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i nvention relates generally to a conputer system and nmet hod for
correlating data, and nore particularly, to correlating tagged data to 5
i nformati on associated with the tagged tata. BACKGROUND OF THE

| NVENTI ON The identification of the sequence of bases
whi ch constitute an ol i gonucl eotide (ODN) is conmmonly performed by
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the sequencing in 1976. As 10 currently practiced, Sanger sequencing
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t he enzymatic synthesis of radioactively |abel ed ol i gonucl eot i de

fragments. The fragnEh¢ présene ibentioneglates genéraly tor conputércsiistem ando t he

sequence of the sanple oliggnucl eotide. In order to determ ne?f{ ge 15
sequence onethed foseerelamedalac prd more partieulagy; kneemrelatingAgaest da@eler at ed

by gﬁr}g%nﬁaqpo%e&gégge?;‘ggﬁﬁpmg{a?%gg d‘dfé.”g gel electrophoresis. GCel

el ect rophoresi's nensional map that, upon anal ysis.
yi el ds information about the base sequence of the sanple
ol i gonucl eot i de. hough Sanger sequencing is used in
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molecules are used in the enzymatic synthesis of radioactively labeled
oligonucleotide fragments. The fragments have base sequences that are identical
to the sequence of the sample oligonucleotide. In order to determine the
15 sequence of the sample oligonucleotide. the radioactive fragments generated by
Sanger sequencing are separated using gel electrophoresis. Gel electrophoresis
creates a two-dimensional map that, upon analysis, yields information about the
base sequence of the sample oligonucleotide.
Although Sanger sequencing is used in laboratories around the
20 world, it has significant shortcomings. One shortcoming is that the two-
dimensional gel electrophoresis map is processed by analyzing the radioactivity
of the fragments. Radioactive materials raise health concerns for many people
who work in this area. Another shortcoming is that gel electrophoresis only
provides maps of limited size. In particular. it is very difficult to create a single
25 map that provides sequence information for an oligonucleotide formed from
more than about 1,000 bases. Yet another shortcoming is that it is very difficult

to automate the analysis of the two-dimensional gel electrophoresis map.



2 A current approach, which partially overcones these
shortcom Is the use of fluorescently |abel ed nol her.

t han radi-@g’c llo\slsesz | abel ed nol ecul es to create the frmﬁ%&lgﬁ
commonly practiced, four unique |abels correspondi ng to each uni que
base (i.e., A T, C,L and G are used. This use of 5 fluorescently | abel ed
nol ecul es al |l ows col unm chr omat ogr aphy, rather than gel

el ectrophoresis, to be used to separate the | abeled fragnents. Columm
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automatically sequence fragments. These devices, however, are rather expensive

and still have this primary problem.
Accordingly, there is a need in the art for improved approaches to
the basic Sanger sequencing. Preferably, the improved approach would avoid the
20 use of radioactively labeled molecules, be amenable to automation, utilize
equipment that is commonly available in research and development laboratories,
be highly accurate even for long oligonucleotide sequences, and be efficient in

allowing for many oligonucleotide samples to be analyzed simultaneously.

SUMMARY OF THE INVENTION

25 The present invention provides a method and system for correlating
characteristics (e.g., type of nucleotide) of biomolecules (e.g., DNA) to
molecular tags with unique molecular weights that are associated with the
biomolecule. In one embodiment, the molecular tags are applied to primers used

when synthesizing the biomolecule. The system initially receives a mapping of



3 each characteristic of the bionolecules to the correspondi ng

mol ecul ar wiessgizs220f the nol ecul ar tag. The system al SO PeIRISI8AS038

i ndi cati oh of the nol ecul ar wei ght s det ected when anal yzi ng t he

bi onol ecul es to which the nol ecul ar tag§ have been associated. For each
nol ecul ar wei ght detected, the system 5- determ nes based on the received
mappi ng the characteristic corresponding to the det ect ed nol ecul ar

wei ght. The system then indicates that the anal yzed bi onol ecul e has

t he deternj h iHeChi I@va dpwghﬁf
Figure 1 %@%ﬁ%ﬁ%@%?gmﬂﬁoﬁﬁl?g’?i%n?E e coﬁﬁ%ﬁgr}\itg?é 811%51 10 nucl eoti de

sequenci ngtlwy sdelecular tag. The system Bisgpurezeivessam iddigtiem of thes maleculgr t he
tabl es used by the re 3 di agram

e 0 gen, ST e baplbendoon LIS ko
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wei ght s 511@etetthesbdded andhd #€teived mapping the charactegistie di)tiragﬁndihgvtb dh@gr am
of a routine that inplenments the define run conponent. 20

Fi gure 6 i detectadovnelecelannwvelghd r othe ystematthenpindieaies thiak the apalyeedit e
ODN sequeng¢e cojrponent . . Figure 7 is a flow diagram of a
routine t h@f"‘?‘ﬂ%?%ﬁgﬁﬁéh? Hgtemlérquagbarameré%%'sequence conmponent .

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 The present invention
provi des a conputer-based net hod and system for anal yzi ng bi onol ecul es
by app! yi n@RIHFDESERIPAFON O THE DRAWINGScul es, by detecting attributes

of the nol ecul ar tagﬁ:é.gand ose attributes to identif

by usj t .
characteristics of t ‘bﬁeoﬂro?lse@ubg’glﬁ H%@?’vé@waﬁﬁg the’ components of a

10 nucleotide sequencing system.

Figure 2 is a diagram illustrating the tables used by the BCID
system.

Figure 3 is a diagram illustrating the output of the mass
spectrometer.

15 : Figure 4 contains a graph illustrating the number of molecules
detected for various molecular weights at various time intervals for molecular
weights 110, 120, 130, and 140.

Figure 5 is a flow diagram of a routine that implements the define
run component.

20 Figure 6 is a flow diagram of a routine that implements the
generate ODN sequence component.

Figure 7 is a flow diagram of a routine that implements the display

ODN sequence component.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention provides a computer-based method and
system for analyzing biomolecules by applying molecular tags to the
biomolecules, by detecting attributes of the molecular tags, and by using those

attributes to identify characteristics of the biomolecules themselves. The



4 bi onol ecul ar characteristic identification ("BCD") system of t he
receives a mapping of the attributes -of th

pr esent ntion
nol ecul a‘?’otgyﬁéb\ﬁ correspondi ng characteristics of t FET W%ﬁ’ﬁf‘@ﬁul es.

The nol ecul ar tags are then applied to the bionol ecul es. The tagged 3
bi onol ecul es are then anal yzed by 5 mgasuring the attributes of the
mol ecul ar tags. The BCID systemuses these  neasured attributes and the !
mappi ng to identify characteristics of the bi onol ecul es. I

In one enbodinent, the attribute of the nolecular tags is_mol ecul ar

wei ght . ERiemolastiary |Charatcmglsn§s identificatien| écBCéE”)Nesygtqm sof i thec pessat

uhi quel y né%g?ﬂtfoglntrleéé&'g% %ﬁﬁﬁge%b om)l e% eanlﬁlg Fa gg ?(}ass
spectro t c r*tag that
has been &%‘sg&‘i’dlh &Bﬁactenstk's Qﬁ‘?ché ‘Bibﬁole-EhﬁesC Wﬁ@%&éétﬂ?ﬂ ﬁ%farb RBen -

bi onol ecule is thenh identifi fromthe nol ecul ar tag. e tagged
bi onol ecppliedao the bmmloc\dQSedl‘m itaggerdo biomadlpeinles aye then tanalyzedsby
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That is, babmol&vules bi onol ecul es exit the packed colum first. Thus, the’

mass spectroneter anal yzes shorter tagge b| onpl ecul es first. The BCI D
system uses the maphidi§ @r bodiment.dae Ak the melegnlar taasds meleewar nd-
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be used tidentifesd.i tﬂxd:t@rgadttﬁbnﬁﬂemﬂes)t\re analpzedrwyesuh@ss spectrmetel td er ent
assays and procedures. In the follow ng, D system.is descrl bed

as it is identifytbeimeleculay weighbaf the @‘Hﬂ@‘stf’{gf thztsh@s bg@h@ﬁpb@ft tQidhe -
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I n bi ol ogi cal anples (differential display).
the mass spectrometer so that other characteristics of the tagged biomolecules

15 can be derived. For example, the tagged biomolecules can be eluted through a
packed column so that the tagged biomolecules exit the packed column in an
-order that is based on the length of the tagged biomolecules. That is, shorter
biomolecules exit the packed column first. Thus, the mass spectrometer analyzes
shorter tagged biomolecules first. The BCID system uses the mapping -of

20 molecular weights to characteristics and information resulting from the pre-
processing to identify characteristics of-the biomolecules.

