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On November 6, 2013, Johns Hopkins University (“JHU” or “Plaintiff”) filed ﬂn’s action
pursuant to 35 U.S.C. § 146, seeking review of the Decision and Final Judgment of the Board of
Patent Appeals and :Interferences (“the Board™) i‘n‘Interference No. 105,857 (“thé‘Interference”). .
(See D.I. 1 at 1, 8; Statement of Admiﬁed Facts (“SAF”) D.I. 102-19 1) The interfering
applications are JHU’s U.S. Patent Application No. 12/361,690 (D.I.39 Ex. 1) JHU’s “’690
application”) and U.S. Patent Application No. 13/33,240 (D.I. 39 Ex. 5) (454°s “240 |
application™), which was filed by Defendant 454 Life Séiences Corporation (‘-‘454” or
“Defendant’;). The Ihterfcrence involves a single count (“Count™),! with the interfering subject
‘matter represenféd by claim 1 of JHU’s *690 application and claim 52 of 454757240 application.
(SeeD.I. 44 at1;D.J.45at1)

Claim 1 of JHU’s *690 application recites the following four-step me’v[hod:i

A method for anal_yzing nucleic acid sequences compﬁsing:

(a): generating a plurality of molecules of a fragment
of deoxyribonucleic acid;

(b) delivering the plurality of molecules of the
fragment of deoxyribonucleic acid into aqueous.
microreactors in a water-in-oil emulsion such that a
plurality of aqueous microreactors comprise a single
molecule of the fragment of deoxyribonucleic acid,
a single bead capable of hybridizing the fragment of
deoxyribonucleic acid, and reagents necessary to
perform deoxyribonucleic acid amplification;

'In an interference, “[t]he applicant must identify at least one patentable claim from every
application or patent that interferes for each count. A count is just a description of the interfering
subject matter, which the Board of Patent Appeals and Interferences uses to determine what
- evidence may be used to prove priority under 35 U.S.C. § 102(g)(1) ” Manual of Patent
Examining Procedure (“MPEP”) § 2304.02(b).



-~ (c) amplifying the fragment of deoxyribonucleic -
acid in the microreactors to form amplified copies
of said fragment of deoxyribonucleic acid bound'‘to
beads in the microreactors; [and]

(dy determining presence of amplified copies of said
- fragment of deoxyribonucleic acid bound to a bead.

(DI 44at 2-3)2

| The Court.held a claim construction.’hearing onJune 9, 2015 :and issued a memorandum
-0p1n10n on cla1m construction on August 24 2015. (D.L 56) Thereafter the partles ﬁled
- summary ]udgment motlons On May 2, 2016, the Court demed all summary ]udgment motlons,‘
with the exception of JHU’s motlon for partial summary Judgment that JHU’s pr1or1ty date with |
respect to 'the Count 1s no .later than June :5‘, 2003, Whjch the Court ‘.g’ranted. (See gen’efaﬂy DI .
97,98) |

-The Court held abench trial on‘all rernaining issues in June 2016. (See Transcript D.IL

112,113,114 (“Tr ”)) The parties later submltted post-trial bneﬁng (D L. 108, 110 115,118).
and proposed ﬁndmgs of fact (D L 109 111, 116, 117).

Pursuant to F ederal Rule of C1V11 Procedure 52(a) and aﬁer haulng c0n51dered the entire -
record in tlus case and the apphcable law, the Court concludes that m7J HU has falled to prove |
) | that it is entitled to priority of invention, and 2 JHU has fa;led to prove that 454?s 240

. application is invalid. | o | |

The Court’s findings of fact and conclusions of law are set forth in detail below.

2All pendlng claims of the *690 application (clalms 1,2,5- 17) and the ’240 apphcatlon
(clalms 52- 66) correspond to the s1ng1e Count in the Interference.
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FINDINGS OF FACT

Th"is sect’ion eontains, the':fConrt’,s findings of fact for issues raised by the parties dnring
~ trial. “'-Certatin findings of fact are also provided ‘tn .connection With’-f[hevCourt;’.s‘ conclusions of
 law. | |

A. Patent Applieations at Issue

1. - Plaintiff JHU’s ”690 anpl'icaﬁon, entitled “Method and CompoSitions for
Detection and Enumeration of :Genetic :Var'iationd,’” was filed on J. anuafy 29,2009. (D.I. 22-1
: Docnrnent 1) The 'nanled in‘ventoré are Devin Dressman, Hai Yan, Kenneth W. ~Ktn21er, and Bert o
| 'Voge"lstein. Id) | |
| 2. Defendant 454°s *240 application, entitled “Bead EmtilS’ion Nucleic Acid
~ Amplification,” was filed on February 23, 2011. (ATX .100‘1)3 The named thentorev*are Gary‘
: Sarkis; J an'Berka,.J ohn Leamon, Kenton Lohman, 'Maithreyan Srinivasran,' Yi-Ju Chen, Vinod .
M.akhij‘ani',' Jonathan Rothber_g, Steve Lefkowiti, and Michael.Weiner_. (Id.) The ’240 ,

application issued as U.S. Petent No. 8,748, 102 Gl 102 naten ”) on June 10, '.2014. | (DTX 12)*

' 3. The *240 apphcatlon isa contmuatlon of U.S. Patent Apphcatlon No. 11/982, 095 |
‘ ﬁled on October 31 2007 (ATX 1005) whlch is a continuation of U.S. Patent Apphcatlon No |
, 10/767 899 (“’899 apphcatlon”) filed on January 28, 2004 (ATX 1007). The ’899 apphcatlon : |

: clanns beneﬁtito a number of prov151ona1 Aapphcatlons‘, including U.S. Prov1_51onal Pat_ent .

3The Court admitted exh1b1ts from the Interference into ev1dence (ATX) (See D. I 21- 32)
 The parties submitted a list correlating exhibit nimbers to document descriptions in thelr joint
proposed pretrial order. (D.L 102 Ex. 8A1) -

4EXh1b1tS submitted by Plamtlff (PTX) and Defendant (DTX) that are cited here1n were
admitted into ev1dence ' . :



| Appl'icaticn No. 60/476,592-, filed June 6, 2003 (f"592 prcv?iSienal” or “’592 application™) (ATX }
.] 013), and: U.S. Prov1310nal Patent Apphcat1on No 60/465,071, filed Apnl 23 2003 (“’071
- provisional” or “’071. apphcatlon”) (ATX 1015).
4. The contents of the *071 and *592 prov1e10na1 apphcatlons are mcorporated by
reference intheir entirety into the °240 ‘application. (’240 application.at 1:3-6) .

5. The °240 apphcatlon also incorporates by reference co-pending U.S. Patent
Application No. 10/767,779 (“’779 application”), whichfissued.as U.S. Patent No. 7 ,323,305
(305 patent™) on ianuary 29,2008, (ATX 1001; DTX 12;DTX 13) The *305 patent contains
the entire disclosure of the *592 'pr'otiisional. i)

B. i’rocedural Hiétory in the Patent Office '

| 6. ‘ The Board initially accorded JHU a priority date of July-5, 2003 and 454 a priority "

date of June 6 2003 (the filing date of" the *592 prov1s1ona1) maklng JHU the j Junlor party and
454 the senior party in the Interference (See ATX 236 at 3 16-26)

T In‘the Interference, JHU filed a motion attackmgr 454 s clairn' to the *592 .
: ‘per‘isiona‘l’s ﬁl__ing date. (D.I.23-4 at 7:6-13) The Board denied' JHU’s motion,ruling that JHU
had failed’to's'how that the ’592prov'tsional did 'not disclose a reducticn to practice within the
“scope of the Count. (d.) | o
| 8. - Inthe Interference 454 ﬁled a‘motion to obtam the benefit of the ’071
apphcatlon (ATX 236 at 8:11-16) The Board denied 454’s motion, ﬁndlng that 454 had faﬂed
 to estabhsh adequate written descnptlon support in the 071 apphcatlon (Id at 15:24 26)
v -. V.S_pecrﬁcall_y, the Board found that “454 ha[d] not_ estabhshed (e. g., by c1t1ng to data or e_xpert 7

testimony)” that use of restriction enzymes recited in the *071 application “would generate two or



~more molecules of a specific DNA fragment, or more speciﬂﬁ'cally, that an'ordinary,artisan’would
"u'nderstand that to be the case,” as required to .practice'step (a) of the-:Count. (ld. at i4::13—1 8)
9. - During the pﬁority stage, JHU submitted evidence of pﬁodty from the.January to.
May 2003 time frame. (ATX 370 at 5 n.1) However, the Board found that the “ev'idence cited |
by JHU does not sufficiently establish that JHU .conc.e'ivedr of the subject matter of Count 1 in the
J anualy to May 2003 'time frame (Id.) Specifically, the Board found that the evidence “[did]
not ade’quatety show JHU conceived of elements-,(a) and V(b)”v of the Count during that time
frame. d) The Boardalso found that “JHtJ offer[ed] insufficient non-inventor evidence -
(te'stimony or otherWise) to corrOb'orate conception by the JHU inventors at that time.” .(Id.) As
aTesult, the Board accorded JHU a June 5, 2003 conceptlon date (Id at 7:16- 22) The Board
found that JHU reduced the invention to practlce one month later, on. July 5, 2003. (Id )
10.  With respect 'to 454, the Board concluded that,a preponderance of the evidence
showed .and corroborated the fact that the 454 inventors conceived of all. elements of the Count
beforeJune 2003. (ATX 370 at 17:1-23:9) In particular, the Board found‘ the combination of |
page 16 of the notebook of Dr. Jan Berka (one of the 454 1nventors) (ATX 1094), ‘evidence -

| regarding. expenments conducted between August and December 2002, evidence of expenments

- conducted in January and February 2003, a “Best Practices” document from February 2003 (ATX
1102; ATX 1103), and an mventlon dlsclosure form (ATX 1106 at 107—12) taken as a whole,
estabhshed that the 454 mventors conceived the subJect matter of the Count before .THU ] earhest
accorded date (ATX 370 at 21:7-23: 2) | | |

11. | The Board held that “ag long as the 1nventors concelved of performmg [step] (@),

i.e., generating a plurahty of molecules ofa partlcular fragment ,of DNA, along w1th-[steps] (b)



through (d), it [did] not matter whether the inventors failed ‘to appreciate the value of step (a)’
beyond its use to generate a control used in the method [as alleged by JHU] e (ATX 370 at
18:20-19:3) The Board further held that the “evidence establlishe[d]' that the inventors
appreciated that [step] (a) took ,pléce, regardless of its ‘value’ in relation to benefits of the
protocol in amplifying genomic template DNA.” (/d. at 19:3-5)

12. The Board awarded priority of invention to 454, finding that 454 conceived of the
invention of thé Count before JTHU’s ‘concept'ion and was also first fo reduce the invention to
practice. (ATX 370 at 23:8-9) | |

C. The Court’s Claim Constructions’

13. | The Court construed the term “generating a plurality of molecules of a fragment
of deoxyribonucleic acid” in step (a) to mean “geﬁerating two or more of the same DNA
fragment,.not merely generating a plurality of DNA fragments overall.” (D.I. 57 at 2) The

| C(')urt’s. chstruction of step (a) does not require any particular method of generating two or more
coi)ies of the same DNA fragment. (Levy Tr. at 367:9-19)° However, the ﬁagment fomed in
step (a) is a sequence that is ultimately amplified in the emulsion and sequenced. (Id. af
505:8-17) |

14.  The Court determined that the following term required no further construction:

5In this Opinion, the Court applies the broadest reasonable interpretation of the various
terms of representative claim 1 of the *690 application in light of the “originating disclosure.”
See ULF Bamberg v. Dalvey, 815 F.3d 793, 796 (Fed. Cir. 2016). The Court previously
determined that the “originating disclosure” in this case is JHU’s *690 application and its
prosecution history, which includes references to some of 454°s patent applications. (See D.I. 56
at 8) - : 4 .

5The Court refers to testimony given at trial by a particular witness in the following
format: “([Witness Last Name] Tr. at [page:line(s)]).” ‘

)



“‘delivering the i)lurality of moleeules :of the fragment of deoxyribonucleic acid 'tnto aqueous
microreactors'in a water-dn-(»)'ilemul_sion such that a plurality of .aqueous microreactors, eomprise
a single molecule of the fragment of deoXyribonucleic acid, .ars’ingle bead capable of .hybridiZing,
- to the fragment.of deox_yribonucleic -acrd, and regents neceeeary to _perfonn“deoxyribonuele'ic iacid |
| ampliﬁcat’idn.‘” (D.I.57 at2) There 'isno significant distinction between delivering to a
microreactor\double-s_tranded DNA separately from a bead Ver‘sus‘ deliverin_g single-stranded
DNA pre-hybridized to a bead. (Levy Tr. at 405:8-24, 470:14-19; see also Tyagi Tr at
116:13-15) | | - ‘- , |
| 15. ' The Ceurt construed the terms "‘deoxyribenueleie aeid” and “DNA?"to,mean “a
| nucleic acidmolecule comprising deoxyribonucleoﬁdes.” (D.I.'_ 57 at 2). S._ingle—‘strandedb DNA is
‘a nucleiciacid molecule corni)ﬁsing deoxyribonucleotides. (Levy Tr. at 404:3-9)
16.  TheCourt construed the term “a vsing’le bead capable of hybridizing to the

ﬂagmen ”to mean “a eingle bead capable of binding"to the fragment' of deoxyribonucleic-. acid;’;
- (DL57at2) The Court S constructlon of “a single bead capable of hybrldlzmg to the fragment” ’
only requlres that a bead be capable of hybndlzlng to the DNA fragment (Levy Tr. at
390:16-391: 14) A bead that has bound to the fragment is capable of blndlng, and a bead that has
not bound to a fragment may also be capable of bmdlng (1d.) |

17, vThe Count may be satlsﬁed even if the fragment from step (a) is pre-hybridiz'ed to
a bead before delivery to a microreactor. (1d. at -50_5:18_-‘506:1) The sequenCe of the ﬁ'agment.
forrned m step (a) remains intact regardlese of whether it ie hybridized’ te_. the bead. (/d. at
391 :24—393:1-4)' Moreover, when the fragm‘ent of DNA hybridizee te the bead, it dees not create |

a new molecule. (d.) »The DNA fragment and the bead retain their individual identity, even. -



whlle hybrldlzed ({d. at 393 10-14, 459: 19 460:4)

18. . ‘Hybridization of the DNA ﬁ'agment to the bead is through hydrogen bondmg,
whichis a non—eovalent, »..electrostat1_c interaction. -(/d. at 392:16-393:9) Hydrogen bonding can
be thought of Iike a sock stickhig to'a sweater when it is pulled out of a dryer. (/d.) Just becailse :
a ‘soek is stuck to a sweater does not mean a new entity has formed. '(ld.‘) Similarly, just 'because
aDNA fraghleht'has hybridized to a bead .does not mean.a‘new molecule has formed. (fd.)

