METHOD OF POOLI NG SAMPLES FOR PERFORM NG A Bl OLOG CAL ASSAY 5 FIELD
OF THE | NVENTI ON The invention relates to the field of neasurenents
wi th categorical outcone on biological sanples, nore in particular to
nmet hods for sanple preparation of bioassays with categorical outcone.
The present i MEERT 6F OO SRMEAEAERORORERGPRIFYB| 4 BFOISGATAIeSS5KYhe use

of said nethod for genotyping an 10 allelic variant. The invention
further provides a nethod of perform ng an analysis on nmultiple

sanpl es, a pooling device for pooling nultiple sanples into a pool ed
sanpl e, an analysis device conprising a processor that is arranged
for perform ng an analysis on a set of pooled sanple, a conputer
program product that puts into force a nethod of pooling sanples, and
a 15 conputer program product that puts into force a nmethod for
perform ng an analysis on multiple sanples. BACKGROUND OF THE

| NVENTI OY A BiEER G TISE ANVENTEIDNe where a property, concentration
or 20 presence of a _biological analyte. is asured in a sanpl e. .
Bi oassays are an i ntifiedgveniien fel@Feﬁ@s@grﬁgﬁpﬁm&pﬁu%qﬁ "-‘g?h setegnrigal
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various carriers such as g s plates or beads. The technology Is
i ntrinsic fondlegsis cormbltifle sampldse phwotingidevizkifer pedlinezoultiele samplehe

i nvestigation of disease-associated. genes and i.n_ot her research. 30
aimed at i nviBks pgepledAmRIe e apal itk ich COdpTiniga osessBT thi s
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to 20 genom@d&zggﬁﬁsﬂaﬁqﬂé@gﬁ@uégat ed to determne 5 relationship or
ic

| ack thereof, is atiny fraction of the human genone.

Si ngl e nucl eoti de pol ynorphi sns (SNPs) are the nost abundant type of

pol ynor phi smj gﬁ@g { I‘I‘iml'ﬁﬁﬁ | 1 el devel opnents of dense
SNP mar ker %‘%g an Ot ec @ggﬁég for high-throughput SNP genotypi ng,
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substanti al nunber of s_afpl_e IS, required ir&.rrai)gi ng a%g'l associ ati on
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In order to obtain full insight in genomc variability it is

necessary to know the full sequence of (a relevant part of) the

genone. However, the cost of determning the full sequence is even

hi gher than the cost of genotyping which is described in the previous
par agr aph. Despite the costs, it is expectgd that 30 sequencing w |

repl ace genotyping to provide individual g€notypes for the 3 entire
genone or specific regions thereof. The current invention also

provi des methods to r]f@é’gﬁc&ljﬁgnﬁ ShnfbeREUHRNEA s, almost all gerRAFPING is
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di stribution of markers. . An i nportant di sadvant age of sanple
pool i ng is theringrnorrsselestor RXPYEMEEStic is only identified in the

pool as a whol e, and Ln s g Vi ﬁ%’? f g3
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di screte trai Ththatrens inpmartidn terviery isearaaesgnifivanee since healews ervery
i nventors_have found that for % e st 'ﬂd}" of the

25  substantial reduction of the cost of genotyping.

In order to obtain full insight in genomic variability it is necessary to
know the full sequence of (a relevant part of) the genome. However, the cost of
determining the full sequence is even higher than the cost of genotyping which
is described in the previous paragraph. Despite the costs, it is expected that

30 sequencing will replaée genotyping to provide individual genotypes for the



15 presence of a certain allele at a certain locus in a diploid
animal, the mxing in a ratio of 1:3 of a DNA sanple of a first

di pl oid animal having 2 possible alleles (A or B) at a single |ocus,
with a DNA sanple of a second thploid aninmal al so having 2 possible
alleles (A or B) at the same locus, resultgs in the presence of (2) +
(2+2+2) = 8 possibilities for either of the alleles in that m xture,
wherein 20 the expected quantitative instrunment signal froma single
allele (e. 9. fiideSgehdnR¥B:08pekitR: EBWNRHALERRTTIR: &ingBat inveheibgtalso groivides
means that at a neasured signal intensity of 37.5% of maxi mum sanple
si gnal st r engwkthadsdogadptect ¥ plseqgugnginghe allel e A, which neans
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30 pool have inatdrRtalsedf@:possi bl e genotypes. Provided the accuracy
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allocated to a val ue-orfSIERgHRE 2 ePIeLEFIRG PR WA pl e t her eof .
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a neasured signal intensity of 12% of maxi mum sanpl e signal strength,
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overvi ew of 20 possi bl e outcones $0r such a pool ed experinment see the
Exanpl es bel ow) . The inventors have shown that this

principle can be used for a large nunber of analyses. invol vi a :
quantitative measur e%éh’.cmmrt%ﬁt %ﬁ%&% 2B Ogs%lﬁ RO ?Wﬁé? ﬂ“ﬁt '{}%emeasured
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the analyte in sald sanple. 25In a first aspect, the present
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measur e ofathsT.ng &n%f;cjllgl) @%@V%ﬁ%%g?? n‘é"%%%b‘?%‘?%n%‘%ﬁﬁ@s
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sanples in the pool is such that the analytes in the sanples are 30
present in a imolagh poal isondicagiyeof the gengtiipes foxpdl Junrdividyals. i pype of
integer of 2 or__6_higher, s 3 . 4 .
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annotation x: x1: x2: x(0-1)- should be, und rsf ood as referring to x:
30 in order to provide results for the individual samples.



x=2 for a haploid, 3 for a diploid and 5 for a tetrapl oicl individual
with two possible alleles at one single position, x is also equal to
~the nunber of possible genotypes. 10Assune there woul d be three

possi ble alleles then a haploid woul d have 3 possi bl e genot ypes
(x=3), a diploid would have 6 possible gengtypes (x=6) and a triploid
woul d have 10 possi bl e genotypes (x=10). In one diploid individual
the first allele can occur O, 1 or 2 tinmes just as the second and

third allele. This najass, hﬁwaﬂmswéob@etﬂmnqobmﬁdé sanpdaposiatforosample types
x2: X(n-u) as with 15 two al | el es (x is ain pql ypl oj dy |.evel 12:.1
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y=2 (allele 1&%th8¥§ﬁ£€p%}rlesent or absent), p=ploidy |evel and

n- =nunber of sanples) to find the nunber of alleles in the pooled

sanple. Thus, the ratio betwee i ndi vidual sanples in the
pool (as 20 aRUM %PE%‘P%EJENV@@TIQV& anal ytes therein are present
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common ratio 3 _are_parti uIarI sutalef al
variant in diphepdh igﬁﬂ’i‘VF RATerBf wu;gaglﬁa%g) %%?’ gﬁ 1Si?aéxet ree
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have three poSsible varrants (AA, AB Met hods
wherein the aeguintolaf buhprqvm@hdnmhmblf&mmoésfiewltmrp@@)ll"ldlyﬂpﬁﬁmﬂl@%@ﬁn be

as georretrlcs e nratl 2 ar . bl e
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use of a net hmegcbmati@mdqwm tapitdbatisevadatiyebimeapwredgenot ypi ng

an allelic variant d or i i

nunber of cl asses of r}#}%@{ it‘%Sa?se@gﬁﬂﬁéé‘%‘g%‘?%%(f;‘%‘ﬂg%gf me&% sty e?gfefihrtle
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i nstance allows for genotyping an allelic v id or
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invention as Hesioki mpm‘bsaﬂewﬂelexs (AranB)Xizt thepaoicekcts reantts én thripresence Of

osul't obtai nEA % @ e eh= SErRULERY o itine hehs eUries g e pFRFS, whorein
(determ nggl by, et&gue@%@@&amta&ﬂ%%%uﬁ%tls{g@m@ns al éhg’f@'dﬂélé'r@% s
sanpl e signal ngt

divided for each possible result, see
infra), and th2.58 gitdle makmmmgamlﬁe@ianﬁdat?@@gﬂb Fhie neesng thad ﬁbérméﬂsured

his the cat ogsRLaTe0T bt boret ek Reaiile St PATRME sy eae
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i ndi vidual sanples in the poo I n anot her aspect,

present | nventhe)ﬁrqtrd;phdiasnanﬁbambda!bﬁnbéwf drrmvasoiram ‘Q}?aﬁeﬁ%?%d oid
I tipl
ool cd sanpl captba faeRye Tt thedigt 28GR AB-Al Tt eRobhe b Hhdthe

herein above sé’é&ﬁﬂQhﬁlo&iihﬂuﬁ@lnM@gérﬁJtﬁﬁ@Aﬁz Eikdvoise awher elg@mmured signal
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sai d sanpl e. intensity is 50% of gnaxipun sprwle sigpabsirentthhallsanples A%y, a
met hod of perfor So%h RE =8 uRd 1
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I n anot her aspect, the present invention provides an anal ysis device
conprising a processor that is arranged for perform ng an analysis on
a set of pool ed sanple obtained by a nethod of pooling sanples as

defi ned herein above, wherein said device is arranged for anal ysing
said sanple for a 5 categorical variable agd for performng a
guantitative neasurenent of an analyte in said sanple. In a
preferred enbodi nent of this analysis device, the device further

conpri ses a paehbkmgnientiisat lems 6. 3% feichhhyasurpmeht ngn Hewiloeatad to a value

di scl osed above. |n anot her_ aspect sent, .i nventi.on provi des a

conputer 10 p?’éﬁ;?lghtbr(y&e{l@gﬁéﬁ%Hﬂiﬂlgt gn&?nﬁr%la?? OSSKHF ch

progr am pr odulasiiaidGader ARbeREMATd dvAugoTPUL er, A br ogf amred
or o

corrputer net ro rarma e ap aratus puts into force a
met hod of pool Ayt Qs+13$+cdp+l)ﬁec(phé)ﬁe‘i))bl d@@%% whmemm@heawpmslble

the present inventio S ut er ram duc

on its owpP oro‘btﬁo%‘eﬁg(?"}r)‘?]gie %/\i‘ﬁ o0 G(') se; (g‘na 64 eB lﬁﬁ  ploidy
executed in aGEMAUEthe AR Y 3AHR CONP YOS 1@%@‘@4&1&%@85@{)1@ signal
progr ammabl e apparatus, puts into force a method for performng an

anal ysi s on naﬂremgdihelnamaﬂ tegresuilldbentpididy I@mipl)l“spcrsgﬂqd@gemtwmg an
anal ysis on a set of .pooled sa obt ai ne ho oI|
sanpl es as defi ned 2(;8 W&%%‘%@W@ W@P%Pﬂggﬁf%a% an%lrﬁgg(?f
for a categoriga (ruéﬁéc&%gr Fhsk isnwgﬂhVaeﬁo@lr@gJﬁ@tdrtﬁB)MewawnﬂMfy af
an analyte in said sanple In a preferred enbodi nent of

this conplft ertoﬁabgfr?iﬁmﬁsﬂnl}@fis farteathegiod ﬂh@eﬂﬂ@ﬂés iy thaembynprvhaein H%P

step of poolln rdl f | i
herei n above. ’%aeﬁ% %lar%lg We%algpq?%%ng&gr g&%ﬂ@%ﬁ%ﬁ%ﬂﬂana ysSi s
costs can be mediaah & nsﬂgxyal stn-mgthy'phxsahéa/nma&wqa mbgsweredzignal

66% or nDre DESCRI PT| ON CF THE PREFERRED ODI MENT'S .
The term " cat BgeRsibaet 140 of masimugy sy ‘ﬁgP | firengihethe samplefoupyises 3 x

30 variable s g-BB il 8 S ot
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trait pregentABland &amhal # hbs goaytype BRyrLiketviseo xv;lxgnu:bemaaumeﬂ axgnal

analyte. Discrete.is nous for categaor ref er

non-1 i near orlf’&?%%ﬁﬁ’cslqvf{yﬁgmaﬁlm\‘i‘&% FHppE st ?(;lesttﬁ §1 hr‘?ﬁ‘ﬁ?@ )iga%genotype
(categori cal )%Br %‘h&le%ﬂ?ﬂléé §%rd ﬂ@&eééﬂbtfée AAS @mlaed fhé aRAAE} 6@heS
vari abl e can be binary (conSisting of asses) "class" refers to
a group or camegsunenientiibiat keast H¥k, racheneasapment g@rgbgﬁélgcawaﬁga%alue