The BCID system can be used to identify characteristics- of
biomolecules in many different assays and procedures. In the following, the
BCID system is described as it is used to identify the base sequences of

25 oligonucleotides, including DNA fragments -of any length (nucleotide
sequencing), to determine whether the base sequences of two oligonucleotides
are different (mutation detection), and to-compare the genes that are expressed in

biological samples (differential display).



5 Nucl eoti de Sequenci ng Nucl eoti de sequenci ng

IS the prapessnosadz i dentifying the sequence of bases i N y@druses/15088
ol i gonucl eoti de ("ODN') whose sequence is unknown. The first step in

nucl eoti de sequencing is to obtaining an OCDN sanple with an unknown 5
sequence (the "original ODN'). For exanpte, the original ODN may have the
sequence TAGCATTAGCTGCC, which is currently unknown. The second step I n
nucl eoti de sequencing is to produce many CDNs (the "conpl enentary

ODNs") fromtheMMse conpl ementary ODNs all have the sane
(al so unknown) CE, sequence is the reverse conplenent of the
10 sequence of the orNge¢lestid ueh@ingeisan® beocek 6f §ivifpiRtha s¥qeaitesfce of
t he original sequence is GCTAATCCTA. The third step of nucl eotide

sequenci ng bases in an oligenudieatidecGiIPRI mhase sapienceeris unknownp dihei frst stephat
IS, one portion,for each base (i,e... A T, and | ace each
portion intiB Bucleotide, Sequeneing, 15 a}pnglgt_angggharbfom SPH\P@ c‘gﬁgﬁo%gpgne\yﬂt ai ns
a set of ¢ sy 17§ L5 o I ' by ykgh

Conpl eneht ArgugRe D8 trighd O Eor tiafiible, e Jorfbihal ODN miY fhave the
conpl ement aseguence TAGEATARE@CIIGEGewhich socytembnusknovaidNT hersdcomdi step

I dentical to the sequence of, the original ODN. For exapple, the

synt hesi zednw%leﬁﬁaé “EW%@&SePR:éOTN@??A@@?@C@,DNS (tﬁﬁi gEPmBICWcaI
to the seq ) -0 Tk Lzl ' S
ol ude: an- GRS gl B bhEAR QRN THAERSy By CINEBUNARINE UGS
and dGTP) ugatsb ufikieswy)TBéquensy,nbietias sefuénvel tEthe feR@HRNEEMpRemgR bibthe

the enzyne to start the synthesis of the building blocks into the
synt hesilg egsequenggppgthe original ODN. For examplenthe peimplemeniany ssquence ebihe

cont ai ners | he | dentd o) S: e nent ar. G?}F and
t he synt hesﬁgrgglhgi &eé“%}c&ﬁ]g.@@Aéémgiﬁéhe t‘geu rtﬁﬁgg%t B 8# l‘{l%:éCOI c
nucl eot i de EREIRENY toddivide thek€l¢enipiementady ODNstiath fourepeRionsNiitngr . To
the first container is added ddATP, which is the di deoxy anal og of

dATP, and aops pegiomfameaehnbassclilear A dg Chand Kisand phacgueach portioheinto ar
vt O (Y e, RRRREY B0 R B e AT e e

15 biomolecules which, when mixed with the complementary ODN, synthesize

ODNs having a sequence which is complementary to the sequence of the

complementary ODNs and thus identical to the sequence of the original ODN.

For example, the synthesized ODNs have the sequence TAGCATTAGCTGCC,

which is identical to the sequence of the original ODN. These synthesizing

20 biomolecules include an enzyme and the four building blocks (i.e., dATP, dTTP,

dCTP, and dGTP) used in enzymatic synthesis. A “primer” sequence is used by

the enzyme to start the synthesis of the building blocks into the synthesized

ODNs.

At this point, each of the four containers contain the identical

25 components: the complementary ODNs and the synthesizing biomolecules.

However, the fourth step of the nucleotide sequencing adds a unique molecular

tag to each container. To the first container is added ddATP, which is the

dideoxy analog of dATP, and a primer with a molecular tag that has a unique

molecular weight (MW),). The enzyme will incorporate the ddATP (“A*”) into

30 the synthesized ODNs in competition with the incorporation of dATP (“A”) into



6 t he synt hesi zed ODN. However, ddATP and dATP are functionally

“different _in t hat after ddATP has been incorporated into the

synt hesi z&P ¥W9¥22% he enzyne is unabl e to incorporate aRGTH§NR10¥hal
bases into that particular ODN. For exanple, if the fully synthesized
CDN would have the sequence 5 TAGCAFTAGCTGCC, the enzyne synthesizes
this sequence by adding from left to right to the priner sequence

(i.e., beginning by adding a T to the prinmer to provide prinmerT, by
adding an Ato the primerT to provide prinerTA, by adding a Gto the

pri mer TA t thepsymthebizqadh OBN TAyweveat, ddATF) andTHA Ténargrfanefibhaliyn differestoime

o e 1o Ok aRehagg o kot oo BNt oL 0% Gt o
net ances, PRRECR, JAEEBNETay AMARRALLARS R A pEri T CoN, | (R "1
provide  examplesedfiethe fullyersihthesiwedenODN wivbuld hbaver aheedeguédet he

addi ng of G and C to provide prinmer TAGC, However, at this _point, when
the enzyne TRECcAddAGETGCCadhe gnzyine Fypihasizes Alls, sequenee by adding frem be

added. If A*|sS.. t Lner T * . r ce ngd the enzyne is
unable to gé&%{oaﬂggﬁd@?tpﬁg?ﬁﬁcgssggugﬁée"@.g -’%%@Bg&?g&% ?TA%l @efdﬂg?ﬁo{hen
pri mer TAGCHrdvid® beishesTd by addinghvh ANOUHE primerTets providememesnA By hdans. '
until pr ieggTA(I‘.RTT i's p%’odulced. At thi gn&? nt, pe agai n ei th?rl A %r% A*

may be addedG tecthe primerTA to pravidsr primer BAGy andhses ohhd Thef enzyneswilliie t o

s, "o o s s A KRR, B i ST OB BB B0
pri mer TRGCHEHRPEASCCTHR dnZ9mb AW bEAInable to RohiiRd ﬁ%%ue%'ég HUchi®S AA* .

Since all the ddATP nol ecul es are _associated with a priner that
~carries a effecitvelyrstops) the ehzymevofrenu hddingethghoexdsbasely Efawevery én yther

synt hesi zed hayi ng | ess than,t pl.et e, sequen of 14 basgs w ||
contain ¢ hestEIceR. e, e S0 AR LRI Eio U GHmeR e e giceng mrovide

speci fi cal kne séq‘il@né@#ﬁﬁié}?)& Pk éﬂz{yﬁ’né Wel PRdnSsrakedd Wath Rt abMirgy 68 GWnld!  be
found on the synthesized ODNs that are 2,” 5, and 8 bases |Tong (not
counti ng t Ketogprioniste primesloyGEncdowakier; ht thas paint,ombermtite ¢remygienproceeds to

! 15 add an A to primerTAGC, either A or A* may be added. If A* is added, then

primerTAGCA* is produced, and the enzyme is unable to add any further bases

to this sequence. If A is added, then primerTAGCA is produced, and the enzyme
may continue adding bases, until primerTAGCATT is produced. At this point,
again either A or A* may be added. '

20 After the enzyme has had sufficient time to act in the first
container, there will be synthesized four kinds of ODNs, distinguished by having
the following sequences: primerTAGCATTAGCTGCC, primerTAGCATTA*,
primerTAGCA*, and primerTA*. Since all of the ddATP molecules are
associated with a primer that carries a molecular tag with 2 molecular weight

25 MW,, every synthesized ODN having less than the complete sequence of 14
bases will contain the molecular tag with the molecular weight MW,. More
specifically, the molecular tag with the molecular weight MW, will be found on
the synthesized ODNs that are 2, 5, and 8 bases long (not counting the primer

sequence, which has a constant length).

