ny
col | eague David Hol man, al so from Sterne Kessl er.
Coul d you pl ease state your full nanme and pl ace of
resi dence for the record?

A My full name is Kirk James Czymrek,
CZ-Y-MME-K, and ny place of residence is 603
Martin Pointe Court, Pointe with an E, WI dwood,

M ssouri 63011.

Q Thank you. Have you ever been deposed
bef ore, Doctor?

A Yes, | have.

Q And when was that?

A | was deposed about three years ago and
about ten years ago regarding al um na cases and
don't have the exact dates. | don't knowif it's in
ny docunment here, but it was a whil e ago.

Q So those were the only two tinmes you
wer e deposed before?

A Correct.

6
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7
Q And that was for the sane case with
al um nunf
A. Well, they were different cases, but

they were alum na rel ated.

Q And were those district court
litigations?

A. | don't recall. | mean, we were in
Del aware for one of themin a trial.

Q kay. What was the subject matter of
your first deposition?

A Basically it was the flow cells | was

nmeasuri ng and taki ng neasurenents on the flow cells

and serving as an expert witness that the flow cells
did not violate -- did not infringe the patent.
Q kay. So you perforned sone

experinments using sone flow cells that were at issue
and then you were giving your expert opinion on
t hose flow cells?

A Correct. In the first case.

Q kay. And in the second instance what
was the subject nmatter?

A Again, it was related to the al um na
products and the dyes they were using and the
wavel engt hs of dyes in the equipnent that they --

t he product that they had.

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 7
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8
Q And were you an expert w tness for

alumna in that case, the second case?

A Yes.

Q What about the first case?

A Yes.

Q Both tines you were an expert wtness
for alum na?

A Correct.

Q kay. Have you testified at trial?

A Yes.

Q And whi ch cases?

A Agai n, the second al um na case, yeah

Q And the subject matter was the sane

regarding flow cells?

A Vell, again, it was the fluorescent
dyes and the equi pnent that they had, the
fl uorescent wavel engths of dyes that they were
usi ng.

Q Ckay. What kind of experinents did you
performto test the flow cells for one of the
previ ous cases where you had been deposed?

A | basically took a series of dyes that
are used in the products and used spectrophotonetry
to neasure the wavel engths and match themup with

the filters that they were using in the products.

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 8
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Q What flow cells did you use?

A Again, in that particular case it
wasn't a flowcell. It was the dyes thensel ves that
| was neasuring.

Q ["msorry.

A And their spectrum Yes. Flow cel
was the first case.

Q Ckay. So in the case where you were
neasuring flow cells, what flow cells were you
| ooki ng at?

(Court reporter interruption.)

A This was, like | said, over ten years
ago, so | don't renenber the specific product nunber
at that point.

Q (By Ms. Khanduri) Were they
comercially available flow cells?

A Yes, they were.

Q Were they Bioptechs FCS2 flow cells?

A No, they were the alum na product.

Q kay.

A But they're slides. They're slides in
whi ch they have the | awn of spots that are on the
sl i des.

Q kay. Sounds good. Thank you. So,

Doctor, you've been sworn in today. You understand

9
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that neans that you nust testify accurately and
honestly because you are under oath and you are
testifying under penalty of perjury. You understand
t hat ?

A Yes, | do.

Q Okay. Al so, we have our conversation
bei ng transcri bed today. So | would request you to

let me finish ny question first before you start

answering and I will do the same. 1'Il wait for you
to-- 1I'"Il try my best to wait for you to conplete
your answer and then I'll, you know, respond to it.

Sounds good?

A Under st ood.

Q Ckay. The other thing is if you have
any questions about -- strike that.

If you do not understand any question
that | ask, | request you to ask ne for
clarification or explanation rather than asking your
counsel. Do you understand that?

A Under st ood.
Q Thank you. And you'll agree to do
t hat ?
A | agree to do that.
Q Okay. Thanks. During the deposition

you are not permtted to speak with anyone about the

10
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substance of your testinony, including during the
breaks. You understand that, right?

Under st ood.

And you agree to do that?

| agree to do that.

o > O P

Thanks. We'll take breaks at regqgul ar
intervals, but if you would Iike a break just ask
me. The only thing I would ask is for you to answer
the question if there's a question pending before
taking a break. Sounds good?

A Under st ood.

Q Your counsel nay object to sonme of ny
guestions, but if your counsel objects to ny
questions you must still answer ny questions unless
your counsel tells you not to do that. Do you

under stand t hat ?

A | understand that.
Q Okay. Thanks. Do you have -- | see
you have a docunent in front of you. |Is that your

declaration that you submtted in this case?

A That is ny unmar ked decl arati on.

Q Okay. Thank you. Do you have any
other notes wth you?

A No.

Q Okay. Do you understand why you're

11
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bei ng deposed today?

A | do.

Q And what's your understandi ng?

A My understanding is that
NanoStri ng/ Bruker is defending a patent infringenent
from 10X

Q kay.

A And |'m serving as an expert wtness
that that is not the case.

Q Okay. So you said you are -- sO you
said your understanding is that NanoString/Bruker is
defendi ng a patent -- defending a patent
I nfringement from 10X?

A Well, okay. Again, | use this in broad
terms.

Q Ckay.

A NanoString is -- basically had an I PR
revi ew and basically nmaking the position that it's
not -- these clains by 10X are not patentable
because they're obvi ous anong ot her reasons, and so
' m basically providing ny expert witness on a
nunber of these clains.

Q So would it be fair to say you're
provi di ng your opinions for NanoString, which is now

Bruker, regarding whether the clains of the patent

12
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at issue in this proceeding is not -- are not

patentable; is that fair?

A. Again, | don't know if there's any
doubl e negatives in there, sorry. |I'mjust trying
to make sure | heard the question

Q Ckay. So could you please again tel
me what's your understandi ng why you are here today?

A Agai n, there were patent infringenent
cl ai ms agai nst NanoString/Bruker and I am -- | ooked
at those clains and provided nmy expert opinion on
whet her they were valid or obvious.

Q Okay. So you understand that patent
i nfringenment issue is not -- is not a part of this
proceedi ng, right, the proceeding for which you are
bei ng deposed t oday?

A. Ckay. Can you repeat the question?

Q My question is do you understand that
patent infringenent issue is not part of the
proceedi ng for which you are being deposed today?
Do you understand that?

A What do you nean by patent infringenent
i ssue?

Q So you nentioned in your answer that
there were patent infringenent clains against

NanoStri ng/ Bruker and you | ooked at those clains to

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 13
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provi de your expert opinion on whether those clains

were valid or obvious.

A. Ckay.

Q So ny question sinply is you understand
that the patent infringenent aspect is not part of

this proceedi ng today. You understand that?

A kay. To be clear, I'"'mnot a | awer.

Q Ckay.

A So -- okay. | have the guidance -- the
differentiation between what you're saying. If -- |

made ny statenment, if you're telling nme this is a
separate -- separate fromwhat | nmade ny statenent,
then | believe as | stand here now and | understand
It I could accept that, but --

Q Okay. But you agree that you provided
sone opi nions on sone clainms, whether those clains
wer e patentable or obvious, and you submitted a
declaration regarding that. You understand that?

A Correct.

Q And you are being deposed on that
decl aration?

A Yes, | am

Q Okay. Do you understand that the
proceedi ng for which we are sitting here today is

called an inter partes revi ew?

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 14
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A Yes, | do.

Q What is your understanding of an inter
partes review?

A Again, an inter partes reviewis
basically a patent was cl ai med and NanoStri ng/ Bruker
I's chall enging those clai ns.

Q kay.

A And the board is review ng whether --
t hese cl ai ns, sonething was m ssed based on its
prior approval.

Q OCkay. Thanks. When did NanoString
first contact you for this |IPR?

A It would have been | ast year sonetine.
| think spring, summer, but | don't renenber the
exact date.

Q Had you -- did you -- strike that.

Had you -- strike that.

Did you know about any patent disputes
bet ween 10X Genom cs and NanoString before you were
contacted about this |IPR?

A | did not.

Q Who contacted you for your -- for your
I nvol vement in this | PR?

A Wil contacted ne.

Q Do you recall a specific person who

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 15
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contacted you?
A Der ek contacted ne.
Q Were you aware of 10X Genom cs before

Der ek contacted you?

A Yes.

Q And how did you cone to know about 10X
Genom cs?

A So ny laboratory is an inaging center.
| had NSF funding, spatial omcs and arrays, using
arrays, and | was aware of 10X had products that
were different than what our research was funded
for, but would do sonething along those I|ines.

Q So would it be fair to say you haven't
used 10X Genom cs products?

A | have personally not used 10X
pr oduct s.

Q Are there 10X Genonmics products in the
| magi ng products you nentioned?

A There are not 10X Genom cs products in
ny i magi ng center

Q So what i maging products do you have at
your inmaging center?

A Do you want specific manufacturers and
nodel s or a general overview of the technol ogi es?

Q Just manufacturers -- just the nane of

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 16
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t he manufacturers would be fine.
A Ckay. | have an Elyra 7
super-resol ution mcroscope from Zeiss. | have a
Therno Fi sher hydra plasma focused i on beam scanni ng
el ectron m croscope equi pped with cryo from Therno
Scientific.
| have a Talos 120 TEM transm ssi on
el ectron mcroscope from Therno Scientific. Both of
the hydra and the Tal os are cryo equi pped. | have a
Axi 0 Zoom from Zeiss, which is a nmacro m croscope.
| have a Ni kon upright mcroscope equipped with
di gital caneras.
| have a Leica SP8 white |ight confoca
m croscope. | have a Zeiss conbi |aser capture
m crodi ssection system Those are the major
m croscopes that | have in ny center.
Q kay. Thank you. So you do not have

any NanoString products?