Cat cgur i o antheareariniFaaFpblfosk OF abldpny@ o dPof AR of

several pRpsi HRiHAbAKMHRTok Sh@SE §odled leRpPaiient db&the ER@MGILigNsWY Al
variable may relate to the presence of égenetl c 10 nmarker such as a

si ngl e nucl eoti de pol’lglmmanws@gwyh@wn gt grippringgecpe badgsrd for g farge
allele, an i o CRERAS

col or, gender E’ﬁg{ ﬁgggqrﬁ’%% S%ggiéﬁr?%ﬁ %a?%%&ﬁ%éh%tg gglée or adr#'t 2 %%ﬁ?fe ma
trait or propgihylepivharsiarheaesult bf ﬂid)@hadﬁbisfi@baﬂegonédltmhgbsﬁdaem gan
be neasured nunerically, for instance as a generated anal yte-signal
that can be reedityed thagnplyde inaaidsani®leor ded by an anal yi s devi ce,

cat egori vari abl eg,.themm DR ggeglrysm ang, &t of
cat egori ?;é have no |§Pr| nsic %J ﬁg‘%éﬂ?e egg%r ex%ﬁ% enlO gender Si S ae ¢
cat egori cal vpddlialg sanhsles bgbe wanalyabe dora estegorta verithbie meherent themanalysis

coded as 0 and 1) and represen r ef er abl nordered ¢
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0). sanp pect s of the present invention may b
any sanpl e vmmdmdual szahplyeun(thda pualris abtke t]im: the drelyteasuoithel Samm&s are

sanpl e rrasyo presgﬁtognozg ?ar ra%n‘opofe X0% X1 bxﬁsx(fél),t and W%e%rmtg{ogyanf mlﬂeger of 2 or




The anal yte whose presence or formis neasured in a quantitative test
may be any chem cal or biological entity. In preferred enbodi nents,

the 30 analyte is a bionolecule and the categorical variable is a
variant of said 10 bionolecule. Preferably, the bionblecule is a
nucleic acid, in particular a polynucleoti ge, such as RNA, DNA and

the variant may for instance be a nucleotide pol ynorphismin said

pol ynucl eotide, e.g. an allelic variant, nost preferably an SNP, or

the base i denhidherOfuck 08,14, 316a7, 618 Ipeeferably st 8 @presenting the nubhieer of
anal yte as defined herein can thus _be a DNA nol ecul e exhibit.i a
certai n cat egdebeesiofghe icatsigerical yarialie (prathe pepdingifagtogy and pdp Eﬁ%ﬁ}lg}ber of
nucl eoti de positipn i t & .Grack I j : .
cat egori cal v?ﬁrﬂg%gf Tﬁ? a?'%%@%bﬁi %'S(IT%e' (ggeS%{S e(ﬁ]?? ?ga% goa(ﬂp%lsr;t'eif%rlﬂ%grto
nucl eoti de pogdtilor2zean: Re-reastred Pyxiysitmy whepednhiis ahe nenthestof sdmples
instance based on _fluorescence 10 derived froma cDNA co

i ncor por at¥ ngand i is/an eawemeniakingeges k@f"l%?‘d’a%%qe&é% g’g‘%ﬂ?h as
known in the art of } - qLhas idRatiNg: : +1). ¢
fl uorescence em tted%é@?%%mﬁ%ggeﬁlaﬁqga%%r%i%cét%\ﬁgg k%z% i'olg&gf'V etlhle)’ 5
DNA and neasugeg fdyya haphid| 3/&ira dieldid endifsfor khetetmgdoidrindividual with two
categorical value for that nucleotide, posit. %Trl], e.‘_‘%El ag an_Adeni ge ble
for that posi PPesible pilelpshit e finglsPoSiteTh 38 Bl9PstfvRL o She RUBILEF PLRPSH
nucl eoti de pogé%dt?ﬁes.t he invention pertains to pooling of individual
sanpl es of whfc e nucl eotide sequence of a particular nucleic acid

is to be teterm ned. Assmnseifhebiwduwl§ befthreeeponsttiedllslestthen arhameidgrould

for sequencing assays .(anal yses) cap, be,.under st when reaki zi

t hat sequenciﬁ & ?89%‘%%%@%9%%@_gktaeqlﬁpoﬁgﬂo@ﬁgg‘f”%% |°§’?11a# : é‘%}&g?(%erﬁ

ei ther one of (f-gytnA0SHiPbEl ROGRShAINEIEpSsdibie gonetpRs ¢xe10)ahs efie dipdbid

a signal for any particular base at a certain position in for -

i nstance a seipdinidualthefirgellde ponaecur®, dir Siimesive a7 thepesped apd third
t hat base iden}ity.in a_partic u i.de. L W fihia. saingl .
nucl ei ¢ aci d. aﬁ’%]& th‘" %11‘5‘“) W%%%r%?eegb ﬁé’e‘ﬁglﬁlebﬂ‘?ﬁ%‘%?r%@ﬁ% 'S}Eedtﬁhge ggF with
in the raio @sodEsrei(Resapengidlyploidy labélom)2Bigedldnténsitieofor she Stadleles

origin of any particul ar signal and thus of he sequence for -
ndi vi dual _ nuefereanserido the nearest st POty @an’a‘y““gléﬂ_a?f‘?“ wFBET @1y
pol ypepti de, %@gjf% 2, @rhgfﬁo £ e @@6f3qugése%@ oi‘d@bg&i%,%%loiﬁ@Qevel.and

anal yte may al e a nucleic'acid, a nucierc acid probe, "an _
anti body, an ashigher ofsimpdssd oo, firal tieptwmbenofialleles utle panledisample.

receptor or 30 fragnents thereaqf fl yorescent). .| abel chrono

radi oi sot ope. Fact, ttﬁléus’f eﬁﬁﬂ?%@”é‘ﬂht etvﬁ"%’ﬂlﬁé%‘dﬂ? %P%ﬁéﬁitggpg@rn(as

physical gy bs%lﬁ%‘iﬁu}é;ﬁé}tis%ﬂﬂh RRalBRSAHAFIURBdiH Ak Yebsent 26 hBRk red of
n

be used to determ t'he class of the categorical variable. The term
"nucl eot i de", laswhexein xds éhe maehems number of flsseerdfos the ppiegeripy taait.

purine (adenine or g i.ne) vriybdine (thynine. . (P .
uracyl) base linked 'tjlg[ghﬁ‘éisé”%@%ﬁ? t)}%a%’fmﬁg Sﬂéﬁr{nﬁ{“i}gﬁéﬁ rﬂyﬁlre?%gée pool is
(RNA) or deoxytdhaseas g&ﬁi}.etﬁ@gb hidntO RAitIC@IRmoairagio M greopartiutarly suitable
phosphat e groups |inked to the 8-5-car bon of the sugar. -The term

i ncl udes r ef efergemotypingan; aldlis wriantinidipforhinsliveeals whereingashc

acid or pglynucl.eoti wher ei n i of .1 ndi vi dual . .
nucl eot i dgé a?rédlflﬁrl‘i‘l?gﬁa\sl itgreae %%@%g%éoggﬁgéf D]‘t‘siﬂre"l éié) %e jfgg;?i%ﬂcgte 8513?1 trait
phosphat e backheaemuyt awrendts gositile varzmtoAA AR el BB3es.

The term "nucleic acid" as_used herein, includes, referepnce to a . .
deoxyri bonucl eoti de oMethasisrinberedn F]b%a%’@PPFrﬁ’?Fhﬁ 'lnéi?vlguﬁg?%@g?é’althﬂg?d 18
in either si ng%&i&éd g%g@{?ﬁéﬁ% @hgfeﬁcé Qi) cARBOHNRERS AES M Mcetarly suitable
limted, enconpasses nown anal ogues having the essential nature

of natural nu¢degnotasngmu dlidlicejartyibiiaplaid 1hdividuwajk eFet amaxedple

nucleic acids jn a_manner sjm Igr tQ natural II}/ cC rril_nvg nucl eoti des
30  thereof reference is made to the experimental part below.




20 specified sequence as well as the conplenentary sequence thereof.
Thus, DNAs or RNAs with backbones nodified for stability or for other
reasons are "pol ynucl eotides" as that termis intended herein.

Mor eover, DNAs or RNAs conpri sing unusual bases, such as inosine, or
nodi fi ed bases, such as tritylated bases, 40 nane just two exanpl es,
are polynucleotides as the termis 25 used herein. The term
"quantitative neasurenent" refers to the determ nation of the anount

of an analyte in a saaRltheigspett, The pr@Rht tifdntdn feddtes So the tibeof act
that the neasurenment can be expressed in nunerjcal values. The

nuneri cal val methadofitheineentiomasdescnibied aboge.der genetaping amgliplic variant in
capacity, 30 gconcentrati -\ I h,

wei ght, vol un%apgfjﬁg?reéqlwy ﬁﬁh%é‘q@hglns?? ?%%ﬁ?%ggl})% é?ﬁgg{'agsﬁeasyﬁﬁ%ol ve
the intensit yeatpgakeal vagiableotx) pgakls il adereih preprasatie thaplddylak] of
such as a chronopgeni ¢ or, fluyorescence sign r any ot.her

. L) 4 | ) . ]
quanti t at ive sidardividual ganeh ase ToRRRstanes éﬁWﬁ'ngecDﬁ’éYIﬁ%lgé"é’rﬂ:ufb&rVaﬂant
form of an angl ‘ Ul c ill involve an instrunent
signal. For %%Eﬁ’é%‘?@? %enud'g@%% ng the presence of an SNP, the
measur ement Wil | i nvdhwet anbtheriadpact! tlenpsisgmiainveatidn rilntestsa metbod of

will typically provide a fluorescenge .intensity as neasured by.
1 uori ot er. NAGHTHBESFRANGS CRGE BB AEE RIS, SRR s d smples
measur ement W g, igg‘et\é%@ﬁﬁﬁ%fffﬁ@ &&&ve%ftm;h@aasbﬂggafa}aw@fo BRidd®pooled

measur enent nmay a e typically provided as a uor escence

i nt ensi t yl0 Theamplasudepmfirmisedanbanplysisiaesaad pooked rammpde nBag anantgiative

result, but ma elate to di screte i,n val s or categories. The . :
neasur ement uLYI Olsbgmﬁ@hé_% g]i‘@rhff&’rﬂeqefié’trfﬁ?e&eﬁeall %%gr eﬁgﬂg Ofrht_e(depermmed by
nmeasur enent caya enHEt &7 thebRAidalirdRrvals 30 whidH méaxithul fahpleddig@ditrength
preferably proportional intervals of the maxi num sanpl e signal

strengt h (deperddvidgd dor edebtnnseiblheesult, sedlinfra), pre thesigngd iglensdy is c
sequence with om;na; ratio. 2, 3 iV, LA 4S
nunber of sanaﬁ}foé"g‘? tot ﬁ'g tﬁgag}lrﬁm?‘%{e&%%sgéggfrﬁeﬂr?tc%ég?r#&g5’:3%11% P%] 1('§1‘°‘thterb%oled
suitabl e.15 sample. Fidi8 thiythe daogddritg! varisbldedetwehtnad forefsehsntividided
groupi ng together. or merging_of sanples for the p rftl)oses of . .. .

maxi ni zi ng adiiarRlade the ppelctaliing yf%tozﬂ@cqwtﬁgﬁtrﬁteapgﬁ ¢ Farput pdividual
"pool i ng" refsearIE 1591k B psgpar ation of a collection of nultiple
sanples to repr ent" one sanpl e of wei ghted val ue. Merging of

mul tiple sanpl es i nt nemetlssmagpects thppeesent iswealtion yrevides madethed of

m xi ng sanples. In the pr eslent [ nv__efti on, nixing requi res.a car ef ul

wei ghi ng of tRRFIIREBERPAAINES ORIPVIRIG P2 BRI, XD PHITHIER VR BE B hint
of anal ytg Pr&RAPis bB %&te&%eom@h?plé ShERRLE by 8 m¥IRA o pBliRk Qadplasas
an anount of analyte of 2 g/1 and sanple B has an_ anmount "of 1 g/l,

t hese sanpl esddfined herelrealpoe| whereinsaubsameplerigtanalygedfosaicatagotiesl t o

rovide the 1:3.3nalyte ratio. e Ven two s | es e e,

Bool ed in a r‘él'ﬂlrF%H%P}{‘Fii -IPV@V'B‘?‘ a\ﬁlli‘é‘ﬁt‘%ﬁl%@emfg%ﬁe&e%rogr%o%rf%g{% " Saagd

ratio of 1 : @mpld as prescribed in enbodinents of the 30 present

invention, the possible frequencies of the variants in the pools is,

set by 13 the endpoilntaspreferired empafliment afthsomghhpd aggethod of performing

respectivgly. The endpeints of these,inte ' enre i
MR S e S

as the " e 'stép I ncrene

t he quanti t atdow@riPRESH bE tRNIndipidual sRapkisig seRkpenl o samples. si gnal
strength. 5The term "geonetric sequence" refers to a sequence_of )
nunbers in whi ch t he Irgmothereaspeei thaiprasept syationnroides apooliggidegice

il ¢ plyi ng cRECSESs shlBp Db Rp fhich piied SRBT o St Gty
fixed nunber aspieablfd prbeidtormapooledtsamflo antfartheq eempeisingia grocessor for

eonetri c sequence of the present_invention, th first. termis 1
g 30 qperformingametl?od of pooling samples as eﬁne]aoherem above.