'D. . Person of Ordinary Skill in the Art

19. One of ordinary‘s‘kill in the art at the 'Iaertinent time tvdu’ld have had around four
years of research experience, a Master’s degree o'r ﬁPh.D. in tnolecularibiology of other related\~
ﬁelds such as ,geneticsor biochemistry,aanduwould 'ha'\"e been fatniliar with polymerase chain

) reaction (“PCR”). (Tyagi Tr. at 45:25-46:7; Levy Tr. at 3’53:7-3 54::4) A petson- of ordinary" skill
" in the art would have been aware of emulsion PCR as alvgeneral coneept. (Levy Tr. at 353:25-
3.54':4 (statlng that at‘time of 'ihvention “there Were.a,couple of very hjgh proﬁle 'papersthat "
describe[d] using emuls1ons to either do PCR, in the case of the Hollmger paper or to use - '
: emulsmns to. encapsulate other th1ngs”) ATX 1099; ATX 1097 at 4) '
| : E ‘ JHU’s ‘Witnesses
20. JHU called just_a' single witness to testif_y li\le at trial. Dr. Sahjay Tjagl obtaihed a
B.S. from‘the Unlversity of Rajasthan in India, two MS degrees in hiology from the‘J-aWaharlal
, l\Iehru Uhive’rsity m New Delhi,-and aPh.D. from the -University ef Matyland. (Tyagi Tr. at
42:16-21; PTXOO]) - ) -
21. - S1nce 1987 Dr. Tyag1 has worked at the Public Health Associate Instltute Whlch _b

: cﬁrrently is a part of Rutgers Un1vers1ty, 1n1t1ally as,Assoc1ate Professor and.currently as a full'



Professor, : .(Id..‘ at 42:24-43.:2') Dr. Tyagi has 29 ,year.s of postdoctoral exPerience in the 'ﬁeld of
nucleic acids; mOlecularfbio'logy, -and,celi biology research. ‘(Id. at 43 ;:5-4»4,;7.) |
2. JHU ;called-severa1~other witnesses to testify by reading.some-or all of the
declaration(s) these witnesses submitted as part of the Interference proceedings.‘ (See Tr 'at.
164:21-175:3; ATX 2024, 2034, 2051, 2079, 2080) 1‘ |
23. JHU presented testimony from six witnesses by declaration:
a. Dr. Bert Vogelstein isa nrofessor of oncology at Johns Hopkins University
- School of 'Medicine; Baltimore, MD, and a Howard H‘ughesi Medical Institute in\}estigator; ' (ATX
. 20349 .'2'). Dr. Vogelstein superﬁsed the work of Dr. Devin Dressman ae a post-doctoral fellow
in his and Dr. Kenneth Kinzler’s laboratory beginning at the end of J an'uary' 2003 .and continuing :
beyondi July S, 20»03. {d.|3) | |
» ib. - Dr. Devin Dressman currently works in research and development for Life
Technologies Corporati‘on in Beverly, MA. (ATX 205 1 92) He is in the “ion Torrent,” division - ”
A | atLife'Technologiee, which deals with ét,sequencing system that :utilizes bead emlilsion :
’ -arnplification’for sequencing sample preparation. (Id.) Dr. Dressmatn' worked as a post-doctoral
. fellow in 'the‘leboratory of Drs Kenneth Kinzler and Bert Vogelstein at Johns Hopkins
Univeréity beginning at the end of J enuary 2003 and continuing beyond July 5, 2003 (]d_‘-‘ﬂS) |
c. | Dr. ‘H.ai Yan worked with Dr. Dressman b_etvi/een J anuar_y 2003 and ;July'S,
2003 on bead emnlsionvémp'liﬁc‘ation projects. (Id.) - | |
| ' d. ' Dr. Kenneth_Kinzler, ran a laboratory with Dr.' Vogelstein att J oh_ns -
Hopkins University, as discussed sbove. (ATX 203493) _

e. .~ Ms. Leslie Meszler held the position of Core Manager at the Cell Imaging

9



Core at J ohﬁs_Hopkins Uniflersity in 2003. (ATX 2029 A[BY) She Wgs'respons’ilnale for managing‘v
the day-to-day dperations»of ';che’Cell Tmaging Cc;re dpﬁng-2003.. (fd.) ‘One of hér'-responéibilities
- included tracking scientists® use-of a ﬂow...cjtomete_r. (1d. 97 3-5) .She-testiﬁed (by declaration)

' ‘tilﬁt the ﬂovs}‘,cyfometer w.as. used by Dr. Dressman dﬁring the week of April 20, 2003. -(Id.] 6)
| f. Mr. Jason Briodyis an Associate at Jones Dykstra & AssoC’iatés, a |
- specialized serviceséompah_y that provides computer forensics, electronic,data discévery, |
litigation \supp(')rt,"training, and computer secur'ify sefviées for .commerc'iai and governmental
~clients. (ATX .208i at 6) Mr. Briody is primérily responSible_for planniné and technically
executing electronic .diécovery projects and performing computer forensic analysis. (fd.) Mr
- Briody analyzed files given to him by Johns Hopkins'University for alil.thentiCationk purposes
related fo this litigation; V(Id.- at 4-5)‘ : o

o F 454°s ’Wit_nesses

PZ | Dr. 'Mattﬁew Levy testified live at trial. T}vn‘a.C_ourt found him to be cmdible and

~ persuasive on every Ihateﬁal_pbiﬁt. | | | | : |
25 Dr.‘ Levy eél;ned a B.S_.‘ in bioéheniistfy and aM.S, in cherhié@, bdth frbfn fhe . |
" University of California San 'Diegb, and a Ph.D. in mOlécular'bioléé from 'th‘e‘Universityrof |
Texas. (DTX 32; Levy Tr. at .347:184348:7) Dr. Levy 1s an Aésociatc P_rofessofof biochemistry |
" atthe A1b¢rt Einstein Co’llégé of Medicine. (DTX 3.2; Lévy Tr at 348:10-17) Dr. Lévy teaches a
variety of ciasses, including biochemist_ry, immﬁriology, and éhemicai 'biology. (Levy Tr. at
348:19-21) A‘majof 'foéus of his reseérCh is dev_'eléping nucleic écid-bgéed'therapeutics and
diagn_dstics. (Ié’. at 349:3-7) H¢ is famiiia; with genom'ivc DNA isolatio.n',‘ DNA sequencing, and :

emulsion PCR. (Zd. at 349: 14;3:50: 1) Dr. Levy has perSonally conducted emulsion PCR and has

10



: experience makmg emulsions for emulsion -PCR. '(Id. at 349:18-21)

26. Dr.-vGary J Sarkis.is one of the 454 inVentors; Dr. Sarkis received a B:S. in
microbiology and an M.S. in bioChemistry and ;molecu'iar genetics, Both ,i:'rom the UniverSity-of
'P-irtSburgh.. rHe also .rece'iifed aPh.D.in rnolecular, cellular, and developmental biology from ihe
University.of Pittsburgh in 1997. He was'a postddctoral researeh fellow at Yale University from _'
1997 to 2002 and was employed at 454 as a research scientist, section leader (sample
B preparation), ’rraining'manager, and customer support manager from 2002 to 2006. (Sarkis Tr. nt |

177:11:15, 178:5-179:4) He testified live at trial. |
27. - J anna Lanza Thompson received a B.S. in b'iology from the University of
Vermont and a M.S. in cell and molecular biology from Central Connectieut Stete University.
She was vemplo‘yed ,ait 454 asa resear‘ch associate from 2001 to 2006. (Lanza Tr. at _278:.3-279:2')>
She testified live at trial B
o 28 | Dr. Alex de Winter receiv‘ed.a B.A. in chemistry frOm‘Amherst College and a
Ph.D.in chemistry ﬁ"orn.vS’ta;nford Universit&.' He waé Aemplloyed at 4-5.4 asa research scientiet
from 2001 to.;200v4.‘ (de Winter Tr at 322:22-324:9) He testiﬁed live et ﬁial_. -
B 29. :A‘Dr., Jan Berka is one of the 454 inventors. He received a B.S. and. M.S. in
| | -molecular biOIOgy and .genetics and a .Ph‘.D.. in molecular biolog}i and gen‘etics? all from Masaryk -
- University, Brno, Czech'Republie. He was a postdoctoral research fellow ai the Barnett Institute -
.Aai ‘Northeastern University in Boston from 1992 to 1996; Dr. Berka wzis ernplo'yed at 454 as‘vé
eenior scientist and director from 2000-2006.. (ATX 1113 4§ 2-3) Dr. Berka testified be 3
declaration.‘ : | B o | o

30. - Dr. Maithreyan Srinivasan is one of the 454 inventors. Dr. Srinivasan has a Ph.D.

11



in bioc.hemistry\.b He wés ‘emploﬁd at 454 as a project leader in the .Protein 3Sciénces..gf0up frorh g
2000-2007. (ATX 1116 {7 2-3) "He\tes'.tiﬁed By deélarat‘ion.
31.  Mr. Keith McDade received a B.S. in molecular.biology ﬁ'eri the Univérs'ity of
Cénnecticut ahd a M'..S_,. in computer'scierice from the U‘n‘i.versity.of New Haven. He was
employed at 454 as aresearch,.assoc’iéte from 2000 to 2006. (ATX 112499 ‘2-.3') He tésﬁﬁed by .
declaration. | |
32.. Dr.J c')hn.Leamonfis ohe of the 454 inventors. Dr. Leamon received a B.A. in
zoology and a Ph.D. m physiology frOm the Univérsity of Connecticut. He Was a pos‘t'doqtoralﬁ
research fellow at the Yale School of Médiciﬁe fronﬁ 1999-2001. Dr. Leamon was employed at
454 in various positions ranging from research écientist‘to grbup leader from 2001-2007. (ATX

1114 97 2-3) He testified by .declafaﬁon. |

33 | Df. Louis ~Ferlland received a B.S. 'in‘biochemistlfy from Université 'Lavai and # .

- Ph.D. in experimental medicine from McGilannivcrsity. He wés a po_std’octoral ré_search fe:lllpw_
at the Salk Institute, Regulatory BioIogy Departm.en‘t"from 1986-1 989; a'n:d:at the Institut P‘asfeﬂr,-
: Departe'm..ent de Genetique Moiecul‘air‘e du Dev_e_loppement from 1989_1 991. Hé was employéd

at 454 in*_\}arioils positions ranging from technical Wnter to m.anager of documentation from
| '2001—'2012. (ATX 111897 2-3) He testiﬁéd'by .declaration. |

- 34, Mr 'Williarﬂ Altman received a B.S. in biology. frqm Guilford College. He W'as
empléyed at 454 frorh 2001 to 2'0‘13; hOIding several positio'ns‘ ranging from résearch asSistaﬁt‘tq
’-senio‘r customer 'supf)c.)i't sbec‘ialist. (A_'i"X 1'1'20‘111] 2-3) He testiﬁea by declération. '
G, -454’s Conception ofvfhe"lnvel_ltion by December 2602. o

" 35. Dr. Sarkis testiﬁed at 'tr'iaL and previbusly submitted a declaration to the Bdafd,

12



indicating that he recalls discussing the idea for a method for analyzing nucleic acid sequences

using bead PCR emulsion. ampliﬁcaflon with Dr. B‘erka — which 'is‘reﬂected in Dr. Berka’s

' laboratory notebook . dated June 7 2002. (Sarkis Tr. at 180:8-183:5; ATX 11 15 9 16 ATX 1094

at 16 ATX 1113 ‘H 18)

36. ‘On June 7, 2002, Df. Berka recorded in his 1ab notebook the notes of a
-conversation with Dr. Sarkis about the idea of '-PCR in water dropletsv'in oil (water—in—oil
~ emulsion) as indiVidual microreactors' that wQuld‘contain a single effective eopy of a sequence of |
| DNA- a capture'bead and enougll PCR,reaction solution 'to produce ampliﬁed arpounts of

individual DNA fragments for mass1vely parallel sequencing. (Sarkls Tr. at 180 8- 183 5, ATX

11151]17 ATX 1094at 16; ATX1113‘|118) |

' 37. ' That same page of Dr. Berka’s notebook (page 16) also contains a drawmg that -

dep1cts the concept of a PCR reaction occurring from a s1ng1e bead and a s1ng1e starting DNA
fragment within the individual mlcroreactors (Sarlqs Tr at 182: 7 23 ATX 1 15 ﬁ 17-20; ATX lv
- : 1094 at 16; .ATX 11 13"1] 19) The drawmg also shows the smgle—stranded DNA fragment
attaClled‘te_ a primer on the capture bead'and the reéulting.doﬁble—slranded DNA that vlfould be li
p_reseﬂt after the ampliﬁeation process had begun. (ATX 1094 at 16) To the rigl;lt of 'the»drawin_g .
~ of the microreactor, Dr. Berka noted that “isolated bead_laound primer‘ extension” would occur '
" “inside of the 'ind’ivv‘idual bead reactors.” (Sarkig Tr. a’l'l84:4-’l3; ATX 11 151I 19; ATX 1094 at
16; ATX 1113 920) | o | |

38.  Dr 'l\/laithreyan Sr_inivasan"tesﬁﬁed by declaration tll'af‘lle recalled disellssiilg the 0
‘idea ,bfop"a f_hetllod of analyz.ing‘nucleic .acid sequences uSing bead emulsion ampliﬁeat.ion‘\xfith e

Dr. Berka. (Srinivasar Tr. at '267:25-'268:.'1:3; ATX ll 16'111] '9-15) This 'idea, also recorded on
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Ppage 16 of Dr. Berka’s notebOOk (ATX 1 09}4),‘ was ‘contempOraneously witnessed and s"i.gned by .
Dr. Srinivasan on the .same day it was written dowh"b_y Dr. Berka: June 7, 2002. (Id.)f

39“. Dr. Leamon testified f.by»declarat'ion about ex_periments he performed 'inv August
2002 to hnprove the stabilization of emulsrons for bead emulsion PCR. Although Dr Leamon
was able to -succ.essfull_y form the emulsions, after.a number of cycles the .emulsions were
breaking down or'“crashing{” (Leamon Tr..:at 307:2-.308:24"; ‘ATX 1 096 at'1 10512, 123 ATX
1114 99 21-24) |

40. On December 11, .'2002, Dr.-‘Leaan proposed.'the use of restriction endonuclease
enzymes,’knouvn as “4-cutters,'”'iinstead of DNase"I, to ,digest DNA fragments. (Leamon Tr. at
,308:25-309:1_7; ATX '1097 at'1l; ATX 1 11499 25-26)' The ’592 provisional specifically discloses
using Sau31, Mspl, and Taq], which are 4-cutters.>. (Levy Tr. at 368:'24-3‘69:10; ATX 1013 at
: lﬁl,:24-26)' Dr. 'Leamon recognized using 4-cutters would make DNA template vxdth at Ieast two
copies of a fragment of DNA. (ATX 1114'925) Dr. Leamon suggested usmg as many 4- cutters
-as prudent perhaps 4 ors, ligating adaptors onto each pool, and then hybndlzlng the DNA
template onto the beads. (Id )

: 41. ~On December 19, 2002, Drs. Leamon Sarkls and Berka attended a lecture at Yale -
| ‘Umvers1ty given by J enmfer Ong (Sarkls Tr. at 186:18- 187 22; ATX 1105 at 93; Leamon Tr at
309: 18 25; ATX 1095 at 69; ATX 1114°9 27; Berka Tr. at 303: 1 4 ATX 1113 1{ 23) Dr. Ong 1s
“one of the co- authors of a well-known journal article entitled, “Dlrected evolution of polymerase '7
| - functlon by compartmentahzed self rephcatlon > attrlbuted to Ghadessy et al., and pubhshed in
the Journal of Proce,edzngs of the Natzonal Academy of Sciences (“PNAS”) on April 10, 2001

' (“Ghadessy”). (ATX 1099; Sarkis Tr. at 187:23-188:13; DTX 33) Also on December 19, 2002,
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Dr. Sarkis sequerrCed‘test fragments that 454 :ueed as controls and obtained good sequencing: |
results. (Sarkis Tr. at 192:1 0-193:2: ATX 11 05 at 94) | |

42.  Drs. VS arikrs,' Leamon, and Berka ret'ererrced the seminar given at Yale 'by Dr. ;iQng
in their notebooks. (Sarkis Tr.-at 186:18-187:22; ATX 1 105. at 93; Berka Tr. at 303:1-4; ATX |
1095 at 69; ATX 11139 23; Leamon Tr. at 309:18-310:8; ATX 1114 1]1] 27-28) Dr. Leamon
| mcluded an excerpt of the Ghadessy paper in his lab notebook and noted his behef that the
em'ulsion infonnation discussed by Dr. Ong could be used for emulsion PCR using a sepharose
bead. (Sarkis Tr. at :1 88;3-190:‘1’; Leamon Tr. rat:309.:’1 8—310:»8;..ATX 1097 at 2-3; ATX l 1‘14 .
49 27-28) Dr Leamon _alsc noted that ";Arrdrew Grifﬁth;s group has uced emulsion based'*bead |
| (V PCR ‘bead capture 'for tranSlatibn studies which sUggests that the beade'maintain their diSCrete ‘
micelle identity,” and 1ncluded an excerpt from an article by Armin Sepp, Dan Tawfik, and
: Andrew anﬁths (“Sepp”), regardmg formation of emulsions, on the next page of his notebook
- on December 19, 2002. (ATX 1097 at 3-4) The Sepp artlcle is entltled “Mficrobead display by in -
v1trc compartmentahzatlon selectlon for blndlng us1ng ﬂow cytometry, and was pubhshed in
F ederatzon of European Biochemical Societies Letters (“FEBS”) in November 2002. (ATX
1100) | _ |

43, On December 20 2002, the day after attending the lecture at Yale and reviewing
‘the Ghadessy and Sepp references Dr. Leamon performed an expenment and successfully 4
' prepared beads in a water-in-oil ,emulsion. (Sarkis Tr. at 190:24 16; ATX 1097 at 5-6; Leamon '
‘Tr at 310:9- 21; ATX 1114 1} 29; Levy Tr at 446 24-447 17) Dr Leamon 1ncluded plctures 1n
his notebook that demonstrate that some of the mlcelles were sultably-81zed for the sepharose

beads. (ATX 11149 29) .