A | do not.
Q You do not have any Bruker products?
A Doubl e- checki ng because there's

peri pheral equipnment. | do not have any Bruker

products either.
Q Have you used NanoString products

bef or e?

17
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A I have not used NanoString products
bef ore.

Q What about Bruker?

A So | was a global vice president in a
conpany called Zeiss. M -- | had an applications

teans around the world. Bruker nade el enmental --
EDS or el enental dispersive spectroscopy equi prment
whi ch were attached to scanning el ectron m croscopes
to do elenental analysis. And so during that tine |
woul d have had exposure to Bruker as well|l as other
manuf act urers who nmade EDS equi pnent.

Q Did you use any of those Bruker --
strike that.

Did you use any of those Bruker

equi pnent s?

A. Not personally, but ny teans did.

Q Aside from serving as an expert w tness
in this PR, do you have any ot her professional
rel ati onship wth NanoString?

A | do not.

Q What about Bruker?

A | do not.

Q No research funding?

A No. As | sit here, | know they've

approached ne -- this is froma sal esperson

18
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perspective, about using inagi ng-based nass spec,

but I'"mnot pursuing that. |It's been quite sone
time since |'ve had contact wth them

Q And in the past would it be fair to say
you have not had any professional relationship with
Bruker or NanoString other than this involvenent --
ot her than involvenent in this |IPR?

A Again, | was a gl obal vice president
headi ng the applications team So |I would have had
I nteractions with Bruker gl obal or sales or |ocal
sal espeopl e who woul d have put their EDS equi pnent
on our instruments to request |oans or to support
our teamin sales transactions. Different
t echnol ogy.

Q kay.

A. This is years ago. | haven't -- it's
been greater than five years since | had that
I nteraction.

Q Okay. Do you own any stocks in either
Bruker or NanoString?

A Not that |I'maware of. | have
basically funds that are target date-based funds and
whet her they hold it or not I have no know edge.

Q OCkay. Thanks. During your work in

this I PR have you communi cated wi th anyone ot her

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 19
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than who is not -- who is a | awer?
A No.

Q Are you being conpensated for your
testinmony in this case?

A Yes, | am

Q And what's your billing rate?

A $350 per hour.

Q Have you submtted any invoices for
your work in this I PR?

A | have.

Q Could you tell me the total anmount that
you have invoiced so far?

A | don't renmenber an exact amount. |
know that in the fall mght have been around -- |
don't know, 15 -- this is -- | want to be accurate
here, but | don't remenber the exact anount.

It's usually five to 10,000 at a tine
dependi ng on how I ong and how i ntense we were

wor ki ng on the docunents for a period of weeks.

Sonmewher e between, | don't know, maybe 20 and
50,000. Sorry for the broad nunber. | just don't
know. | didn't go through records beforehand.

Q So are you saying your -- are you

saying the total anount that you have billed so far

is within 50,0007

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 20
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A Less than 50,000 for sure.
Q What did you do to prepare for this

deposi tion today?
A | reviewed all of my docunments on hand.

| reviewed as many of the exhibits again beforehand

again, and | |ooked at the patent owner's positions

and Wal l er's deposition.
Q | think you said you reviewed Waller's

deposition. | assume you nean Waller's declaration?
A Decl aration. You're correct. There

was no deposition. Thank you for clarifying. M

apol ogi es.
Q As part of your review, did you review

your declaration in this case?

A Yes.

Q What ot her docunents did you review?

A Again, the exhibits. | can't say that
| read all of them cover to cover again in the | ast
few weeks, but | certainly did at one point over the

| ast year or so that |'ve been invol ved.

| reviewed WAl l er's declaration, the
patent owner's | guess rebuttals. | had anot her
response to the patent owner -- sorry, | don't have

the termfor their particular docunments which they

were objecting to evidence. And then | had a

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 21
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response. So --

Q Did you recall review ng decision by
the patent and trial board?

A Oh, yes. Yes. | did reviewthat.

Q Who did you neet with in preparation of
your deposition?

A Der ek.

Q Anyone el se?

A No.
Q How many neetings did you guys have?
A It's probably naybe about four by Zoom

for about an hour and then yesterday we had a
face-to-face.

Q Ckay. For how | ong yesterday?

A About seven or ei ght hours.

(Court reporter interruption.)

Q (By Ms. Khanduri) So approximtely
20 hours total ?
About that maybe.
kay.

> O >

Maybe plus or m nus.

Q So Dr. Czynmek, you al ready have your
declaration wwth you. ['mgoing to hand your
counsel a copy of the declaration.

(Court reporter interruption.)

22

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 22




A W N

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bruker Spatial Biology, Inc. vs Kirk Czymmek, Ph.D.
President and Fellows of Harvard November 26, 2024

Q (By Ms. Khanduri) So Dr. Czymmek you
have your declaration that you submtted in this
| PR, which has been marked Exhibit 1002. Correct?

A Correct.

Q And you recogni ze this docunent, right,
of course?

A. Yes, | do.

Q Let's turn to page 172, which is the
| ast page of your declaration. |Is this your
signature on page 172 of the exhibit?

A Yes, it is.

Q And did you sign it on January 24,
20247

Correct.

Q In preparing this declaration did you
read all the exhibits that are cited in the
decl arati on?

A Yes, | did.

Q Did you rely on any other docunents to
formyour opinions in this declaration other than
the ones that are already cited in your declaration?

A No, | did not rely on any ot her
docunent s.

(WHEREI N, a recess was taken.)

Q (By Ms. Khanduri) So, Doctor, before

23
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the break we were | ooking at your declaration and

you testified that you did not rely on any other
docunments to formyour opinions in this declaration

other than the ones that are already cited in your

decl aration, right?
A Correct.
Q So if a docunment was inportant for your

opi nions you would have cited it. Wuld that be
fair to say?

A So the answer is yes, if it was
i mportant | would have cited it. However, due to
t he nunber of clains that need to be covered there
was, you know, other docunents out there, but we
kept it as tight as we could. But if it was
i mportant | would have included it, but there were
others that weren't included.

Q Does any specific docunment cone to mnd
that you could have included but did not include?

A No. | think at this point based on ny
declaration | picked sufficient docunents to nmake ny
argunents.

Q Appr oxi mat el y how many hours did you
spend to prepare your declaration?

A It was over a three-nonth period and |

woul d say, you know, two to three weeks of effort.
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We can translate that into 40 hours, | don't know,
120 plus or mnus. |'mjust ballparking here. It

would be in nmy billable hours, but | didn't check
t hose before | cane.

Q So you said you can translate that into
40 hours. Then you nentioned 120 plus or m nus.

A You're asking nme to be precise on
spendi ng three nonths and renenbering all of ny
hours, and I'mjust telling you | don't renmenber the
exact anmount. My total billable hours was under
50,000, like I nentioned.

It was probably closer to 20 or 30
maxi mum So we can do a calculation on that. [|I'm
just trying to be honest with you. | don't have an
exact nunber in ny head, but it was not a few hours,
but it was significant anmbunt to put this docunent
t oget her.

Q kay. So within 120 hours plus m nus?

A Again, probably. | can only tell you
that this is an estinmate based on ny feeling of the
period of tinme and it was not like it was three
specific days. It was hours in review as tine
permtted.

Q Okay. Did you neet with anyone to

prepare your decl aration?
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A Not physically. | had sonme Zoomcalls
wi th our counsel that | was working wth.
Q So ot her than your counsel sitting wth
you today, did you neet with anyone el se?

A There were one or two other |awers
fromthe firmwho were early on involved in the
decl arati on.

Q Do you recall their names?

A Vel l, one was Wes, but | think his |ast
name is Derrick so | get you guys m xed up a teeny
bit. And there was another |awer that | just don't
remenber his nane at the tinme that was -- sorry. He
was Asian. That's what | renenmber, but | don't
remenber his nane just because it's been a long -- |
don't know, maybe it's close to a year since |
interacted wwth him

Q Did you neet with anyone who was not a
| awyer whil e preparing your declaration?

A No.

Q And you said the last tinme you revi ewed

your declaration was to prepare for the deposition
t oday?

A Correct.

Q Is there anything you would like to

correct in your declaration?
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A Not that | can think of as | stand
her e.
Q So you still stand by your decl aration?
A Yes, | still stand by mny decl aration.
Q Doctor, you have a Ph.D. in botany and
pl ant pathol ogy; is that right?
A Correct.
Q Where are you currently enpl oyed?
A | amcurrently enpl oyed at the Donal d
Danforth Pl ant Science Center, which is in
St. Louis.
Q And what is the nature of your
enpl oynent at the plant science center?
A | amthe director of the Advanced
Bi oi magi ng Laboratory and |I'm a princi pal
I nvesti gat or.
Q So you conduct scientific research as

part of your enploynent at the plant center?

A That is correct.
Q And what's the nature of your research?
A My personal research is related to the

m ssion of our center, which is to inprove crops and
food for the human condition. So it can range from
anything in which a plant interacts with m crobes

and/or its environnment and/or the soil and/or the

27
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air.

And so typically ny research is | ooking
at cellular tissue and subcellular |ocalization of
nol ecul es that will help scientists understand the
particul ar biology or scientific question.

Q Do you use mcroscopy tools as part of
your research?

A Yes, as director of the Advanced
Bi oi magi ng Laboratory | also listed to you a nunber
of the m croscopes, those are specific m croscopes.
| didn't talk about all of the supporting equi pnent,
but those are specific mcroscopes that | use.

Q So in your mnd mcroscopy tools is a
br oader group than m croscopes?