F(iRE(H



To the second container is added. ddTTP, which is the di deoxy anal og of
dTTP. The wod20s3d2ITTP functions wth respect to dTTP i n an pCT/Uses/15088US way
as ddATP functions with respect to dATP. The added ddTTP nol ecul es are

associated with a priner that carries a | ecul ar tag that has a 5 unique
nol ecul ar wei ght (MA2). Therefore, in thé second container, there wll
be synt hesi zed t he sequences: pri mer TAGCATTAGCTGCC,

pri mer TAGCATTAGCT*, primer TAGCATT*, primer TAGCAT*, and pri mer T*.
Accordingly, the nol ey dﬁ\é §e%6n&" é&ht&'ﬂ@r 'I?'a%ﬁh'!i add'lﬂgwmml\?xs hé 'dldeoda/e

found on the synthesize hat are 1, ’1 bases’ | ong
In a like namaleg oft dTTRe tThe dtdde«htdadeEP ﬁmcadnkadavmldCfEEpeoMmmﬂTfI? 1n ant he
di deoxy anal og of dCTP. é@ﬁ%ﬁd ddCTP nol ecul es are_associ at ed

primer that AMAPEEUSSWAY AN “&&Oflﬁéi”ﬂhﬁw&chm &) Eog,ad e%ériam’
(MYerr]). molec-ﬁli]@sr & %%&@%@%%@f Bt dRAES 2 I]eéﬁ?ars%ﬁ%t 5P 1ese the

sequences:
primer TAMHAmculaﬁw@ghthMGCATﬁéﬁﬁne an thePsdodhd edtdiner, There will
nol ecular tag with nmol ecul ar wei ght MAB wi Il be found on the

synt hesi zedb@DNs smﬁhesazeél 4, the 13 sequenegsy 14 mmTA&@ATTd\GGm(H&;t h
t d h th | . Th

cont e SR EAQRIRadtash e TACE R Tre, BRRSITACATY . ot

mol ecul ar t genfeppt, b@écoedmglyqttﬁe mélesmha&agﬂwlmhﬂhe(rwe)culawel&ght MW&vZ0

fourth cont ail ner her e synt hesi zed uenceés:
pri mer TAGCABE ABGI1 tmsmmmmaam b1, Teafd®Gi baiefelong mol ecul ar

t th th I I Lght MM will he. f d th
t ﬁgt Wlar o3 egmaﬁgulgilbv\ggge panger V{’Io the tﬁlrdoc%rr]ltalggr-rweaeqqg%{] agl(gft ich i IS
| eotid t t
! 201, BT BBg L SOTH IO AT Bl LPSRUEPSNA

and elute t ntents thr

hi gh- pr essupeinier¢hatdcarhies manmgawﬂﬁrytagl-iﬁhChas Ehmiges mholecslat ivadighth@IW ).
synt hesized are, se ar ted on the basis _of size, with the shorter
synt hesi zed Therefetsyg iy gCOMASEh there yallcche cHimihesized sthe seguencepe

S S et @i et ot L1 CO ARG RAATTSE, |
8 15 primerTAGCATTAGC*, and primerTAGC*. The molecular tag with the
molecular weight MW, will be found on the synthesized ODNSs that are 4, 10, 13,
and 14 bases long. To the fourth container is added ddGTP, which is the dideoxy
analog of dGTP. The added ddGTP molecules are associated with a primer that
carries a molecular tag that has a unique molecular weight (MW,). Thus, in the
20 fourth container there will be synthesized sequences:
primerTAGCATTAGCTG*, primerTAGCATTAG*, and primerTAG*. The
molecular tag with the molecular weight MW, will be found on the synthesized
ODN:s that are 3, 9, and 12 bases long.
The fifth step of nucleotide sequencing is to combine the contents
25 of the four containers and elute the combined contents through a packed column
using high-pressure liquid chromatography (HPLC). The result is that the
synthesized ODNs are separated on the basis of size, with the shorter synthesized
ODNs eluting through the packed column first. Thus, the first synthesized ODN
to elute through the column will be primerT*, the next will be primerTA¥*,

30 followed by primerTAG*, etc.



The sixth step of nucl eotide sequencing is to process the output (i.e.,
el uent) o{v J} cked colum with a tag cleaving unit coupled to a nmass
spectroneter” /iccordl ngly, when prinmerT* cones off the colﬁws%sﬁéoss

nmol ecul ar tag is released and the mass spectroneter records the .
presence of nolecular 5 weight MA2, bgcause ddTTP (T*) is associated with
a prinmer that carries a nol ecul ar tag with the nol ecul ar wei ght MA2.

Li kewi se, when pri ner TA* comes off the colum, the mass spectroneter
records the presence nmol ecul ar ght M/\[err] because ddATP is
associ at ed wi t h a prrﬂﬁrsuﬁqha%teﬁ rmersle%tl%smnsmg IS tq Eocass tha owspwcul ar

i ght MAL
\rlrvel;: gcbl ar (Ne We{rﬂ?]s a‘%&?err e\r%r Pg Wélrn eﬁr?k&pgﬂ;?ejd iow\?é%]
Myerr], %ﬂ&tﬁo}neter Aw&ﬁiﬂdly, mlﬁpfl}nerm\[c@h{els ofMleeédlhimnyW e mole calvt

MNerr]. he BCI D system can then use a preV| ously
speci fi ed tagpis mje@fed and tﬂma masis espectromedgrsracordsh éheh presence dfdmoeléduiart he

f .BCl D h I I
oergnt - Snavatetl SIS RSE TIds A 46 SRR Mo Bhiies RS ketro s o e
CDNs wer e ﬁfo@é&lﬂﬁeﬁage%&hw%waﬂam@igg MW cotmwm&hw&hggfmﬁmxhe

recorded nol ecul ar wei ghts corresponds t he *or der of bases in the
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L e
9 column, the order of the recorded molecular weights corresponds to the order of
the bases in the original ODN. The BCID system outputs the sequence of the
determined bases as the nucleotide sequence for the original ODN.
The nucleotide sequencing using molecular tags with unique
20 molecular weights can be used to simultaneously identify the sequence of
multiple sample ODNs with unknown sequences. Each sample ODN has its own
set of four separate containers. The same steps as the first four steps for a single
sample ODN are performed for each of the multiple sample ODNs. In particular,
the complementary ODNs of each sample ODN are placed into four separate
25 containers. Each container contains the enzyme and the building blocks. Each
container in a set of four containers for a sample ODN contains one of the four
dideoxy analogs. However, each dideoxy analog is associated with a primer that
carries a molecular tag with a molecular weight that is unique among all of the

containers for all the sample ODNs. For example, a container for the first sample

30 ODN may contain ddATP, which is associated with a primer that carries a



nol ecul ar tag that has a nol ecul ar weight of MNerr], and a contai ner f@r

t he sewooglossaapl e may contain ddATP, which is associ at admd9s/18seri ner
that carries a nol ecul ar tag that has a nol ecul ar weight of MNerr]. In

the fifth step of nucl eoti de sequencing, rather than conbining only the
contents of the four 5 containers for tRe single sanple ODN, the contents
of all the containers for all sanpl es are conbi ned. The conbi ned
contents are then eluted through the packed colum. As a result of
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103, Packed bl eechRR 0oL A fRRORRISHG Y el
synt hesi ged wili\s nidle@ilaciveighd oftMWigind he didesed asalbyfor i2firsTbas@of e  of
10 t he packed column Is shunted via shunt 103 to the ta? cl eavi ng
unit 104. THRecond sample ODN has a molecular tag with a molecular weight of MW, then
the mass spectrometer will report the simultaneous presence of molecular weight
MW, and molecular weight MW,
The BCID system contains a mapping of each molecular tag with a
20 unique molecular weight to the sample ODN and the base to which it is assigned.
Using this mapping, the BCID system may determine, for example, that the first
base in the sequence for the first sample ODN is T and that the first base in the
sequence for the second sample ODN is A. The BCID repeats this process for
each of the molecular weights that are detected by the mass spectrometer to
25 simultaneously identify the sequence for each of the sample ODNs.
Figure 1 is a block diagram illustrating the components of a
nucleotide sequencing system. The nucleotide sequencing system includes
containers 101, packed column 102, tag cleaving unit 104, mass spectrometer