15



- 44 : Also on i)ecember_ 20, 2002, 'agajn the day after attending the lecture at Yale, Dr.
| Sark‘is.performedzan lemﬁlsion PCR experiment with'-PCR-gener.ated test ﬁagrneﬁts TF1, TF2,
TF3, TF4, TFS, TF 6; F6, and N7, dnd:suécessﬁllly amplified the test fragrﬁeﬁts. (Sarkis Tr. at
| 193:22-195:7; ATX 1105 at 95-96; Levy Tr af 446:24-447:1 7') Dr. Sarkis’s December 20, 2002
experiment evidenced coﬁccption of the 'invenﬁon of the Couﬁt, as further explained below. |
45. Dr. 'Sar‘ki.s‘ testified that the test fragments used by 454 originally came from
Curagen Corpo_ratidn, a sister company to 454. (Sarkis Tr. at 193:3-21) The fragménts were
labeled b.y-’\the’ well ﬁum_bei‘ that they came from on the microtiter plates; and 454 knew the »l
sequenée of all o.f thése test fréiginents. (Id.) ’fhe sequence of the F6 test fragment is recorded in |
- Dr. Sarkis’s lab notebook many times and was used for éomparison each t1me ‘the test fragment
" was sequenced in a reaction. d). | |
46. The F6 test fragment was PCR amplified by Mr. Altmaﬁ, a 454 research assistant,
who testified by declaration aboﬁf making the F6 -test fragments. (Altman Tr. at 271:25-273;20; |
* ATX 1120497 6-10; ATX 1108; ATX 1109) As recorded in his notebook, Mr. Altman -
E succés‘sﬁ.lll_y. s’eqﬁence(i the F6b'test fragments on July 22, 2002. (Id.; ATX 1109 at ‘1-3)
47" Ms. Lanza (no§v Ms. Thompsoﬁ)_'testiﬁed.that shé feéorded the sequence of the F6 |
- tes‘é fragméht, which was a PCRegenerafed fragment comgrhonlyfused at 454, in her notebook on .
| j Jénuayyzé, 2003, (Lanza Tr. at 280:1-20; ATX 1132 at 134; ATX 11269 11). The sequence of
F6 is identified on page 134 of her notebdok, ie., VATX 1 32 at 134. : o | |
48. Dr. de Winter'festiﬁed that alldf the test fraglﬁents'that were used as controls By "
the 454'scientist"s Were PCR-generated fragments. (dé Wi‘n’ter Tr. at 33>1 :.1 6-18) JHU’s exper‘t,»

Dr. Tyagi, testified that the test fragments, e.g., F6, would satisfy step (a) of the Count if they
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were generated by PCR. (Tyagi Tr. at 9‘0':5_-".1 9)

49. Dr. de Winter testified that he prepared adenovirus DNA libraries for use inthe
‘emulsion :PC-R project and testified about the process.or standard operating procedure thathe -
‘used to prepare the libraries. (de Winter Tr. at 324:6-9, 326‘:2—'327':23.,13.30.:.1.77»-3'31;:4.; ATX 1122
at 51-52, 65, 69, 71-72, 75-76, 78; ATX 1123 9 10-1 1) The typical process for preparing the
library 'Would‘:be to fragment the adenovirus, polish the ends of the fragments with po'lymerases
~or dNTPs ligate adaptors to the ends of the polished fragrnents purlfy the ligation products
capture on streptav1d1n-coated beads and then elute the smgle—stranded DNA fragments (ATX
1123 11 O)

50. Dr. de 'Winter inclu.ded in his notebook a detailed sample preparation protocol that
~ heused for prepa‘ring adenovirus temp'late'libraries for emulsion PCR.- (de Winter Tr. at
327:1-23, 330:’1-1‘1' ATX 1122 at 60) For this particular protocol he usually used DNase Ito
'fragment the adenovirus. (de Winter Tr. at 329:2-15, 330:5-16; ATX 1122 at 59)

51,.- | Dr de Winter testified that there are a number of ways to fragment DNA,

- including using restriction enzymes that recognize particular 4-',base sequences. (de Winter Tr. at
33 1:2"4{-’332:6)

52. Restriction enz_yrne digestion can be used to generate overlapping genomic
sequences for sequencing pecause they will each cut at a different site. (’fyagi Tr. at 125:15-19;
vLevy Tr. at 388:9-25) As aresult, if ‘a g_enome is cut withone enzyme it will generate a pa’rticular
set of i‘ragments and if it is then cut vsiith. a different enzyme it will generate a different set' of
overlapping ﬁ'agments (Tyagi Tr. at 125:20-127:3; Levy Tr. at 388: 15- 25)

- 53. | Both Dr. de Winter and Dr. Sarkis testified that dependmg on the. experiment
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fhey would sometimes perforrﬁ emulsion PCR of the test fragments alone, and ‘oth.e'r times they
‘would mix ‘tesf fragments together W’ith adenovirus fragments. (Sarkis Tr. at 195:19-196: 1; de
Winter Tr. at 332:7-333:7) | |

54, Dr. Sarkis testified at trial that the 454 inventors wanted clonal ampliﬁcétion, SO
they designed their experirhents with the goal of having a single effective copy per bead. (Sarkis
Tr. at 182:24-183:21) Clonal amplification means amplifying a single DNA fragment in
isolation from all others. (Sarkis Tr. at 217:5-23)

55. After December 2002, 454 scientists contiﬁued to perform ‘experiments to
| optimize the conditions and develop é product that could be easily used by their customers.
(Sarkis Tr. at 195:8-18) |

H. = The Poisson Distribution

56. The “Poisson distribution” is a statistical tool that can be used to predict the
number of times that a given event occurs within a certain interval or physical space and is
well-known and widely accepted. (Levy Tr. at 358:2;1.5) 454’5 expert, Dr. Tyagi, tes.tiﬁed that
the “Poisson distribution is [a] stétistical distribﬁtion, basically, fhat scientists use when they |
want to deliver single cells iﬁto a well or single molecules in a reactor and so on.” (Tyagi Tr. ét
98:17-24) Using the Poisson distribution, it is possible to estimate the number of beads in a
population that will be attached to moré than one DNA ﬁagment, to a siﬁgle DNA fragment, and
to no DNA fragments. (See Levy Tr. at 358:11-15)

- 57. The Poisson distribution has been ‘repeatedly validated tﬁrough erhpiriéal testing
and experimental verification. (fa’. at 361:4-15; Tyagi Tr. at 133:9-23) Dr. Tyagi explained:‘

“The Poisson distribution stands on its own. It’s always true,” and “Poisson statistics are always
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 true, nobody is denying that.” V(fyagi Tr. at 137:2-3, 13‘8:25-'139.5 l‘) The Peisscm diSttfihution is
reliable evidence of what actually transpired durlng the.experilnents performed by 454°s
scientists. (Levy Tr. at 361:1 6—22, 498:13-24) The number of v.co_rnpartm‘ents Ppresentin a 454 :
emulsion PCR reaction can be calculated by knowing the diameter of the compartments and the
' volume of the aqueeus s'olut'ion‘. (Id. at 365:11-22) KnOwin_g the number of compartments

allows one to know if enough compartments have been generated to encapsulate all of the beads
and all of the DNA fragments in the experimental setun. (1d.) |

| 58. | The Poisson distribution can be used Ato prediet w"hether.the emulsion PCR

‘experiments performed by 4:54.'contained some population of beads that had onl_ya single DNA'
.'ﬁ‘agmentattached. (1d. at 358:9-15) _The December 20, 2002 experiment and each subsequent
“emulsion PCR experiment discussed hereinaﬂer would be.exneCted to conform-to the Poisson |
| distribution. (/d. at 359:23-360:1 1) Therefore, based on 454’5 experimental setuns and the
Poisson distribution one can reliably conclude ’that those experiments ineIuded more ‘than‘ one
microreactor thh a smgle bead and the same s1ng1e DNA fragment (d. at 365 4-3606: 15)

.59. The sequencmg data obtained from the 454 expenments further supports the
ﬁnding that vthe Poisson dlstnbutlon applies to those expenments. (/d. at 479:20‘-480:20,
481;24-4,8.2:6,'487:5-178, -490:18-.24, 496:3-12) The 454 emulsion PCR experiments produ.c.ed
clear sequencing data ehewing individual sequencing teads were ebtajned. (Id.-. at 361 :23—3 62:13,
 363:5-13; See also ATX 11‘06 at1 l)' Thié means there must have been a'population of .emulsions ‘
in the expenment that had a single DNA fragment and a single bead. (Levy Tr at 360 18-361: 3
361 :23- 362 13 490: 25 491:10) Drs. Sarkls and de Winter testlﬁed that the1r experlments o

produced mu1t1p1e mlcr(')r_eactors containing one bead with a single unlque copy of the DNA '
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fragment, because ~61¢3I svequencing results would not have been ebtahled ifthe microreactors‘, . ;
contained multiple different ﬁagments. (Sarkis Tr. at 240:1 0-241:24, 248:9-249:1; de Winter Tr.
at 332: 14%333.::'7., 345:13-19) *Clearsequencing tesults werefo.uvnd in the .exper'i‘ments.performed
after December 20, 2002, including experiments that m’ixed test ﬁagments with adene\firus_
fragments. (See, e.g., Sarkis Tr. at 195:19-196:17, .21"2 :12-213:11)

60. If there was more than V:a-‘sin_g'le fragment on a bead, then the sequencing data
wouid not be elear ~ it would be muddled and would not map to a known-sequeﬁce. (Levy Tr. at
'3‘62:'1' 4-20) If one can obtain Sequencing‘ data, that meeils t‘here was only oee sequence: en' the
: bead.. (Tyagi Tr. at .5>46>:6—"8) Seciuenc“ing data also 'wouid not be prodUCed if there were more
thaﬁ one bead per. compartment. (Levy j".I“r. at 490:25-491:10) |

ZI.‘ 74'54 Experiments ’Wefe ‘Red'u_ct.iens.,to ‘Practice

61.. 454 scientists performed a number of experiments between J anuary and March of
, 2003; each of which qualiﬁes ae a reduction fo practice? as exﬁlained‘below..

62. - On.January 14;'15., 2003', Dr. ’Sari(is set up emulsion PCR ree.ctiens using»a
combination of adenovirus DNA and test fragments (TF4, TF6, TF7., and F6) with an inpﬁt of

600,000 beads end 1.2 million molecules of DNA (two cobies per beed) and suceesSfully ‘
obfained seqUeﬁcing'results‘_for the F6 test fragment from emulsiori—PCR-genera;ced "beads.‘
(Sarkis Tr. at 199:8—200:22' ATX 1l‘.105 .at 112-13) Using 'this setup, besed on a Poisson
distribution, at least ‘two microreactors would have contained a bead and a copy of the same F6
fragment (Sarkls Tr. at 200: 15-22 see also Levy Tr at 359:23-360: 11)
| 63.» | On J anuary 22- 23 2003 Dr. Sarkis set up multlple emulswn ampllﬁcatlon

experiments on test fragments with a goal of creating microreactors containing one copy of DNA
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fragment per bead. (See Sarkis Tr. at 520'2:1'5-203 :.31 3; ATX 1"1,05 at 118) After January 23, 2003,
hlS team generally used two. copies.per bead‘ as input. (Sarkis Tr..at 204:7-10) ‘One of the
January 23 experiments showed successful anipliﬁcation using-emulsion PCR on a.rrr'iXture of
several different test fragmerrts (TF1, TF2, TF3, TF4, TF5, TF6, TF7 and N7). vv(Id. at |
1 203:14-204:1 8: ATX 1105 at 119) At least two microreactors in this experiment would have
contained a single bead and a single copy of test ﬁagment. '(ATX 1105 at 119; see also Levy Tr.
- at 359:23-360: 11) Dr. Sarkis 'testiﬁed ’that, with respect to this exlaeriment, ’it“was likely that “not
ouly two,’but thousands” of the mrcroreactors'uvould. have. contained a single 'bead.and a‘.s.ingle
| ‘copy of the same DNA fragment, based on the Poisson disu‘ibution. .(Sarl.(is Tr. at 204 at 12-1 é) :
64. On January 28-31,.2003, Dr. Sarkls set up emulsion PCR reactions .using a.
combinatron of adenovirus DNA .and 'F.6.testfragrnents with an input of 0.1, 2, and '10:cop.ies per’
bead and successfully obtained sequeneing results for the F6 test fragment from emuisiorr-PCR-
,generated beads (Sarkls Tr at 207: 13 -208:14; ATX 1105 at 141-42) Using this setup, and
basedona P01sson d1stnbut10n at least two microreactors would have contained a smgle bead ‘
and a single copy of the same F6 fragment (ATX 1115 1I 29; see also Levy Tr. at
359:23-360:11) These expenments were corroborated by another 454 scientist, Ms La.nza, who
referred to this experlment’ln her notebook on J anuary 30, 2003 and included in it a copy of the.
same library distribution nrap found on page 143 o_f Dr. Sarkis’s lab notebook. (Sarkis'Tr. at
‘208:4-.2‘09:‘1'5' Lanza’Tr at'_28‘5'4-286°12' ATX 1105 at 143' ATX 1125 .at 9; ATX '1126’11 ‘1'A3')
65 - On February 5,2003, Dr Sarkls performed emulsmn PCR and obtamed pos1t1ve
: sequencmg results from samples made by mixing 600, 000 beads and 1 200 OOO fragments of

: adenov1rus DNA with linkers (an input ratio of two copies per bead). (Sarkis Tr. at
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' 209:24-210:25; ATX 1106 af 1-2) The sami)le also contained F6 tes»tvfra‘gménts asa ,confrol. |
(ATX 11 06 at .1—2;' Levy Tr.:at ’358':16-35'9.:12) Based on-a Poisson .distﬁbﬁﬁon, at least two
microreactors would ha_.ve contained. a single bead and a sin_glg copy of the same fragment.
(Sarkis Tr at 210:19-25) Dr. Levy testified ‘that, according to the Poisson distfibut'ion, about
27% of the ﬁlicrofeactors 1n thié expefimentﬂ Woﬁld havehad a s'ihgle copy of the §anie DNA
fragment attached to a single bead. (Lévy Tr. at 358:1'6—359:22; sée also Sarlds Tr. at 210:1 9-255

66. On Febméry 6, 200‘3, Dr. Sarkis performed emuision PCR and obtained positive
sequencing results from: samples containing adenovirus DNA library mixed with TF6 test -
v‘fragments. “(Sarkis Tr. .af 211:1-212:11; ATX 1106 at 1'1-'1.2) 'B.ased ona Poiséon distribﬁtion
and the setup of this 'experimént, at 'leaét two microrea{ctors would have cénfcaincd a single béad.
and a single copy of the same fragment. (Id.; see also Levy Tr. at 359:23—360:'1'1) -

67. On February 7, 20 03, Dr. Sarkis Aperform_ed 'twdemulsidn PCR reactions and

- obtained posiﬁxlfe».s.equencing results from samples containing beads rhfxed with ade_:novirus DNA
library mixed with TF6 test fragments at a ratio of two :co"pies per béad. (Sarkis Tr at

1212:12-214:8,; ATX 1 iO6 at 13-14, 19-20) Based on a Poisson dish*ibution, at least two -
‘microreactors wbuld have contained a single bead and a single copy of the same fragrnént in
these ex'periments.v (Sarkis Tr. at 213:5-11, 214:3-8; see also Levy Tr. at '359:23-360:11)‘- |

68. | On February 10, 2063., Dr. Berka recorded in his iab noteboqk the notes from a |
meeting éélled by Kent Lohnian, at wﬁich‘ihformati'on on fhe ﬁogress of emulsi(;n PCR Wés
presénted.’ (Berka Tf; at304:11-17; 'ATX‘ 1095 at 107; VATX 11139 26) Dr. Berkanoted that - ‘
emulsion PCR yields about ‘10 m’illioﬁ cqpies per Beéd and 'indicated “ITIS A GO!” (ATX 1095

at 107)
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- 69. At this point, Dr Sarkis 'believed he'had optimized conditions for bead emulsion
PCR and began preparing a document Irelating to “Best Practices™ for “Pol&mt:rase'Emrils’ion
‘Chain Reaction.” ;(Sar_k'is Tr.at 214:9-21 6::-‘173,; ATX 1102; ATX 1103; ATX 11 15 49 35-38) The
purpose of the Best Practices document was to standardize'methods a.t'»454 for emulsion PCR.