15 nmethod. For instance, 50 individual sanples can be neasured
separately to determ ne their conposition in ternms of the nunber of
di screte events present anong these sanples, and subsequently these
sanpl es may then be nmeasured in a pool ed experinent, wherein the
signal strengths neasured for the pooled sanple are showing in the
same proportion that woul d be obtained by adding 20 up all signal
strengths of all individual sanples. A net hod of the present

invention may be per flardmRihay ésfbe@ﬂ)th@lpmt@ﬁvdhtﬁﬁﬂpﬂo&iﬂeslﬂimﬁysm&ewce
practice, the maxi num nunber for n is set by the accuracy of

he
nmeasur enent neschpRising. aeprophﬁoaéb@fr 1@@51"1'%159(@ perfosmdngap W%ﬁ‘ﬁ gn a set of

sound distincti on bet

det ermi ned. TH¥ %dcﬁ V\ﬁ a( eV| Q{%FES@H{% %}ﬁgﬁ% S% nlrargsh'}é%m
i n accordancegbhel etdin said devme :lsbékﬁ‘rhhg@d fcﬁnmmffsm@ earaﬂdm)piled'br ahe
present invention include

but are n? limted to, no Q‘E%\‘%F £
met hods. Genotafpgerical yeainbimapdém neyiamipge ‘H-é?snthté 3 phef an
Genot ypes can b s ﬁldseIﬁi Ql ng, assom ation and 30 di agnostics |n
al | species. @3 3 1t geno@gl ng exanpl es include a) genotyping
in humans, such as mdgi £ prefeiiradratiodtmehtiof tilis anflysisalevige, thﬁdd&ﬂd@ﬁlrther

typi ngs foI | owm ng ,case - contral study oI i.ngs; not
| i vest ock, SUWE@SQ%pW%&GW%I%% Arpiegshly B%?%@g&?vﬁcgg%#ﬁjﬁ%d above.
gene appr oaches and 'ﬁ%@gg&fagge% tﬁ@b@&ée‘n@@n@é}ﬁlidrpﬁfdvﬂb%a&iﬂpﬁﬂer

genotyping in plants e mappi ng and associ &t i on studies
Pool i ng cHn apmgrim pmddctmbmhemqlte nmmg‘ cmlmasrleli, ihigh pmgram pradatct,

bacteria, viruses. eseC|f|c indi vi uaI

for sequenci ny2pR l¢ eW@ﬁe ’é’q%@‘ﬁ%‘@ RXBgr(ﬁm’??Sa %ﬂ%‘“k or

are to be co e?%roéi%ﬁ% t}ﬁ aﬁd&ﬁpﬁf@ﬁﬁﬂ%ﬂc@&&ﬁbt}mﬂ Jf@foohﬁ@lsaﬂ@les as
a s

sanpl es conprises'the taking o ubsanple fromat |east a first
sanple and a deﬂuwhbdn@lmabmait | east a second sanple, wherein said

first and second sub are ne [ o]
provide a m xture of ﬁ?’tq%q%%r %%Pﬁ%‘é%%?é’ rgée%tsﬂéé@gdrrﬁ?%%%& egg({ gﬁtetr
sanpl e anghs WhgFsheAnmt i@ diust &ihé) orb itk wii 6:56n ardrdes miﬂcﬂ{amgﬁampmchm
in said pooled sanple is 1: 3 or 3 : 1 based on the an

concentrat i onWﬂlth@adﬁda%n@ie&ﬁuﬁ%Hl ﬁ6?’@9HterSF‘rHTP&qumeaﬁéﬁlpt“ﬁ?re’éetw"rk or
sanpl es are p | e r f

subsanpl es ar @ % é%%t ]gap%tﬁﬁjagg 5 E‘EQH&QTJ’;' (lgl}ragta Iﬁgﬁelgg%} g%iéfbtﬁﬁmgdan
subsanpl e (i naﬁﬂl}{fsﬁrcdﬁm)ulﬁpletmmﬂwlsnaedjmemhmdleoxppnbmg mrafpheng anlanalgsis

.9 bed h Th bl e, 20 f f th
1 the bool o 8 adiet obponAd SERBOPNIELGY BY AUEFIRAT SRS SYREIRY 2 Gabed
respectively. PJ &n %BQ\P@'vPEe%eﬂI sélﬁ%aﬁml@&@aﬂﬁbﬁe@ﬁﬁ o @ft8bdrech] varhdleand

as the "result points” ’and are equivalent to the step increments up
to reachi ng nminsiobwem squmhEtadivgnabasiremeyt bf an aﬂﬁ@i}ft@dn@ﬁlqowphg as

defined herein may b erf usi n Q C
a dlevi ce sui !tabl yycoﬁlﬁllro? BE egreggﬁ%l? é\h@%p%é@g Ir%Pu i gggﬂl%%d@& Bhe
col I ecting ang;:dehbMeid MgiiRrsiprads @H@g@tp drfpoaﬁﬁglae@orﬂﬁ{g tow histhed bh
the formof a defined (but variable) volune. A suitable sanple
go: | ector i 3 poglingsaroples astiediweddezeiny ahpvappl i ed in robotic sanple
eliver rocessi
y aﬁ% P b@ﬁ &Lﬁ%(} tgaes;aetﬁa%(a of@%ﬂa g%&;ﬁ% ?15# q:@ onal §1QQ8§€SQ:§11 be

syst ens usual |y ar a r|S|ng one
or nore of a mdiceRliRiRetelE %S WpicdlRgRH 50%15nd%&gﬂib§f m%mr onse.
filter plate aspirators, and robotic pipetting nodul es based on
pneumatics and di sposabl e pipette tips. These sanple robot systens

are very suit %ym gnt invention
as they are u?ﬁ%]tﬁgﬁg Rgl(ely gné 0 CO %P@gﬁﬁgpﬁ%@ ?qw d vol unes
fromdifferent sanpl efshétemt teategorival nariabledsad ussl bereis reﬁlnert@ﬁdl@,rete

it is within the |evel of skill of the artisan to ada t suc
30 variable such as a characteristic or trait, e.g. t epres fice or absence of an



A nmet hod of pooling sanples to be analyzed for a categorical

vari abl e, wherein the analysis involves a quantitative neasurenent of
an anal yte, said nethod 30 of pooling sanples conprising providing a

pool of n sanples wherein the 16 anmount of .individual sanples in the
pool is such that the analytes in the sanpjes are present in a nolar

ratio of x0: xl: x2: x01-1), and wherein x is an integer of 2 or

hi gher representing the nunber of classes of the categorical variable

5 Wile the npidipeh &f a BR@cheridtic therdia, 6¢ Aniadlblié oralapthseatdr absentén
described in terns of relatively sinple fornula' s, .the method of

anal ysi s of peuneweourpr dstergzyrosedora dn paranalvies Digsrete 1y synegreous fr
As described herei B, ?nﬁarte?eq'g L)L Gah-1) \f% E'%g ldgscgﬁtlﬂuo@se gg‘%ﬁ%)bl%geﬁe‘?gﬁy

a val ue that |s ne of Several possible categories

These cat egorﬁ@&sﬁﬁlar(@afé@omﬂ) tﬁimmslmhgrmwlpbrﬂymfar agahple. Afvategorical
categories are determ ned by perfaorm ng uantitative, asurerrent on
an anal yt & ( DMsjaklpcan bﬁ:hlaw (pngigtigg Of?&ﬁ%é%ée%\ ej)a Qi ABHONY OF

classes to t h(%[%ggcf}grtg ol mllﬁ!éﬁﬁﬁfeﬂﬁi@ dafBe bsi gﬂ%& 9PhiZ 8l ﬂ)%l}pf:ategoncal

anal ysis resu ach o asses represents a variant for said
cat egori cal vedriatile és ¢iSethdtiwill #llofy the asgemment of ¢atteg¢msa¢nd1cﬁibe®r1@fl

ossi bl e I |t d t. t
ategor toal viFahipe akes viie BREE bnf Pheve Fosrible GRReTTRsdciaengy- In
di pl oi d organj culaﬂ'etlli’é Qétggofﬁéleiﬂar%ll@fdﬂy%%tb he tHé'ﬁPc%en@é of)&)gﬁh&h@

anal ysis 20 resu I'n general terns, the nature of the categorical
vari abl e Ian man’kaxtken.chm apsmslmmeclmtldh NlﬁmmphmeE) @ﬂama@t tgenefic

sets of the anal at5|nF n.a sam .
total number ’B‘Pr% §§‘tﬂﬁ@ %W&ngégﬁﬁ%e Q%Bléﬁ%%e it etsﬁgalg%sc% ‘1@? hair
different catQ yRderYatdias oPBRchASPERFctivA) gbAkHpe AR a@ywméﬁmit drhe
number of possi bl é anaIyS|s results is rOV|ded In Table 1. 25 Table

1. Total numhesopettypdasiaselemdiglogivak @@femyt Alihoyehhe pan (‘99 mgeasure
Teasur ement vhgs Py, 1B SRTRRRCA, ohSREAl anflyd DEnaR P Ee xoceived,

Possi bl eNunbet OF & 1 repeat
2 342 25 read and/or recorded by an analyl_s device, categorical variables themselv_es

have no numerical meaning and the categories have no intrinsic ordering. For
example, gender is a categorical variable having two categories (male and
female often coded as 0 and 1) and represent preferably unordered categories.
Genotype is also a categorical variable having a number of preferably
20 unordered categories (AA, Aa and aa sometimes coded as 2, 1 and 0).
The sample in aspects of the present invention may be any sample
wherein a categorical variable is to be measured. The sample may be a
biological sample such as a tissue or body fluid sample of an animal (including
a human) or a plant, an environmental sample such as a soil, air or water
25 sample. The sample may be (partially) purified or may be an untreated (raw)
sample. The sample is preferably a nucleic acid sample, for instance a DNA
sample.
The analyte whose presence or form is measured in a quantitative
test may be any chemical or biological entity. In preferred embodiments, the

30 analyteisa biomolecule and the categorical variable is a variant of said



34533610 .154410 5515 S el +kk +1) N represents the
nunber of possible categorical values or variants for one repeat and
k is the nunber of repeats within the sanple. The values provided in
the table are cal cul ated based on the fornula +kk +0. 5 For instance,
the genotype of a diploid individual (2 regeats of one allele within
one sanple) is equal to 3 (AA AB and BB)qbecause one allele can have
only two different variants (A or B). Atriploid (3 repeats of one

al l el ) can hependedlilé [Bregstabls ihé BrsoleAs is AdRicledBEcidnth BRBjculdda A
bl ood group for an individual is one repeat having four di.fferen
variants (A Blynecleptidy, surhastBiNiPAA and dhe gariapé ey @Srmﬁapﬁ%li’?@ns
were it is not | , whi . i i
15T e U ERSHL Ae BEp i BOGRSAI AR o0 kol FEAAIAA, o
genotype AB apebfgehd ¥pESNIA,. ortihebase idantityadfea gdricuttentudsotile pdsetion.

repeat is inportant then t f .calc ' , I
nunber of -I%(r)n;si b?g arﬁ%/nﬁg%%gﬁrjggé%iﬁ‘%{??g%ﬁ?‘%#%%I-ﬂaﬁg‘ﬁt@ﬁ e? |l aces
the formila (5ﬁipi}ﬁ%&)ceftﬁinTt?atl}gg?ﬁcal'%!ﬁ%b% (e A B Eﬁéd%ﬁ:y'fo@?alollﬁ:erticular

change accordingly. For a situation with 2 repeats and 2 possi _
results for anuelpetdfe pbsitioniin thabeudeRkcidmdl¢aile,Navinga capagarisahyielug of

The total  nunel: Grord SR tRsa syl PRT fenbe
pool ing rati Om(eﬁs?red syPudhg 3Guititagivb e s, WA iHefanbdhstd of Wuoeshcbhee
pooling factor 3 1n the case of 1:3:9). For instance when pooling

hapl oi d i 1i viewreddsfrom a cDNA copy incorporating a fluorescent analogue of said
nucleotide, such as known in the art of DNA sequencing. The quantitative
level of the fluorescence emitted by said analogue in a particular position of
the DNA and measured by an analysis device, is then assigned to a categorical
value for that nucleotide position, e.g. as an Adenine for that position.