105, and the BCID system 110. The containers 101 are filled with the
30 synthesized ODNs to be eluted through the packed column 102. The output of



output of the tag cleaving unit is then input to the nass spectroneter -105.
The ut of the nass spectroneter is then input into the BCID system
110. The t"%fg”"’ 32%:| eaving unit separates the mol ecul ar tagBCTUSAS/IAES

synt hesi zed ODN. These 5 nolecular tags are then sent to the nass
spectronmeter to have their nol ecul ar oWei ght anal yzed. The BCID system
110 conprises various data structures 1&1 1 13 and various functional
conponents 114-117. The tag set definition table 111 contains the
identification of the nolecular weights of each set of four nolecul ar

tags that ﬂmpmdtmlunmnml s}mntetbviaasinmtdf%atosﬁ]q)iag dedving wmt 104. rEHeecul ar
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Figure 2 is agramillustrating the Tabl es used by the
pool. The defined run component also allows the user to 1dentlfy the pools that
are scheduled to be run through the nucleotide sequencing system serially. The
collect molecular weight data component 115 receives the data generated by the
20 mass spectrometer and identifies the various peaks within the data. These peaks
indicate that a molecular tag with a certain molecular weight was detected during
a certain time interval. The generate ODN sequence component 116 uses the
tables 111-113 to map the molecular weights detected by the mass spectrometer
to the sequences corresponding to those molecular weights. The display ODN
25 sequence component 117 displays a graph of the molecular weights and the
corresponding sequences. The display ODN sequence component allows the
user to make modifications to the identified sequence to correct any errors

resulting from in the automated sequencing. The components and data structures

of the tables of the BCID system may be stored persistently on a computer-

W



system The tag set definition table 201 contains a row for each of the

twel ve 5 waephfas: that can be conbined into a single pool agErpéseaesEEEd bY
t he nucl eoti de sequenci ng system simul taneously. The tag set definition

table is preferably pre- | oaded by the devel opers of the BCID system
This table is pre-loaded with the sdils of the nol ecul ar wei ghts of the
nol ecul ar tags that are provided with the nucl eoti de sequenci ng system
Each row of the table identifies one set of 10 nolecular tags. Each set
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Con & " bt AP Flthche BRI D RRRD, g ey o
first row Oéorﬁ}[ﬂ%ef Setéhlto effbphtthewé%@kigg]gﬁnh@wm@yét&nt he first set and

i ndi cat es at the nolecul ar weights of the nolecul ar tags in the set
are 100, 110, 120, ankigure 2150 acdiagemmoilusingting thadgables wsesleby Ahe TBCID and

G respectively. ch of th 5. nmol.ecyl ar weights in the tag_sgt
detinttion Dale e e i dleGETion tatis o0 Tsafais e row foneach Jhihe twelyee
uni quel yi L1E. . AR i.n a
cor el at ?ort st ek Bt Rl SeRRMbIREA 14 Mlel b ardfroBbined b the mfchbile” 7,
to be conbigeencing systepl simuitneovsly s Mhertag et ddfimitidd2ablehe peefierdbdy pie-
correspondi ng to _John Smth has_been assigned the tag set number 1, which

are 20 t heloadedbyithe dexelopaist of wsI BRELP sysigm. githss teble ropretipaded with they

ot or mat 1 onedth Of e ey BEUE IBhG A SRMGREDE QR RN AP HIRIAE vith e,
assi gned t%ﬁ&b@ﬁd@%mﬁ@m%meﬁhe Ba&l row offtheh@bRCidemifdseBhé adet dsff | ne

vari ous pools of sanples. pool has its own pool definition table.
The run l@ef moledubar tags| Eaphset rentginsHouy anigugsmplasudarttags far thexfour basese

I all ; { |l eoti d ' t . Each f gh
Fun et | nt 1l Radt b eb e EREREAEARRRERTREE D lins SRl iR A
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diagramil | ustratlmr!L? the out put of the mass _spectroneter. The nass
spect r onet ethapéhé nulecalaryweignts efsthetmoleonlac tagsrinvibe got are30dilAg12Qpmid ed

by (he 120 GL5auing ks S heelATRLE A, e SRORSRIRR Tt
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tabl e. For eacingdmple can be uniquely identified. The pool definition tables 202 and 203
contain a correlation between the tag sets and the sample ID for each sample
ODN to be combined in a single pool. As shown in table 202, the sample ID
corresponding to John Smith has been assigned the tag set number 1, which are
20 the molecular tags with molecular weights of 100, 110, 120, and 130. The user
of the nucleotide sequencing system inputs the information to the BCID system
to indicate which tag sets have been assigned to which samples ODNs. The user
of the BCID system can define various pools of samples. Each pool has its own
pool definition table. The run definition table 204 lists the various pools that are
25 to be serially processed by the nucleotide sequencing system. Each row of the
run definition table contains an identification of the pool number and a reference
to the pool definition table.
Figure 3 is a diagram illustrating the output of the mass
spectrometer. The mass spectrometer periodically samples the molecular weights

30 being supplied by the tag cleaving unit. For example, the mass spectrometer may



as shown in tine interval three, the nmass spectroneter detected that there
were 50 ",—}Rg? 3..ill,l| es with a nol ecular weight of 110, no nmolecules wth-a

nmol ecul ar. of 120 or 130, 200 nol ecul es with a MfEE4r08]e; ght
of 520, and 5 nol ecul es wi th a nol ecul ar wei ght of 530.
Figure 4 contains a graph illustrating {;e nunber of nol ecul es det ect ed

at various tinme intervals for nol ecular weights 110, 120, 130, and 140. 10
The horizontal axis of the graphs represents tinme, and the vertical axis
represents t he nunber of nol ecul es. Each peak on the graph indicates
that a par samplerthe mobqquiarewezﬁﬁsmvﬁlmmaa painuteul &achetimenh the umass

t hrough the cke ti.ng, Eor, exa
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ODN. Thgy BQhe mfﬁztoamlta&@s‘lomergraﬁh ggﬁenmtmeudnﬁt thaelegtitalabeo fepréseptan t h

t he second peak for that sanp The BCI D system determ nes the
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The di splay ODN sequence conponent t
one of the molecular weights should be detected at a time. Various filtering

téchniques may be used to detect the peaks in the molecular weight table. Once
the peaks are detected, then the generate ODN sequence component processes the
20 information for each tag set of molecular weights to determine the sequence. The
BCID system first identifies the molecular weight associated with the first peak
for a sample ODN. The BCID system then retrieves from the tag set definition
table the particular base that is associated with that molecular weight. The BCID
system outputs that particular base as the first base in the sequence of that sample
25 ODN. The BCID system then identifies the molecular weight associated with the
second peak for that sample ODN. The BCID system determines the base
associated with that molecular weight and outputs that as the second base in the
sequence of that sample ODN. The BCID system repeats this process for all the
peaks and for all the sample ODNs. Sequence 402 illustrates the base sequence
30 generated from analyzing the graph data of Figure 4. To the left of the graphs are



5 displays information in a format sinmilar to Figure 4. The user is then

given an wooes@BgEtunity to correct any of the bases in thepspassRAcamst hat
may be incorrect. Al t hough the peak data is fairly discrete in the

exanple of Figure 4, it may be that in actual data the peaks may not be
as readily identifiable. As a result, thb3 peak detection algorithm may

I nadvertently detect a wong peak. The display of 10 the information of
Figure 4 allows the user to see graphically the peak i nformati on and

th di k; ti :
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step 503, tipeak detdction My@ithimmagdahdviaidntivt decttatrengptdk.t The Wsplgyof pool
ID. In step@§04, i f th?%ser in(??cates tha’ltytthe defi ni%ﬂ?on of thepg?(;ls S

conpl et e} t ke infermasion rof Faghrerduadlone shepusye to esese graphically i the peddos to

t 501.t L. t .t { | finiti L { 506, th ti
Gl ohi ays a doprmatiolgbaithF ePEndRAfe fRushké bl mAKheRTeRHRRS a hOGSF L1 on
grid has a row for eaqhgure 5 iPRIW deagR@Rl of A réiend tHat IMPIGAGHS The! ABfine

containing a pool nunber and a 30 reference to the pool definition table
defi ni ng t haupowmpganent.hdther defing rurs cempdognt allows a user to specify which tag

a1 T U 55, A (0
gief | nit i695_1 iﬁ%ﬁm%e@ﬁbri, '&th\?hch”po?]_s &e{,dh '1%: 9[')|N§|atef t@?% ﬁgﬁﬂ&r@%@?-t{le oo
gure 6 1s a flowdiagramof a routine that inplenents the genérat e
sequence conpeisatide Fyguencingt systemr siovdtseoudly. din stepsnéPhiSd4, the routine
loops allowing the user to specify the set of molecular tags assigned to each
sample ODN that is assigned to each pool. In step 501, the routine displays a
pool definition grid. The pool definition grid corresponds approximately to the
20 outline of the pool definition table as shown in Figure 2. The number of sets are
predefined. The user inputs the sample identification (name of the person) for
each sample ODN in the pool in the row corresponding to the molecular tag set
assigned to that sample ODN. In step 502, the routine receives the sample
identifications. In step 503, the routine saves the pool definition table with the
25 next pool ID. In step 504, if the user indicates that the definition of the pools is
complete, then the routine continues as step 506, else the routine loops to step
501 to input the next pool definition. In step 506, the routine displays a run
definition grid. In one embodiment, the run definition grid has a row for each
possible pool in the run and one column containing a pool number and a