' (ATX 11159 35) Dr. Sarkis prepared the first draft with Dr. Ferland, who edited it on February |
12;13,, 2003. (/d.; Ferland Tr. at 268:14-271:22; ATX 1118 4 2-5, 1'14'1'5,; ATX 1102; ATX
1103) |
70. .T-he “Summary” seetiOn of the Best'Practices docnment describes, inter a[ia, the
© . -SiX main s_teps_of bead.emulsion PCR: (1) template qualit_y control, (2) PCR solution prepara‘tion’,
(3) binding of the item fragments to the .DNA capture beads, (4) emulsion preparation,
(5) amplification, and (6) recovery of the DNA template carrylng beads from the emulsmn
: (Sarkls Tr at 216: 14-217: 23 ATX 1102; ATX 1103). The summary. further notes that “the
‘ 'emulsmn format ensures the physrcal separatlon of the beads into 100 to 200 pum mrcroreactors
E within this single tube, thus allowing for clenal amphﬁcatlon of ,the'template fragments.” (ATX
1102 at 2) | | | |
71 - The “Purpose” section of -the Best Praetieee decnment repeats the concept of |
_clonal ampliﬁcation ‘wherein ‘;[s] ingle eopies of the template species are hybridized to DNA ‘
capture ’beade, resuspencied inte ‘complete PCR Amriliﬁcation solution,»rand emulsiﬁed into |
microreactors- (100 t0-200 Aum in'diameter) aﬁer which fCR-ampliﬁcation ~generates 1 07--fold | g
amphﬁcatlon of the initial template spe01es ? (Sarkls Tr at 217:24-219: 8; ATX 1102; ATX
1103)

72, On February 19, 2003, Dr. Sarkis performed two emulsion PCR experiments, and
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obtained pos}iti_yé sequencing results from samples Conta;ining'ljeads mixed with adenoviru'erNA a
library ﬁtagﬁents and PCRféenefated test fragments TF6 and F6 at an input ratio of one copy pef |
‘bead. (Sarkis Tr. at 219:9-’220_:1 0, 220_:_21'-'221:-14; ATX ;1_166 ét 79, 84-85) Based on a Poisson
distribution, at least fwo_ m"icroreactoré would have contained a single bead énd a single copy Of
the saine ﬁaginent duﬁng these experiments. (Sarkis Tr. at 219:24-220:-4, 221 :10-14; see also
Levy Tr. at 359:23-360:11)
73. » OnF ebruary 27, 2003, Dr. Sarkis inserted into his notebook an invention
disc‘losu.re‘ document entifled “Clonal DNA amp.liﬁcation. and immobilization on .emdlsiﬁéd
microparticles.” (Sarkis Tr. at 222:24-225:3; ATX 1106 at 107-12) The inyention disclosure
| identifies Dr. Berké’s notebook (ATX 1094 at 16) as the concéption of the ‘inv_entioﬁ on Jﬁne?,
2002, and references redﬁctions to practice based on, im‘ef alia, docﬁmenfs (iated Decémber
19-20, 2002 (ATX 1097 at 2-6);. December ‘3 1, 2002 I(ATX 1097.at 7-9); January 14, 20‘(5_3 '(ATX '
.1 105 at 1 12); Febmgfy~4-8, 2003 (ATX' 1105 at 147, .151-52;. ATX 1106 at 1-45); and the -
February 12, 2003 Best Practices doéument (ATX 1162). .The “Prior Art” section of the
invention disclosure also i‘de'ntiﬁes the Ghadessy é.nd Sepp papers.. (ATX 1106at 11 1)
74. - On March 7, 200'3, Dr. Sarkis obtained éuccessful results from emulsioh PCR ‘

conducted on Sampi_es of mixed test fragménts and éingle’test fragménts. (Sarkis Tr. ,at‘ .

| 22 1’:15—222:23; ATX 1106 at 148-50) Theseéxperiments were sét up at varying input ratios of
| | 0.1, -0.‘5,’ 1, andv2.-copll;es per bead.i (ATX 1106 at 148) :Ba‘sedv ona P_oisso‘ﬁ distﬁbﬁtion, at least
two microfeactors'would havé contained a single bead and a Single'.copy_of tﬁe same fragment. |
(Sarkls Tr at 222: 16-23; see also Levy Tr. at 359:23-360: 11)

75. On March 28, 2003 Dr. de Winter performed emulsion PCR and obtained

24



positive sequencing resﬁlts ﬁ_om samples eontajning only a mixture of test ‘.fr‘agments., TF3, TF4,
- TF5, and TF7 at input ratios 0f 0.01, 0.1, and 1 copies per bead. (Sarkis Tr. at 225:4-227:6; de
| ~ Winter Tr. at 334:16-19, 335:2-337:13; ATX 1122 at 84-85) Based on a Poisson dlstnbutlon at
least two microreactors would have contamed a smgle bead and a smgle copy of the same
- 'fragment. (Sarkis Tr. at 226:25-227:6; de Winter Tr. at 337:5-13; see also Levy Tr. at
359:23-3_60.:1‘1) | N o |
| eJ . ‘Corroboration of the Above-Described Reductions to Practice

- 76. Drs. Sarkis, Leainon, Berka and the other inventors worked eollaborati\;ely with
* each other and with other 454 employees — ‘includiﬁg'Ms. Lanza, Dr. de_Winter, and Mr. McDade
,‘ —on bead .erhﬁlsion.PCR. (Sarkis Tr. at 179:5-9, 180:20-181:17, 1’85,:6-186:8, 205:14-206:9,
- 208:4-209:15, '225:4-226:4; Lanza Tr. af278¥25—279:6, 280:21-288:9; see also ATX 11 17, 1118,
1119, 1120, 1121, 1123, 1124, 1126)

77. Mr McDade testified via declaration thaf he 're'called discussing with Drs. Berka,
Sarkis, apd Leemon their idea ifor a method for analyzing nucleic acid eequences using bead
.. ‘emulsion PCR. (McDade Tr. at 2:64:1.4-'267,;2; ATX 112499 10-13) Mr. 1\/.IcDade corroborated
Dr. Sarkis’s testimony, as well es the testimony of Drs. Berka and Leamon'(via declaration), |
regarding the diseussion recordea on pege‘ 16 of Dr. Berka’s notebook (ATX 1094) on June 7, |
.2002. (ATX_’I 124 ﬂﬂ 10-13) | |
78‘. : Mr McDade also corroborated experiments conducted by Dr. ‘Leamon from

August to December 2002, and specifically recalled that Dr. Sarkis performed a be’ad .emulsion | -
~ PCR experiment that resulted in template amplification and sequenceable product _]ust before

' Chnstmas in December 2002 (McDade Tr at 267:3- 267 18; ATX 1124 1]1] 14- 15) Mr. McDade N
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also _corrobora"ted expeﬂﬁénts conducted by Dr. Sarkis .ﬁoﬁ January to February 2003 ahd
recalled Dr. "Safkis éréating the Best Practices décumént for bead ',emul_sivo'n PCR around that
time. (Mc_Dade Tr at ,267.:19-24; ATX 112497 16-17)

'79.  Dr. Berka testified by declaration that in the 2002 to 2003 ‘period,it was ’coihmdn
pracﬁce in Ihvevgroup to conduct formal and informal meéﬁngs to'u discuss vaﬁOus aspects o‘f the
projects that were ongoing; it was his practice to keep brief ﬁotes of thé topics discussed at the
méetings. (Berka Tr; at 302: 16-20; ATX 11 13 1[ 22) Dr. Berka testiﬁle_d about several meetings
that oc;:urred jn January and February 2003 rel'afing to the emulsion PCR proj ect-‘and identiﬁed
the‘people 1n the group from‘vaﬁous sections who Woﬂld have attended such meetings. (Baka
~ Tr. at ,303:5—.306:'16;ATX 111399 ‘24-30; ATX 1095 at 85, 90, 107-08) |

- 80.  Dr. Sarkis testified that before the 454 inveﬁtors came up with the idea for
emulsion PCR, 454 was Working on aﬁ altemaﬁve apprbach called PT-PCR (“pico-titer
polymerase chain reactic;n”), in whi_éh microreactors were formed 'insjde tiny wells on glass
pico-titer plates rather tﬁan u'sing water—ih—oil emulsions. (Sarkis Tr. at 185:6-186:2; Lanza Tr. at
280:21-281:11) Ms. Lanza was workiﬁg on PT-PCR amplification, and — becau;e ;che two
technologies had a lot of corﬂmonalities — she and Dr. Sarkis often collabofated. (Sarkis Tr. at
185:6-186:2) As Dr. Sarkis expléined, he and Ms Lanza were “sort of raéing t(; ﬁnd the 'righf
solution.” (Sarkis Tr. at '18'6.:'1 -2) | | |

81 " Ms. Lanzartestiﬁed at trial regarding the .almoét daily collaboraﬁon she had with
Dr. Sarkis and dt_hers about the emulsion PCR project in the J anuary fo Ff‘:;prua;i'yj_2003 penod o |
, (Laﬁza Tr. at. 280:21-288:9) Becausé they Wefe ciomparing-resﬁlté;»l\/‘fs. Lanza Was é\ifaré‘of Df.

Sarkis’s experiments, and in particular that he was performihg emulsion PCR using adenovirus
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| li_br_aries and F6 tost fragments using low input ratios. (Id. at 288:10-289:1, 282: 17.283:1)

82. Ms. Lanza testiﬁed that, by February 2003, ‘everyone at 454 was generally aware
-of the ,success of emulsion PCR. (Zd. at 288:10-289:16) Ms. Lanza noted that an vexperiment she _‘ "
was conducting on February 14, 2003 might have been her final 'PTAPCR run. (/d.; ATX 1125 at |
37) Ten days later, on February 24, 2‘003, ‘Ms. Lanza included a summary statement in her
-notebook tndicating that “given [the] recent success of EPCR and FTPCR’S contamrnation '
issues, all efforts will be on EPCR from now on.’; (ATX 1125 at 70) |

| 83. Ms. ’Lanza'began conducting .exi)eriments in MarCh 2003 using the-recip.es for the

emulsion oil and PCR mix from the EPCR Best Practices document prepared by Dr. Sarkls
which she pasted into her notebook (Lanza Tr. at 289: 17 290:15; ATX 1125 at 108-13, 116- 17) |

84. - Dr. de Winter also ran emulsion PCR experiments using the procedure provided
in the Best Practices.document. (de 'Winter Tr. at 333:8-334:3" ATX 1122 at 74; ATX 1103) On
February 18,2003, Dr. de Wlnter inserted a graph in his notebook showmg the amount of
adenov1rus sequenced with various samples comparing Dr. de Wmter s condltlons Dr. Sark1s s
conditions, and Karrie Tartaro’s (another 454 empl,oyee) conditions. (ATX 1122 at 74) The
graph on page 74 of Dr. de thter’s notebook (ATX 1122) is'the same as the graph on page 64
- of Dr. Sarkis’s notebook (ATX '1106j_because Dr. Sarkis and Dr. de Winter were sharing : |
information. (/d.) o |

| 8’5; The testimony of Dr. Ferland (ATX 1118)7 Who w’orked on the Best Practices ) |
document corroborates the testlmony of Dr Sarkis that he had concelved and reduced the |

"1nvent10n to practlce prlor to February 12 2003 (ATX 1102; ATX 1103)

- 86. The Inventlon Disclosure document and the documents referenced therem
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’ -_coi'robotate a complete and cleaf concept'iOn and'reduetion to practice of the 'invenﬁon of the i
Count. .(ATX 1097 at 2-6 ATX 1102 ATX 1103; ATX 1105 at 112, 118-34 147, 151- 52; ATX
1106 at 1-45; ATX 1131)
87. 454 demonstrated diligence at least from January 15, 2003 through 454°s
constructive reduction to practice on June 6,2003. (ATX 252, 1113, 1114, 1115,1116, 1117,
1118, 1119, 1120, 1121, 1123, 1126)
-K. - The 592 Appllcatlon Describes and Enables the Method of the Count
88.  The>592 provisional application describes and enables at least a single
embodiment that falls w’ithin‘the scope of the Count. (Levy Tr. at 394:2-10)
~ 89. The *592 provisional discloses the preamble of the Couit. (ATX 1013 at 1:14-19)
1. The *592 Provisional Describes and Enables Step (a)
| 90. - Useofa Type II'restn'ctiqh enzyme will generate two or more.copies of the same
fragment when used to digest multiple copies of a DNA target. (Tyagi Tr. at 82:14-83:2,
118:11-16; Levy Tr. at 368:17-369:10) Notably, the *592 provisional states:
Suitable methods include . . . digestion with one or more
restriction endonucleases (RE) to generate fragments of a desired
“range of lengths from an initial population of nucleic acid
molecules. Preferably, one or more of the restriction enzymes have -
distinct four-base recognition sequences. Examples ofsuch
enzymes include, e.g., Sau3A1, Mspl, and Taql. . .. In other
embodiments, the restriction enzyme is used w1th a type s .
_restriction enzyme '
" (ATX 1013 at 11:20-12:2)

: 91 A person of ordmary skill in the art would know that Type Il restnctlon enzymes ,

will produce the same set of ﬁagments each time they are used to dlgest DNA. (Levy Tr. at
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369:_23-’371 :l2; DTX 1' at 48 (“When a DNA bsample istreated With one ‘of these .[T_ype 1]
€nzymes, the same set of fragments is always produced assuming that all of the: recognltion sites
are cleaved.’ )) Dr. Tyag1 testiﬁed that when a Type II restriction enzyme is used 1o conduct a
complete d1gestion the same set of fragments will always be obtamed (Tyagi Tr. at 123:18-25)

92. When using restriction endonucleases for DNA .'d1_ gestion, standard,_practlce in the
field is to conduct aﬁc"omplete digestion, so that all of the available restriction endonuclease |
recognition sites have been cleaved. (Levy Tr. at 37l :17-372:10) Dr. Tyagi agrees the default
use for restriction enzymes is to do a complete digestion. (Tyagi ..Tr.- at’1 23.:2-4) Thus, when ,a |
reference calls for a.restriction .endonuclease digestion, a person of ordinary skill would have
understood that the DNA target should be digested to completion. (Levy Tr. at 372:7- l'O)

93. The °592 provisional does not contain any statements that suggest a' partial
‘ digestion, i.e., a digestion that is not to completion, should be conducted. (Levy Tr. at
372:11-20) Dr. Tyagi agrees that nothing in the 454 applications says to do only a partial
vdigestion with a Type II enzyme. (’Tyagi Tr. at _125:'1 lf14)

| 94.  Given their common use in the field, a person.of ordinary ski-ll in the art would

have understood how to use restriction enzymes to digest genomic DNA even without explicit

- guldance as to the protocol (Levy Tr. at 371:9-16) Moreover Dr. Tyag1 agrees Type II

' restriction enzymes.come with 1nstruct1ons explaimng thelr use. (Tyag1 Tr. at 122 6- 14)

- 95. A person of ordinary skill in the art vvould not have used the conditions in
Exarnple 1 of the ’592.provisional Wlth a restriction enzyme. (Levy Tr. at 383:19-384:1 l) A
person of ordinary skill .would have known that l'restriction' enz_yrnes and DNase I are very |

different ,enzymes that require different conditions. {d.)
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96. The °592 prov1s1ona1 is. clear that the template nuc1e1c acid ean be constructed

from any source .of nucleic acid, including: tlssue (Levy Tr. at 373:3- 10 ATX 1013 at ll 20-21
(“The template nucleic acid canbe ﬂconstructe_d i‘rom any ,source.of nucleic acid, e.g., any cell,

| tissue, or'organism-... L) A pereon‘of ordinary skill WoUld have known that ‘tiesue is eomposed .
of more than one cell, which means it contains more than one copy of a genome. (Levy Tr. at
373:17-19) Ifrestriction digestion was conducted on DNA isolated from a single diploid cell,
Wllich contains two copies of every gene, then two copies oi' the same 'DNA fragment would also
be generated. (Id. at 381:15-25)

| 97.  The’592 'proViSional also explains.tliat the ‘DNA can originate from a - ,‘

- Single—.celled organjsm like a bacteria or virus. (Id. .at 373:20-374:19; ATX 1013 at ‘8:'l 2-13

| (*DNA may be derived from any source, 'including.,. .. bacteria or [a] tdru's.”)) A personiof :

- ordinary sk111 would have known that it is common laboratory practlce to 1solate bacterial or viral
genomic DNA from a cell culture. (Levy Tr. at 374: 20 377 7, DTX 18) Indeed commonly
available laboratory protocols isolate bacterial DNA 'from a cult‘ure of cells. (Id.) Those cultures '
eontain trillions of cells (DTX 18 at 2.4.5 (stating 100 mL culture will have 10° to 10° cells/mL)), |

| Which means there will lae trillions of copies of the genome available for isolation, andv |
subsequent restriction digestion. (Levy Tr. at376:13-3 77.:2) ' |

98. The "592. provisional states: “Template libraries can be made by generating a

) _. complementary VDNA'(CDVNA) library from RNA, e. g, :messenger RNA tle\lA).” (ATX 1013

at 12:34) Dr. Tyagi testified that converting mRNA t§ cDNA will result in the formation of |

multiple copies of the cDNA if multlple copies of the mRNA are present (Tyagi Tr at 127:4-7)

9_9. Itis well-known to those of ord1nary skill in the art that most mRNAs ina cell
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eXist'fin tmultrple copies. (Levy Tr. at 378:10- 379:5; DTX 11 et‘ 107 (“Theusends of RNA
transcripts .can Be 'mnde fromthe same DNA segment during each cell generation.”)) fEach
’mRNA can s‘erve as-a‘template for reverse transcnptlon which: converts RNA into’ DNA (Levy
Tr. at 378: 17-24 381:2-4) The result is that multlple coples of an identical DNA maybe -
.generated, even when DNA 1is isolated from a single cell. (Id. at 378:2-9, 381:2-14) -

100. Inaddition,v ¢DNA libraries are typicall_y_generated b y using RT-PCR. (Id. at
378:17-379:5) The *592 provisional deseribes the use of RT-PCR to convert RNA to"DNA. (Id.
at 380:11 -23; ATX 1013 at 64 6-8 (“Whlle DNA is the preferred template RNA and PNA may
‘be converted to DNA by known techniques such as random primed PCR, reverse transcrlptlon
RT-P.CR, or.a combination of these techniques.'”)) RT-PCR is a;processwhere reverse |
| transcription.is couplec'i to a PCR :arnpliﬁeation step, which will result in the formation of
mﬂlions of copies of the DNA. (LeVy.Tr. at 380:24-381:8) "Using this process, even if there is ‘
only a smgle mRI\lIA present in.a cell rnllhons of copies of DNA would be generated. (Id at
381:9- 14) Dr Tyag1 testlﬁed that use of RT—PCR will generate rnultlple copies of a cDNA from
~asingle mRNA. (Tyagi Tr. at 127:8-14)

101.  PCR or RT-PCR arnpliﬁcation of DNA isa method of 'fragmenting perrnitted'by ‘_ :
step (a) of the Count. (Levy Tr. at 503:1-21) Indeed, that is the method of fragmenting disclosed
| .in the "‘690 application._ d.) Moreover, if the i’CRor RT-PCR amplification products are -

snbsequently fragmented with restriction enzymes,-"thi.s would generate two or more copies of the
" same DNA fragment. (Id. at 46‘5‘:'1»»1‘-v466:1) N
2. »The"592:Previsional'Deseribes and Enables Step_(n) .