A kay. |I'musing the word m croscopy
tool s just because, for exanple, a focused ion beam
scanni ng el ectron m croscope uses ions to ablate or
renmove sanples of materials rather than physi cal
cutting as used in anion -- well, it is a physical
cutting, but it's using a plasm ion beam

But | al so have equi pnent that would
hel p prepare a sanple to get into those m croscopes
with high fidelity, such as a high-pressure freezer,
a plunge freezer, a mcrowave processor, an ultra

m crotone for sectioning, a vibratone for
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sectioning. Does that make sense? | just want to
make sure.
Q I think so. So I think what you're
saying is that m croscopy tools include mcroscopes

plus tools that one can use to prepare sanples, for
exanpl e, and ot her peripheral aspects of performng
m croscopy | guess?

A Correct. In order to prepare a sanple
to be in the mcroscope there will be different
techniques that | have to use to nmake the -- for
exanpl e, the probes accessible to the tissue, which
woul d be sectioning or to prepare it for one
nodal ity or another.

Q And would it be fair to say you al so
use m croscopes as part of your scientific research
at the plant center?

A Yes. Daily.

Q Do you have any relationship with Saint
Louis University?

A | have an affiliated faculty position
wth Saint Louis University.

Q kay. And do you perform any
scientific research as part of your relationship
with Saint Louis University?

A So there are principal investigators at
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the Danforth Center who have faculty appointnents at

Saint Louis University. | oftentines will have
under gr aduat es or graduate students do internships
in my center doing ny research. | currently do not
have a specific project with a Saint Louis
Uni versity scientist on their work.

Q kay. Thank you. Doctor, do you have
experi ence i magi ng biol ogi cal sanpl es?

A Many decades of experience, yes.

Q And what about i nmaging single nolecules

i n bi ol ogi cal sanpl es?

A Many years of experience, yes.
Q Coul d you give ne sone idea or sone
exanpl e where you have used imaging -- strike that.

Can you give nme an exanpl e where you
I mged single nolecules in biological sanples as
part of your research?

A | can give you several, but | use
hybri di zati on chain reaction, for exanple, to | ook
at single nmessenger RNA nol ecules in plant tissues.
That's published in bio archives and is currently in
revision.

If you look a little further back in ny
history | use single-nolecule |ocalization

m croscopy in yeast against certain fluorescent
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proteins. That was, again, probably 15 years ago.

Just to give you an exanple.
So when | was at the University of

Del aware | ran and directed the Del aware
Bi ot echnol ogy Institute Bioi magi ng Center where |
al so had an a Elyra system an earlier generation
that did single-nolecule |ocalization mcroscopy.

Q So you have significant experience in
m croscopy as well as single-nol ecul e i magi ng?

A Yes.

Q Do you know an i nmagi ng technique called
MERFI SH ME- R F-1-S- H?
Yes, I'mfamliar with MERFI SH
Do you have experience using MERFI SH?

| have not personally used MERFI SH.

o > O P

We tal ked about NanoString's products
before. Have you used -- strike that. Wuld it be
fair to say you have not used CosM before?

A It would be fair to say that | have
never used CosMk before.

Q Have you heard of CosM before you got
involved in this | PR?

A | had only heard of it as a spati al
onm cs platform

Q Do you have any inpressions of CosM
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fromyour coll eagues?

A | do not. I'mnot sure if ny specific
col | eagues have used a CosM system

Q What about Xeni unf?

A So you're referring to the 10X
pl at f or nf?

Q Yes. 10X s Xenium platform

A And what is your question?

Q My question is do you have experience
usi ng 10X s Xeni um pl at f or n®?

A | have not used the 10X Xeni um
pl at f orm

Q kay. Have you had any feedback
regardi ng 10X s Xenium platform from your
col | eagues?

A. So | believe one of ny coll eagues used
it, but was unsuccessful in getting a result, but to
be clear, nost of the work | would be doing in
spatial omcs on these platforns is plants and these
equi pnents typically are nore geared towards
bi onedi cal as their primary oftentinmes. So at this
point it's very mnimal to none and | was not asked
to opine on their designs or the platforns.

Q Okay. Anot her question, have you had

any feedback regardi ng NanoString, now Bruker's

32
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CosMk platformfromyour coll eagues?

A Again, the answer is no, and | want to
preface that by saying that the work that we're
doing is that we're building our own arrays and so
we're trying to actually get our own technology to
be working, so we're just aware of it because it's
anot her spatial omcs.

Q Doctor, would it be fair to say you
have experience with 3D i magi ng of single nolecul es
I n biological sanples?

A Yes, | do.

Q Did you perform 3D i magi ng of single
nol ecul es in biological sanples before getting
i nvolved in this | PR?

A Yes, | did. Well, as | nentioned, I
used hybridi zation chain reaction so | use ny
super-resolution mcroscope to do that, and because
ny tissues have nore than one dinension | take

vol unes of stacks through them | ooking at the single

nol ecul es.
Q Do they have three dinensions?
A Al nost every cell does.

Q Did you perform 3D i magi ng of single
nol ecul es in biological sanples before Novenber

20157

33
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A Yes, absolutely.

Q kay. Have you devel oped any systens
for 3D imagi ng in biological sanples?

A So you're asking ne if | devel oped a
technol ogy specifically to do 3D i magi ng?

Q That's right.

A So the answer is no, but | qualify that
Is that I'm an applications person, nunber one, and
as an applications person | apply these technol ogi es
and | tend to be involved in | would say an early
adopt er.

And nunber two is in ny role at Zeiss
as a global vice president of the applications
centers oftentinmes | would interface wth their
devel opnent teams and ny team woul d be doing testing
of software and hardware that woul d i nplenent these
t hi ngs soneti nes.

| don't want to make that as |I'm
directly involved in an R& group that's buil ding
these things, but |I understand it. Wwen | was an
applications scientist in Noran Instrunents | was
part of the teamthat was designing the software,
the hardware, the emssion filters and so forth for
products called the Odyssey and the QZ.

So | have experience doing devel opnent

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 34



A W N

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bruker Spatial Biology, Inc. vs Kirk Czymmek, Ph.D.
President and Fellows of Harvard November 26, 2024

of products, either peripherally or part of the
team | apologize that was a little bit longer. |If
| need to reframe anything for you, |let ne know.
Q Yeah, thank you. |It's not a big deal.

So just so | understand, | asked you if
you have devel oped any systens for 3D inaging in
bi ol ogi cal sanples, and you started out by saying
no, and you enphasi zed that you are nore involved in
application, that you were an application scientist,
but then towards the end you nentioned you have
experi ence doi ng devel opnent of products either

peripherally or part of the team So I'mnot fully

cl ear.

A Ckay. | think you -- was your question
specific to single nolecule systens? |1'mtrying to
remenber. | apologize. | want to get it right for
you.

Q Yes. So let ne ask the question again.

Have you devel oped any systens for 3D imaging in
bi ol ogi cal sanpl es?

A Ckay. So then | wll revert back to
probably the nost direct exanple is when | was an
applications scientist at Noran Instrunents | worked
with the engineers and the software and hardware

people to develop the OZ, which is a high-speed

35
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confocal m croscope that could i mage at 480 franes

per second.

Q And how were you involved in devel opi ng
t he hi gh-speed confocal m croscope that you just
ment i oned?

A So Noran Instrunments at that tinme had a
confocal division and | was an applications
scientist and it was a snmall conpany, so | would be
i nvol ved with the engineers and beta testing.

| al so hel ped design the specifications
for emission filters for the dyes that woul d have
been on that system And | worked regularly with
the engineers as they beta tested it and they woul d
design it, failure testing, creating 3D stacks,
usi ng deconvolution with the 3D stacks with inmaging
processi ng peopl e.

So it was pretty broad, but everybody
who built the system it's not just the engi neer who
can design the parts in CAD. |It's the people
assenbling it together, it's the people doing the
code, it's the people testing it, it's the people
provi di ng specifications for the em ssion pat hway
which | was involved with

Q So one aspect of your involvenent was

to do beta testing of the systemthat you were
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devel opi ng?

A Vll, | guess | would call it al pha
testing because it was before that. It was before
anybody el se, a custonmer would have seen it and this
was in the early nineties.

Q Ckay. So your role in -- one of your
roles in devel opi ng the hi gh-speed confoca
m cr oscope we've been tal king about was to do al pha

testing of the systen?

A Agai n, the product was from concept
to -- you know, | was specifying, for exanple, the
emssion filter tests. | was doing any testing

while it was early looking like a frame in a roomto
t he point where, you know, the custoner |ooking,
covers were on it and so forth. So it was through

devel opnent process --

Q Ckay.
A -- when it was attached physically to a
m croscope. But again, | hel ped design the

specifications for the emssion filters that were
used in the technology, so | would call that even

before alpha if you want to say that.

Q So ny apol ogies, Doctor. I'mnot fully
understanding. In your |ast answer you said when it
was physically -- strike that.

37
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You said when it was physically

attached to a m croscope. Wat was physically
attached to a m croscope?

A Ckay. So alnost all of these
t echnol ogi es have a base underlying platform which
I's a chassis that holds an optic and focusing
product. So when you make a confocal m croscope
back then, many of them were add-ons to an existing
m cr oscope.

So you could take this box that was a
hi gh- speed confocal, was called the OZ, and you
could attach it to a N kon, you could attach it to
an A ynpus, you could attach it to Zeiss.

So | couldn't do anything till that box
that did high-speed imaging was interfaced with the
particular mcroscope. That's when | actually did
the al pha and beta testing and did Z stacks. Prior
to that | had provided specifications for the
em ssion pathway and the filters that would all ow
common dyes to be used.