30 reference to the pool definition table defining the pool for that run. In step 507,



by the mass spectrometer for one pool. This routine is invoked for each

pool that IS processed in a run. In step 601-608, the routine | oops.
sel ecti ngV¥AMSZple in the pool and identifying eachPEEMISEHEESE o
that sanple. In step 601, the routine sel ects the next sanple in the
current pool starting with the first. Imgstep 602, if 10 all the sanples
have al ready been selected, then the routine is done, else the routine

continues at step 603. In step 603, the routine retrieves the nol ecul ar
wei ghts for the selected sanple fromthe tag set definition table. In step
604- 608, thet fmltmeuiebeiwepelné aidisations of theapoals tofintladelinathefran fomhthe

detected peak foy the etrieved nol ecul ar hts The .l ogp identifies
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to the time of the first peak in the molecular weight table for each of the retrieved

molecular weights. For example, for tag set number 1, the molecular weights are

100, 110, 120, and 130. Thus, referring to the graph of Figure 4, the routine sets

20 index iA equal to 2, index iT equal to 1, index iC equal to 4, and index iG equal

to 3. These indexes are used to track the peaks in the molecular weight table. In

step 605, the routine selects the next time starting with the first. In step 606, if all

the molecular weight data for the retrieved molecular weights have already been

selected, then the routine loops to step 601 to select the next sample, else the

25 routine continues at step 607. In step 607, the routine sets the next base in the

sequence to the base corresponding to the index with the minimum value. For

example, the first time through the loop, the routine detects that index iT contains

the minimum value which is 1. The routine then sets the first base in the

sequence to T. In step 608, the routine advances the index with the minimum

30 value to the time corresponding to its next peak. For example, during the first

T



complete, then the routine is done, else the routine continues at step 703.

In step  wo/dbsadzhe routine retrieves the portion of the nplcgatdogrisosgei ght
tabl e that” contains the information corresponding to the sel ected

sanple ID. The routine uses the 10 pool definition table to determ ne the
nmol.ecul ar tag set assigned to the selectéd sanple ID. The routine then
retrieves the nol ecul ar weights of that nol ecul ar tag set fromthe tag
set definition table. In step 704, the routine displays a graph of

assigned ret.] Lghd: ol - A LI-HuUSt g gt
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sequence fo ;'pehlb evisieh 4§ ta€ dind® 65 aThe golifinavithéh 1dupshrassep BO50EsElBitdBE Rt h
the peaks. I'n step 706, the routine all ows 'the user to input a

correcti on peakny one of the bases in the displayed sequence. In step
707, the user changed 4.he uence. ,fhen t roudt i updat es t he ,ODN
sequence and | oops toég%sﬁ%,la?lgw g%%.qqe@erqyg%q&q ‘g’éﬁf’g’ﬁn{ﬁthﬁfgwlay
sanpl e | 3 f (oNt Ekﬁ]nu‘éﬁéé compéfent. In SM\;\B;% ,Qfe [PBUAHE r&ives the election of a

t I I I g to

Mol ecul ar tags w uni que nol ecul ar hts can be al so use
det er mi ne sisampieadBofrehy awhssrheln stept 702 eifpthier ssenfinbidatdsi that ,the elisplBNAs and

ref erence DNA) riave di fferent sequences. The differepce between each pair
of DNA CREIPIEIE, B TOYHRE i AORS i5edhe rotins\pontiniies at step ﬂlﬁsfﬁkﬁtﬁb

detect th di ' f . | ' Th
mut at i on det 03t M OULHETehTeVel (B pBRioR of InnfBe LIRS Rl ety | T

col umm, tag thé énformationidorrespending torthe sehgesat sanpleclD asTleh eomtinenudesaee 4
for the nucl eoti de sequencing. The, BCl D system cont ai ns addi ti onal
conponeni® H9¢! dghiniion tblrte datepming trenmolecular tagmgt assigned it the selestod

To O 11 Bl DT B Syfhe RS rAHEVECHET FOREAEN Weiphis of et mlesuler s of
DNA si mthp seecRoml the tdf eetf defititioh egblef Imgtey TO1) tHeroRtinedishhiyt @ @hpke

each pair of \ sanples to be conpared into a pair of containers.
Thus, t her e afiassigped 1grig¥ed malecular weight datae Eignre 4llustratescsush it display off

ot oronce DL B ool 208 TR ighiebs e O BplfincE 1Bt B e bclge
primers 49 eraiple IDtwitAehe beXe dlignddrunderhedth fitk HOal@NeInOdtep 706, the routine
allows the user to input a correction to any one of the bases in the displayed
sequence. In step 707, the user changed the sequence, then the routine updates
the ODN sequence and loops to step 701 to receive the next selection of the

sample ID from the user.

20 Mutation Detection

Molecular tags with unique molecular weights can be also used to
determine simultaneously whether multiple pairs of DNA (i.e., test DNA and
reference DNA) have different sequences. The difference between each pair of
DNA may be caused by a mutation of the DNA. Thus, the system to detect the

25 difference is referred to as a mutation detection system. The mutation detection
system uses the same configuration of the packed column, tag cleaving unit, and
mass spectrometer as shown in Figure 4 for the nucleotide sequencing. The
BCID system contains additional components and tables to determine whether a

mutation occurred for each of the multiple pairs of test and reference DNA.



the strands of DNA in each of the test and reference DNA, and the other

pri mer W ll bind to the other strand of DNA in each of the test and .

r ef er enceVORY05# e of the two priners in each pair of RGHYSABASISE has a
nol ecul ar tag wei ght but the 10 nol ecular weight is different for each pair
of containers. Each pair of containers g is thus assigned a nolecular tag

with a uni que nol ecul ar weight. The third step of nutation detection is
to anplify the DNA. The fragnent of DNA that is anplified is delimted
by the binding sites for the two priners. The fourth step of mut at i on

detection is to conbThe mbtatioasﬂetmﬂonei}stmcmapl\prdcem%npaimfofemw
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base T mayWIﬂé bind tpnthe ather snratnld affldNdeifceachof the sessand refergumeddDA.oOnehi s

m smat ch, test-r.eference s have a.conformafi hat is
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ref er enge- pR\EhEACReighf s diFr@iifer esdh ﬁﬂH b?‘éonﬂaﬁnér@eEtagﬁ paf"UF contaih&ser ence
DNA fragments are the same, then the conformation of the'test-

ref er ence I3NAuS assigeed aimolebalas tagwith ¢ hoiquofmoleoulae sveightst Tlhe third step
ref erence- r ference

S Fmiahos déteaon; s QAGPLLY dhe ANA: dheqBagmert ofRNA, T isi ne
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t hr ough t hmuatekedetectioms to combhwrfénttest andr miferende bBNAI frggmants ofi gach
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assortment of products, that is a fraction of the strands of the test DNA fragment
will anneal to the complementary strand of the test DNA fragment, a fraction of
the strands of the reference DNA fragment will anneal to the complementary
20 strand of the reference DNA fragment, and, a fraction of the strands of the test
DNA fragment will anneal to complementary strands of the reference DNA
fragment to form a test-reference DNA fragment. If the test DNA fragment has a
sequence that is different from the reference DNA fragment, then a mismatch of
one or more of the bases will result. For example, the base T may be aligned
25 with the base C or the base G. Because of this mismatch, the test-reference DNA
fragments have a conformation that is different from either the test-test DNA
fragments or the reference-reference DNA fragments. Of course, if the test and
reference DNA fragments are the same, then the conformation of the test-
reference DNA fragment is the same as that of the test-test or reference-reference

30 DNA fragments.



unit and to send the cleaved nolecular tags to the nass spectroneter. The
mass speodoset er records the nol ecul ar wei ghts at varieCEHUSISNS088

i nterval s: 10 The out put of the mass spectroneter includes
for each tinme interval t he nunber of_ nol ecul ar tags detected for each
nol ecul ar weight. If there are t wo pls7aks for the sanme nol ecul ar wei ght
at different tinmes, then one peak represents the test-reference DNA
fragnents and the ot her peak represents the test-test and the
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15 indicates that the test-reference DNA fragments had a conformation different

from the test-test and the reference-reference DNA fragments. Thus, the test

DNA fragment and the reference DNA fragments have different sequences and a
mutation is indicated.