102.  The *592 provisional explains that the capture of beads and DNA in
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m’ic‘roemuls:ionsy will follow the -Poisson distribution, and result in a subset of emlilsions with
' isingle 1b‘eads} ‘hy.l)fi(.lized to s’ingle-DNA fragments. (Levy Tr. at 389:2.5-390:1"5‘; ATX 1013 at -
21:16-19)
| 103. | ‘The *592 jpr§Visional .cqntaiﬁs an extensive discussion on howto méké and ﬁse '
emulsions. (ATX 1013 at 29:28-31:4, 8‘5.:2‘5—86:1‘8)
- 104. A person of ordinary skill in the art would,havev.unde;‘stood the ?592 provisional to
teach that DNA caﬁ be harvested from almost any source, énd would not be limited to only a
single cell. (Levy Tr. at 372:21-373:16) Dr. Tyég’i’s opinion that the "592.'pr0{7isional"teaches
that only “a cell’b’ would'be-l_lsed as a starting source of material onr step (a) of the Coimt ignores .
that the same ‘quot‘ed»sentence from the *592 provisional teaches that a template can be harvested .
~ from tissue or organiéms. (Tyagi Tr. at 75:16-76:8; Levy Tt. at 37‘7:14-3‘78:1)" ,
| 3. The 592 Provisional Describes. gnd Ehablés Steps (c) and (d)
105.  The 592 provisiqnal discloses the amplification step covered 5y step (c). (Seé,
e.g, ATX 1013 at 30:8-13, 31:6-29) . |
106. © The *592 provisional diécloses detecting amplified copies, as described in step»(d.). :
(See, e.g., id. at 32:15-27)
| L. - | The °07 1‘ ,Ai)plicatiqn-Describes and Enablcs the Method of the Count
107.  The *071 provisional describes and enables an embodiment wiﬂﬁnthé scopé of
the Count.. (Levy Tr. at 407:3-10) | : |
108 , The"(ﬁl pro’visiona1 satisfies the préémble of thé Count by describing rﬁethods of

sequencing. (Id. at 407:11-408:3; ATX 1015 at 38 (pyrophosphate sequencing))
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1. The *071 Provisional Describes and Enables Step (a)

- 109. A person of ordinary skill would have understood that the *071 provisiéna’l
describes and enables step (a) of the Count. (Lévy Tr. at 409:5-19) In particular, the 071
provisional states at page 40: “DNA isolation pfior tb sequéncing is Iperformed by any of several
commercially available methods. Frégmentation can be performed by one of many methods,
including physical and sonic shearing, DNA restriction endonuclease digestion, and nuplease
treatment.” (ATX 1015 at 40)

110. Df. Tyagi agreed that the language on page 40 of the 071 provisional could
describe step (a). (Tyagi Tr. at 531:3-11)

111.  All commercially available kits for DNA isolation at the time the *071 provisional
was filed were designed to isolate DNA from bulk samples, e.g., tissue samples or cell cultures.
(Levy Tr. at 409:20—416:10; Tyagi Tr. at 553:11-21; DTX 16; DTX 20; DTX 21) There were no
well-known, commercially available kits for the isolation of DNA from a single cell at the time
the 071 provisional was filed. (Levy Tr. at 413:2.5-414:4) Thus, a person of ordinary skill
would have undefstood that tile ’071 provisional describes preparing DNA samples with multiple
copies of a given genome. (/d. at 418:11-20) |

112.  The °071 provisional does not djsclOse any methods or techm'qugs for isolating '
DNA from a single cell. (/d. at 414:5-8) A person of ordinary skill would not have understood
from the *071 provisional that DNA should be isolated from a single cell. (/d. at 414:9-13)
Indeed, because it teaches the use of commercially available kits, the *071 provisional suggests
the opposite. (Id.)

113. = Isolating DNA from a single cell has disadvantages associated with it. (/d. at
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414:14-415:2) For example, vbe,cau-se there were then no commereially available kits to do it, one
would have to design aprotocol to isolate the DNA. (Id.) In:-addition, there is ohly one copy of .
the genome available, leaving a very limited amount of material with 'Which'to”work. (1d.) -If.:any
“DNA were lost, it could not be seéuenced. (1d.) For these reasons, a ‘per.son of ordinary s;kill 1n '
~ the art would not work with a Single cell unless she had to do SO. -'(Id.)‘

114.  The 071 provisional also describes fragmenting DNA with restriction enzymes.
(/d. at415:3-19; ATX 1015 at-40) . The use of restr‘ietion eniymes to 'fragment DNA tsolated
with commercially available methods results in the generation of tWo or more .ioentical DNA
fragments. (Levy Tr. at 415:12-19) |

115;‘ .Aper_son of ordinary skill in the art w'ould‘have understood reference to restriction -
| endonuclease to ;be areference to Type 1I restr'iction.en‘zymes. (/d. at 41'5-:24-416:13) VB‘oth Drs.
Levy and Tyagi testified that_Type I restriction enzymes were the .on'ly comrnercially available
restriction enMes When the *071 provisional was filed. (Levy Tr‘.at:4[16:4-13; Tyagi Tr. at
: 550:21-23) Type Il restriction eniymes were also the only type of restri'etion erlz.ymes. used in
molecular blology laboratory app11cat1ons (Levy Tr at 369 17-22; DTX 1 at 48 (“The
importance of the type II restriction endonucleases for gene clomng cannot be overstated ”)) Dr.
| lTyagi testiﬁed that a person of ordlnary skill would have used T_ype II‘rest_nctlon enzymes to
v dlgest DNA. (Tyagi Tr at 121:5- 8) |

116.  The *071 prov1s1ona1 also describes generatmg template for SNP analys1s via
PCR. (Levy Tr. .at41'7:12-418:10' ATX 1015 at 76 (“Using primers targeting sequences in close ‘:
proxnmty to knovvn SNP- contammg regions of i 1nterest on chromosome 21, we can amplify

individual, large fragrnents and load them onto our capture beads in Eppendorf tubes 7))
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PCR amplification generates millions of copies of that fragment. - (Levy Tr. at 418:8-10) -
2.  The’071 Provfis‘ional ‘Describes and Enables Step (b)

117. A person of ordinary skill would have understood that the *071 provisional
describes and enables step (b) of the Count.- (Id. at 418:21-419:3) For example, the *071
provisional states:

A second approach to amplifying and capturing both strands
will be to amplify the fragment library offline in a single tube using
oil and surfactant-based emulsions to encapsulate the capture
beads, template and PCR reaction mix. This approach will
maintain the clonality of the amplification . . .. The average size
of the emulsion capsules must be optimized to maximizethe =~

~number of single beads containing single strands of DNA, that can
be incorporated within a single emulsion volume. An adequate
'volume-to-bead ratio must be maintained in order to insure a
maximum number [of] single bead capsules.
(ATX 1015 at 46-47)

118.  The paragraph 'quoted‘above (from pages 46 to 47 of the 071 provisional)
describes emulsion PCR. (Levy Tr. at 419:24-420:2) It also describes using the fragment library
that was generated according to the inethpds deécribed Qﬁ page 40, i.e., step (a), as template. (/d. :
at 420:9-15) It further describes all of the requirements of step (b), i.e., lisin'g emulsioné to
capture beads, template, and PCR mix. (/d. at 420:1 6-20)

119.  The 071 pr0v131ona1 explams that there should be a smgle DNA fragment per

emu1s1on (Id at 420:21 421 13, 422 :4-8; ATX 1015 at 46-47 (“This approach will maintain the
clonahty of amplification . . [Emuls1ons] must be optlmlzed‘ to maximize the number of single

‘beads contalnlng s1nglf_:‘ strands of DNA, that can be incorporated within a single emulsion

volume.”))
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120.  The’071 _proVisienal p‘rovi‘des gu'idénce on the ’parameters that need to be
.considered-in‘s'ettirrg up the emulsion PCR. (Levy Tr at 421:14-1 9) In particular, it notes the
._.average .size, of the capsules needed to make sure there is a single bead and a single templafe_per'
emulsion. (/d. at 421:20-422:8; ATX 1015 at 46-47) v‘With these disclosures in mind, a person of
ordinary skill in the art Would‘:have’looked to literature available at the time for details on how to |
optimize the emulsion size. (Levy Tr. at -422i9-,1 6)

121. | Tawfik and Griffiths published an article in Nature Biotechnology - a well-known
journal to persons of erdinary skill in the art —‘thatfinvolves making errrulsions for the |
eneapeulatiou of brologieal reactions. (Id. at 422: 17-423:1 9; DTX 23) The publication corrtaius'
detailed guidance on how to form the emulsion compartments used in ithe reported .experimerits.
(Levy Tr. at 423:20-424:12; DTX 23 at 655 (under “Experlmental Protocol” and subheadmg
‘“EmuISIﬁed Reactions™)) For example, the Tawﬁk and Grlfﬁths paper provides pre01se amounts
of specific reagents to use, 1dentrﬁes the temperature to use, .and details the mixing procedure.
(DTX 23 at 655) . -

"122.  The same paper elso explains that “[t]heprecise stirring setup can greaﬂ}r affect
. droplet size.” (Levy Tr. at 424:13-19; DTX 23 at 655 under “E_xperimental 'Protecol” and .
subheading ,f‘Ernulsiﬁed Reactions”)) A patent by Tawfik and Griffiths that 1issued prior to the '
071 provisiorlal filing date also explains that “the size of the emulsion nricrocapsules may be
varied simpl_y by‘tailoriug the erriulsiorl conditiens used to form the emulsion accordirlg tothe
requirements of the selection system.” (DTX 24 at 1.1 :29-31) From these diselosures, a person
of ordinary skill would have understood'_tﬁe size of the emulsions reported in the Terwﬁk .and

- Griffiths paper could have been icontr_olled by manipuiati_ng the emulsion conditions and the
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stirring setup. (Levy Tr. at 427:4-17)

123.  ‘Ghadessy etal. published a paper in PNAS — a well read and respected journal —
that modified the emulsions reported in Tawfik and anﬁths (Id. at 427:18-430:5; DTX 33 at
4553, heading “Emulsification of CSR,” referring to reference (16), which is identified on page
4557 as DTX 23) The Ghadessy paper states:’

We used the recently described water-in-oil emulsions (16
[DTX 23]) but modified the composition of the surfactants as well
as the water-to-oil ratio. This modification greatly increased the
heat stability and allowed PCR yields in the emulsion to approach
those of PCR in solution. Compartments ‘had average dlameters of
15 um and proved heat-stable ... ‘
(DTX 33 at 4553, below “Principles Underlying CSR”)

124.- By modifying the emulsion of DTX 23, the Ghadessy authors were able to use the -

- emulsions for PCR amplification. (Levy Tr. at 430:20-431:5) By slowing down the speed of the

stir bar, the authorswere also able to significantly increase the size of the e’mulsionsvreported in

DTX 23. (Id at 431:6- 14, 453: 4-17) The Ghadessy paper demonstrates that size optlmlzatlon of -

emuls1ons isa stralghtforward process (Id. at 431:15-20)
125. A person of ordlnary skill in the art would have been familiar w1th DTX 23, DTX’
24, and DTX 33 at the time the 071 prov1s1ona1 was filed. (Id at 432: 14-23) The JHU ’690
"apphcatlon _references DTX 23 and DTX 33 as examptes of how to form emulsions. (ATX 1003
44 (réference 14 is Taw‘ﬁ.kand_'Grifﬁths (DTX 2>3) and. reference 15 is Ghadessy et al. (DTX
33)) Using tnose references,- aperson of ordinary skill Could h‘ave»manipulated the size of the
’ ernulsions reported rn DTX 23 or DTX 33 to encapsulate-a bead without undue experim‘entation’.-

(Levy Tr. at 432:5-13) There is no conceptua'l.difference between encapsulating a bacterium or a
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bead. ._‘(Id. at 431':214432:4)
3.> The *071 »Prov“is‘ional Describes and Ehables ‘Steps (¢)-and (d)
126. - Step (c) .of the Count v.._requires amplifying the fragment of step (a) in the
microreactor. (Id. at 433:15-20) The >071 provisional describes step- (c) of'the Count.because it
' ‘describ.es emulsion PCR. (Id. at 433:12-25; ATX 1015 at 46-47)

- 127.  The ;071 ‘provisional describes step (d) because it describes pyrophesphate
sequencing. (Levy Tr. at 434:1-16; ATX 1015 at 38) In order for pyrophosphate sequencing 10 ,
work, the DNA has to have been ampllﬁed (Levy Tr. at 434:6-9) |

1.28. " The *071 provisional contains no 1ndlcat10n that a partia'l .digestien should be
- performed, as opposed toa complete d1gest10n (ATX 1015 at 40) . |
o M. The °240 Application Describes and Enables the Full Scepe of the ‘Count
129.  The *240 application describes.and enables the full scope of step (a) of the Count
. because it descnbes and enables making genomlc DNA hbranes or. cDNA 11bra:r1es denved from
‘. any populatlon of nuclelc ac1ds ‘(Levy Tr. at 394:11-395:7; ATX 1001 at 3:25- 28) A person of
ordlnatfy skill in the art Weuld have understood that methods of generatlng those libraries involve °
the formation ef more than one copy ofa particular DNA ﬁagrnent. (Levy Tr. at 395:8-15)
lv 1'3(). The ’240 application also 'incot'porates by reference the .’-07-1 and °592
pr0v1s10nals (Id at, 396'6-15"ATX 1001 at 1:3-6) Italso ineorporates by reference U S. Latent |
No. 7, 323 305 whlch contams the entire d1sclosure of the *592 provisional. (Levy Tr at 396 16-

398:12, 400:11-20; ATX 1001; DTX 12; DTX 13)

"Given that the *071 and *592 applications describe and enable the preamble the ’240
application does as well because it 1ncorp0rates these d1sc10sures by reference.

38



131.  The *240 application describés delivery of Single-stranded and double-stranded "
DNA to the.rhicréreaétbrs by describing pré—hybridizing beads via oligonucléotide primers -
‘atta(:hed to the beads. (Levy Tr. at 404:10-15; ATX']_OOI at 7:16-8:31, 25:6-26:30) The *592
and >071 'provis'ion,al‘,applications also describe .delive:ry of DNA pre-hybridized to-a bead, S0
those applicafions_also describe the delivery of single-stranded and double-stranded DNA io the
microreactor. (ATX 1013 at 21:1-10; ATX 1015 at 46-47) ‘When the DNA fragment is
pre-hybridized to the bead via that primer, it forms a short regionA of doﬁble—stranded DNA.
| (Levy Tr. at 4104:16-22) The 6ther portion of the 'ﬁfégm_ent is Single—Straﬁded. (d. at 404:23—_'_24)
Thﬁs,’a pérﬁally single-stranded aﬁd partiélly d‘o‘ublé—strandedDNA.fragm'ent is delivefed to ‘t‘hev
microreactor. (Id. at 404:25-405:3) |

- 132. Thé only difference between delivery of a single—éﬁanded .DNA fragment
pré—h_ybfidized to.abead and a double-s‘trandedﬁD‘NA. ‘ﬁagﬂépt‘nOt pré—hybridized is the oﬂli-ssion }
of the'pre_:—hybridization 'stéi). (Tyag1 Tr. at 139:5-10; Levy Tr. at 405 :17-22) The components
are still delivered the same way. (Levy Tr. at 405:17-22, 406: 16;20, 475:i0;24)

133. Very little, if any, cxperimentaﬁon would be redﬁired to deliverthe
déuble-stranded DNA, as opposed to the s;ingle;stranded DNA fragment. (Levy Tr. at
v405:25_-406:20, 437:-15-21_) Dir. Ty‘agiv’s speculation that 'deilivlering ddublé-stranded DNA
,separately from a'bead wpuld be differeﬁt from délivering DNA pre-hybridized to.a bead is not-
’based on any .a;:fual eXperimenta;l evideﬂcé. (Tyagi Tr. at 547:16-548:5) "