Q Ckay. Thank you

A | nean, this is digging back in ny
history here a little bit, so --

Q | understand. Thanks. So just so

understand it properly --
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A Uh- huh.
Q -- you tal ked about a box that you
attached to the mcroscope. |s that correct?
A The box -- it was confocal, right, and

that box had | asers attached to it and conputer
control attached to it and any peripheral that would
allowit to take -- which would -- actually a |inear
encoded Z notor onto the focus drive and so forth.
So it was a little bit nore than that. There was
basically a conputer control systemwth it.

Q Okay. Did you design the conputing
system as part of your devel opnent process?

A | -- okay. | want to nmake sure you
finish your statenent. So the answer is no, | do
not design conputer systens.

Q Ckay.

A An engi neer designs them | would act
as an end user to break it and nmake sure that they
designed it and make sure that it was robust after
they integrated everything and made sure it was
wor ki ng properly.

Q kay.

A Wth mnimal to no bugs | guess is the
wor d.

Q So did you design optical systenf
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A No. | designed specifications for the

em ssi on pat hway, but the optical systemis designed
by the physicist that was an optical expert.

Q | get it. Thank you

A Al right. Again, |'mapplications,
but the optical folks don't know the dyes and the
application side so this is where you interface it.
It's a teamthat does these things.

Q kay. Thank you. So simlar question,
Doctor, but now in the context of individual
nol ecul es. Have you devel oped any i nmagi ng systens
for determ ning three-dinensional position of
I ndi vi dual bionpl ecules in a tissue sanpl e?

A | have not devel oped a system but |
didn't need to devel op a system because they existed
and | used them accordingly.

Q And was this before 20157

A Yes. | was using a Zeiss Elyra 7
super-resolution nol ecule that was a singl e-nol ecul e
I magi ng system To be clear, there's a difference
bet ween single floor for inmaging systemand a
si ngl e-nol ecul e i magi ng system

And the nice thing about hybridization
is you can decorate themw th |ots of fluorophores,

whi ch nmeans you can see themw th standard
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m croscopes as well, okay? So when you use the word

single nmolecule, if it's decorated with 10, 20, 30
fl uorophores you can see those readily with many
t echnol ogi es.

Q Let me understand your answer.

A Ckay.

Q So you're saying that determ ning 3D
position of an individual nolecule in fluorescent
m croscopy would be different conpared to
nonfl uorescent m croscopy? Is that --

A | didn't say anything like that, so |
apol ogi ze if that sonehow canme across that way.

Q kay. Okay. kay. Doctor, do you
have an understanding of the term Z stacking in the
context of inmaging?

A Yes, | do.

Q And could you tell ne what your
under standing is?

A Well, from an inmagi ng standpoi nt
wherever the objective lens is focused is a single
plane. It has a depth of field to it. There can be
interfering or contam nating signals around that
depth of field, but to sinply change the Z position
either by a focus knob or through Z stacking where

it's controlled by conputer, you can create a
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Z stack, which is an accunul ati on of adjacent Z

pl anes. Typically done at a regular interval.

Q Ckay. So then changing the Z position
by focus knob is different fromZ stacking. |Is that
correct?

A No, it's the sane thing.

Q What about optical sectioning, do you
have an understanding of the termoptical sectioning
in the context of inmaging?

A | do.

Q Could you tell me what that is?

A So optical sectioning is often used
where a technique allows you to mnimze or reduce
out-of-focus information that will |ower contrast
and resolution of an image. And if applying
Z stacking or Z positioning you will get a stack or
series of imges adjacent and adj acent planes that
are high contrast and high resolution and they can
be put together and nade into a 3-di nensional imge
or dataset, confocal mcroscopy being one of the
nost obvi ous because it uses a pinhole to reject
out-of -focus |ight.

Li ght m croscopy will actually just do
exudation only in a very thin plane. It's a

different strategy, but optical sectioning is also
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going to be done through deconvol uti on where you

mat hematically reassign the light. Al of those are
known in the art and context of this patent.

Q So you nention out-of-focus
information. |s that the background noise you're
tal ki ng about ?

A Background noise is a pretty broad
term Qut-of-focus information could be background,
but al so background can be nonspecific binding of a
probe wthin the focal plane. It can also be
aut of  uorescence in the tissue.

So optical sectioning will not get rid
of the things that are part of the tissue, but it
could get rid of out-of-focus information. Again,
depending on the illum nation geonetry of the
m cr oscope.

Q Okay. Thanks. Do you have an
under standi ng of the term point spread function in
t he context of inmaging?

A | do.

Q Wul d you please tell ne what that is?

A So in reference to a mcroscope and |'m
going to use an exanple here, if you put a snall
sub-resolution bead -- and |I'mgoing to, again, give

sinply an exanple. Fluorescent bead of around
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100 nanoneters for a typical m croscope.

That bead will have a spread to it
that's related to defraction. So this is what's
limting the resolution of the |ight mcroscope, and
every m croscope has an optical transfer function
whi ch depends on the objective |lens and so forth.

The aberrations as it's |ooking through
the sanple. So point spread function basically
| ooks |i ke an hourglass or football shape in the
Z-axis, but it also has these defraction patterns
whi ch cause an actual round object to | ook
differently. Again, typically an hourglass or
football shaped is howit's referred to in three
di mensi ons.

Q So woul d you say that point spread
function is the anmount of blurriness of a signal?
A The point spread function wll
contribute to the blurriness in a signal, but also

scattering of light, out-of-focus |ight and so
forth. |If you have a bad point spread function it
w ll make things blurry for sure, but | wouldn't
call -- as | sit here and think about it now, I
woul dn't think that's the only thing Iimting
blurriness, but it would inpact if you have a bad

poi nt spread function.

44
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Q So just to be clear, you're saying that
i f you have a bad point spread function it would
I npact the blurriness?
A It could nake it worse, but you could
still have a good point spread function, and if

you're trying to resolve beyond the limts of a
particular defraction limt of |light and the
wavel engt hs you're using and you're not using
speci al i zed techni ques |ike special resolution or
deconvol ution, you know, you have this fundanental
physical limt.

Q Okay. So does point spread function
reflect m croscope's resol ution?

A Soit's related to resolution.
Resol ution uses different criteria called Nyquist or
Rayl eigh criteria, where it's the ability to
di stinguish two adj acent points fromeach other. So
for exanple, if you had a | ow nmagnification
objective lens, it inherently forns a bigger spot in
the sanple. The --

(Court reporter interruption.)

A The nunerical aperture of an objective
| ens defines its resolution power, and so the higher
the numerical aperture the smaller spot it can form

and therefore it determnes its resolving power.
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However, it also natters on what

detector configuration you have. So if you only --
you have to have enough spots in the inmaging, you
need to be able to take advantage of the resol ution
of an objective |ens.

So just because | have a point spread
function of a high NA Il ens doesn't nean |'m
realizing it and you need to match your imaging
system -- detector systemto take advantage of that
I f you want full resolution.

I"'msorry, it's alittle bit long. |
can repeat any section, but it's never sinple. It
was one of these, well, yes, but, okay? There's
other factors involved in getting resolution. And
of course, signal-to-noise, which | didn't get into.

Q Ckay. So let's tal k about
signal -to-noise ratio | guess you were talking
about, right?

A Unh- huh. Yes, | guess we call it
signal -to-noise ratio in general.

Q Ckay. Could you tell nme what that is,
signal -to-noise ratio and how that -- strike that.

Coul d you tell ne what signal-to-noise
ratio is in the context of inaging?

A. Vell, inthe end if | have signal
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comng fromny sanple, and |I'mjust going to kind of
keep this in sinple terns, if | inage very, very

qui ckly, have a lot of shot noise or scatter noise
or detector noise or electronic noise in the inage,
so sonething that may be actually snmooth with a
certain intensity, if | inmage very quickly |I have
noi se over top of it. And you can calculate the
signal -to-noi se of an imge, neaning if | take --

i ntegrate | onger and collect nore signal the noise
woul d actually becone reduced.

So it's about quality factor of the
i mage in which you can interpret structures. So in
the context of a spot or bead if | image very
qui ckly, I may have a noisy image and it may be
harder for ne to be certain where ny object is.

But if | integrate the signal |onger or
make sure that ny signal is stronger, has higher
intensity, | can inprove the signal over this noise,
el ectroni c noi se or background that is inside the
sanpl e.

Q So then woul d you say that
signal -to-noise ratio is an inportant consideration
I n 1 magi ng?

A So the answer is yes. |It's an

| nportant consideration. Doesn't nean every

a7
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day-to-day that all of nmy users who take m croscopes

every day consider it, but it is an inportant
consideration for quality of image and particularly
doi ng any anal ysis for sure.

Q What about point spread function, is
that an inportant consideration for inmaging?

A It depends on the question you're
trying to ask. So the answer is know ng the point
spread function of the instrunment is critical if
you' re doi ng mat hemati cal deconvol uti on, for
exanpl e, although they can, you know, nake estinmates
for that, but ny corment is they're factors that
play a role.

If you use the word critical it's
I mportant, and they need to be considered, but a | ot
of imagi ng can be done and still get the result you
want w t hout everything being perfect.

Q Doctor, a little bit ago you nentioned
that one needs to map the detector systemto take
advantage of -- strike that.

So going back to signal-to-noise ratio,
Doctor, what is the noise in signal-to-noise ratio?

A Again, noise is typically electronic

noi se inside -- in the system Sonetines it could

be background signals in the light path and it could
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be nonspecific binding. |If you wanted to think of

it generally sonetines people refer to it's not the
specific signal that I'm | ooking for.

Q So woul d signals from pl anes above and
bel ow t he focal plane that you are inmaging al so

contribute to noi se then?