The BCID system for mutation detection includes tables similar to

20 those used in nucleotide sequence and analysis. The tag definition table contains

a row for each of the 48 molecular tags with an indication of the corresponding

molecular weights. The pool definition table contains a row for each of the 48

pairs of test and reference DNA fragments. Each row contains the identification

of the pair (e.g., John Smith) and the identification of the molecular tag assigned

25 to that pair. The BCID system processes the molecular weight table generated by

the mass spectrometer to determine whether the pairs of the DNA are the same.

The BCID system then loops selecting the rows of the pool definition table. The

BCID system determines the molecular weight associated with the selected row

from the tag definition table. The BCID system then analyzes the molecular

30 weight table for that molecular weight to determine whether there were one or



determ ne sinultaneously characteristics of a popul ation of test nRNA when.
multiple priners are applied to the popul ation of test nmRNA. These

char act er.ﬁ'?t’?’@?zﬁan then be conpared to the characteristi RCHPSH3BBul ation
of 1o reference nRNA determ ned fromthe application of the sane priners.
The differences in the characteristjgs can be noted. The portion of the
MRNA t hat results in the difference can be identified and sequenced

usi ng the nucl eoti de sequenci ng system The process of identifying the
differences is referred to as differential display analysis. The goal

of differetwodgleaks ot that imsoleculadeveighty 16there dvare dwal peaknAthanetheeBGlPesent

I n one NMRNA popu) gtion and re d or sent i1n the ot . Ih
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spect r onmet g%@a(t)gﬂsl%ggv\% In ?ﬁéﬁﬁ%rlg’?ﬁg{ ﬁﬁe‘é{:@%tsl gﬁs?e%&gﬁ{:@?\g{ thvevitte%t t he
addi ti on o’fragnfelnqw splitter and fraction collection. The BCI D system

contains 20 additional conponents and tables to identify differences
bet ween the popul ation of test nmRNA and the popul ation of reference

MRNA. gm e tialﬁ?ﬁ lgiszerent I al display system simultaneously
processés the r applying nultiple prinmers to the popul ation
of test mRNA. The fi Méblesilap taifs with uniqid siobevulal weighpd ean aBotte pseddioce
test cDNA corresponding to the popul ation of 25 test nRNA. The second step

is to add detsominesinotltaneeousipneharaeteristicsaphtacpopulation rpfatest mRN A wvhen; ¢ d

t f differential displ i S.t d ' > | '
of “whi ch hEGB (et fee e g8 € SR IRTeR e &y RNAL L Thése 77
each cont aicRgfactbristicicBf then el tamphd &f thdehafadristic RE £ popalation . ofThe

fourth step is to anplify the contents of each container. The
anpl i fi ed cefietencesmRNA determined from the application of the same primers. The 19

[t i tipl f t f. ¢DNA t hesj tar.ti ' '
Ctes of | Gittgrebods i S EARer@lisGE ey bF e, - Theyptfibh ik i mARLR chey O
fragments bdfksdinf frer éﬁference L& Behidengdfied fahar fiuepst asigesthe TiddedtRle 1S a

subset of the cDNA popul ation in the original sanple. The fifth step of
di f f er ent i abquinspmgyystemt oTho phocess ofiddentifying thet diffsrenges is mefestsdttai aser s

d el 6. conbi ned h th ked. . .. col ] h
A e RFeeReL LA TRESheh % BORE R qiBROL g SeBRGL"S, o,
the packed Vimﬁ@]'vmeq&l GhRUA fpetits pRe&fSin DAUSmRNIA popilatibr Hid eadited or

cont ai ner ute as a'series of ?eaks, each peak representing a
fragment ofabaent in the other. The differential display system of the present invention uses

the same configuration of the packed column, tag cleaving unit, and mass
spectrometer as shown in Figure 4 for the nucleotide sequencing, with the
addition of a flow splitter and fraction collection. The BCID system contains

20 additional components and tables to identify differences between the population
of test mRNA and the population of reference mRNA.

The differential display system simultaneously processes the results
of applying multiple primers to the population of test mRNA. The first step of
differential display is to produce test cDNA corresponding to the population of

25 test mRNA. The second step is to add a portion of the cDNA into separate
containers. The third step of differential display is to add a unique pair of
primers, one of which has a unique molecular tag to each container. The primers
in each container will bind to a fraction of the cDNA in the container. The fourth

step is to amplify the contents of each container. The amplified contents will

i1



gi ven | ength. Because the fragnments in each contai ner have a nol ecul ar tag
with 10 svoimdssage nol ecul ar wei ght, the contents of each cauUumossnsman be
uni quely - identified by the nass spectronmeter. The sixth step of
differential display is to send the oqutput of the packed columm to the
tag cleaving unit and to send the cll®aved nol ecul ar tags to the nmass
spectroneter. The nmass spectroneter records t he nol ecul ar wei ghts at
various tine intervals. The output of the mass 15 spectroneter includes
for each ti LR t e ' : . ect ed
nmol ecul ar \ﬁg‘;‘é}htﬁ @?hlepggﬁrﬂglggt fea?lﬂ%‘.égégﬁlé%é# gtrg&éﬁé ?%tgqeeblﬁ QS‘& Q&Is &
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t he nol ecul ar tag applied,to,that 25 ..primer. The BCI D system co res the
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t he popul at ?%n%ﬁ@% b tvﬂgl\é?‘é gt}seﬂgeemnRﬁﬁ\H%ﬂgf \é?%}gg%%%gésﬂg gscFrlltlrrll g[%?&gg?rég?%f a

manner as tgwehdsigthRBecabse therfragiméms in eheh Bfilthiney Slheenagrblectiar tewith
nol ecul ar wei ght assigned to each prinmer. The BCID system conpares the
mol ecul df 30 wriduatmelecular oveight thesco ©h qach fentames ceanRraunigielyhe

sel ected no . . . . 0

vl oht ana IGPHERE by the mass snecirometer, The sixth sten of diffprengial display, Bolo,
that a §erDtRNbuplit biehé patketRdGluinn @ fihe k@tle‘am%hhﬂ A fesarntdieng
fragnent of the ref erence mRNA. e BCI D system al so
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represents a fragment amplified from the original cDNA population. Thus, the
presence or absence of a particular peak is correlated with the presence or
absence of an individual mRNA in the mRNA population.

20 The BCID system for differential display includes tables similar to
those used in nucleotide sequence analysis. The tag definition table contains a
row for each of the molecular tags with an indication of the corresponding
molecular weight. The pool definition table contains a row for each of the
containers to identify the primer and identify the molecular tag applied to that

25 primer. The BCID system compares the molecular weight table generated by the
mass spectrometer for the population of test mRNA to the molecular weight table
generated for the population of the reference mRNA that is processed in the same
manner as the test mRNA. In particular, the BCID system selects the molecular
weight assigned to each primer. The BCID system compares the molecular

30 weight data for the test mRNA to the reference mRNA for the selected molecular



to the shunt at the bottom of the packed colum to direct the output of

t he packed colum to a collection container, rather than the tag

cl eavi ng wo%905822r a short tine period. The contents ofciospsasdsgecti on
container are thus the fragnents which resulted in the noted

di fferences. These fragnents can then 4ge sequenced using t he nucl eoti de
sequenci ng system descri bed above, or identified by other 15 standard

t echni ques. Sui t abl e bi onol ecul es whi ch are associ at ed
with tags of unique nol ecul ar wei ghts according to the present

i nvent i onwgightanscpetes @nypsignidicapy diffgrences. AThese differgnee éndioge 1hat 835;
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Appl i cati pefePipse nBONAS8, 180; 08/ 898, 564; and 08/ 898, 501, each filed July

22, 1997; and in PCT International Publicat i'on Nos. WO 97/27331; WO
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No. container i tas, ARG T wyhﬁh? gwq%wlaraf@gmﬂn thempEHir @3‘5
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Suitable biomolecules which are associated with tags of unique
molecular weights according to the present invention are described in U.S. Patent
Application Nos. 08/786,835; 08/786,834 and 08/787,521, each filed on January
22, 1997, as well as in three U.S. continuation-in-part patent applications having

20 Application Nos. 08/898,180; 08/898,564; and 08/898,501, each filed July 22,
1997; and in PCT International Publication Nos. WO 97/27331; WO 97/27325;
and WO 97/27327. These six U.S. Patent Applications and three PCT
International Publications are each hereby fully incorporated herein by reference
in their entireties.