134, | Dr. Levy explained :that modification of the parameters necessary to successfully
form a microemulsion could be done in_a dély. (Levy Tr. at 456:4-14) Dr ‘Levyfurther opined

that modification of those parameters is “extremely simple,” and would “absolutely not” require
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undue experimentation. (d. at 501:17-502:1) |
135 Dr. T};agi 1estiﬁed'fhét nde‘livery.oi“ one DNA fragment and Qné bead into each of a
V.plura'lity of microreactors could be confirmed using “statistical ,proba;bilities.'.”_ (Tyagi Tr. .,ét
60:12—‘1‘5) Tile 7240 .app'lic.ati‘on uses .stétist‘ical probabilities to .conﬁfm .delivei?y of DN_A“and
beads to the microreactors. (ATX 1001 at 1 6.:'12—1 7:27) |
N. | JHU is Not Entitled to a Priority Dafei:Earlier than -Jﬁne 5,2003
1 36. None of the priority Aevi.dence JHU provides demonstrates‘fhat JHU had conceived
of all the 'elementé of th’e. Couﬁt prior to June 5, 2003, including: (1) deliw)ering a plufalit_y of |
fnolecules of'the same fragment of DNA into microreaétors; (2) any type of efnuléion; (3)any
rhicroreactor; (4) having a single b:ead ina micforeactor’; and (5) hav'in_g a single molecu]e ofa
DNA fragment in-a micforeactor’. . ‘
1 37 J HU,cifes isolated testimony and ddcuments felaﬁ'ng to PCRV'pre-:é.mpliﬁcation
outside of an emulsion, or bptirﬁization of cmﬁlsion condit.ions,-:but there is ﬁo Aevidc_lance. the JHU
inventors had the :c:;)ﬂcept of putting template into 'fhe emulsion, ampiifyillg 1n erhulsion, aﬁd-
detectihg afnpliﬁééﬁon products frdm the emulsion, which are all réquiréd .cléments of the
| Count
| 138.  ATX 2043 and/or ATX_2081 are ’not‘_‘evvi.dence for performing e‘mul‘sion PCR,
prior to June 5, 2003, a,S th¢se documéﬁts contain no explanation, nof js the_re.any non-inventor
corroborating testimony exﬁlainihg the experiment u'nderlyiﬁg the data, or the‘compnter files.
139.  Neither the Dressman pﬁblicétion (ATX 2026) ‘nor. any of its drafts can
~ corroborate work done p;ior to the ciate the mﬁn’uscript Waé completed, and ifs existence has only

been proven by JHU as _of June 5, 2003.
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140. | The only nbn-’inventor testimony JHU has cited are .th_c de'cilarations‘of“Le'slie
'Meszler'(ATX 2029) and J asan Briody (ATX 2081). |
141. Det:'larant Meszler meré_ly'testiﬁes regarding -calendaring fime foi inventor
Dressman to use :a ﬂbw.c_ytometer m the Cell Imaging Core at J HU ..antl the‘ charges for that use,
‘and regarding a listing of data folders from a MacIntosh.computer used at the Cell Imaging Core
in 2003. (ATX 2029) | |
:1 42. D,eclarant'Briody likewise testifies merely to 'a listing of data folders from the
i\/IaCIntoSh ,ct)mpiiter and .assaciated metadata. (ATX 208 i) |
| 143’. | Neitherrofthe.cvorrob.orating declarations .incillides any information as to the
,‘expeii'rrients tliat were being performed by iriventor Dreasman in the. Cell Irriaging Core, nor;d(i
they address any aspect of the invention of the Count. |
144. The January 29, 2003 email from DrJVogelstein to Dr.'Kinzler (both-invcntors)
does not refer tov various required 4elciilents of the Count': €)) deiive_ring a pluraiity t)f molecules |
of the same fragment of DNA .into micrOreactdrs’; (2 any't_ype ot emulsion; (3) any microreactor;
(4) having a singlevbeadin a microreactor; or (5) haviiig a single molecule of a DNA fragment in
a niicrbreactor. (ATX 2(i'3 9) Furthermara, Dr. 'Vogelstein admits that the attachment to thé
- email ralates toia‘nOnv—emulsio‘n format. (ATX ‘2_03441[’ 12) Moreover, the J anuary 29; 2003 emaii
is not ciorroboratedr byanon-invent.oi'.. - | N | | -
145.  The February 1Q, ,2003 PCR ampliﬁdation of the Caipain gene from a
hetarozygous patiant source provides no indication as to the future. use of the ampliﬁcation '
products, and thus, no eviderice was submitted 'tliat the Calpain ampliﬁcatiori products Wai'e

“intended for use in emulsion PCR. Moreover, none of the inventor testitriony regarding this
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experiment is corroborated. (ATX 2040,'ATX 2034 9927-28, ATX 2051 9 '29; ATX 208095)
146. | JHU’s contention that Dr. Dressman used the ampliﬁedaC[alpéin gene for a bead
emulsion »expeﬁment-pn F ebruary 25,2003 is based solely on uncorroborated inventor testimony. :;
Moreover, the cited pages of Dr. 'Dressman"s notebook do not eVeH refer to using»an emulsion,
much less to microreactors containing a single DNA fragment.and a single bead.;(ATX 2051
929; ATX 2036 at-39)
| 147. . JHU cites ether isolated tes_timony and documents that relate to PCR '
pre-arﬁpliﬁeation .'Ou.ts"ide. of an -emulsion, or eptirﬁizatien of emuls1on ,eendi-tions, as alleged
‘ evidence of eonceptior_l‘in F ebruary 2003, but there is no corroborated evidenc‘:e that the ’inveritors P
had the concept of _butting template into the Vemlilsion,' aniplifying in emulsion, and detecting
ampliﬁcatien products from the .emﬁlsion, wh'ich are all required elements of the Count.
148. Tﬁere is no corroborated evidence that JHU performed bead emulsion PCR on
March 10 and Marc’:ﬁ 31, 2003, using a single bead and e single temi)late DNA in microreactors
formed in "a.Water-in'-oil emulsion. (ATX 2024; ATX 2032; ATX 2051 99 .2.6-55,AATX 2079
99 32-39)
1 49. 'With: respect te ti1e March le expeﬁmerits; there is no evidence .of: (1) r‘nultiple. .
i cdpi_es ofa partieular‘-templete‘(i.e.,i generated asby PCR); ) a 'single'template; or (3)7 a éinglé .
bead per eompar.tment, ae required by the Coimf. (ATX 2036 at 71) | -
| 150. . With respect to.the 'Mareh 31 experiments, the cited evidence refers oﬁly rt'o aPCR
product, ‘hot to its source. (Id. at 99) Fufthermore, there isno discﬁssion and/or eﬁ/idence ofa
| single DNA temﬁiafe molecule and 2 single beadin a water,—iri—oil emulsion micrereactof, and

there is no evidence that the product was detected, as required by the Count. (/d.) .
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151. Thelast dated page in Dr. Dressman’s notebook is from April 1, 2003.

152, JHU cannot rely on ATX 2081 as evidence for performing emplsion PCR
experiments, prior té June 5, 2003, because it is merely a listing of files recovered from a
Macintosh computer, suggesting that Dr. Dressman had the JHU Cell Imagihg Core performr
some sort of flow cytometery, but there is no evidence in ATX 2081 regarding what was
analyzed in any of those flow cytometry runs. Moreover, there is no corrobqrating evidenpe
' regérding what was analyzed in any .of those flow cytometry runs.

15.3 .o Hh cannot locate information allegedly contained ina three-ring binder of Dr.
Dressman to éxplain what experiments were listed in ATX 2081. (ATX 2079 4-.5)

154.  Likewise, JHU cannot rely on ATX 2043 as representing data associated with
emulsion PCR experiments, because there is no explanation in the document or in any
non-inventor corroborating testimony that explains what type of experiment the data represents.
There is no evidence that it répresents bead emulsion PCR or using microreactors containing a
single bead and a single template DNA.

| 155.  JHU cannot rely on ATX 2042 as evidence of another alleged bead emulsion
'experinient prior to May 12,2003, vbecause it is an undated draft of a manuscript that is not
corroboréted by non-inventor testimony. (ATX 203494 31-38; ATX 20809 6-7)

- 156.  JHU has not provided evidence that there was an emuision PCR experiment
performed on May 20, 2003, because JHU relies solely on uncorroborated inventor testimony apd
an undated draft of a manuscript that is not corroboréted by non-inventor testimony. (ATX 2034
99 31-33; ATX 2051 § 58; ATX 20799 27, 29; ATX 2080 § 6)

157. The JHU inventors use hindSight to attempt to reconstruct the evidence they could
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- not provide, by._citiog to 'tﬁo Dréssman_ouolication (ATX '2‘026) ap_d_proposing’ idat‘es'on which the
wor—k:;eﬂected in the ,pépér Iri'ight have occurred.r However, neither the DrésSmah ‘pﬁblication |
(ATX 2026) nor any of its uncorrOborated drafts (ATX 2042 and ATX 2097 through .2114) can
corroborate -work-done‘prior‘to the date the nﬁ'aﬁuscﬁpt was .conipleted;.and its exiétence 'has. only
‘been proven by JHU as of June 5, 2003. |

158. JHU has not prov1ded any evidence that it contlnuod to Work on bead emuls1on
aﬁer the June 3, 2003 .manuscript. _ | |

| - DISCUSSION
I - PRIORITY .

A.  Legal Standards

JHU, ao the junior party to the Interfer.énce, must show priority by a prepoodefance of the .
evidence.® See Browﬁ V. ‘Barbac'z'd, 276 F 3d '1,327, 1332 (F edQ Cir. 2002) (“Brown I”). ‘“Priority :
_ of invention and its constltuent issues of conceptlon and reduction to practlce are questlons of
law predlcated on sub51dlary factual ﬁndmgs ” Smgh v. Brake 317 F.3d 1334, 1340 (F ed. Cir.
2003). “Priority of i 1nvent10n. goes to the ﬂrst party to reduce an mvent1on to practlce unless the -
N ot‘herv party oan show tilat 1t was the first to [1] con@i?e the invention and [2] that'it oxe;cioed
reasonable“diyligence 1n latef reducing that ‘;mvention io practice.”” Brown 1,276 F3d at 1337
(quoting Price.‘v. Symsek, 988 F.2d 1187, 1190 (Fed. Cir_i 1993)); see also Brownixvé. Barbac'id,_

436 F.3d 1376, 1378 (Fed. Cir. 2006) (“Brown II") (“The party that is first to conceive the

8 An applicant who challenges an issued U.S. patent during an interference must prove
priority by clear and convincing evidence. See Bruning v. Hirose, 161 F.3d 681, 684 (Fed. Cir.
1998). The patents in this case were co-pending and had not yet issued at the time the
Interference was initiated, so the preponderance of the evidence standard governs. ‘See id. at 686.

44



in\;ention ‘in‘interférenc¢, if lagt to reducé the 'infzentiop to practice, is entiﬂed‘.to the patent 1jbased o
on priér éonception,if; as ﬁrét to conce1ve, 'he v-.éxeféi‘sed -reésdnébleﬁﬂ@éncé froiﬁféfﬁniebcforé '
- the other party_’.s.zconccpt'i.oh date to his.own reduc.’t‘ion to Apracti'ce date:."").
| 1. ‘Conception

'“Concé_pt’ion is the formation, ;in the mind of the inventor, of :a.dgﬁn’ite and permanent
idea of'the domplcte @d operative invention, as itis thereafter to be applied in practicc.;’ 'vIn re
S?eed, 802 F.3d 1311, 1320 (Fed. Cir. 2015) (interﬂal quotaﬁon malfks omitted). To show
coricebtion, “a party must show jbqssession of every feature recited in the.count, and that Ae\./erly
' 1im'itati0ni of the count niusfhavé beeﬁ known to the inventor at the time of ’;he alleged
conception.” Coleman v, Dines, 754 F.24 353, 359 (Fed. Cir. 1985).

- 'When proving conception, the inve_ntor‘“must provide indepencient cbrrbboraﬁng
evidence in,addition'to_'his own statéments and doéuments.’” Martek Biosciences Corp. v.
Nuirinova, Inc., 579 F.3d 1363, 1375 (Fed. Cir. 2009) (internal citation omitted). Corroboration

_is subject to a “rule.of reasor” analysis. :Reese V. Hurst,'66.1' F.2d 1222 (C.C.P.A. 1981).
“Accordingly, a t’ribunai must make a feasqnable ana;l_ysis of all of the pertinent evidence to
determine whether the i_nireﬁfor’s tevstimony”is credible.” Kridl V. McCormick, 105 F.3d ‘1 446,
1450 (Fed. Cir. 1997). -

2. - Reduction to Practice
“A redﬁcﬁon toApfact‘ice car‘1 be either a constructive reduction to practicé, which occurs
when a patent applicatioh'is filed, or aﬁ actual rédﬁction to bractice!” Cooper v. Goldfarb, 154
F.3d 1321, 1>327 (Fed. Clr - 1,99'8).' “in order to establish an actual reduction to pracﬁce,- the

inventor must prove that: (1) he constructed an embodiment or performed a process that met all
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 the limitations of the interference count; and (2) he determined :that the invention would work for -
its intended‘purpo'se.” Id.
When proving a constructive reduction to practice, “all that is necessary for a party to be
entifled to benefit of an earlier filed application for priority purposes is .compl'ié.nce with 35
U.S.C. § 112 with respect to at least.one embodiment within the scope of the count.” -
Falko-Gunter Falkner v. Inglis, 448 F.3d 1357, 1362 (Fed. Cir. 2006) (internal brackets and _
quotation marks omitted). In Huntv. T reppschdh, 523 F.2d 1386, 1389 (C.C.P.A. 1975), the
Court of Customs and Patent Appeals disﬁngu'is’hed between 'requiifements‘ under § 112 for
applications serVing as baéesfor priority, on the one hand, and interfering applications which
‘ have the i)dtential to ripen into issued patents, on the other:
Hunt’s parent application is relied upon as a prior
constructive reduction to practice; whereas in [Smith v. Horne, 450
F.2d 1401 (C.C.P.A. 1971)], the disclosure was relied upon for a
right to make the count. In the latter situation the requirements. of
- the first paragraph of 35 U.S.C. § 112 must be satisfied for the full
. scope of the count. Inthe former, 'however,'the § 112, first
paragraph requirements need only be met for an embodiment
~ within the count. ' '
~ Asapplied to this case, the holdings in Falko and Hunt require 454’s 592 and *071 applications
— which 454 relies on only as bases for priority — to describe and enable at least one embodiment
" within the scope of the Count. By contrast, 454’s 240 application must describe and enable the -

Jull scope of the Count, as 454 desires to obtain (in fact, retain) patent rights to the claims set out

in the *240 application (which is now the issued *305 patent).. __
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B - 45_4"-s.«-4C6héepti01ﬁ1 ;and ;Re_duct’ion to Practice
1 -454 fConc‘e’ivéd of it'hé zlhvenﬁon :b'_y Decetn’her 20,2002
Con31der1ng the evidence in its ent1rety, the Court. concludes that 454 has proven by a
preponderance of the evidence that ithada “deﬁmte and | permanent 1dea of the. complete and
operative invention,” Steed, 802 F.3d at 1320, by no ) later than December 20, 2002. '(S'ee'FF,35'- '
55)9 A group of the inventors initially discussed the idea for a method for analyzing Itucle'ic aeid A
sequeneee »us‘ing. bead emulsionP{CR en June 7, 2002, as‘,ev'idenced in Dr. Berka’s lab notebodk ‘
and as testified to by Drs. 'Sar'k‘is.and Leamon. (A’fX 1094 at 16; -Sarkis Tr.at1 80:8;1 83‘_‘.:5; ATX
17'1 149 17) Dr. Berka’s lab notebook includes a depictten of the basictconcept ‘of the tnt/entiOn,
showing a PCR reaction involving individual bead-fragment eom'h'inatiohs_in 'a-water—'jn-oil
_ emulSioh. '(ATX. 1094 at 16) |
| ‘Initial experimenté petformed by Dr. 'Leamen tevealed problems with emulsions
."‘crash’ing” before amplification or sequencing »cotild be performed; (FF39) .However, later
'expenments 1mpt0ved the stabilization of the emulsions, permlttlng Dr. Sarkis to complete steps
(a) through (c) of the Count in an expenment on December 20, 2002 (FF39, 41-44) Dr. Sarkis
used test fragments that had been prepared by Mr. Altman who testlﬁed that the test fragments
he had had been PCR amphﬁed and, therefore, comprlsed multlple copies of the same DNA
fragment in comphance with step (a) (FF44 48) Dr. Sarkis testlﬁed that the goal of the 454
» mvehtors was clonal amphﬁcatlon, m_eanlng_thelr .geal was to have a single ,effectlve copy per

bead per microreaeto't,j n cetnpliance with step (b). (FF54) Dr. Sarkis and Mr. Altman had.