15 In detérmining the base identity of a particular nucleotide position,
the invention pertains to pooling of individual samples of which the nucleotide
sequence of a particular nucleic acid is to be determined. The suitability of the
method of the invention for segjuencing assays (analyses) can be understood
when realizing that sequencing assays involve the determination of a signal

90 from either one of four possible bases wherein the presence or absence of a
signal for any particular base at a certain position in for instance a sequencing
gel corresponds to the presence or absence of that base identity in a particular
nucleotide position within said nucleic acid. Pooling of two samples before
running the sequence gel in the ratio as described herein will allow

95 determination of the origin of any particular signal and thus of the sequence
for each individual nucleic acid.

The “analyte” may be a polypeptide, such as a protein, a peptide or
an amino acid. The analyte may also be a nucleic acid, a nucleic acid probe, an
antibody, an antigen, a receptor, a hapten, and a ligand for a receptor or

30 fragments thereof, a(ﬂuore,scent) label, a chromogen, radioisotope. Fact, the



18 for genotyping there is one repeat having 2 possible variants per
repeat. In such cases the pooling factor is equal to 2 (is nunber of
results in table 1). Pooling 4 individuals then need to be done in
the ratio 20:21:22:23. Wen pooling diploid.individuals the pooling
factor is 3. Pooling 3 5 individuals need { be done in the ratio
30:31:32. The total nunmber of results in a gool then is equal to
follow ng formula; Total pool results= pooling factor nunber of

sanpl es. 10 Tf&%a!ﬂ@ rcﬁﬁ%@tfofrﬁéd %Qearﬁr' &@ﬁz{lcélrﬁreiﬂﬁz'sida?§ub§ah5@fha&%ﬁ|be
to; Increnent=1/(pooling factor  nunber of sanples_ i) *100% 15 or

1/ (y* ((pool i ngnémt@ti ﬂﬁ&n’(ltatmdy\gﬂrfdaﬂtatrc)mbe(qﬁ@dltp teranine the elass of the
+( pool i ng facto%%é %% Oq 20 where n is the nunber of sanples
and y= poolin§ ige! YAt | f neasurenment intensities
are present for all v@pbasns "ﬁ@éle@di@e"r 89aadd heredn Aleferyab we®nifotsl one
because the nissing one can then be calculated as 1 minus intensities
for the ot Ber omhaisirgpa p@wner{ahmmeoxgu@nm)fommm@l%@aa@én@, y§0sing or

be seen as present ent e

corresponds t 8r§cy6)0§%§egl11§k 'io tglrre(g\if (‘{)a%b%/%f)g&rs g %%?% ’5@@93@3’%@ RIlA?Jove
where 3 possi geexpibkeBNA add Fuither compeiathgine2otmdraikssphane gﬁc&fps
measure 3 different light intensities in stead of, 2 (red gnd gree

If there is ohijed taitheCed ﬂmﬁﬁhﬁﬁug&hﬂ&eﬂ%wns@dﬁmrﬁ e tojt eA
met hod of the; pyiCRARY 1y &ﬁg&e ?lﬁg §ad @ﬂeycsw@oppeigmc&aﬁab%@h&é%?ugar

cont enpl at ed fller ern conp or mance o measur enent
t he requi Led atlné?ﬂsyﬁ'endlmch&lldumtmmdds aae‘rhhked izon phesphaﬁleajenbrldge to form a

measur enent result in e an jnstrunent signal, t nal ysi s
then invol ves Sag%’"eﬁ’]i“@é’li“éf:e gaé"ﬂ’é’& WlFiéPeP@n@W‘? 8’7 RYFipmdy 3%%3 etail
in the Exanpl es proviggd s &) 100" a5 used hereinl8d1Q448 ﬂﬁel%'i\ce to a
anal ysis on a set of pooI sanpl e obtai ned by a nethod of the

i nventi on whedeoxyriminticiatide®rirshamaloptidd rolymer, &t e gobimmleoitel abeigher

mvolvesaquant tati,v rresur t of alyte i.n

The analyte | SREIAL AR GrasRaPEm: ~af poli otbeidh iRt d Sl Rreter
of which g | pdbGAldnod s ﬁatwn@ﬂee%@gs@ﬁual n#hE8RE BadliralhucRasides D that
vari ant of said categorical variable. For instance, when determ ning

as a categori &hfhy hﬁbnlélai%éo sinslereironyed n@ﬁlemqa@d@ahamnmﬁa\ﬁlwglavém ant
alleles A or ana te is a|
genetic | abel BF\]&I 6?%? c\?ﬁfﬁ% %f@ %38%%‘* e%)f’{%ﬁ@c@yﬁ’ﬁcl@oﬁde

anal yte may bgag®e rfﬁllaéle@thchrraes\mswqu@néeh@f apﬁeﬁeme]ehémmlagmmmctmﬁcal or
the variant. The quantitative nmeasurement_for the analyte wll

general ly i nvsegatory Igﬁéﬁegéﬁééthm%}r%@catﬁd’r%lfﬁf@dp@b‘ée? EefgFRIce fo the
oo Qugt | LALNE IRARMLEUE HolRS: Mo Blifichiht b1 MBATRLS! -

Measur enmen ues a certain or “cat’egori cal val ue
will generall jDNmﬂbﬁMSZ@ﬂmﬁmqkbeﬁmdrﬁedtﬂoestednhmr foQoblmdri z.teasmnseare
neasur enent of Jég{gal y&e in e thus r an an

mn n arrpl
signal ling theP®s¥ Riadesy aét?géhg‘é'%fs ’5“*('/%49 e%ﬁ Ve F op fNAs
vari abl e whi cfgh8ribth PEn @B Ya8EL, islcR 8k %&ﬁﬂ@lo‘i" modified bases, such as

tritylated bases, to name just two examples, are polynucleotides as the term is
25 used herein.

The term “quantitative measurement” refers to the determination of
the amount of an analyte in a sample. The term “quantitative” refers to the
fact that the measurement can be expressed in numerical values. The
numerical value may relate to a dimension, size, extent, amount, capacity,

30 concentration, heighi;, depth, width, breadth, length, weight, volume or area.



Essentially, in a nethod of analysing a pool ed sanpled obtained by a

met hod of pooling sanples as descri bed herein, the contribution of

the 25 individual sanples in said pool, that is, the result for the

i ndi vidual sanples in the pool, is determi ned as foll ows.

First the maxi mum sanple signal strength f%} a certain analysis "A"

to be perfornmed on a pool of n sanples is determ ned and set at 100%
signal. The maxi mum sanpl e signal strength is the signal strength

that is attai Tad ¥Antietivd R¥saferidit magphesive thaimensitypeakdmightes peak
is positive for the categorical 20 variable. The maxi,nmum s_an;pl e
signal st rengetrfaemoliemeasurameniceisyalyrach as aghrompagnip gpflugresgence signal,
positive referen [l Wi B Hin St \
Whorei n sai d Boant PRI R BAe Sl Bl Hhd P IR IR ing LB Bresenco or
t he cat egori cfdrnvef ambhealytartiie wheistirement srill ievolverbarinsti-usemp lseEnal nFé

t he pools on which analysis "A' is perforned. The maxinmum sanpl e i
si gnal fst r%lngmﬁtﬁ%‘#er mtgriﬁﬂn%lﬁ? Eé?ﬁegéﬂoftfn 5{?@%@ inﬁe%blg%&?& will
menory for |la : : il 1R Fdide
oo o sompl o SN bl LA Y 80 Gt ST NS
per f or mi ng anfluygdsseriod"intadsttyedsymeheureddiyad flavrieredeh When deteyouhaw the

sanple for the analyte is deternined. The 10 resul ting, sigpal .
strength for P%e&%P%%“FH’-T’ﬁeTeBB%‘F%d_ %%Waéu?eén‘?@cv&ﬁ]d’é’a,%pvreolﬁﬁﬁse‘ﬂ:emem
of f to the negfeshntipsgy git%&gaﬁ RS g biReteaRa% e aBRbORPIRNB posvided as a

stored, and then conpare _ e maxi mum si gnal _strength. Suitably,
this conphdi sfnotmnerne iptarisitynBtie asedsoirpmast nped gehpyayide @ gemtinuous

possi bl e neasurenent result. can be allqgcated to a n:)éo 3
32+ 3(n-1))) * 28 Srpgri e PRe B e e 1 %F&Sfm%e%g#%a"]‘{s‘%& 2298 é‘ﬁe
i's an integer pfasArdROEIOBAP ELE0be mi-§uRiEseie. Ak loRs et thatnd:00¥eent
t he maxi num sanpl e signal strength. The annotation y*(30+ 31+ 32+

3(11-1)) shoutan be detrrarinedan 255 Fodroapeinprtigl grd ppafesahly propariipnal

3(n-0), wherein.n i er 0 . es,_ . ot i g,ﬁnglrﬁ

i nt eger havi nbnr}ﬁ'r\’/aﬁ ﬁtaﬁee]?l\%ev 1{131 _aan:gﬁf%@; oe}las:a%sﬂgg%g(é@#gﬁ ﬂgé: c aegisleeléthe
of a catep®ri padl idPryvdded s gefimBtiese akaeatwitincbmmokemtiores@nt x, and
a pool of 4 samples, with the maxjnum sanpl e signal strength set at
100% usi ng 4 w@ieﬁ%bfr@hﬁ%ﬂé’elsstﬁﬁrﬂ%‘?erﬂféﬁ@ peoin the ol th (30 4-
31+ 324. 33) = + + .18 - T t points, wherein each

possi bl e masﬁee%ﬁ%ﬁetqn?%%gllﬁpggﬁﬂ 'lg%gﬁag%:gét ed to a value 1/80 * 100% =
1.25%or a nultiple tTHees trin “Rbling” rassuded Hayeing aefers tmhecgtionpingisgether
of sanples can be read froma sinple result .tabl.e. .whicgh can he , _
Stored i n conpERERBAERISBRPIFD i E PEBORS O BERHEHERS Sa4h Cbg yfhe users
tabl e al | ggat &3 ,EEficfIgE fhd RS tpdBhB? robrd RCIRIPIBpAatfICS €llcbti8h (030
4. 31+ 324. 3( n£ )) * 100% bet ween 0% and 100% of the maxi num sanpl e

si gnal st r engriultipte sronples jonetnegevatnsesHmplecatsreighted; viadnes Merging of

sample in the | , For_jnstance such a I ' S
provided in ng“fqép? FPRRS 1o One SIng I‘Feamaﬁ%ﬁ%éigéﬂ?}ss %ﬂggquggfgg%ﬁlf
assigning to gaehldfl It ke ¥adsent Snvenbarpligthgl Rqaies apactind weighihe of hke
categorical variable. 5A nmethod of apal ysing a_ pool ed s%\rrp_l ﬁ’ as )
defined her ei ameapntioé theeindividag! pymplesaiheyaindhy amaumt ohgnghie pepsent In
devi ce of ,t he present..i.nv .on i _ ak o b

arranged ?%r Sg? o Irﬂeglgéi%&{g%‘gel' ygig %P%r?agﬁégfk %&%ﬁ%ﬁ@gﬁ?%ﬁg?@yte of 2 g/l
obt ai ned by aafdtshethlé B haoot bngpusswpilef], thedanmplbeHavbbybe podledénn
said device is arranged for analysing sajd sarjrglée Iygr a .categori cal