25 _ Biomolecule arrays which may be used in the methods of the
present invention may be prepared as disclosed in U.S. Provisional Patent
Application No. 60/053,352 titled “Polyethylenimine-Based Biomolecule
Arrays™ as filed July 22, 1997, and like-titled U.S. Non-Provisional Patent
Application No. filed concurrently herewith, as well as techniques

30 described in U.S. Provisional Patent Application No. 60/053,435 titled

mm—



ol i gonucl eoti de sequence within an el enent. Bionol ecule arrays containing
nor e t han wo®vesdagonucl eoti de sequence within an el enent, apdrusesiisbdser eof

are described in U S. Provisional Patent Application No. 60/053, 436
titled "Ml tiple Functionalities Wtyyin An Array El enent And Uses
Thereof' as filed July 22, 15 1997, and"like-titled U S. Non-Provisional
Pat ent Application No. filed concurrently herewith. Each of these
applications is fully incorporated herein by reference in their
entirety. “Apparatus And Method$ Fou gtirayiagBotaton OmyeNSodid S@spdieess filed
described in terns of various enbodinents, it is not intended that the

i nventi on bhulyi23.t 48970 andelike-titlednbli MNon-Brovisignal Patsrdndpplication tNe.
spirit of the invention will he ar.ent _to, . se skilled,in the.art
o the scope—ot. dHed prenturentl, BRRRGRL! alt Chringo BIRY Spfdiporditq, Berkd” i c,
follow reference in their entireties. _ 22 CGANM

1, A nethod in a conputer system for corelating known characteristics

of. bi onpkecul es t o noTheunathadagef \the hpresemjuimventien ulnay akogbe sapphiad tchave

b i d with bi, | | i th f t h

cgerrpnr iaiisﬁg' gﬁaﬁyzim;t am}ﬂ lﬁseégg? %@ecﬁth%esp%;ﬁ%% E?aﬁmns t @nga@%?lgggf rte( gfsof
h bi onol . : ' e of I

1(:a gg aslsgci a?féoyl%o%x% ?%gn%%ﬁggﬁ@?§¢g§(d@ 5;33’%Ié Hile k&&&)rhgigaelﬁgxﬁﬁ%@ %gﬁﬂ&ar

i ndi cati on Bhzyhatio®eactibuy Paoghéd OneNecleRIAvEAnYST ug ifiled nn? 2229997 hat
have been di ssoci ated from_the bionpl ecul es or portions_thereor, whereln

the tags ar@nd diksatithed d) SaNen-Frovisipaab RaterddApnbicatiareNet ic of 1 hefiled
505! 2 ARG B aher b S0R BT e i R St
and  oligonucleotide sediWnc@a@AthifPladCbledtentei Bidmdticald @frays containing
determ ni ng based on the received nmapping the known
more than one oligonucleotide sequence within an element, and uses thereof, are
described in U.S. Provisional Patent Application No. 60/053,436 titled “Multiple
Functionalities Within An Array Element And Uses Thereof” as filed July 22,
15 1997, and like-titled U.S. Non-Provisional Patent Application No.
filed concurrently herewith. Each of these applications is fully incorporated
herein by reference in their entirety.
Although the present invention has been described in terms of
various embodiments, it is not intended that the invention be limited to these
20 embodiments. Modifications within the spirit of the invention will be apparent to

those skilled in the art per the scope of the present invention is defined by the

claims which follow.



characteristic(s) of the bionplecule corresponding to the detected

nol ecul ar wei ght; and I ndi cati

bi onol ecuWé’%g@”@he det ernmined characteristic. p&,{,@}% met hod
of claim1l wherein the bionolecules are nucleic acid . 3.
The nethod of claim2 wherein the nolecad ar tag: are applied to priners
used when synthesizing the nucleic aci | ecul es. 4,

The method of claim2 wherein the indicating further identifies a base
sequence of a nucleic acid nol ecul e.
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5. The nethod of claim2 wherein the known characteristic of a

bi onol ecul e identifies a prinmer and a base for synthesizing the nucleic
acid noliecule or a pdrtlom\ttmcthoﬂ inherei compuatenolsysiehar faei gﬂmlaxm

detected in an order c res n to th ositions of the ba es in
sequence2 oﬁh%ﬂ@ét%lsﬁﬁ’bpgg lecu est molecelatpta% Wltﬂ "Hf BAE; Hfl

erein th t g i ple
Irore ool SRR AR BT il U BRCIGten o Pl
met hod of claim?2 m@é@xﬁngfmmap@mpbf egch dhalﬁalcfersacwtfembdmonméem to
fragnment is different from another DNA fragnent he

8
met hod of dhaicorespansiieg melkeulenoveighh of B¢ amplschlari agrasspriated with the |
6 characteristic;

7 receiving an indication of the molecular weights detected when
g analyzing the biomolecules to which the molecular tags have been associated;
9 and

10 for each molecular weight detected,

1 determining based on the received mapping the
12 characteristic of the biomolecule corresponding to the detected molecular weight;
13 and

14 indicating that the biomolecule has the determine

15 characteristic.

1 2. The method of claim 1 wherein the molecular tags are

2 applied to primers used when synthesizing the biomolecules.

1 3. The method of claim 1 wherein the indicating identifies a

2 base sequence of an oligonucleotide.

1 4. The method of claim 1 wherein the characteristic of a
2 biomolecule identifies a base, wherein the molecular weights are detected in an
3 order corresponding to the position of the bases in a base sequence of the
4 biomolecule, and wherein the indicating indicates the sequences of bases in the

5 biomolecule.
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a primer for synthesizing a test ragnent and a reference fragnment of DNA,

t he resul yy¢gohsaagged test and reference fragnents have beerpdigbdssdsessd
re-anneal ed, and when the same nol ecul ar weight is detected at different
times, the indicating indicates that the base sequences of the test
fragnent and the reference fragnment of DSA are different.

9. The nmethod of claim2 wherein the indicating identifies differences
bet ween two popul ations of nRNA 10. The net hod of claim
2 wherein the known characteristic identifies a prinmer that has been used
to synthesize a popul ation _of cDNA and wherein the nunber of peaks that the
nol ecul at tags with the sahke magtbed|ofr clabinght whersinidhe shamaterstisc farthare
nunber of di,fferent nue

| eh.c jaci.d | ecul es. synt hesi zed fr the primer in
The popt atPBRTAFS basf miliipl8 BiSmBRCGR ich WRE HERZEE s iniepliilr 10
wherein the nunber of peaks a particular nolecular tag detected in one
opulation is conpared to e nu r of peaks the sa .ecular, tag.is
Setpect edl | n anot gr pU| aﬂ%@gﬁ%gmﬁClﬁm li Wﬁlereln the E.TIPAlcat?ng ldentl 1€S
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12, A ferhEeEhone DNA fragmentds different from gnother DA figgments ' ¢ ne
sequence of a plurality of sanple oligonucleotides (ODN9), each seguence

havi ng four b A J. C -and h hod bSing . o . f
cach of The pruralitylor sERpmstheAD? BT IWAGE, e Brhracteristio ddgmyifies '
mol ecul ap  WRkORagnithtdBAE setefinck AsgAeme GADRA Whithdveehed itedDid gach of

the four nol ecul ar wei ghts corresponding to one of the four bases, each
mol ecul as wwingiatedyedach fragment haveig hhse sequemoteand awheweinhwhemfthealsamehe

oF 5 bl ol Ao St e AR S R i g e bR °2
recei ving agequedbl st iHtNes frigifer® aRa Y Rient® fldPet of TN ATIdBANEAE by that

6 same molecular weight are different.

1 8. The method of claim 1 wherein the indicating identifies

2 differences two populations of mRNA.

1 9. The method of claim 1 wherein the characteristic identifies a
2 primer that has been used to synthesize a population of cDNA and wherein the
3 number of the molecular tags with the same molecular wei ght that are detected at

4 various times reflects the base sequences in the population of cDNA.