} °Citations to the Court’s Findings of Fact, which are provided- earher in thls Opmlon are
in the followmg format: “FF [paragraph number(s)].”
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preViously sequenced the test fragments in separate experiments, rn compliance with step‘ (d).
Although sequencing was rlot completed on December 20, 2002 on. the amplified copies of DNA,
the ultimate goal of the 454 scientists was to develop a procedure'that would include step (d) of
the Count-(and, egain, they had done step (d) of the Count earlier and, plainly, still bad '
possession of step (d)). (See Sarkic Tr. at 201:1-11) Dr. Sarkis’s testimony, which the‘Cotlrt
found to be credible, in combination with all of the other relev.arrt evidence, indicates that 454
conceived of the invention by no later than December 20, 2002.
- 454’s conception was corroborated by non-’int/entor testimony. (See FF56-87) In

particular,er; McDade corroborated the discussions of June 7, 2002. (FF77) In‘addition, Mr.
- McDade specifically recalled that Dr. Sarkis performed a bead emulsion PCR experiment that
- resulted in template ampliﬁcatiorr and sequenceable product just before Christmas in December
2002. (FF78) Ms. Lanza recorded in her lab notebook the sequence of one of the PCR-generated
test fragments used by Dr. Sarkis in his December 20, 2002 experiment. (FF47) Mr. Altman
* testified that he PCR amplified the test fragments used by Dr. Sarkis in his December 20, 2002
experiment. (FF46) |

454’s conception is further corroborated by testimony regarding the applicability of the
Poisson distribution to Dr. Sarkis’s December ‘20, 2002 experiment. (See FF56-60) The Poisson
distribution may be relied on as evidence of what ectually transpired during the experiments
- performed by 454°s scientrsts; irlcluding the December 20, 2002 experiment. (Levy Tr. at
361:16-22, 498:13-24) The Court credits Dr. Levy’s testimony and finds his discussion of the
Poisson distribution to establish that it is highly probable that Dr. Sarkis’s December 20, 2002

- experiment resulted in more than one microreactor containing a bead and the same DNA
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.fragrhent; satiéfying the' flim‘ita'tions of ‘-step (b) of the Coﬁnt. :

JHU’s ‘.cri’Aticfisms; of 454°s expefimental evidence frem fhe Decemb_er_'20,A'_2‘OO2.ex.periment
~are coﬁtredicted by documentary evidence .and‘teéfiniony- from_ﬂ4.54?’- S Witnes_ses', ,alll'v‘of whom ‘IIhe.‘
1 Court .found to Betc_red'ib'l.e. (See, .e.g;, D.IL i‘l O_at'.3>1_).(a11eging 'ihere 'isb“»[n']o evidenee of -
.‘ampliﬁcatioﬁ of .teé.t fragments .according to step (¢),” when eVideﬁce shows that opposite is true
(see,ATX 1105, at 95-96)) Regarding conception specifically, J HU alleges that the 454 inventors |
failea to appreeiate step (a) of the Count and, therefore, did nOteQ'nceiveof the ‘inVentionrbvy |
]V)ecembellr 20, '2002.. ’_(Seé D.L 11‘0 at _28-32)' v»T.he Court disagrees. Dr. Siarkis knew thetest -
:ﬁaémeﬁts Wer.e PCRf'generated and included them in his m’icroemuls)ion experiment, accordi-ng
to step (a) of the Count. (Sarkis Tr. at 194:.1‘1\—15)10 This,satieﬁes .step (a) of the Count as it
plainly involved gener'aﬁng a plurality of molecules of a fragment of DNA.

JHU focuses on fhe fact that 454 was ultimately interested 1n analyiiﬁg adenoﬁirus :
ﬁ*agments thet Were not -.generated in such a way that wouid'haVe created more than one of the -
-same »fragment aecofdin_g to etep (a). '(vSe.e zd at 28-29) Regérdless of what fhe uitimate geal 'of »
454 Waiis,'asv a ;con‘lp.ahy.», the evi\dence shows bthat Dr -Sarkié understood-hifﬁself to be performing -
step (a) of 'theCount by including test fragments ini his microemulsion experiment on December

20, 2002. Step (a) wés known by, and in the possession of, Dr. Sarkis as of that date. JHU’s

THU insists that both “conception and reduction to practice ‘require contemporaneous
recognition and appreciation of the limitations of the claimed invention” not just fortuitous
inherency.” (D.L 115 at 29) (quoting Mycogen Plant Sciences, Inc. v. Monsanto Co., 252 F.3d
1306, 1314 (Fed. Cir. 2001)) However, as 454 argues, the Federal Circuit — citing Mycogen —

has held that in an interference a prior inventor need not “demonstrate that [she] recognized the
~ exact language of the ultimate count” but “only the subject matter of the invention.” (D.L. 118 at
27) (citing Henkel Corp. v. P&G, 485 F.3d 1370, 1375 (Fed. Cir. 2007)) :
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insistence thét itand -4'5:4 had diffepeﬁt aims and were pursuing diffeﬁeﬁt iﬁvénti_onéll‘ does
E nbthiﬁg to undgrm'ine the Céurt’fs findings Lfthat 454 ,conceiv.ed’ of the .i‘m/_ent'ion. of the Count by
December 20, 203112,12 — e\;en tf at some eaf?fer déte ;‘he‘}pvt.lrties"-uini'tftl'ai intentions -;di‘ffe,ljfed; _
JHU raises ;additidnal challenges to 4‘54’5 conception of the ’inverft’ion_whiéh are addressed
jl;elow in connection with the Court’s :an»alysiszof 454’s Ieduptions 10 ipfactice‘. |
2. 454 Actually Reduced the Invention fo Practice by January 15, 2003
454 has proven by.a preponderance of the evidence thét it actually reduced the invention
- of'the Count to ,bractic‘e, v'start'ing at least by,Jaﬁuary 15, 2003, (See FF61-87) For example, from
- J anuary 14 to 15, 2003, Dr. Sarkis set up emulsion PCR %¢éctions ﬁsing:a-.cbmbinaﬁon_ Qf
:adenovirqs DNA<aﬁd test fra_gmenté (TF4, TF6, ‘.TF7, and F6) with an mput 0f 600,000 beads and .
1.2 million molecules of DNA ~(’c_Wo copies pér’ bead) and successfully obtaiﬁéd seduen‘cing |

tesults for the ‘F6_‘tést fragment from emulsion-PCR-generated beads. (FF62) The F6 fragments -

According to JHU, “[t]he obj ectiifc of the THU application is to find mutations in -

specific portions of the genome,” which “requires.generating multiple copies of a fragment of the =

genome” through two steps: “pre-amplification,” which is step (a) of the Count, and “emulsion -
amplification,” which is step (c). (D.I. 110 at'1) JHU continues by contending that the objective
“of 454°s application, by contrast, “is to assemble genome sequences from snippets of the
genome,” which entails “the genome be[ing] fragmented into many overlapping pieces.” (Id.) In
JHU’s telling, the “use of a second or ‘pre-amplification’ step is counter-productive to the _
objective of the 454 application as it generates multiple copies of the same fragment,” whereas
the whole point of 454’s invention is to “piece[] together” multiple fragments “to assemble the
entire genome.” (Id; see also D.1. 115 at 18 (“[JHU] has produced substantial evidence at trial
‘that not only are the methods described in the [454] 071 and *592 Applications different from
JHU’s applications, but that the reason for that difference is due to the different goals and
objectives of the applications — gene sequencing v. detection of gene mutations — which shows
the methods are not obvious variants of one another.”)) - ' - ’

~ °This is months before JHU’s conception — which occurred no earlier than June 35,2003
meaning that 454 both conceived the invention of the Count before JHU did and then began
using reasonable diligence to reduce to practlce before JHU even concelved of the 1nvent10n See
Brown II, 436 F.3d at 1378 ‘ '
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satisfy step (a) bo'f ‘the COun‘t, because they were generated by PCR, .‘as Mr. Altman exptained.v
(FF46) -.According 1o Dr. Levy’s 'testimony, ‘which the:Court credits, this exher’iment would have
produced at least two mieroreactors (i.e., a plurality) each containing—one bead ando_ne of the
same F6 test fragments, in accordance with step (b) of ‘the"Count. (Levy Tr. at 359:2’3-3 60:11)
The F6 fragments,.bound to beads, 'Were then .,arnp'liﬁed and sequenced in accordance Withv.steps
(c)and (d) of the Count. (ATX 1105 at 112-13)
Later expenments performed under sumlar cond1t1ons were add1t1onal subsequent
- reductlons to practice. (SeeFF 63 (January 23, 2003 expenment), FF64 (January 28- 3 1); FF65
(February 5), FF66 (F ebruary 6); FF67 (F ebruary 7) FF72 (F ebruary 19) FF 73 (February 27)
FF74 (March 7); FF75 (March 28)) | |
JHU criticizes 454°s ev1dence of .conception and reduction to _practiee ina variet_y of vvays.

(See, e.g., DI 110 at 30;3 1) | JHU ar_gues that the 454 eXperimental -tlocuments do not show a '
conceptlon or reduction to practlce of step (b) “based on work done with the test fragments > (ld.
| at.30) The Court d1sagrees As Dr Levy oplned the test fragrnents were 1ncluded in -
m1croemuls1ons as required in step (b) of the Count (Levy Tr. at 359: 23—360 11; see also Sarkis |
~ Tr. at 194:11-15)

N JHU contends‘that the “only basis that Dr. Levy and 454 provide” to show.coneeption.and' :
reduetion to practice of step (b) is that:‘the'Poisson distribution theory:.applies to the distribution
_‘ of fragments in the mlcroemulswn (D I 110 at 30) Even 1f thJs allegatlon were true (1t is not)
‘, JHU’s own expert testlﬁed that the Po1sson d1str1but10n 1s alvvays true” ‘(Tyagl Tr. at 137:2—3,
138:25-139:1), and the Court credlts Dr. Levy’s testlmony that the Poisson distribution would

hold true with respect to 454°s experiments that resulted in reductions to practice of the invention
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'(Leyy'Ti. :at.359;:“2-3-360::l%1). |
h JHU largues that “the data .co'llected;(ﬁumber of fragments per bead)” dur'iné the 454

.experiments ““is finéufﬁc‘ient to.show that the -Poiééon.disuibution was actually ach’ieved.‘” [(DN R
110.at3 0) Again, the Céurt creditsb Dr Levy’s testimony that the P‘o‘isson distribution would
hold true and ;predicts two or more microreactors, complying with the requirements of step (b).
.(Lev_j Tr. at 359:17-22) As explained _b,y"Dr. Levy, one could festimaté the number of :
. Lcompartments in an emulsion by "‘kﬁbwingthe diaﬁ}eter of those compartments and the volume
of the aqueous Soluﬁon .going in” (Id. élt"S 65;'1 1 722)' _Based on ‘I'he number of cOmpa'rtments,*fhe
number of ,ﬁagtﬁeﬁts, and the number of beads, Dr. ‘Levy was able tb conclude that the 454
reductions to-practice Would have finciuded more than oné compartment with a .s'ingle'béad and
‘the same fragment of DNA, “be;:'ause you"ré able 't(‘\)‘ do P.CR that’s detéctab’le in‘t’he seéquencing
~ action” (d. at 365:23-366:15) | | |

| The Court further credits Dr.’ Levy’s opinion that the very fact that 454 obtained |
‘sequencing fesults,necessarily. presupposés 'tﬁat. some honiér;) nﬁmber, of ideﬁtical test fragménts
were deliveréd to micréreéc_tors-, As Dr. Levy explained, whiie 454’s e;xpeﬁfnénts Vw'e're nof :
designed "tQ 'test'thé Poissoﬁ distributioﬁ; and tﬁgrefore c_:a’mﬁot demonstrafe the percent of
 instances in which there is a single fragment oﬁ a single bead, the 'experiments dQ ishow »

- “sequence data.” (Levy Tr. at 360:9—361 :3) This is itself confirmation of there béing af least one |
e instance of a s'ingle ﬁaghent ‘oﬁ ‘va single -beadzrf““[I]t is -Veijy clear that-_you only gét sequencé data
: ‘f‘rom the expérimgh_tal éemp.' You 'iny get s'eéﬁénce dat;if’th‘(\:.ré is oﬁe fragment on oné'béad '~ |

gding intoAthe.vampliﬁcat'ion.” (Lévy Tr..th 360:20-24;>‘s.ee dlso id, at -496;8;12 (“You _c‘an,fuse

this data to back-calculate the percentages, but it absolutely assuredly télls you that there were
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individual beads with individual fragments that a_nipliﬁed and were capable of being s‘eqﬁenced
and could be mapped to the, in this case, the _identiﬁér genome.”) Dr. Tyagi lﬂtimately agréed ’
that if one gets a sequence (as 454 did), this means that there was onlyl.ohe ysequence on the bead.
(Tyagi Tr. ét 546‘: 6-8 (“1 Woﬁld agree with Dr. Levy, that sequence, if you get a.sequenéé, that
means there was only one sequence on the beéd.”)) |

JHU argues thaf tﬁé fact that test fragments were added ‘to emulsions separa‘;ely from
adenovirus means amplification and‘ séquenc'ing would have produced “exactly the same signal”
whether there were 1 or 100 fragments in a microreactor. (D.L 110 at 31; Tr. at 577:3-10)
JHU’s.arguments on this issue are vague but appear to reflect its broader speéulation'that there is
no way to 'be‘ sure step (b) was satisfied by two or more microreactors containing only one of the
sarﬁe DNA fragment and a single bead. The Court credits the testimony of Dr. Sarkis, as well-as
the documentary evidence from Dr. Leamon’s notebook, and is persuaded the rec_ord
demonstrates bompartments of “about the right size” for con;cain'ing single bead-single fragment
combinations. (Sarkis Tr. at i90:5-191 :10; S'ee also id. at 197:2-7) Mofeover, the Court credits
Dr. Sarkis’s testimony that his January 14-15 experimént produced at least two microreactorsb
complying with step (b). (Id. at 200:15-22)

JHU aéserts (without‘ showing) thét there is no evidence that the beads to which the test 7
fragments \&ere allegedly aﬁéched were capable of hybridizing to the test fragments. (D.L 1:10 at
31) The Court disagréeé. Dr. Sarkis’s lab notebook and t_estimony from Dr. Berka iridic,ate that
454°s standard praCticg: was to wash and perform other actions meant to remove unbound beads,
leaving only.the beads and fragments Bounc_l td them (if any) for analysis. (See generafly ATX

1105 at 112; Tr. at 306:23-313:12 (noting that, after washing and PCR cycling, beads and any
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fragments bound thereto were anélyzed, not unbound fragmerité); see also Sarkis Tr. at 217:1 -4)
JHU further contends in its post-trial briefing (without citing to the record) that the
sequencing primers used for test frégments raise questions about whether the 454 experiments
practiced the Count. (D.I. 110 at 31) 454 responds that this- ar.gumerit 'was never presented at any
earlier point’in this case, and that there is no record evid-ence cited in support of it, so JHU’s
position in this regard is not entitled to any evidentiary weight.. (D.I. 118 at 28) The Court

agrees and will diéregard JHU’s attorney argument — which is unsupported by anything in the

" record.

3. 454’s Conception and Reductions to Practice are Corroborated |

454 has shown by a preponderance of the evidence thaf it. conceived ﬁnd reduced to
practice the invention of the Count as described above and has come forward with credible,
persuasive non-inventor evidence to corréborate the experiments discussed above. (See FF 76-
87) Mr. Altman corroborated production of the F6 test fragments by PCR, satisfying step (a) of
the Count. (FF46) Ms. Lanza recorded the sequence of the F6 test fraément in her iéb notebook,
evidencing conception of step (d) and the intention of the ,engriﬁlents to ampiify aﬁd detect F6 -
test fragments. (F F47j Dr. de Winter corroborated all steps of the Cc;unt with hié testimony that
his team performed emulsion experimenté eithef with test fragments alone or with tesf fragments
mixed With adenovirus. | (FF53) Dr. vLanza corroborated reductions to practice in J énuafy 2003 |
and testified that she worked “very closely” with Dr. Sarkis at the time. (ATX 112699 10-13)
Mr. McDade corro_borated conception as of Dec;ember 20, 2002, as already discussed above, and

the subsequent reductions to practice.
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" sC.“' 454”-s.Pv1A‘iofity"Cla'ibm 102071 Applicatién
454 has ,prO\}.en that it is entitled to cla'im,priori_ty fro.the °071.application, ‘b.écause it has " ’

sthvn that the *071 applicaﬁon .deécribes and enables a persqn of ordinary skill in the art to
practice at least one embodimeﬁt within tﬂe .scopé»of fhe‘Count. (FF1 07—.2-8) The ”071
application discloses use of r‘e.stricﬁ'oh. endonuclease di gestion for the cfeat'idn of 'templéte 'DNA

used in conformance with step (a) of.t‘he-Countv. (FF109, 114) The ’071 also discloses use of
.coﬁamerciaily available kits for DNA'isdlatibn, which wouid'have neCessaﬁly included kits that
“have mof.ic' than one of the same DNA ﬁagrﬁent. ' (FFi 11) Use. of fcsfriction enZymes_bn DNA | |

fragments from commerc'iall_y available kits would result in practicing step (a) bf tﬁe Count. .
(FF114-15) . | o
‘The *071 application discloses step (b) of the Cqﬁnt. (F_Flb‘l 7—'25) The”071 éi)plication

S_p_eciﬁcally states: “The,average size of‘the emulsion capsules‘ must be optimized'to maxin’jize
~the nﬁmber“ of s.ingle_beads- contai?iiﬁg single strands of DNA, that canfbéfincorporafed within a

single emulsion ilolume:” (F F'l 17) 'Thé‘forégoing i_‘efers to use of th¢ _DNA 'teﬁplate genefat'e‘d .
- “during step (a), as descﬁbed above. (F Fl 18). The ‘;07 1 applicatién discloses enough ,guidance
‘and the necessary pmaﬁeterS'tO'mable someo_ﬁe of ordinary s’k.ill- in th e .aift'to practice the Cbunt.: N
(Sée FF119-25) : |

*  Finally, fhe ’07 lr.‘applicatio.n disclbses éteps‘(c) and (d) of tﬁ‘e Coﬁnt, as déscﬂbéd inthe
findings of fact. (FF12627) o | o | |
.. '. JHU ar'gu‘esr that the *071 ‘, app’ﬁcation does .not‘ disclbse_ the full ‘scorpe of the inQénfién

because it does not disclose methods involving double-stranded DNA femplate used‘i'n step-(a) of

use of non-'pre-hybfidized'DNA separaté from beads delivered to microreactors according to step



(b). (D.I. 110 at 10) JHU’s contentions rely on a flawed legal premise. In order to support a
claim of pﬁoﬁty, it is not necessary for 454 to prove written description and enablement of the
full scope of the Count by fhe *071 application. See Hunt, 523 F.2d at 1389. Instead, 454 need
only prove written description and enablement of an embodiment — which 454 has done, as
explained elsewhere in this Opinion. Nevertheless, the Court finds that the 071 application’s
disclosuresdo enable even what JHU characterizes as the “full scope” of the invention.