10 variabl e aﬁﬂlwr%P%Fﬁ’ilﬂd’réerq’i?d?ﬁoﬁ -131’\‘/’91-. nagitefale- of an
analyte in said samplgm.A%,RAleghiBRaYee. ol BEolbd il UalB U/ O whif three

%S’;F £t 16
anal ysis device is that 1t is arranged fgi)P %nal ysing a pool ed sanpl e
for a categor kamiplasatregiooked in wamtio ohti 8i: e prescrpbesl imerghodinpods ofible

for performng a quantitative neasurement of ap,,anal vte, i.n ,said .
P ,éO %rese%t Eflnvex_ﬂ;{'%)n, the poss?buleefrequencms 0_? the Gariants in the pools is set by

D



30 as defined herein above. The term "processor” as used herein is
intended to 22 Include reference to any conputing device in which
instructions retrieved froma nenory or other storage device are
executed using one or nore execution units, such as a signal reading
unit for receiving a pool ed sanple and for13perforrri ng the neasurenent
of an analyte by determ ning the signal of""said 5 analyte in a sanple
or a pool ed sanpl e. An anal ysis device of the present

i nvent i on eyt het: dRehdinias bhea popkiag. s ey livelie THAVGIDoRHYs of
The invention eurt{ﬁ)g)r 'Sr O\g/li&%e's a conput er pr ogr’amI|Jo'r'ololu£$1’:3 ei t her 'onso
its owndor1 Oo_nt}mse anteireals awh referyddgrizmreipr asdidet “reswe noingsidantl arsdequivalent
execut e in c uter, a, prpgranmed..c uter network or_ ot her

pr ogr ammabl e -@ptg]&rsg%ér}crwgtquﬁgmf ltﬁaggm?géu%‘?m%toﬂ) ﬁ%res%ﬁﬂ?%s

as descri bed ghouSurFSSRfle! Sbhal sthdMgtRONPUt er program product may be
stored in the nenory of the pooling device of the invention and may

be executéd by a proddmstermoigeamictiriclesquenceyrefersiod spgusareiohnwabeesin
with a set of_instructions. corresponding to.. .0l QG

steps of the becilo%‘eot?tlﬁ RiEoR 4RY THO co%e%@%’c%&%ﬁ%ﬂﬁ W#‘E?%hlglr&ﬁgr
provi des a cogpiseEhdhOgt RMPinOdGeqBbhidbek obbaintd bewiuRiplpihgethe previous
carrier, which program product, when | oaded and _executed I1n a
conputer, a phesny bintheisaaepundiereachdimne.cfhisdmed nywrakprafsaled the common
apparatus, puts.| for f . 1 S

i ol o 20" ous Bb Bg S ifaBe rBLE BEomBhiC R B0 B A0 Rikpulll, the
a set of mpol kehtsarmlie 1chidatheedniyom rats ko2l onB, depmnding sanjé esmale type.

descri bed above, wherein said sanple is analyzed for cat egor.i cal
vari abl e and i nvol ves'he SN RAFIIUR SARPIG PIERE ?trﬁ?g%ﬁr %ﬁ? é"‘? gignal
sai d sanpl e. ial Ly d

in the rrermrygozc? E%heﬁgé%t f/}tsdi&gl e\g/}2 clégle%af&}?l%gh?;mvée){] i o%h)z‘ga%[tﬁ r?ggf%fgnal’
execut ed by ai.qrwioes$00% of tkainlividvuat eainyplesrareipdsitiyesfar thetestekanalyte.

Ninth a set of. instructions cor.respaondi to,the vario roce
steps of the hit RAFBIIHARPYS ?gn?ﬁsotf‘f‘@gc?ﬁﬁthee etﬁlf%ﬂ}etaéﬁ?)g?%ﬁ%ﬁa?%r
per form ng anm@fl?t#d).’ ?oﬁ indthBcdTHoNRdi B aRENI8E 1S chh Be SR dN@E® separately to

instructions may further conprises the step of pooling sanples as
descri bed abodetermi®: their compositien pr éerang of theammber qﬁgdlqscrg gats present

illustrated by way of the follow ng non |kl .

Excanpl ¢ 1 ExaBPeY SP R g R Ry iR S A bEY skt Hibted
presence of SNRspbslbAGxpeRPR@ht,OFh&Rin Bkl Migtubsteeh gihs 3headasd forathequoled
Step 1)50 individuals were tested separately. 10For every SNP and .
((avery i ndi v; desanpleeare ishawirgiimthe saree 5ranerion thalgwenlddbedta y adding
presenc al |l al e) r ence of allele) usin
two di ffg?fogntu? Pgosr%%%%%ﬁ%ﬁﬁ%oéé%ﬂgﬁggﬁﬁggaég%ﬁm. The ratio %)et Weeg
red and green i ntensiA i@shodofidie @leverytsinteftion Bayf or perithomed withusny

animal or 0.5 for a heter ozyg?_ijs ani nal . ) . .
number of n samples. However, in practice, the maximum number for n is set

by the accuracy of the measurement method, i.e. the accuracy with which a
statistically sound distinction between two consecutive result points can be
25  determined. The accuracy (standard deviation) of the method must be in
accordance therewith.
Applications of the method of the present invention include, but are
not limited to, genotyping methods. Genotyping based on pooling of DNA has
many applications. Genotypes can be used for mapping, association and

30 diagnostics in all spécies. Specific genotyping examples include a) genotyping



15The data on individual typings were used to cal cul ate the
correction factors fromthe signal intensities for all typed SNPs.

To obtain the nost inportant correction factor (K), a correction
factor often used to correct the data for any unequal efficiencies in
representing the alleles, we used signals 4[rom het er ozygous
genotypes. |If 20 heterozygous genotypes we ]re not present, we assuned
that the SNP studied is not segregating in the popul ati on under

[esear gh and mﬁﬁﬁlf&ﬂ@esm% fdafeal dfd"gh%s&%amwmwhﬁ iAlRidwhIRgpings

1on of SNPs due to absence of heterozygotes in
t he sanpl e of f(ﬁlbwmgicama}uadnstrnhgtuda\peobsgsa b&@ﬂs@tcmm@ hﬁ@:toek such as

i nformati on on NPs mno Ielefre

be | ost. For g? Hh@a?t%@ﬁle slrb% gfélesa@ (ﬁ%e)rsl)ant%h

is not harnf Uge&ﬁﬁ@%\ﬁ&e &‘i@@cum hﬁpﬂﬁﬁbdsoéﬁh dﬁgﬁn@ﬂ)ﬁlgﬂnfplﬂﬂmglﬁﬁ do
not contribute very much to the accuracy and a decision then can be

made not td® uwmmaamasmwlmdéﬂs not to apply the correction

f act 24 The first t
(?(?aa//r Yr aw) whgr e: LS)EC rrec I ?T% 3'(h| ntzs\eéﬁg%ﬁcﬁgg%ilaﬂc} ?Mg%f%kagmants

is the nmeasur BQctbﬂheﬁﬁ‘uééé Wre%@ﬁﬁcaﬂﬁb&ol‘ﬁ@é ofindisdddal ﬂrﬁpl@edo:f rom
the individually 5 g enoty&vd sanpl es with genotype AB. %}1 ad of

usi ng the aveﬁ%@m%uﬁtre agt Wm@ﬁguewwﬁéwa@m%énwl agg fo be
use the results ﬁre t he separate beads. So from one sanple we use

t he average r &SP " or Xraw and Yraw or for X and Y or we use the
results ofpal |l separ aA endthadsf thoprdshbat irvenfiba foﬂﬂoo‘l[h@ sﬁrhples comprises the

correction factaors were AAav nd BBavg. AAav av of, t he
uncorrect ed afaldpgof ﬁé&bé@i‘é‘?ges% e@%ﬁ?ﬁésgméﬂ %v%? ﬂg'éple from at
expected to bg.g LQ%S?JT@B m B obein gy AYSAAP.Rbnd BAbSIARTH AE!RErged

allele frequencies 0o fypes. This value is expected to be
close to O Abiseq smglleat/q;nme ne td fravade aInsixbarendithg twosubsamplessin the

ZCr
(AQ?;WI ( X§ g\\//\r%Y Xr av% 2 peple é ‘%))’\éd W@ﬁﬁﬁ%ﬁ%&cﬁ%ﬁq fiesteand seepndi ng
call 50 1 ngh vi dhidasndleom §éﬁﬁaolaléipéﬁiﬁple-ﬁg 118 & ®0d HRRW 6ARES BERIE ON

in ng/l was neasured in each individual sanple using a NanoDrop

spect rophot o nechrmen(m&wo[hh@pemaﬂdﬁﬁblobﬁ%tbbereE}SAﬁlmlh@ﬂlY:m@P% Mé@%?%are

nio a s ngl cPeuRpRERe RS iR adp 8 o B, B A ARFLENRE e the

allele f requemlggemgejﬁqmelﬁmerge&m&dn@Ithhd%&ﬁsmﬂpleh(en(acmyroedé:t)(m be
factors found in the first step, Uncorrected all el frequen%éf or

allele Ais cabteined ithespoplechsamsplsddech: ¥ 88 ProfRcEierdipreiny ifgedossible
]E ?:q a g rrPc sé b ;)(%‘ eq ?éﬁ@ébﬂh%%aQ‘ﬁﬁtg Lk P48 poolé Ts SR ARCE R oM sV entervals of
12.56% and 3.85%, respectively. The endpoints of these intervals are referred to
herein as the “result points” and are equivalent to the step increments up to
reaching maximum sample signal strength.
A method of pooling as defined herein may be performed by (using) a
25  pooling device. Such a device suitably comprises a sample collector arranged
for collecting and delivering a defined amount of sample, for instance in the
form of a defined (but variable) volume. A suitable sample collector is a
pipettor such as generally applied in robotic sample delivery and processing
systems used in laboratories. Such robotics systems are usually bench-top

30 apparatuses, suitably comprising one or more of a microplate processor stages,