A So if it's background information
that's not part of your sanple it's signal. It's
signal in a different location. Typically |I like to

| ook at noise as being fromthe speed and detector
of the image. | would just call that out-of-focus
signal. And again, you can use that information
t hree deconvolution, and | don't think they would
call that noise, for exanple.
M5. KHANDURI: Ckay. Let's take a
br eak.
(WHEREIN, a recess was taken from
9:12 a.m to 9:20 a.m)
Q (By Ms. Khanduri) So before the break,
Doctor, we were tal king about signal-to-noise ratio.
A Uh- huh.
Q Does the nunber of target analytes in
your sanple that you're |ooking at inpact
signal -to-noi se ratio?

A. So | would ask for a clarification on
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target analyte. |If you're referring to the nunber

of nolecules in the image or the nunber of
fl uorophores, is the anal yte the fluorophore you're
referring to, so the probe?

Q Yeah, thank you. |[I'Il ask the question
again. Does the nunber of signals -- strike that.

Does the nunber of fluorophores in the
sanpl e i npact signal -to-noise ratio?

A The answer woul d be yes, it can. The
nore fluorophores there are per target object the
better the signal-to-noise. However, there's a risk
that oftentimes background can al so be elevated in
certain situations as well, but in general if I were
to design an experinent | would put nore
fl uorophores to inprove signal-to-noise.

Q And then sanme question, but now for
nunber of nol ecules. Does the nunber of nol ecul es
In the sanpl e inpact signal-to-noise ratio?

A So if you're referring to nunber of
nol ecul es neaning if | had 1,000 nol ecul es versus
five nolecules and the 1,000 nol ecul es are closely
overlapping, that's a different -- that's a
resol ution issue.

But if each of those thousand nol ecul es

has the sane nunber of -- | guess if | use your word
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anal ytes or fluorophores in them signal-to-noise
for that particular point or spot should be the
sane.

But if you have too many in a field of
view you have a different problem and that is
solving themas individual entities. | would not
call that signal-to-noise problem

Q So would it be fair to say if the
density of nolecules increases in a sanple then
resol uti on becones a probl enf

A Meaning if you want to see the
i ndi vi dual objects and be able to count them the
hi gher the density or if the density is too high
they may overlap. There still are ways to tell the
difference, but if there can be a point where you
have basically a uniformlawn of the nol ecul es
over|l apping a m croscope would need a different
strategy to resol ve.

Q So |let ne understand. So as the

density of the target nolecules in the sanple

I ncreases, resolution becones nore chal |l engi ng?
A Again, the resolution of the m croscope
will be fixed in your detector. However, resolving

i ndi vidual entities, if they're closely spaced,

needs to be consi dered. It doesn't nmean it's

51
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unsol vabl e, that's exactly what single-nolecule

m croscopy does. You only activate a subpopul ati on
of the total nolecules to be able to differentiate
t hem from each ot her.

Q Okay. So then as the density of the
target nolecules in the sanple increases, then
resol ving individual nolecules becone difficult?

A In sonme instances there are strategies
to have it. You just need a different strategy to
deal with it if it arises.

Q What about sanpl e thickness, does
sanpl e thi ckness have an i npact on signal -to-noise
rati o?

A If you' re using a wdefield m croscope,
i f you have a thick sanple you'll have nore
background from adj acent focal planes. |[|f you went
optical sectioning -- again, your reference was to
signal -to-noise; is that correct?

Q That's right.

A Usi ng optical sectioning, you can have
a thick section and that can be okay. |[|f you
properly set up your experinment in your optic so
that you match the objective lens wth the nedia
that it's |l ooking to inside of the sanple, doesn't

have to be an issue, but it's sonething that needs
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to be consi dered.

Q So are you saying that you -- strike
t hat .

Are you saying that the objective |Iens
must be matched with the nedi a?

A The best practice is to match it with
the nedia, but for exanple, sone techniques require
a msnmatch when you' re | ooking at things near the
cover slip. It doesn't need to be perfectly
mat ched. |t depends on where you want to inage to.

Q Ckay. And what are we matchi ng?

A Refractive index of the sanple and its
matrix and the refractive index of the imersion
nmedi a of the objective lens are two things that are
commonl y consi der ed.

Q Ckay. So it's inportant to match the
refractive index of the objective |lens and the nedia
for imging?

A For the best perfornmance, but | would
tell you in the real world there are instances where
It doesn't have to be a perfect match and you can
get a suitable result. It's not an absolute. It's
just a strategy.

Q So what happens when the refractive

I ndex of the objective | ens does not match with the

53
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refractive index of the sanple?

A You get what's call ed spherical
aberration, where the point spread function wl|
becone distorted or asymmetrical and therefore it
will affect -- again, normally these effects are
m ni mal near the cover slip.

But the bigger the m smatch the deeper
you go, it can have an inpact dependi ng on the
di fference between the -- how -- the refractive
Index is. So you can get very close, you can have
i dentical, you can have not quite as close, but you
can still find usable conditions dependi ng on
t hi ckness of the tissue and its optical properties.

Q So would it be fair to say if the

refractive index of the objective | ens does not
mat ch that of the sanple, the imge could | ack
clarity?

A Again, it depends. | work with plant
sanples all the tinme. | can use an oil objective

wi th those plant sanples near the cover slip and |
can get better clarity than | could with a water
| ens which is designed to | ook deeper.

It depends on what question you're
trying to solve. | would not use an oil lens to

| ook 300 mi crons through a plant unless | had done

54
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sonething to the plant to make its refractive index
match the oil, okay? It depends. There's no

absol ute case on here. |It's best practice and the
guestion you're trying to ask.

Q So going back to signal density,
Doctor, we were tal king about how signal density
I npacts the resolution of individual nolecules in
t he sanpl e.

A Uh- huh.

Q Wuld it be fair to say that in your
opinion if the signal density increases then the
resol uti on of individual nolecul es decreases?

A If you don't do sonething about it, but
theoretically it could happen. But again, there are
strategies |like single-nolecule |ocalization where
you would only turn out a subset of those nol ecul es
or you could use a technique Iike expansion
m croscopy, which will allow the distance between
nol ecul es to be spread.

Even though they're the sane there,
they have a certain density, but they're just
expanded over a longer range. So ny conment is yes,
but dependi ng on what your ultinmate goal is there
are strategies to deal with that.

Q Is it inportant to consider signal --

55
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strike that.

Is it inportant to consider density of
nol ecul es that need to be resolved for inmaging --
strike that.

Is it inportant to consider the density
of nol ecul es when i magi ng a sanpl e?

A It depends on what you want to achieve.
Sonetines it could be. Sonmetinmes it doesn't matter.
Sonetimes you want to see themnice and dense and
contiguous and overl appi ng. For exanpl e,

m crotubules is commonly | ooked at that way.

Easier to interpret than a bunch of
nol ecul es, but that's just an exanple. But | could
see instances where it would be inportant and
there's many instances where it wouldn't be
I nportant, but not always inportant.

Q Does signal density becone inportant

when you're performng 3D i magi ng of a sanpl e?

A | think nmy answer is simlar to ny
previ ous one. It depends on what you're trying to
achieve. |If you're trying to count single nol ecules

you want to pay attention to that and make sure that
your |abeling strategy is such that you can count
your single nol ecul es.

Q What about -- what about when you're
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det erm ni ng 3-di nensional position of individual
nol ecules in a sanple, in that context does the
density of the target nol ecul es becone inportant?

A So in the sanme way that it would be for
2D. So if it's -- again, by the way, | want you to
t hi nk about 3D as several 2D inmages, okay? So --
but they're just in adjacent planes above or bel ow
each ot her.

So if the density matters in 2D, it
wll also matter in 3D for a particul ar experinent.
So normal ly you may design your experiment to
control that if it's inportant or if it's expected.

Q So you say normally you may design your
experinment to control that if it's inportant or if
it's expected. Do you nean that one can design an
experinment to control resolution if high signal --
hi gh-target nol ecule density is expected?

A Coul d you repeat that?

Q Sure. 1'll do that. So you said so
normal |y you may design your experinment to control
that if it's inportant or if it's expected. I'm
just trying to understand what that is and what it's
Is in that statenent.

A Ckay. In the end we're tal king about a

defraction-limted spot that is fornmed by an

57

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 57




A W N

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bruker Spatial Biology, Inc. vs Kirk Czymmek, Ph.D.
President and Fellows of Harvard November 26, 2024

58
objective lens, and I'm just giving you an exanpl e.

A spot using visible light can be around 200 to

250 nanoneters w thout doing any ot her speci al

mat hemat i cal or super-resolution techniques. So in
that spot there can be -- clearly it's the size of
bacteriumactually if you ook at it as 3D point
spread function.

(Court reporter interruption.)

A So a ot of biology we wouldn't be able
to resolve all the individual nolecules inside of
that spot. But if that spot has one nessenger RNA,
for exanple, with a hundred or nore fluorophores on
it, it wll look the size of that spot.

And if the next nessenger RNA is a
little further away but beyond the defraction limt,
you can di stinguish themas twd, okay? So normally
they will magnify on the canera so that one spot
will have multiple pixels so they can -- will be
able to tell the difference between two that are
adj acent to each ot her.

So again, there are strategies. A |ot
of nmessenger RNAs are sparse. They're distributed
through the cell. Sone could be in clusters.

Again, it depends on the question of whether you

expect that that would be true.
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If you' re |looking at a high-density
area or you're trying to | ook at many, nany
nmessages, then there's a strategy of, well, | don't
| ook at themall at the sane tinme, right? | find
anot her way.

Q Ckay. But if your goal is to look at a
| ar ge nunber of target nolecules in one round of
I mgi ng, then the density of nol ecul es becones
i nportant, right?

A Then what becones i nportant?

Q The density of the nol ecul es becones
i mportant.