1 10.  The method of claim 9 wherein the number of molecular
2 tags with the same molecular weight is compared to the number of molecular
3 tags with the same molecular weight derived from a primer that has been used to
4 synthesize another population of cDNA to identify differences in the base

5 sequences.
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tags that have been associated with synthesized ODNs conprising | ease
sequences identical to portions of the sanple ODNs, the tags separated

based onVO8B¥xteristic of the associated synthesized TEPHL®Y han the

sequence of the associ ated synthesized ODNs and subsequent|y dissoci ated
fromthe synthesized ODNs, the nol ecul gr, wei ghts being detected by a nmass
spectroneter, wherein the mass spectrofféter detects one of the four

nol ecul ar wei ghts assigned to each of the plurality of sanple ODNs for each
position; and for each of the plurality of sanple CDNs,
determ ning the base to which the detected nol ecul ar weight is assigned

usi ng t{'ue recei ved ipdi caki QpshbEr id h %ngﬁemyste%\dfor simultaneé)jul\sily

setting the base at the position in the sequence“for the sanple
13. The derérhdidingf thelseguenk? ofrecpludality of sample oligonucléatidess(€©DNE), eaeh f our

bases, displaying a graph illustrating ihe detectjon of. the nolecular
wei ght s3 assngence haying furhases &i%égééléb?wt% PBPEFIE: and

di spl aying the sequ . Abe s

met hod” &f cl ai m 13 %@?6@?@5{@ égmgf%%eao&ﬁsr r%ceéwgﬁgag 1f1§rcta ngTB?

di spl ayed fpafufiflBular weights associated with molecular tags to be applied to the 25
15. A nethod in a conputer systemfor determning whether a plurality of

pairs of wsample OPhyrmash efntheafousraplsaular rweightsreorsaspording © one PEtBat | t he
met hod conpri si ng: . [ h_of | i k of
7 agnent o, P04t Beske e molsularweight PhgBI ok phaRe Bl 5P rhiigollr BRI °,
mol ecul gr 4@ WeloRclli Wi 6 Ofpplied t¥RilGanplé @DNS; agsoci ated with, but
subsequently dissociated from the pair of fragnments, wherein the tags are
separ ated based on aforieackof epiurality of pesidonssemtesponds NRAUEBSMIEAZE, ot her
t han the sequences of the DNA.fragnents.bef e t he di ssoci.aﬁ L on_ of tge tag
fromt HE DNA recetving afl indication of the molecular weights associate

11 with the molecular tags that have been applied to the sample ODNSs, the

12 molecular weights being detected by a mass spectrometer, wherein the mass

13 spectrometer detects one of the four molecular weights assigned to each of the

14 plurality of sample ODNs for each position; and

15 for each of the plurality of sample ODNs,

16 determining the base to which the detected molecular

17 weight is assigned using the received indications for the sample ODN; and

18 setting the base at the position in the sequence for the

19 sample ODN to the determined base.
This Sheet Has Been Replaced

1 12.  The method of claim 11 including Hll‘l |III“ ”I III
2 receiving a selection of a sample ODN; :

3 for each of the four bases, displaying a graph illustrating the

4 detection of the molecular weights assigned to that base for the selected sample

5 ODN; and

6 | displaying the sequence for the sample ODN.

! 13.  The method of claim 12 including receiving from a user of a

2 change to the displayed sequence.
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fragnments; and for each of the unique nol ecul ar weights é)f

t he nol ecuw@bob3es, det er m ni ng whet h\rprtsparnsesss nor e
than one peak it the nunber of nolecular tags detected for that nol ecul ar
wei ght; and indicating that the pair of DNA fragnents

are different when it is determ ned thaR5there is nore than one peak in the
nunber of nol ecul ar tags detected for that nol ecul ar wei ght.

16. A nmethod in a conmputer systemfor identifying whether two popul ations
of nRNA are different, the nethod conprising: for each of a
plurality of priners, at various tinmes, receiving an indicatjon of the
nunber of a nol ecul arl4-ag 4 matheduin gempptescsystamler geterminiggnwhetber ar t ag

bei ng associ.at with the i fromt sin th
priners %er}élpﬁaﬁg}ﬁ %é?gﬁs Oqf%gm%tséqd?%?gﬁe@%ﬁgg%ﬂg%ﬁ t?fg
sequence; of gifagef NS methdd Tobffuent | y dissociated fromthe cDNA; and
for each of the unique nol ecul’ar wei ghts of nolecul ar tags.,

conpari ng the presenciorotach pdatha rplutalityyuofb pairst ofrofragrobnls, tregeiving ant ed

for that no)ecul ar i ght, at. an articular tine derived fromone .

bopul ati Sn BAKGHAR 94 halrgianfae Bes i Mo mal Sl ety hat Ts Sociated

i ndi catipg &hﬁ&#Bﬁirb‘P‘ﬁW@t ilons of NMRNA are different when there is a
the presence o

difference In ’t he peak.

REPLACEMENT SHEET for various times, receiving an indication of a number of 2®lecular
17. A conputer_ system for, correlating known characterjstics of sanple
bi onol ec8l e@gs Pierdc moleculay wejghtthah age detented (at dhatybimm whem, apalyzipg been

"ot ccupar TalehERIF TR ALBTRY PO B3 of MabBhs, BRLC Hoe 0ROl

nol ecul ap t &@ithesized using differeneprd@ktsiaddr un conmponent for generating a

mappi ng of each sanpl e bionol ecule to a nol ecul ar, tag; a
mol ecul @i wei ght col | &staagh of heeridHe MmeJeculaeBielgis, an i ndi cation of the
12 determining whether there is more than one peak in the

13 number of molecular tags detected for that molecular weight; and
14 indicating that the pair of DNA fragments are different when
15 it is determined that their is more than one peak in the number of molecular tags

16 detected for that molecular weight.

] 15. A method in a computer system for identifying whether two
2 populations of mRNA are different, the method comprising:

3 for each of a plurality of primers, receiving an indication of a
4 molecular tag with a unique molecular weight associated with the primer;

5 for various times, receiving an indication of a number of molecular
6 tags of each molecular weight that are detected at that time when analyzing
7 simultaneously results of separately synthesizing cDNA derived from the mRNA
8 using each one of the plurality primers; and

9 for each of the molecular weights of a molecular tag,
10 determining whether the received number of molecular tags
11 is approximately the same as the number of molecular tags detected at the

12 various times for another population of mRNA; and

This Sheet Has Been Replaced
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nmol ecul ar wei ghts of the nolecular tags that have been associated with the.

sanpl e bi l,es or portions thereof, separated based o I ned
characterds 4|920%%9f2 t he associ ated bi onol ecul es or portions Fﬂ-@}’g%&éﬁer

t han the sequences of the bionol ecul es, and subsequently dissociated from
t he bi onol ecul es or portions thereof, a correlation
conponent that determ nes, based on the Teceived mappi ng, the known
characteristic of the bionolecule corresponding to the detected nol ecul ar
~wei ght, and indicates that the biqnol ecul e has the determ ned,

charactBri stic. when it 15 determined that Hisgreseived anvmber isrdifferents he

bi onol egul . | ﬁﬁ’h : loeﬁﬂkfﬁq . 19. The conputer
system ﬁof ﬁgqlggltﬁ]o%{wﬁg)r m&fﬁfeg correla |eo(rlllﬁc‘%%bnent further indicates

t he base sequences of the nucleic acid nol ecul es. 20. The

conput er, systemof claiml 8 wherein the.correlation conpanent Lndicates

whet her lone DNA fragnint %’Scﬁmpfléeféﬁtem £ Wﬂé‘?g %I\ﬁa&légﬁﬁ%?f Sampfe

21. The t i R r &l ' nent
h Bg{wgeﬁl& 18t @Bleclfar thad mlmlﬁnw{aﬁ ﬁxblbc}xiﬁm\&g{gh% Mt PhveorRa

identifies rences between two populations o
3 associated with the sample biomolecules, comprising:

4 a molecular tag definition table indicating the molecular weight of
5 each molecular tag;

6 a define run component for generating a mapping each sample
7 biomolecule to a molecular tag;

8 a molecular weight collection component for receiving an

9 indication of the molecular weights detected when analyzing the sample
10 biomolecules to which the molecular tags have been associated; and

11 a correlation component that determines based on the received
12 mapping the characteristic of the biomolecule corresponding to the detected
13 molecular weight and indicates that the biomolecule has the determine

14 characteristic.

1 17. The computer system of claim 16 wherein the indicating

2 identifies a base sequence of an oligonucleotide.

1 18. The computer system of claim 16 wherein the indicating

2 identifies whether one DNA fragment is different from another DNA fragment

1 19. The computer system of claim 16 wherein the indicating

2 identifies differences two populations of mRNA.
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