The first correction for allele frequency we applied was 5Corrected
allele frequency = Xraw ( XrawtK*Yraw) The second correction we
applied was a nornalization. Nornmalized allele frequency = (Corrected
all el e frequency- BBavg)/ AAavg 10 For both correction and

normal i zati on we used all 3 genotypes for ;ery SNP separately from
t he individual sanples. The order of accuracy of estimated allele
frequenci es was: normal i zed (nost accurate), corrected (in

bet ween) and HNGEAT EEéttﬁﬁs( fikashlate a@ﬁﬁ?b’fﬂ@& &nd robotic p1petﬂiﬁg&n8@c@1@§ based on
that if there were no heterozygous individuals in step 1

correction faphermitivmand dtSpaBalﬂe 5>lpeﬂmt1pfs Thesecsamnle rﬂ@tmﬁm@@tﬁsvery

i ndi vi dual s the .ect i Qn fact BBayv nd

0, respecti ve‘?‘i}tﬁgﬁf@t %rﬁ}gg Aﬁa&g’ﬁﬂ? Br$°PR H’évr?(rzllaé)g a@at?ltegljaﬁ ed

on i ndi vi dual yftphigs d@élén&ﬁﬁf»‘ébzﬂmnbhﬁffé@w ligmid ﬂol&:.hﬁest@@hpﬁﬁbrerﬁrs@mples
this we estinmated a fourth degree pol ynom al where the real result

are on thé X-imthene semq:egaa@lqp tuhes aTheneborgpitrg withipthelevel of Skill of the

i ndi vi dual s tested se ra 00 Ps
Genot ypi ng vva%s'; O] H ﬁﬁ% %éﬁet&;llgpﬁ%%nwe%e; g‘ &ftﬁﬁ}?}% u% g)slysay
(I''Tumna | nccorﬁ—lﬁﬁing WBM@UlﬂWﬁmagﬁﬁjﬂ difterent sdmpleglintd a tingle pooled
chi cken genone (van_As et al., 2007% Detai]s on the assay V\obrkflow

c

and chip can Eﬁjaénp]@uﬁacla)ﬁ nipettingrobetic system isthoyeever only one Y Suit
(http://ww.i .
we cal cul at edérH:i,e pr e iCct (E}%ggﬁﬁ«lgl gﬁ?é g;ﬂ‘é%é"yr tlﬁﬁm Egg]tn%lgt%wgé%gwlﬁb 4

f r equencylknopsoléd @ermplwl saldd:uwhce mm;imls:hg alsarfplepllector {@. chect@ng 8a@Bles
and 1. tting ese res cond

lts.i.n as h w
real frequencire® @H tSPIP %ﬂasls a f%@%ﬁ‘f%ﬁ ogﬁ?linBlﬁgllBﬁo 'f‘eﬁb‘i § QO?
the third step,pf, F)B&ed%ﬁﬁﬂfé %@fu%the@féo%pﬁdiﬁ )&'ﬂ‘écés@@isﬁlat is

correction factors, l'el'e frequencies in the testpool showed a
linear relati mamgedlfdrrrmrfoemmg nggeidnd dpookng Sﬁm@ﬂﬁselsadeﬁmdthﬁrgm The

t with t 18., 96%,0f . t h
M eaiiied es%agﬁ%%ﬁcqsm ne® pEd hdePl SF imiG il o il Meieh®e o Bt o

as descrifged), b HB¥Be I X Hid ERtAlctibne ktore® a4d Y¥66PId 66 4 ehenfidry or
results fromin | ual typings. For application of the invention,

the previous @her eﬁmaaee device fits exsicytesbneineRng oTENgNe axechidon Haitactisd as a

anal ysis as a allbratlon or

anal yai o. - Thown SpmBERALR pipdhle Bt BEl S ANEI A SR H BF o Rink Mg pivetting
calibration ofeviftchétRasH sangile Sna(ls fanaq;robnngmals of a'fplilm‘ctlhg roBotfiokystemd

up by: Step 4) Construct DNA poo 3 or_n individuals |§ﬁthe

ratio 1 : 3, The tegm viplghould: be31nte13)reted§(r_9§dly)andaqq)@yswxggﬁuggtre engsgl an
to the ey urm%ls sBBt on an array. Processors in accordance with the invention may
therefore include, for example, personal computers, mainframe computers,
network computers, workstations, servers, microprocessors, DSPs, application-
specific integrated circuits (ASICs), as well as portions and combinations of
these and other types of data processors. Said precessor is arranged for
25  receiving instructions from a computer program that puts into force a method
of pooling samples according to the present invention on a pooling device as
defined herein above.
A method of pooling samples to be analyzed for a categorical variable, wherein
the analysis involves a quantitative measurement of an analyte, said method

30 of pooling samples cbmprising providing a pool of n samples wherein the



20 genotypi ng, wherein signal intensities are determned for red and
green on a mcroarray using the 18K Chicken SNP i Sel ect Infinium
assay (vide supra). Step 5)Wth the correction factors found in step
1 and step 3 the allele frequencies can be cal culated fromthe
resulting signal intensities in the pool. gb Wth two individuals in
a pool the predicted corrected frequencies give the result points 0%
12.5% 25.0% 37.5% 50.0% 62.5% 75.0% 87.5%and 100 % Roundi ng

of f shoul d beygRnat bPiddieiduadEesbldsdathe pp6ol RisuckRRaftwiyNgtesth thoe
two ‘i ndi vidual s can be derived fromthe results as indicated in Table

2. 27 samplestars piragsngiitgamelarragiopd sl : Koty emd Ehergiy xggan
d to the n t t - DO 0| | . .
ot s ar e 3 BRBEICE O hteh FlnelOitie WK SluibeF ppEaUERLIES Uhiogorical

t he consecuti ygriggleul t points, the 5 nore accurate readi ngs of
intensities need to be in order to allow proper allocation of a
particulardresult to one of the result points. Mre accurate readi ngs

will becone f ' i f g ' ; :
Fechni aue. - 10 AL (ectielibd oiaBhe P uElaRER R ort 15, AER shk ot saribed in
deci de to usetqmsyofiretatSNPs sihpleeothealas theniatHodnflanalysmaif pabled samples
frequency in the pogl falls within the 6.25 %range fromthe real
frequency in ehdeswed hayginsisragee EHCAtehes in Figure 3). - 28 Table

2. Result points of allele frequencies in pooled sanples and inferred
genotypes of the two individuals in the pool for a SNP with A and C

al | el e FregueAsylesirildd bérein 4 catpgolicd veaimple(el g fgenptyphey arat iake aofalue

v Ul (LSSt B0 ke R 88, 50°0108 Ohgcori
37.5 CC coincide with classes of result intervals. The categories are determined by
performing a quantitative measurement on an analyte (DNA) for a parameter
(e.g. fluorescence), and assigning classes to these parameter values based on
15 categorization of analysis results, each of which classes represents a variant
for said categorical variable (See Figure 7).
In general, the total number of possible analysis results (outcomes) depends on
the nature of the categorical variable. For instance in the case of a genotype of
a diploid organism, the ploidy level determines the number of possible analysis
20 results. In general terms, the nature of the categorical variable can include the
presence of different numbers of variants or sets of the analyte (repeats in Fig.
7) within a sample. Also, the total number of pos_sifale analysis results depends
on the possible different categorical values one repeat can take. An example of
the number of possible analysis results is provided in Table 1.
25
Table 1. Total number of possible analysis results (outcomes) for a

measurement when this is composed of repeats of the same event.

Possible Number of repeats within a sample

values for
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whi ch show a

| arger difference than 6.25 % between pool ed results and

I ndi vidual results (in step 3) should be omtted if no other
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k is the number of repeats within the sample. The values provided in the table are

calculated based on the formula (n*k+1),

For instance, the genotype of a diploid individual (2 repeats of one allele within
one sample) is equal to 3 (AA, AB and BB) because one allele can have only
two different variants (A or B). A triploid (3 repeats of one allele) can have 4
different genotypes (AAA, AAB, ABB and BBB).

A blood group for an individual is one repeat having four different variants (A,

B, AB or O).

The formula in table 1 holds for situations were it is not important for which
repeat the variant is measured. For instance for genotyping there is no
difference between genotype AB and genotype BA. However, in case the
identity of the repeat is important then the formula fopr calculating the total
number of possible analysis results is nk. This formula then replaces the
formula (n +Xk+1) in Table 1. Also all values in the table change accordingly. For
a situation with 2 repeats and 2 possible resulis for a repeat there will be 4
results. With 3 repeats and 3 possible results for a repeat there will be 9
different results.

The total number of possible analysis results is applied herein as
pooling ratio (e.g. 1:3:9) and directly provides what is called the “pooling

factor” (3 in the case of 1:3:9). For instance when pooling haploid individuals
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are pool ed Nunber of sanples when 3 individuals are pooled Nunber of
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for genotyping there is one repeat having 2 possible variants per repeat. In
such cases the pooling factor is equal to 2 (is number of results in table 1).
Pooling 4 individuals then need to be done in the ratio 20:21:2%:23,
When pooling diploid individuals the pooling factor is 3. Pooling 3
individuals need to be done in the ratio 30:31:32,
The total number of resultsin a _pooi then is equal to following

formula;
Total pool results= pooling factor sumber of samples,
The increment for the signal intensities is then equal to;
Increment=1/(pooling factor number of samples.]) *100%
or

1/(y*((pooling factor)? + (pooling factor)! + (pooling factor)?+.........
+(pooling factor)@-1))*100%,

where n is the number of samples and y= pooling factor minus 1.

If measurement intensities are present for all variants for one
repeat (are all values minus one because the missing one can then be
calculated as 1 minus intensities for the other) the top row in Table 1 is
followed because this can be seen as present or absent for every value of that

repeat which corresponds to 2 possible outcomes for this repeat. See example

above where 3 possible alleles are assumed instead of 2 and where one can

measure 3 different light intensities in stead of 2 (red and green).

Tf there is only a single measurement table 1 can be followed.
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A method of the present invention for analysing pooled samples as
contemplated herein comprises the performance of a measurement for the
required analyte on said pooled sample. Upon recording of a measurement
result, for instance an instrument signal, the analysis then involves a series of
steps that is exemplified in great detail in the Examples provided herein
below.

Performing an analysis on a set of pooled sample obtained by a
method of the invention wherein said sample is analyzed for a categorical
variable, involves a quantitative measurement of an analyte in said sample,
The analyte is a chemical or physical substance or entity a parameter of which
is indicative for the presence or absence of at least one variant of said
Categorical variable. For instance, when determining as a categorical variable
the genotype of an organism, having variant alleles A or B, the analyte is the
organism’s DNA, a DNA probe or a genetic label and the absolute value of a
parameter of that analyte may be correlated directly to the presence (or
absence) of the variant. The quantitative measurement for the analyte wiil
generally involve a fluorescence intensity, a radioisotope intensity, or any
quantitative measurement as a value for the analyte parameter. Measurement
values beyond a certain threshold or categorical value will generally indicate
the presence of the variant. Quantitative measurement of an analyte in a
sample thus refers to an analyte signalling the presence or absence of a
variant of that categorical variable which is to be analyzed in said sample.

Essentially, in a method of analysing a pooled sampled obtained by a
method of pooling samples as described herein, the contribution of the
individual samples in said pool, that is, the result for the individual samples in
the pool, is determined as follows.

First the maximum sample signal strength for a certain analysis “A”
to be performed on a pool of n samples is determined and set at 100% signal.
The maximum sample signal strength is the signal strength that is attained

when 100% of the s_a'mple_s in a pool of n samples is positive for the categorical



63.2 2000 50+1 975 1026 48.7 50+1 650 701 64.9 5000 50+1 2475 2526
49.5 50+1 1650 1701 66.0 10 Exanple 2 Exanple of genotyping of

di pl oi d individual sanples using 25 pools of 2 individuals for
standardi zation Step )50 individuals are tested separately as in
step 1, exanplel. 15 Step 2)Construct 25 ols of 2 sanples each in
the ratio 1:3 including all 50 individual S'fromstep 1 above. In
these pools estimate allele frequencies either uncorrected or based

on the corr el Rhié aphO it auafsdfiplchghal stterfdthRan be determined by

. providing a test-pool of n positive reference samples and determining the
measurement signal, wherein said positive reference samples are positive with
regard to the categorical variable, and wherein n is the number of samples in

5 the pools on'which analysis “A” is performed. The maximum sample signal

strength for analysis “A” is recorded or stored in,computer memory for later
use. Next, the analyte of interest is measured in a pooled sample obtained by a
method of the present invention by performing analysis “A”, whereby the
signal strength of the pooled sample for the analyte is determined. The

10 resulting signal strength for the analyte in the pooled sample is recorded,
rounded off to the nearest result point as defined above and optionally stored,
and then c.o_nipa‘red to the maximum signal strength. Suitably, this comparison
can be performed as follows. In general, each possible measurement result can
be allocated to a value 1/(y*(30+ 31+ 32+ 30-1)y* 100%, wherein n is the

15 number of pooled samples, y is an integer of 2 representing “A” is present or
absent and 100% is the maximum sample signal strength. The annotation
*(30+ 31+ 32+ 301) should be understood as referring to y*(8¢+ 31+ 32+ 3i+
3@1), wherein n is the number of samples and i is an incremental integer
having a value between 2 and n. For instance for y=2 classes of a categorical

20 variable (marker absent and markex present), and a pool of 4 samples, with
the maximum sample signal strength set at 100% using 4 positive reference
samples, there are in total 2%(30+ 31+ 82+ 89 =2+ 6+ 18 + 54 =80 result
points, wherein each possible measurement result can be allocated to a value
1/80 * 100% = 1.25% or a multiple thereof.