A. You have to think about it, but if
you' re doi ng one round of one nessenger RNA, you
know, there's very -- that may be the exception
rather than the rule of how nmessenger RNA wor ks, but
-- as | think about now what | understand. But |
think the comment is, is that many instances it
doesn't matter and sone instances it could matter.
| think that's what 1'd |like to say.

Q My question, though, is if your goal is
to inage a lot of RNAs at the sane tine, would the
density of the RNAs becone inportant in that context
for resolution?

A It could. But biologically

59
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practically, is it? That's ny question. |I'm
telling you that in many cases it's not. | didn't
want to say it's one or the other. It could be
i nportant for sonme questions. So that's what |

coul d say.

But the reality is when you | ook at
nmessenger RNA in a cell of one particul ar species,
they may be near each other in certain regions, but
they're not solid imges. They're spots across the
cell. The cell keeps themdistributed because they
need to be done in a |ocal way.

There nmay be instances where it's
hi gher. There are biological instances in that
pl ace and that tine | would consider, but | wouldn't
have it as a blanket rule based on what the reality
of that biology is that we see in the |literature.

Q Okay. You nentioned nunerical aperture
a bit ago in one of your answers. Could you explain
what a nunerical aperture of a lens is?

A So there is a calculation which is
nuneri cal aperture equals sine tines al pha and al pha
is the angle of light, it's half the cone of [|ight
basically. They use this angle that the |ight
enters the pupil of the objective |ens.

So an objective lens that has a | arge
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collecting angle -- and again, they take this half

angle on here, it will have a | arge nunerica

aperture, which neans it has a higher resolving
power and a higher |ight gathering power.

A lens that has a | ong worki ng distance
and a short collection angle wll have a | ower
nunmeri cal aperture. For exanple, an air objective
l ens is typically under one.

If it's a water objective it's around
one. |If it's an oil objective depending on the
objective lens and its properties it will be closer

to 1.4 plus or mnus.

Q And then nunerical aperture is also
cal | ed NA?
A | nean, that's the shorthand that you

would see in the literature, correct.

Q What is considered a high nunerica

aperture?
A | nmean, it depends for the class of
objective lens. I'msorry, I"'mjust being clear. A

high NA air lens would be .75, for exanple, .8. A
hi gh wat er objective would be around 1. 2.

The hi ghest of themall could be 1.4
and above. | have objectives that are 1.46. |

think there's even di anond | enses that are nuch
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hi gher than that. So for the purposes of, you know,
putting an anchor point for you, oil objectives wll
have hi gher NAs than water objectives will have

hi gher NAs than air objectives.

Q Okay. | think ny question was slightly
different. | apol ogize --

A kay.

Q -- if 1 didn't convey what | wanted to

ask. So what | was trying to ask is what nunber NA

I's considered high?

A | think I gave you the answer.

Q Ckay.

A It depends on the class of objective
lens. | would say a high NA air | ens and a high NA

water, and | said as you think of all three of those
col lectively oil would have a higher nuneri cal
aperture.

Q kay.

A kay. 1.4 is comon for sone
techniques, but 1.3 is still high. 1.2 is high for
a water objective lens, but it's less than an oil.

Q So for air objective |lenses an NA of
.75 or higher is --

A Poi nt nine, yeah. It's -- once you --

it's arefractive index related, so the refractive
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I ndex air is part of that consideration, but an air

objective lens .75, .9. |'ve seen sone very short
wor ki ng di stance | enses that can do that.

Q Okay. So then for air objective |enses
.75 --

A | nmean, |'mjust giving you a nunber.

I have a .8 20X objective | ens which | consider a
hi gh for that objective |lens, okay? | know sone
that are .9 that are not used for material science
that are expensive, but you can get them A high is
just a funny word. It's kind of vague in many
respects, right? 1t's not an absolute. It depends
on what you're trying to do.

Q So if inthe field a POSA woul d say
high -- high NA air |ens, what woul d your
under st andi ng be?

A | would be thinking it was nore like .8
or .9 and not .2.

Q Ckay. How about an oil objective |ens,
If a POSA woul d say a high-oil objective | ens, what
woul d your understandi ng be?

A "1l just rephrase that. | think you
mean a high NA oil objective |ens?

Q Yeah, |l et nme ask the question again.

A I want to make sure | clarify.
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Q Let nme ask the question again. For oi
objective lens, if a POSA says high NA what would
your under st andi ng be?

A For high nunerical aperture 63 or 100X
lens, 1.4 or 1.46 would both be considered high.

Q And then how about water |ens, water
objective, for a water objective lens, if a POSA
were to say high NA | ens, what woul d your
under st andi ng be?

A It depends if it's a dipping |lens or
wat er i nmersion | ens.

Q Okay. So for a water inmersion |ens,
if a POSA were to say that the lens is -- has high
NA, what woul d your understandi ng be?

A It would be around 1.1 or 1.2 common
wat er i mrersion objective | enses.

Q And then sane question for water
dipping lens, if a POSA were to say that the |l ens
has hi gh NA, what woul d your understandi ng be?

A | woul d say sonewhere around one.
That's -- that's a bracket, right? | nean, it's not
an absol ute.

Q What's the difference between a water
i Mmersion lens and had a water dipping | ens?

A There's a few things. Water i mrersion

64
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| enses are typically cover slip corrected. So a

cover slip needs between that objective |ens and the
sanple. They tend to be far nore col or corrected.
They tend to have shorter working distances. This
I's just in general.
Di pping | enses are designed to be
I mrersed oftentinmes in an aqueous and/or salt
solution and do not require a cover slip. |In fact,
they' re designed to not use a cover slip.
Otentinmes they're in upright
m croscopes, but you can use any of these | enses on
upright or inverted mcroscopes. You just have to
do it in a certain way.

Q Way woul d a POSA choose to use a high
NA | ens?

A. Because they're trying to achieve
resolution and nore signal potentially. Otentines
these high NA | enses are nuch better corrected for
spherical and color aberrations as well. Otentines
| oner NA | enses have fewer corrections. There could
be several reasons, but these are the commobn ones
off the top of mnd.

Q What about a I ow NA I ens, why would a
POSA choose a | ow NA | ens?

A Because they're | ooking for an overvi ew
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of their sanple, a |larger perspective to do

mul tiscale imaging or it's sufficient to answer the
question, neaning they have a bright sanple that
doesn't need to have perfect optical sectioning, the
perspective they get fromseeing a larger field of
view is sufficient and you don't have to clean it up
because it's air.

So you don't have to ness wth oil or
water. Sometinmes it's a convenience factor. The
other reason they use it is to |locate a target of
i nterest because it's faster to | ook at this whole
roomthan it is to | ook here and then search for it.

Finally, and this is not a
conprehensive list, the air |l enses that are | ow NA
tend to have | onger working distances, so it may be
that they can get sone clearance that they need to
be able to inmage.

Q So in your answer you nention opti cal
sectioning. Wuld it be correct to say that a | ow
NA | ens is not good for optical sectioning?

A No, you can still optically section it.
| don't renmenber explicitly saying that in that way,
but I would say that the | ower the nunerica
aperture the thicker the optical slice.

Again, if | have to go and | ook a |ong
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di stance, not taking a 1001-m cron sections, instead

| can take 110-m cron sections helps in the speed of
the processing or the ability to cover |arge
di st ances.

Q Okay. Doctor, do you have an
understanding of the termdrift in the context of
I magi ng?

A | do.

Q Coul d you tell ne what your
under standing is?

A Drift is the novenent of your object of
interest during the time frane in which you're
acquiring data. There are nmany causes of drift.
Nunmber one cause | would argue is probably thernal
drift, nmeaning a difference between the tenperature
of your objective, the tenperature of your
m croscope, the tenperature of your sanple.

There's al so nmechanical drift. The
device or object like the stage can have drift.
There's drift due to fluids noving through your
sanpl e, which can cause novenent. So there's --
just giving you a few sanples of where drift is
I nvol ved.

Utimtely what it neans is that your

pl ane of interest may | eave or nove and if you're
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goi ng back around, for exanple, and doing an

aut omat ed experinment you need to make sure that you
can get back to the sane place with as nuch
preci sion as possible.

Q So what role does drift play in
| magi ng?

A. Wll, as | just nentioned a few nonents
ago the drift rates can be quite high even with a
smal| tenperature gradient, for exanple, between
your sanple and the objective |ens.

So if that gradient exists there's
novenent. So it neans that your target of interest
goes out of focus or to a different focal plane
of -- that you're not interested in.

Q So what happens when the target of
I nterest goes out of focus as a result of drift?

A So first of all, there are renedies for
drift, providing tenperature stability, providing
nmechani cal stability, making sure that your sanple
is in a fixed position using high-quality conmponents
that are nore precise in there.

But if you don't have those renedies,
you have to -- you would typically want to scan
qui ckly and make sure that you still enconpass your

area of interest. |If you have those renedi es then
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you try to inplenent themso that you can maintain

the precision that you're going after with your
target image.

Q And were these renedies available in
20157

A Yes, because | used them on ny own
research before then.

Q Does i mage acquisition tinme have an
i npact on drift?

A | mage acquisition tinme doesn't have an
i mpact on drift, but drift has an inpact on inage
acquisition time. The drift is there, so it may be
i mportant that | would try to reduce inage
acquisition time, for exanple, but ultimately I
woul d actually just apply a out-of-focus renedy
to -- when it's Z drift specifically, for exanple.

Q You tal ked about MERFI SH earlier today.

A Uh- huh.

Q And you provided your opinions on
MERFI SH i n your decl aration, correct?

A Correct.

Q Il wll hand you, Doctor, a docunent
that has been marked Exhibit 1003. Do you recognize
this docunment, Exhibit 1003, Doctor?