Regarding JHU’s arguments as to step (), the 071 application discloses use of single-
_stranded DNA hybridized to é bead via oligonucleotide primer such that a short region of double-
stranded DNA would be created at the bond. (Levy Tr. at 404:10-22) Thus, ;the ’071 application
discloses both double- and single-stranded DNA. Moreover, Dr.‘Levy testified that delivery‘of
éﬁly double-stranded DNA to an emulsion instead of siﬁgle—strénded DNA would not have any
effect on the outcome of the method in the Cou.nt. (Id. at 405:8—16) There would be no
significant difference in héw one would i)erform the mvethod of the Count by_using only double— ,
stranded DNA in step (a). (/d. at 405:17-406:3) _

With respect to JHU ’s argument that the 071 appliéatjon does not describe or enable
delivery of DNA separate from a bead into a microreactor, the Court is persuaded by Dr. Levy’s
. opinion that a person of ordinary skill in the art Would know how to deliver DNA separate from
beads, given the disclosure of a pre-hybridized embodimenf, such as the one in the *071
applicati}on. (Id. at -406‘:4-20) .-

JHU does not argue vthat the *071 application (or the ’59.2 application) fails to describe or

enable steps (c) or (d) of the Count.
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R D. | 4545 Priority ‘Claim 107592 Application
454 has proven that it is entitled to claim priorify to the *592 vapﬁl’icat’ion, lbecausév‘it Has
shown that the 592 application describes and enables a peréon of §rdinary -skill inthe art to
practice at least one embodiment wn:hm the scope of t’he‘-C‘ount. (FF107-28) The "59’2
-application discloses .every.thihg that is in the >071 application — plus additional detail. (Compare
ATX 1 013 (592 application) with ATX 1015 (071 applicatiqn)) Thus, for at‘least.the reasons. -
* given above with respect to the 071 application, th¢ ’592 application aiso qua'liﬁés asa
constructive reduction to practice. | |
E. uJHU’ls»Conce_ptiqn and Reducﬁon to Pract‘icé
The Court previously deteﬁnined_zthat J HU conceived 6f'the invention on June 5, 2003
' . ;and..‘e).(ercised:reas'onaible diligeﬁce_ until'reduc;tion,to practice on July 5, 2003. (D.1.97at12;16)
JHU has failed to i)rove thét 1{tis entitléd to.apﬁority vdate earlier than June 5, 2003..»' The only
non-inventof c_on_‘obofa_ting évideﬁce qited” by JHU in sﬁpport ofits arg@enfs for an earlier
, prioﬁty'date"f;ailé“to disclose .the folldWi'ng required elemehfs of the‘COunt; as eXplainéd by 4‘5'4
in ité ,a'n‘swer'ing brief and in the Couﬁ’s findings of factf-,(l) delivering a plurality of molecﬁles of .
the same 'fragfnent of DNA into microfeactofs; 2 any type of cmulsion;_ (3) any microreactor;
4) having'a single bead in a'microreactor; and (5) haviﬁg a single molecule of a DNA ‘fragmént
ina mi-cror_eactor. (See D.I 1 18‘ at 32;-$ee also FF140‘-62) B¢cause J HU has cited ins'ufﬁcient '
: 'corroﬁoration of conception ‘and’re_:duction to practice, J HU has failed to carry its bufdén of _
proving, by apré?onderance of fhe évidencé, an eériief priority date. See Marteki, ’579 F3dat

1375,
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F. . Conclusion as to Priority
454 has proven (1) conceptlon by at least December 2002 (2) actual reductlon 10 practlce
_ by at least January 15 2003 and: (3) constructlve reductlons to practlce of the Count by April 23
-2003 ‘the ﬁhng date of the ’071 application, and June 6,2003, the ﬁlmg date of the *592
apphcatlon Aspreviously determined by the Court, JHU has proven a conceptlon date of ]une
5,2003 and a 'r.eductien to practice date of July 5, 2003, With diligence during the intervening
time period sufficient to StlppOI"t a June 5, 2003 priority date. (D.I. 97 at 1 2,16) Accordingly,
“the CQurt is compelled to hold that 454 prevails on the parties’ p_rio‘ﬁty dispute, as 454 has
proven that it was the first to conceive of the_ invention and the first to reduce it to practice.
II. "VAL‘IDITY ‘ |
A. - Legal Standards
1. ‘Written Desc‘ripﬁon
Paragraph 1 of 35 U.S.C. § 112'.s‘tates in pertinent_part: :
| The speciﬁeation shall contain a written description of the ,
invention and of the manner and process of making and using it, in
such full, clear, coneiseand exact terms as to enable any person
-skilled in the art to which it pertains, or with which it is most
‘nearly ,c'onnected, to make and use the same. .. .[13]
" The statute sets out separate requlrements for written descnptlon and enablerrtent See Ariad

Pharm., Inc. v. Eli Lzlly & Co 598 F. 3d 1336 1344 (Fed. Cir. 2010) (holdlng that wntten

descnptlon,and enablement requlrements are separate). Yet these requn'ements ‘often nse.and ‘

* BThe patent statute was amended in September 2011 by the America Invents Act
~ (“AIA”), Pub. L. No. 112-29, 125 Stat. 284, 300- 01 (2011). The pre-AJA version of § 112

applies in this case. The post-AIA version of this portion of the statute (§1 12(a)) is identical to
the pre-AIA verison. ,
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fall togethcr.” Id at 1352. The pdrties ‘é.gree thét, in a case 1‘b'rou:_ght under § "1 46 arising from an -
‘ interference, 1invalidity 'u;lder § 112 must be prove(_i bya préppnderapce of the evidence. (See Tr.
R 31.—32, 45) The-Court :agfées that .aﬂpreponder"c‘mce of'the Ae'v'idence standard .‘a_pp'li:es. See
Bruning v. Hirose, 1998 WL 690851, at *3-5 (Fed. Cir. Sept. 29, 1998).

‘Whether a specification satisfies the writtenvdesc.r'iption requirement is a question of fact.
See GlaxoSmithKline LLC v. Banner Pharmacaps, Inc., 744 F.3d 725, 729 (Fed:-Cir. 2014); see
" also Alcon, Inc.v. Teva Pharms. ‘US4, Inc., 664 F. Supp. 2d 443, 468 (D. Del. 2009) |
(“Satisfaction of ‘the written description requirement "ié a fact-based inquiry, depending 6n ‘.the
naturé of the claimed invention and the knowledge of one skilled in thelért at the time an

99y

invention is made and a patent application is filed.””) (quotihg Camegie M_ellon Univ. v.
Hoﬁ‘inann-La quhe Inc., 541 F.3d1 115, 1122 (cht-— Cir. 2008)). “ |

To comply with-thé ‘written description ‘requiren‘lent, a patent’s ’speciﬁcaﬁon “‘-musf clearly
allow persons of ordinary skill in the art to recognize that the inventor invented what ‘.is CIaﬁﬁéd.”
Ariad, 598 F.3d at 1351 (int,ema'i brackets ,an_d _quotatiof; marks ‘om'itted). “[T]he test for -
sufficiency is whether the disclosure of the application reiied upo'n‘ reaséhéb_ly cohveys to those -
skilled in‘the art that the inventor 'had,posseé’sion of the claimed subj ecf matter as of the filing
date.. .. [T]he tésf .requifes an objective inquify into the four corners.‘ of the specification from
the pgrspeétive ofa ﬁerson of ordinary skill in t’h_e.aﬁ.” Id. “[T]he written deséribtion
requiremént doeé not derhand eithe_r.:eXamples orv,an actual re_:ductio'r.l to practice;:a constructive
reducﬁbn'to pract'iée‘that in a definite way identifies the claimed invention can satisfythe Wrifter;
d_escripti()n r_equ_ireiﬁentf’ Id. at 1352. However, “a descr‘iptioﬁ that merely renders the iﬁvention

obvious does not satisfy the requirement.” Id. -
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| 2. -’Enable_;nent ’

“Enablement ‘is..,.a question of law based on ﬁnderlymg factual ﬁ‘ndings.”. MagSfl Corp. v
Hitachi-Glob. .Sto';fége Teéhs., Inc., 687 F.3d i377, '1.380‘.(F.ed.gCir. 2012). "‘;‘T:o be enabling, the
specification -of a patent muét teach ’thése skilled in the art 'how to make and use the fl.ﬂl scope of
the claimed invention ﬁthout undue experimentation.”” Id. (quoting 'Geneﬁtéc’h, Inc. v. Novo
Nordisk, A/S, 1 08 F.3d 1361, 1365 (Fed. Cir. 1997)) (interna'l.‘qu(')tation marks omitted).

““Enablement séfves the dual 'fuhction in the pafent system of ,ensuring ,adequgté- disclosure of'the -
“claimed finvenﬁo#and of preventing claims broader than tﬁé discldsed ‘inv'.ention’.'” Id. .atr
1.380-'81. “Thus, a patentee chooses broad claim 1anguagé at the peril of losing‘ any ciaim that
cannot be enabled across its full scope of coVeragé."’ Id.iaf .1.38‘1. “T he-scoﬁe of 'the \’élaifn.s must
be less than or equal to the scope of the enablement to ensure ‘that the'pﬁblic knovﬂedge is ._ 'i
enriched by the patent specification:to a degfee at least cc;mmensul;ate with the scope of the
claim's‘.” Icil.'(internal quétation .ma.rks 6mittéd). | |

“Whether undue experimentétioﬁ is needed is not a éingle, simia_le fac;tual de‘\cerminati():n,
but rather is a conclusion réached'by.weigh.ing many factual cbnéiderations.,” Inre deds, 858
F.2d 731, >7-3'7 (F e_d. Cir. 1 988). Thesé factors include: “kl) the. quantity of experimentatién
.necessary.,. (2) the amount of diire.ctic‘)n or guidance preseﬁtéd, (3) the presence or abéénce of |
working examples, (4) thc4nature of the inV'ention, (5) the state of the prior art, (6) the'relatiVé -
skill of those in the art, (7) the ﬁredictability or unpredictability of the art, and (8) the breadth of |

- the cla.imsf” 1d. Althqugﬁ “a ép‘eciﬁcation neéd not discl‘osev what is-well known‘iin the art,” . .
"‘[t]ossing_ out the mere gefm of an idea does not conétitute enabling disciosUre.”_ Genente_ch; 108

F.3dat 1366. A patent “cannot simply rely on the knowledge of a person of ordinary skill to
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serve as a’substi’-[ute for the missing information in the specjﬁcation.‘?’ ALZA Corp. v. Andrx
Pharm., LLC, 603 F3d 93.5 , 941 (Fed. Cir. 2010).
3. ‘.Antici,pation
“A patent is invalid for anticipation if a single prior art reference discloses each and every
limitation of the claimed invention.” Schering Corp. v. Geneva Pharm., Inc., 339 F.3d 1373,
1377 (Fed. Cir. 2003); see also In re Donohue, 766 F.2d 531, 534 (Fed‘. Cir. 1985) (stating patent
is invalid for anticipation where “each limitation of a claim [can] be found in a single reference,
practiée, or device”). A “printed publication in this :or a foreign 'countl_'y” is anticipatory prior art
ifit discloses the claimed sul;j ect ﬁaﬁer “befofe the invention théreof by the applicant for |
patent.” 35 U.S.C. § 102(a).”* ‘_‘The dispositive question regarding anticipation is whether one
skilled inthe art would reasonably understand or infer from ‘thé prior art referehce’s teaching that
every claim limitation was disclosed in thét single reference.” Akamai Techs., Inc. y. Cable &
Wireless Intgrnet Servs., Inc.,344 F.3d 1186, 1192 (Fed. Cir. 2003).‘ Whether a claim is
anticipeited is a question of fact. See Eli Lilly & Co. v. Zenith Goldline Pharm., Inc., 471 F.3d
1369, '1375 (Féd. Cir. 2006). |
In this case, which arises from an interference, anticipatidn must be proved by a
preponderance of the evidence. See Bruning v. Hirose, 161 F.3d 681, 685-86 (Fed. Cir. 1998)
(“]jming an interference involving a vpatent issued from an application that was co-beﬁding with
the interfering,application, the apprépﬁate Stahdard of proof for Valiciity challenges is the

preponderance of the evidence standard.”).

‘4Thé Court again refers to the pre-AIA version of the patent stamte,- which governs in
this case. ' '
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“A showing that a patent was conceived ét an earlier date [than the date of a prior art
reference] and reduced to practice with reasonable diligence is called an effort to swear behind” a
prior art reference. Stamps.com Inc. v. Endicia, Inc., 437 F. App’x 89’7_, 907 (Fed. Cir. 2011); see
also Moll v. Northern T elecom, Inc., 1995 WL 676420, at *4 n.1 (E.D. Pa. Nov. 8, 1995) (“[Bly
permitting a patent applicant to ‘swear behind’ rhe prior reference under 37 C.F.R. § 1.131,a
patent examiner effectively removes the prior art as a bar to patentability.”). “The requirement
for the corroboration of inventor testimony aplelies to efforts to swear behind a prior art |
reference.” Stamps, 437 F. App’x at 908.

B. ‘Whether the 240 Application Meets the
Written Description and Enablement Requirements

The Court has already determined that the 071 and *592 applications dieclose the full
scope of the invention, for Teasons explained arbove. Specifically, the Court concluded t}rat the
*071 application’s disclosure of hybridized DNA to beads discloses both single- and double-
stranded DNA and that the *071 application’.s discloSure of the pre-hyl.)ridized._.embodiment |
provides written description and.enablemerrt support for a non-pre-hybridized embodiment.
(Levy Tr. at 404:10-22, 405:8-406:20) The ’240 application irrcorporates the 071 and °592
app_lications by reference. (ATX 1001 at 3-8) Thus, the 240 application also adequately
describes and enables the full scepe of the invention.  See Harari v. Lee,‘ 656 F.3d 1331, 1338
(Fed. Cir. 2011) (holding that patent application incorporated by reference could supply written
description support). N |

Thus, while JHU is eorrect thét 454 mrrst satiSfy §112°s written‘descriptior__l and

enablement requirements for the full scope of the claims it seeks to retain (i.e., the claims of the
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2305 patent, which is the ‘issued patent that is'the_progehy of the ’240 application), see
Falkoquntek, 448 F..f?)d at 1362, 454 has met_this‘bm‘den by the requisite prepondefance of the
evidence.

C. ’Whefher 240 Aphlicat’ion is Anﬁcipated by the Dreseman ,Reference '

JHU argues that the *240 application is anticipated by the Dressman reference. (D.I. 110
“at1-2) The Court disagrees. The date of the Dressman reference is .July 22,2003. (IcZ.) The
Court has determined, as discussed above, that 454 is entitled to claim pnonty to the ’071 and
“ ’592. appl1cat10ns for written descnptlon and enablement of the full scope of the Count. The
i)nonty dates of these applications antedate the Dressman reference. Therefore, the Court agrees
with 454 that the Dressman reference is not prior art to the’ ’240 ‘application and cannot ant1c1pate
under § 102. (SeeD.1. 118 at 7-10)"

D.  -Conclusion as to Validity

For the foregoing reasons, the Court concludes tha;t THU has failed to prove that the °240
application i.s 'inv.ahd under either ef §§ 1 12 or 102. | |
| ‘CON CLUSION

Plaintiffs have'failed to prove by a prepondefance of the eVidence that they are entitled to
priorit‘y.. 'Plaintiffs' have. elso failed to p"ro‘\'fe by a preponderance of the evidence that the ’240 B
application.is invalid. | | | o

An appropriate Order will be entered.

BFor this reason, JHU’s reliance on Chiron Corp. v. Genentech, Inc., 363 F.3d 1247 (Fed.
- Cir. 2004), is unavailing. Moreover, Chiron is distinguishable, as argued by 454 (D.I. 118 at

8-9), because the separate delivery of beads and fragments of either single- or double-stranded
DNA into microreactors was not unpredictable, nascent technology like the technology at issue in
Chiron.
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‘IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT:OF DELAWARE

JOHNS HOPKINS UNIVERSITY,
| ‘.Plaintiff, '
- . . CAN. 13-1853-LPS
454 LIFE SCIENCES - CORPORATION, “ |

Defendant.

‘ORDER
At Wilmington, this 26th day of January;,2017:

':Fo,r'the reasons set forth in the Memerandum Opinion issued this date,

IT LIS'JHEREBY’-.ORDERED that the parfies _shell meet and confer,and'submit, no later | . o

than February 2,2017, aproposed order to enter final judgment, consistent w1th the reasoning 1n
the Court’s Memorandum- Oplmon issued this. date (i) FOR Defendant and AGAINST Plaintiff
on the issue of pnonty with respect to the sole count at issue in Interference No. 105 857 and -
(i) FOR Defendant and AGAIN ST Plaintiff on the issue of va11d1ty of Defendant’s U S. Patent

Application No. 13/33, 240 (D.L 39 Ex. 5).

: . i . /——
~ HON.T[EONARD P. STARK
- UNITED STATES DISTRICT COURT