25 The result for each sample in a pool of samples can be read from a
simple result table, which can be stored in computer readable form in a
computer memory, and which table allocates for each result point of
incremental steps of 1/(y*(30+ 31+ 32+ 3@D)) * 100% between 0% and 100% of

the maximum sample signal strength the corresponding value for each



30 Step 3)Conpare the sumof the allele frequencies fromthe 2
individual typings and the estimated frequency in the pools of 2

I ndi vi dual sanples. Fromthese 25 points calculate a regression |ine.
The regression coefficient and intercept can then be used to correct
the estimated frequencies fromb5 other poglys. Step 4) Then construct
DNA pools of 2, 3 or nindividuals in the ratio 1: 3, 1 : 3 : 9 or 1
: 31 :32:3(r14). 10 Step 5)Wth the correction factors found in step

1 and step 3 pAlicidual SahpR ial thelol. A UANEINES sheloarbhdt tasylié tigtable as
signal intensities in the pool. The savings in sanple nunbers are

i dentical to pravidefionBebla@kalefed in Table 8 for sequencing diploid

i ndi vidual s. 15 Exa e ! Halef ' ' i\ dual
sanpl es. Pt B CoRpLOETY K0n B oAb g DaLILELE
for the presendsaaiples ires#fiddoaledasaeesle ahe cpiegbiicalvdrintilee genone, the

expected ratios in 20 the neasurenents (peak height, .surface under
peak, intéhsities) aremeth d?ﬁ%ﬂl@Yﬂngﬁe@Eﬂ?‘?d Wﬁ?%a%@e qt&‘%’em may be

[ uenEL | MG PUTLAD SRl S SRR e St
allele Ain pashedsecapteessirehaeis geanggdpior glerfonniing duainalysjporaeset of
0 gool 101 pant ) R IOl Y B Rha W Yen B RS RS 3,
wherein said device is arranged for analysing said sample for a categorical
10 variable and for performing a quantitative measurement of an analyte in said
sample. As noted above, the unique feature of the analysis device is that it is
arranged for analysing a pooled sample for a categorical variable in each
individual sample in said pool and for performing a quantitative measurement
_of an analyte in said sample. Essentially, the analysis device is arranged for
15 measuring and analysing the measurement result obtained for the pooled
sample and inferring from that result the categorical variable in each
individual sample in a pool. Such a device suitably comprises a signal-reading
unit for measurement of the analyte signal in the pooled sample. The analysis
device further suitably comprises a memory for storing the measurement
20 result and the result table as described above. The analysis device further
suitably comprises a processor arranged for retrieving data from memory
and/or from the reading unit, and arranged for performing a calculation and
for performing an iterative process wherein the measurement result for the
pooled sample are compared with and allocated to the corresponding results
25  for the individual samples in said pool using the above referred result table; an
input/output interface for entering sample data into the memory or processor;
and a display connected to said processor. The processor is arranged for
receiving instructions from a computer program that puts into force a method
of analysing samples according to the present invention on an analysis device

30 as defined herein abbve_. The term "processor” as used herein is intended to



0.33 ACO0.67 C 1.00 AA 5 If only pools of two sanpl es

are used correction factors may not be needed. Wien nore sanples are
pool ed correction factors probably are needed. They then can be

cal cul ated frompools of 2 sanples with equal anounts of the 10

anal yte to sinul ate heterozygous and honozygous di pl oid i ndividuals.
When pooling 3 sanples are pooled in a ratio of 1:2:4, the follow ng
ratios in the nmeasurenents are expected; 32 Table 5. Result points

of allele fremsbnkiefeiencodtwheycanpptiag deniteiinfveick dnsgfenctionsastuévadirom
three individuals in the pool for_ a.SNP with A and C allele Fre%uengx
of allele A ifIRIBPTPLARET BOrAELAFHEP 5%%%%%%&“@?81}15&%06&&?“193 Cutio

(present in paflss|dhch AU LiknkFeaiielnaRT0E ¥RRivihe biboKdWAhpR and for
(present in pool “in part ? I nf erred genot ype o% |nd|V|duaY 2
(present in ppaffoiming thanhsjsu@ednt 6f an analyte by determining the signal of said

5 analyte in a sample or a pooled sample.

An analysis device of the present invention may further including
the pooling device of the invention.

The invention further provides a computer program product either
on its own or on a carrier, which program product, when loaded and executed

10 1in a computer, a programmed computer network or other programmable
apparatus, puts into force a method of pooling samples as described above.
Essentially, the computer program product may be stored in the memory of the
pooling device of the invention and may be executed by a processor of said
device by providing said processor with a set of instructions corresponding to

15  the various process steps of the method of pdo]i’ng.

The invention further provides a computer program product either
on its own or on a carrier, which program product, when loaded and executed
in a computer, a programmed computer network or other programmable
apparatus, puts into force a method for performing an analysis on multiple

20 samples, said method comprising performing an analysis on a set of pooled
sample obtained by a method of pooling samples as described above, wherein
said sample is analyzed for a categorical Vaxjiable and involves a quantitative
measurement of an analyte in said sample. Essentially, the computer program
product m.ay be sfored in the memory of the analysis device of the invention

25 and may be executed by a processor of said device by providing said processor
with a set of instructions corresponding to the various process steps of the
method of analysis. In the computer program product for performing an
analysis, the method embedded in the software instructions may further

comprises the step of pooling samples as described above.
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The present invention will now be illustrated by way of the following

non limiting examples.

EXAMPLES
Example 1
Example of genotyping of diploid individual sdmples for the presence of SNPs

using 1 pool of 50 individuals for standardization

Step 1) 50 individuals were tested separately.

For ever:.y SNP and every individual we obtained an intensity for red
fluorescence (presence of allele) and green fluorescence (absence of allele)
using two different fluorochromes in a microarray format. The ratio between
red and green intensities is not always 1 (or 0) for a homozygous animal or 0.5
for a heterozygous animal.

The data on individual typings were used to calculate the correction
factors from the signal intensities for all typed SNPs.

To obtain the most important correction factor (K), a correction
factor often used to correct the data for any unequal efficiencies in
representing the alleles, we used signals from heterozygous genotypes. If
heterozygous genotypes were not present, we assumed that the SNP studied is
not segregating in the population under research and therefore results for this
SNP in the pools should be omitted.

QOmission of SNPs due to absence of heterozygotes in the sample of
50 individuals may have as a consequence that information on SNP’s with low
MATF (minor allele frequency) could be lost. For many applications (such as
genome wide selection) this is not harmful because SNPs with very low minor
allele frequencies do not contribute very much to the accuracy and a decision
then can be made not to use data on these SNPs or not to apply the correction

factor.



Use of the invention in sequencing protocols 10 The method of pooling
described in this invention can be applied to situations were there
is a need to determ ne sequences in 2 or nore individuals. Pooling of
i ndi vidual s, tenplates or PCR products for sequencing is not common
practi ce because the essential problem wh%hanal yzing a double trace
15 is that two bases are represented at each position and it is

i npossible to tell fromwhich tenplate each base cane by exanpling
only the tracghe figét doprattidhtthoror (R) deludedrwdsl y pool ed tenpl ates
resulting in double traces, several bjological and biotechnical
situations are known Kﬁ‘aﬁv@ (Xeaw/¥wawdh doubl e traces. These are seen
in alternatlves h

RT- PR d rect PERnAReEShP il BRSEY (el Bhd NeRwaTEh. mifhuitd
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back the hapl otypes of pool ed sequenc r double traces. Flot et al.
2006 descri begenabEpef samples ik gﬁ%‘?%ls“?hat have been proposed to

find out th
o oy ocuct <. 16 SR hvedghr buflof &8t Fondhloe Gl pasge detedcan

conformati on psd mmrep’alts ¥ all$ha rserpa\omtebeads Sozfﬁrn)ﬁ)opecsanmlam wsegthe

gradi ent gel el ectrop Si DG(? extrenme

dilution to sRYRJPE® Aef E& gfqaé‘(, )Yl_f)é r%gﬁ:gﬂ‘l#Y%dﬁS u%%g‘etﬂegu{uté Sfatt
al I el e-speci fj aE%lPé Ad98tSm tR8E tahsen et al ., 2003). In addition
several conputational nmethods have been 15 pur posed for hapl otype

reconstrut®i on of m xtures of sequences. t he descri bed net hods,

gg\r/)\ﬁlggm ga? olﬁgﬁ @@F‘%l %Q%L%nggo%%%rec%g.,%ﬁ%,ﬁ%‘?é%‘g&r%]ts the average of

splicing, t em{@ﬁﬁ&rﬁctg’c{:&@@mé@e@dm@o&m géndifpésnThis odlietis ekbatted to be
differ in 20 sequence length, the availability of a reference gen(%rgB

sequence) andclase tdf br Biaxgdatle avenage of é’@ﬁuéﬁ@qrﬁ%tﬁﬁl‘ aHals lspapezicies o

di ploid sanples QVvVO _
sequences. ThE® Ibog:&)?%g o v%@%ﬂ%%@é‘g@g{%}% a%es %'&F POWI ng t e pooﬂ\ignvgere
describedig n gdlesladéd usingthe dormalasbe applied to situations where the

same seqguence fragnent ca ai n i n individual s and pool ed
sanpl es. Thi sAd¥E &@W/Z%B Séj?é%gnci ng (random shear ed

fragnents) is_pet SU|tabIe for poollng In all applications
ment i oned above, if pooling is applied on Eurpose, equal 30 anpunts

of tenpl ate (BBmpiges, (BRI Erama¥mavwobdict) are pool ed. 34 Herein

we describe the pooling of unequal anmounts of tenplate. For this
exanple only the situation for a pool consisting of 2 tenplates is

descri bedgq bujgid1g) | nvanhd Gt m%dé&@ﬁu’&:ﬁédcﬁﬂﬁidﬁm@hﬂmmﬂﬂumﬁﬁ'om
(or post- PCR products) of 2, nindividuals in the ratio 13,
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Step 2) Perform sequence reactions for 25 pools of 2 pooled -

i ndi vi dual s

Uncorrected allele frequency for allele A is calculated as a ratio between red
intensity divided by the sum of both intensities as follows:

30



20 Peak area ratios are used to discrimnate between first and second
peak at base and noi se peaks. The second peak is a percentage of the
first peak and a threshold value is used to discrimnate between
peaks and noi se peaks. The data on the pool ed sequenci ng reactions
are used to calculate the correction fact%rs fromthe peak areas or
peak heights for all base (or 25 nucleoti g) positions. Step 3) Make
a graph of the results of step 1 and 2 and construct the regression

| i ne (cal cul ate regressiuptozeetfdd gilené fAaGudnay ef BeP/ (Xr30TEwep 4)
Construct pools of DNA (or post-PCR products) 35 Pools are
constructed of 2, 3, or nindividuals in the ratio 1:3, 1:3:9,

1:31: 32: 3(n- 1jpd ﬁist@o?fééi:i@n%ﬂ@ﬂéléfﬁecgj@ﬁcjr Weldpplicdtvas of 1:2, 1:2:4,
1:21:22:2(n-0 for hapl oid organi sns. Step 5) Wth the correction
factors found in step 1, 2 and step 3, the basecalling can be

cal cul ateg from the resgbtifgesadidle FRBS L 6&ak LR RS I N this
exanple only 2 potential nucleotides (A and C) at each base position,
10 are shown but the sane principle works for other conbinations of 2
out of the 4 I . I W t he genetic
code. The ave%%%écgggﬁoﬁ%ﬁglﬁg%eg‘?&%ega{v%\@g%‘32‘% égt% ?@é}n'i s set to 100
and the average peak height of the "C' nucleotide is 75. Based on

t hese peak hej ght for._ever ossi bl e.c i { o) ~] eotd i
the pool of T NE RS BRI SERR Ry AP A S BB e / s
presentedO n Table 6. The relative peak heights for a pool consisting
of two diploid tenplates .are given in Table 7. Tabl g 6. .Resul t

oi nts of " al IEIbTRGHE B - R BBALACIR Y 4 HsALE SapPE oF Svery SNP
i ndividual s apdatnbsy freth GRNBUKAGuAISardpledndom position in the

nucl eoti de sequence. Inferred genotype Peak areal/hei ght Unpool ed Peak
area/ hei ght Pool ed ( The arder ofj aqcheiay efiestimated allolediyeguencigs %asipeak

(A) Second pex?oi%n{a(ﬁzegi(lrn%%t ggc%‘%aéeﬁ) co%?é:c%&f] (iBeb%léwge%) and uncorrected (least
15 accurate).