A. Yes, | do.
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Q And you provided opinions on this
docunent in your declaration, correct?

A Yes, | did.

Q And you called this docunent Zhuang,
Z-HUA-NG in your declaration, correct?

A That is correct, although Chen is the
primary author.

Q Ckay. So if | say Chen, would you
understand that I'mreferring to this docunent,
whi ch is Exhibit 10037

A Yes. I'mthinking out loud if
there's -- Chen had other articles that are
exhibits, but | do understand for the context of
what we're tal king now, yes.

Q kay. So Chen describes the techni que
MERFI SH, correct?

A That's correct.

Q And MERFI SH stands for nultipl exed
error-robust fluorescence in situ hybridization,
correct?

A That is correct.

Q What is your understanding of the term
mul ti pl exed i n MERFI SH?

A It means that they collected nmultiple

I mages in series enable -- allowing themto decode

70
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the FISH signal in this particular case. Miltiplex
is typically nmultiple rounds of probing in general.

Q How was MERFI SH different from prior
FI SH t echni ques?

A In prior FISH techniques they typically
used just FISH which they would code a nessenger
RNA with a single color and capture that information
in 2D and 3D. So essentially they were limted in
t he nunber of nessenger RNAs that they could see in
a particular cell or tissue.

M5. KHANDURI: Ckay. Let's take a
br eak.

(WHEREI N, a recess was taken from
9:58 a.m to 10:11 a.m)

Q (By Ms. Khanduri) Before the break,
Doctor, we were tal king about MERFISH, and | was
asking you how MERFISH is different fromprior FISH
techni ques, so let nme ask you this: Howis MERFISH
different from snfl SH?

A Si ngl e- nol ecul e FI SH?

Q That's right.

A Wll, in general, | nean, this is a
si ngl e-nol ecul e techni que except for it has this
encoding strategy to it. So in nmany respects in

si ngl e-nol ecul e FISH they' re | ooki ng at

71
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si ngl e-nmessenger RNAs as i ndi vi dual s.

But again, as | nmentioned before the

break they're limted because they're not
mul ti pl exed, okay? So in general you m ght cal
si ngl e-nol ecul e FI SH, you decorate each nessenger
RNA with a color, and they're typically doing them
in two or three dinmensions. And -- while MERFI SH
has this encoding schene that allows you to | ook at
hundreds or thousands of them

Q So would it be correct to say that
MERFI SH i mages substantially hi gher nunber of RNA
speci es conpared to prior snFlSH techni ques?

A. Yes, it has the potential for that and
she denonstrates to sonme extent | think it's 100
somet hi ng and then she went to a thousand with
nonerror code correction if I recall. So that's
nore than the handfuls that you m ght be able to do
wi th col or al one w thout encodi ng.

Q Okay. And how was MERFI SH di f f er ent
fromthe prior SeqgFl SH techni que?

A Well, SegFlI SH is basically using a
mul ticolor strategy, but it's multiplexed. So in
the case of the Cai patent involved here, they would
have four-col or channels and they woul d hybridi ze

and decorate one nessenger RNA with one col or and

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 72



A W N

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bruker Spatial Biology, Inc. vs Kirk Czymmek, Ph.D.
President and Fellows of Harvard November 26, 2024

then they would strip it, renove it, deactivate it,
what ever .

Well, this particular case they woul d
strip it and then they would cone in with a second
color and then they would do a third color as well
and so then you could have nultiple populations
based on the nunber of fluorophores and nunber of
colors you're working with, you could anplify the
potential nunber of nessenger RNAs.

So it's just a different strategy.
They didn't have necessarily error correction,
but because you woul d hybridize and go back to the
original hybridization than at |east the one exanple
that they provided in their patent, you could match
those up and confirm

So again, it's based on nunber of
fl uorophores and the number of colors and you can
scale it based on that. They weren't necessarily
using a 16-bit or 14-bit strategy in their
mul ti pl exi ng, but you coul d.

Q So would it be fair to say then that
MERFI SH i mages substantially hi gher nunber of RNA
speci es conpared to prior SeqFl SH techni ques?

A Maybe denonstrated, but in principle if

you | ook at the Cai patent you could do nore than
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they were actually perfornmed. So in principle they

coul d al so do thousands, nmany thousands, but w thout
the error correction in the same way. So there are
tradeoffs. | consider them anal ogous.

Q kay. So you -- in your previous
answer you tal ked about SeqFl SH and you nenti oned
that -- in your previous answer in response to ny
question on SegFl SH you nention there were several
rounds of imaging; is that right?

A Yes. Based on the Cai patent they were
mul ti pl exed, correct. Through an autonmation process
is basically what they disclosed woul d be an
enbodi nent .

Q Ckay. You discuss Bioptechs FCS2 fl ow
chanber in your declaration, correct?

A Yes, | did.

Q Whay woul d a POSA use a Bi optechs FCS2
fl ow chanber in their inmaging strategy?

A To introduce flow and to have
t enperature control

Q Wiy woul d a POSA use Bi opt echs FCS2
fl ow chanber for inmaging biological sanples?

A There are multiple reasons. Again, if
you want to have your specinen at a certain

tenperature or tenperatures you could control it
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precisely with the FCS2 and their objective heater

because of either the chem stry or the biol ogical
functions of the cells dependent on that control.

Q Does FCS2 fl ow chamber have an
obj ective heater?

A If you don't mnd, | can refer to ny
decl aration?

Q Sure.

A Just take nme a nonment to find, go to
page 110, Exhibit 1015.017.

(Court reporter interruption.)

A Okay. So if you look at this figure
showi ng the assenbl age of the Bi optechs FCS2 and the
obj ective heater showng it's characterized by
sophi sticated tenperature control, high-vol une
perfusion rates, and conpactability with standard
m croscope techniques. So these were coupl ed
together to maintain tenperature.

Q (By Ms. Khanduri) But the objective
heater is not part of FCS2 flow chanber, correct?

A The objective heater can be
i ndependently used. The Chen 2015 article used the
obj ective heater and the Bioptechs FCS2, so this is
exactly how | would expect themto configure it.

Q So are you testifying that Chen 2015
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article inits setup used objective heater as part

of FCS2 fl ow chanber?

A. They used it with their m croscope
configuration. It specifically says that they used
It, objective heater at 37 degrees and they used the
Bi optechs FCS2 in their nethods.

Q kay. So objective heater in Chen's
I mgi ng systemwas not part of FCS2 fl ow chanber,
correct?

A They're both from Bi optechs. They were
used in this experinent, okay? So you can purchase
t hem separately, but they use themboth and that's
the expected use. W had this big discussion a few
m nutes ago just to nake sure that it's clear about
drift.

And i f you have that tenperature at
37 degrees you want to match these things and so you
woul d use a Bioptechs flow cell, which nunber one
has the advant age you can nove the reagents and
control those reagents noving through. Nunber two
I's she specified a tenperature of 37 degrees, which
requi red these conponents to be working together.

Q In your answer you nentioned she
specified --

A When | say she, | said Chen. Maybe
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shoul d not be gender specific on this, okay? |

apol ogi ze.

Q Ckay. So is your testinony again that
in Chen's systemthe objective heater was part of
FCS2 fl ow chanber?

A You're trying to nmake these out |ike
you buy themas one unit. 1've already stated that
the FCS2 is coupled, just like this drawing, from
the way she described it in her nmaterials and
met hods.

Q Doctor, | just want to be clear. So is
your testinony then that the FCS2 fl ow chanber has
obj ective heater as part of its arrangenent?

A They each have their own part nunber,
but the MERFI SH protocol as specified in her
experinment used -- and | quote, the objective was
heated to 37 degrees with the Bioptechs objective
heater, okay? And the sanples cover slip was --

(Court reporter interruption.)

A -- assenbled into a Bioptechs FCS2 fl ow
chanber, and the flow -- and I'll finish the
sentence. And the flow through this chanber was
controlled via home-built fluidic system conposed of
three conmputer-controlled val ves, so forth.

That is on 1003. 011 on the bottom of
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the mddle colum in the top of the third colum.

So they have their own unique part, but she conbi ned
themin a way a POSA woul d understand and be
notivated to do to maintain the tenperature of
37 degrees for these experinents.

Q (By Ms. Khanduri) So just so
under stand your testinony, is your opinion that
Chen's system had objective heater as part of
Bi opt echs FCS2 fl ow chanber ?

A She conbi ned them t oget her based on her
materi al s and net hods.

Q So then the answer is | think, and
correct me if I'"'mwong, that the FCS2 fl ow chanber
from Bi optechs did not have objective heater as its

conmponent, correct?

A. If you buy the parts you can buy them
separately, but they are coupled to -- by a person
who is ordinary skill in the art. | owned one. |
used them | used themtogether when | wanted to

mai ntai n tenperature of ny sanple.

Q Are you testifying that the objective
heater heated the FCS2 fl ow chanber?

A The obj ective heater as we specify in
our declaration is optically coupled through the oi

to the specinen chanber, and it is a huge heat sink.
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So the answer is yes, it had an effect on it.
Renenber there's an objective | ens, has
a very short working distance and has an oil there.
And | would -- | nean, if you bear with ne | can go
to the Bioptechs which actually describe howif you
don't heat the objective | ens you have gradients
t hat cause issues and al so nake sure it ensures that
your chem stry is correct.

Q Okay. So your testinony is that the
obj ective heater in Chen's systemis coupled to FCS2
fl ow chanber, correct?

A The objective heater set at 37 degrees
I's coupled through oil to the chanber right where
the cells and tissue are nearby. Thermally coupl ed.
O herwi se you woul dn't need an objective heater.

Q Wuld it be fair to say that because it
is called an objective heater it is heating the
obj ective?

A It is heating the objective, but in
addi tion because it is coupled through the oil it is
al so heating the cells and the tissue or whatever is
in the chanber.

Q Way woul d a POSA use FCS2 fl ow chamber
for imaging live cells?

A For imaging live cells? Just to be

79

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 79




A W N

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bruker Spatial Biology, Inc. vs Kirk Czymmek, Ph.D.
President and Fellows of Harvard November 26, 2024

clear, that's different. |Imaging live cells, sone
cells require specific tenperatures to be
bi ol ogically or physiologically rel evant.

However, when you're not imaging live
cells a flow chanber can allow the chem stry to be
at the tenperature that you need it to be to either
speed up the interaction or to reduce nonspecific
findi ng.

So we can tal k about live cells, but
It's al so understood that this chanber is just a
flowcell with tenperature control and you can | ook
at living and fixed cells with it.

| apologize. | had one nore. [It's not
just about tenperature control. It's about having
the ability to perfuse fluids and |iquids of the
requi red conposition in a lamnar flowthat is nore
uni form across the sanple. So that's why the fl ow
cell is aflowcell. It just has tenperature
control as well.

Q kay. So let nme ask you the question
again. Wiy would a POSA use FCS2 fl ow chanber for
I magi ng bi ol ogi cal sanpl es?

A They woul d image it because of the flow
cell capacity and the tenperature control capacity.

And it conveniently assenbl es together on cover

80

www.LexitasLegal.com/Premier Lexitas 888-267-1200 Page 80




A W N

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Bruker Spatial Biology, Inc. vs Kirk Czymmek, Ph.D.

President and Fellows of Harvard November 26, 2024
81
slips. |It's very straightforward to use.
You have a lot of flexibility in how
you can design your experinent and chem stry and
solutions that need to nove through the system And

nore inportantly you maintain the tenperature with
hi gher precision than other types of strategies.

Q And the tenperature control apparatus
In FCS2 fl ow chanmber increases the tenperature of
t he fl ow chanber?

A You have -- you have control over the
tenperature on it, so you can increase it. There is
arange. | don't recall the range right now. And
inmportantly it allows very precise |ocal control so
that you can not have to heat massive anpbunts of
reagent .

You can do that all locally right in
the dish. It's one of the advantages of it. One of
the other advantages of it. It was the de facto
tenperature-controlling mcrofluidics stage for many

bi ol ogi sts. That's why I owned them and used them

in my own | aboratory on experinents.

Q What is a widefield i mgi ng, Doctor?

A So wdefield imaging is generally where
you illum nate the entire sanple or nmuch of the

sanpl e as opposed to scanning it with a single
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point, for exanple, like a confocal mcroscope is a

| aser scanning m croscope which will scan point by
point and we're only illumnating a small portion of
the sanple at a tine, and widefield illum nation
typically the whole sanple is illum nated.

However, the wi defield can be nodified
to do a technique called oblique illum nation where
you bring the laser light source up on one side of
t he objective and hit a certain angle.

If it's acritical angle it wll, like
total internal reflection in fiber-optics, it wll
illumnate only at the cover slip. |If you do a
noncritical angle nearby you can shoot obliquely up
through. It's still part of the widefield -- still
considered a part of the widefield strategy.

Q Ckay. And when is wi defield inaging
used?

A | nean, daily, it's the bread and
butter. Wdefield tends to be sinpler
configurations of the instrunents because you don't
have to scan the sanple. Many things can be done by
widefield. | do it every day, okay?

It happens in ny |aboratory every day.
| m ght not be at the mcroscope every day on a

wi defield mcroscope, but it's a bread and butter
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tool, basic fundanental tool in npst |live cell or

bi ol ogy i magi ng | abs.

Q Wul d you say that w defield inmging
has a poorer axial resolution conpared to natura
resol uti on?

A Let me again clarify. You can take
general wi defield without optical sectioning. The
obj ective focal plane is fixed. However, you get
the out-of-focus light that's com ng through the
sanpl e.

So in general if you do a Z stack of a

wi defield inmage of a thick tissue wthout

confocality or any other strategy it will be
typically less. |f you use oblique illumnation you
are still rejecting out-of-focus planes. For

exanple, in the case of the MERFI SH.

And so you still get, you know, sone
ability to not degrade it conpletely as you would in
full wdefield. So nmy comment is wdefield can be,
but there are again strategies |ike deconvol ution
and so forth.

| want to be cautious of ny, for
exanmple, ny Elyra 7 is a super-resolution m croscope
and | can scatter it with a pattern of spots from

those widefield | asers and | can get high-resol ution
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data out of it. So it depends.
[f you just want a word that says

wi defield in general, the assunption mght be if you
just took it out of the box and put it on the
m croscope stage, it will be less than an optica
sectioning technique if you weren't doing a nore
specific nodality that would try to correct for
t hat .

Q So to understand, you're saying in
general widefield imaging has a | ower -- strike
t hat .

In general, wi defield inmaging has a

poorer axial resolution than natural resolution?

A If the wdefield technol ogy does not
have an optical sectioning strategy and you have
thick tissues, theoretically the resolution could be
t he sane, but you can have other strategies to
I nprove it. Like | said, using confocality or
deconvolution. [It's usually the |owest cost
I npl enentati on without having to scan and do ot her
t hi ngs.

Q Ckay. I n your answer you nentioned
that widefield imaging has the | owest cost
i mpl ement ati on wi thout having to scan and do ot her

t hi ngs.

84
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A | think | said the word usually, but --

okay. If | did say usually --

Q Let ne say that again.
A Ckay.
Q In your previous answer you said

wi defield imagi ng usually has the | owest cost
I npl enentati on without having to scan and do ot her
things. Wat do you nean by that?

A Agai n, for super-resolution m croscopy
where you have to do structured illum nation or
using light sheet, again, you need |asers comng in
froma different angle and so forth, they becone a
little bit nore conplex, but you know, oftentines a
w defield mcroscope, again, is just |light source
comng in. It's just sinpler because you' re not
scanni ng, okay?

M5. KHANDURI: Ckay. Let's take a
break. | don't expect much nore, so let's take a
br eak.

MR. WALTER  Ckay.

(WHEREI N, a recess was taken from
10:39 a.m to 11: 00 a. m)

Q (By Ms. Khanduri) Doctor, did you know
Xi aowei Zhuang, the author on Chen publication

bef ore your involvenent in this |PR?
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A. No, | never net her.

Q Do you have any relationship with
Dr. Zhuang?

A | do not.

Q Did you -- did you know Long Cai, who
Is one of the inventors on the Cai patent, which is
Exhi bit 1004, before your involvenent in this |IPR?

A No. | never net himand in both cases
| know of their work, but | have not known them
personal |y and do not know t hem

Q Do you have any relationship with
Dr. Cai?

A No.

Q During the breaks today, Doctor, did
you speak with anyone about the substance of your

testi nony today?

A | did not.
M5. KHANDURI : Thank you. | don't have
any nore questions. W'I|l pass the w tness.
MR. WALTER Ckay. | just have a few

qui ck questi ons.
EXAM NATI ON
QUESTI ONS BY MR WALTER:
Q Do you recall you were asked sone

guestions today, Dr. Czymmek, about the Bi optechs

86
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FCS flow cel | ?
Yes, | do.
Q Was that the flow cell that was used in

t he Chen paper, Exhibit 10037

A Yes, it is.

Q What is your understanding as to
whet her the Bi optechs FCS2 flow cell that was used
I n the Chen paper?

(Court reporter interruption.)

Q (By M. Walter) Wat is your
under standi ng as to whether the Bi optechs FCS2 fl ow
cell that was used in the Chen paper was a heated
version of the flow cell or sonething el se?

A Ckay. So you got that? So at a later
citation by the Zhuang lab at this point, in fact it
was a Su citation, was it 2020 fromthe sane | ab
t hey specify the part nunber for the heated version
of the Bioptechs and the one that was provided as an
alternative is nonheated is a very different part
nunber. So it's the sanme one.

Q Ckay. And do you renenber what exhibit
t hat was?

A 2007 or 9. | have to see it in front
of me. If | had the exhibit list with Su that's

what | would be looking for. | just don't have -- |
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apol ogize. | knowit's 2007, 8 or 9. | apol ogize.
" mjust going by visual nmenory of the screen.

MR. WALTER. Ckay. Very good. Thank
you. | don't have anything el se.

M5. KHANDURI: Ckay. Let's take a
break, five-m nute break. Thank you.

MR. WALTER  Ckay.

(WHEREI N, a recess was taken from
11:04 a.m to 11:08 a.m)

M5. KHANDURI : Ckay. Back on record.
| don't have any nore questions, Doctor. Thank you
for your tine.

COURT REPORTER:  Signature is reserved?

MR. WALTER  Yeabh.

(Ending time of the deposition: 11:08 a.m)
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CERTI FI CATE OF REPORTER

|, the undersigned Certified Court Reporter
holding a valid and current |icense issued by the
State of M ssouri, do hereby certify:

The witness in the foregoi ng proceedi ngs was
adm ni stered an oath to testify to the whole truth
in the wwthin-entitled cause;

That said proceedi ngs were taken down by ne in
shorthand at the tinme and place therein stated and
thereafter transcribed under ny direction and
supervi si on.

Bef ore conpl etion of the deposition, review of
the transcript was requested and signature was
reserved.

| further certify that | amneither counsel
for nor related to any party in the foregoing matter
nor in any way interested in the outcone thereof.

The di smantling, unsealing, or unbinding of
the original transcript will render the Reporter's
certificate null and void.

I N WTNESS WHEREOF, | have subscri bed nmy nane
on this date: DECEMBER 2, 2024.

Wells, £ Dellis,

Certified Court Reporter (MO
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