This means that if there were no heterozygous individuals in step 1
the correction factor K was set at 0.5, and if there were no homozygous
individuals the correction factors AAavg and BBavg were set at 1 and 0,
respectively.

20
Step 3) We compared allele frequencies calculated on individual typings
and based on the results in the testpbol. From this we estimated a fourth
degree polynomial where the real results are on the X-axis. See Figure 1 for a
genotyping result in individuals tested separately and in pool with almost

25 18000 SNPs. Genotyping was done using the 18K Chicken SNP iSelect
Infinium assay (llumina Inc, USA), with SNPs evenly distributed throughout
the chicken genome (van As et al., 2007). Details on the assay, workflow and
chip can be found on the website of Illumina

(http://www.illumina.com/pages.lmn?ID=12).
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From this polynomial we calculated the predicted allele frequency in the
testpool when the frequency known from individuals would be 0, 0.05, 0.1,
0.15-----0.9, 0.95 and 1. '

Putting these results in a second graph with the real frequencies on
the Y-axis, we obtained correction factors for the third step of correction, see
Figure 2. _ | ‘

After applying these correction factors, the allele frequencies in the
testpool showed a linear relation with the real frequencies, see Figure 3.

In this experiment with about 18.000 SNP’s over 96% of the allele
frequencies measured in the testpool of 50 individuals (and corrected as
described) were within the range of + or — 6.25 % compared to the results from

individual typings.

For application of the invention, the previous 3 steps are preferably performed
prior to the actual analysis as a “calibration” in order to enthance accuracy of
the analysis. These steps need however not be performed each time. The
calibration of the measurements (if performed) is then to be followed up by:
Step 4) Construct DNA pools of 2, 3 or n individuals in the ratio 1: 3,
1:3:90r1:3":3%: 301, and subject the pools to the measurement for
genotyping, wherein signal intensities are determined for red and green on a

microarray using the 18K Chicken SNP iSelect Infinium assay (vide supra).

Step 5) ‘With the correction factors found in step 1 and step 3 the allele
frequencies can be calculated from the resulting signal intensities in the pool.
With two individuals in a pool the predicted corrected frequencies give the
result points 0%, 12.5%, 25.0%, 37.5%, 50.0%, 62.5%, 75.0%, 87.5% and 100 %.
Rounding off should be done to the nearest result point. The genotypes of the

two individuals can be derived from the results as indicated in Table 2.



33.3 50 A 66.6 25 C 100 37 Table 7. Result points of allele
frequencies in pooled and unpool ed diploid individuals and inferred
genotype for a random position in the nucl eoti de sequence. Inferred
genot ype Peak areal/hei ght Unpool ed Peak areal/ hei ght Pooled (1:3
ratio) Individual 1 Individual 2 First pe%h (A) Second peak (O

With 3 individuals in a pool rounding off should be done to the
nearest result point where intervals between result points are 3.85% (100/(3%-
1)) etc.
The shorter the intervals between the consecutive result points, the
5 more accurate readings of intensities need to be in order to allow proper
allocation of a particular result to one of the result points. More accurate
readings will become feasible with further development of the genotyping

technique.

10  For the situation with 2 individuals in a pool one can decide to use only the
SNPs where the estimated and correct allele frequency in the pool falls within
the £6.25 % range from the real frequency in the individuals {(see red lines in

Figure 3).
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Table 2. Result points of allele frequencies in pooled samples and inferred
genotypes of the two individuals in the pool for a SNP with A and C allele

Frequency of Tnferred genotype | Inferred genotype

allele A in of individual 1 | of individual 2

pooled sample | (present in pool in (pi'ese_nt in pool in

1 part) | 3 parts)

0 [ c¢c | CcC

125 | TAC ~¢cC
(875 ~ CC aC

50 AC AC

62.5 AA AC

75 | T ¢CC AA

T S R YL} —x
[1o0 AA TAA

SNP’s which show a larger difference than 6.25 % between pooled
results and individual results (in step 3) should be omitted if no other
information is available to infer individual genotypes.

Additional information to infer individual genotypes may be derived
from the pedigree of the individuals or from information on the haplotypes that

are present in the family or the population to which the individual belongs.

Depending on the repeatability of the correction factors, step 1, 2 and 3 may be
completely skipped in a new analysis where assay conditions are known to be

the same.

When following the method of Example 1, significant savings can be obtained
by reducing the total number of samples that need to be analysed whilst still
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obtaining reliable results on the original individual samples. Typical
reductions of the total numbers of samples to be analysed are exemplified in

Table 3.

5 Table 3. Savings in the number samples to be analysed when pooling 2 or 3
individuals following the method of the invention.
Number Number of ; Number of
of samples when 2 individuals are pooled | samples when 3 individuals are pooled
individual | Number Number Total Reduction | Number Number Total Reduction
s to be of of pools of | number of | of number | of of pools of | number of of number
genotyped | individual | 2 samples of individual | 3 samples of samples
3 plus individual gamples s plus individual to be
pool 8 to be pool 8 . analysed
analysed (%6}
(%) o
250 50+1 100 151 39.6 50+1 67 118 52.8
500 50+1 225 276 44.8 650-+1 .150 ' 201 59.8
1000 50+1 475 526 47.4 50+1 317 368 . 63.2
2000 50+1 975 1026 48.7 50+1 650 701 64.9
5000 50+1 2475 2526 49.5 50+1 1650 1701 66.0
10 Example 2
Example of genotyping of diploid individual samples using 25 pools of 2
individuals for standardization
Step 1) 50 individuals are tested separately as in step 1, examplel.
15
Step 2) Construct 25 pools of 2 samples each in the ratio 1:3 including all

50 individuals from step 1 above. In these pools estimate allele frequencies

either uncorrected or based on the correction factors found in the first step.




50 37.5 AC CC 12.5 65.625 CC AA /5 18.75 CC AC 37.5 46.875 CC
CC 0 100

30

Step 3) Compare the sum of the allele frequencies from the 2 individual
typings and the estimated frequency in the pools of 2 individual samples. From
these 25 points calculate a regression line. The regression coefficient and
intercept can then be used to correct the estimated frequencies from

5 other pools.

Step 4) Then construct DNA pools of 2, 3 or n individuals in the ratio
1:3,1:3:90r1:3*:3%: 3@,

10 Step 5) With the correction factors found in step 1 and step 3 calculate

the allele frequencies from the resulting signal intensities in the pool.

The savings in sample numbers are identical to the savings mentioned in
Table 8 for sequencing diploid individuals.
15
Example 3
Example of genotyping of haploid individual samplés.
When two haploid samples are pooled and measured for the
presence of allele A at a certain position in the genome, the expected ratios in

90 the measurements (peak height, surface under peak, intensities) are;



Tabl e 8 indicates the reduction of the nunber of sequence reactions
conparing the pooling strategy in this invention and the non-pooling
situation. 38 Table 8. Savings in the nunber of sanples or sequence
reactions when pooling 2 individuals follow ng the nethod of the

i nvention. Nunber of individuals to be segyenced Nunber of pools or
sanpl es to be sequenced using this invention Reduction of nunber of
sanples to be sequenced (% Individuals + pools Pools of 2

i ndi vidual s Total nunber of sanples 250 50+25 100 175 30% 500 50+25

225 300 40% 1000 50+25 475 550 .. :
Table 4. Result points of allele frequencies in pooled samples and inferred

genotypes of the two individuals in the pool for a SNP with A and C allele

Frequency of allele | Inferred Inferred
! A in pooled sample | genotype of genotype of
individual 1 individual 2

(present in pool | (present in

in 1 part) pool in 3

parts)
0.00 C C
0.33 A C
0.67 C A
1.00 A A

If only pools of two samples are used correction factors may not be

needed. When more samples are pooled correction factors probably are needed.

They then can be calculated from pools of 2 samples with equal amounts of the

10  analyte to simulate heterozygous and homozygous diploid individuals.

When pooling 3 samples are pooled in a ratio of 1:2:4, the following

ratios in the measurements are expected;



45% 2000 50+25 975 1050 47, 5% 5000 50+25 2475 2250 49% Exanple 5
Exanpl e of genotyping of diploid individual sanples using 1 pool of
50 individuals and 25 pools of 2 individuals for standardi zation
using alternative correction nethods, The Exanpl e descri bes several
Experinments. 10 15 Step 1) 50 i ndividuals re tested separately.
Same as in Exanple 1, Step 1 but with difﬁﬂﬁent correction nethod(s)
using normalised intensities X and Yin stead of Xraw and Yraw. The
first correction factor (K) is calculated using X and Y. K— avg YY)

39 where X is th |ized i f h | |

s thifﬁoan%fmfe ke é&m%& hile BegrParied o Podht ppld Sh ileraig
t

etermned tr rre@?u dl %1}4'1: HEE ﬁka&&&%ig%g@%mo?% %?]\IPWHQE&O&Y&@ difele

5 The ot her ac vg are so based on
and Y. AAavg is the average of the uncorrected allele frequenC|es of

fverage of the REoneserel - |Taforeed | laferred © | IReHed ]
allele A in pooled | genotype of genotype of genotype of
| sample | individual 1 | individual2 | individual 2
(present in | (presentin | (present in
‘pool in 1part) ‘ pool in 2 | poolin 4
parts) parts)
0.000 C — ¢ | <
0.166 A C C
0.333 C A C
0.500 C C A
0.666 A C A
70833 C A A
1.000 A A A
. ~ ‘
‘Example 4

Use of the invention in sequencing protocols

10  The method of pooling described in this invention can be applied to situations

were there is a need to determine sequences in 2 or more individuals,

Pooling of individuals, templates or PCR products for sequencing is not

common practice because the essential problem when analyzing a double trace

15 is that two bases are represented at each position and it is impossible to tell

from which template each base came by exampling only the trace.



allele frequencies of BB genotypes. This value is expected to be
close to 0. AAavg and BBavg were cal cul ated using the formulas: 10
AAavg = (avg (X/ (X+Y))) and BBavg = (a vg (X/ (XtY))) 15 Al
correction factors K, AAavg and BBavg can al so be cal cul ated based on
Xraw and Yraw as in Exanple 1, Step 1. If gao genotypes AA are
avai | abl e anong the 50 individuals AAavg is set to 1. Also if no BB
genotypes are available then BBavg is set to 0. 20 Next step is to

cal cul ate al | B additeauerdelibsrdialyesboded teneplatedi resdlting inygoubds tfaves, several

t hose SNPs where all 5Q .individuals had a result. Step 2)On 0] was
const ruct ed i pelogal gng hiotsghnical sifuatiems @@%ﬁ%‘bﬁwfﬂ: e }ﬁeﬁ&ﬁﬂﬁ’f]ﬂ@ tyaces.

Step 2. 25 U l; f.Qk: .S
2 Tatio betwebaoreaef i e o o TS o AR Ao
bot h nor mal i Zieg RITAPERS tireetsseteRdtd (withatecldriing) and rarddm ¢gnsertional
allele frequenc¥ we applied is Corrected allele frequency = X

(X+K*Y) (cal | BYFREENEPISLXPETIMINE: were no het er ozygous genotypes, |C
can not be calculated. In that case follow ng rules can be applied;

If Raf<0.1 then Rafk is set to O 10 If Raf>0.9 then Rafk is set tq

1. In all ot h3evesal mathatsshavertwel describabiniyapmbich theshaplegypgk of pooled

Raf. The normalisation correction S| and..BBavg LS _ no

needed when yHIUEPEHRC Oﬂl?ﬁef ﬁr@c?]% rfﬁr%'i ‘%}gaelﬁﬁﬁqggﬁsscﬁqeesf V%aellr%o q?%u@f' %?(éﬁ()ds
start with XrgwsHavehdexhavpdred 18 finsadutdhe mFMmeMiﬁﬂaug Ean

be applied as in Exanple 1, Step 2. If norma

_ i sation is aBIi,edthen
use the il | owigvgneisgralened PORNgeducte feg- M%P@ak-f%&l}é@%g E (single stranded
(Corrected Allel.e freque - | | .
conpared the @ %r(ﬂaetaoq'ép{;%horﬁﬁ %q e(ﬁg ﬁg‘gg%a{’tg%’a@(? fgéne’i‘)atﬁa‘%&g-?@-r\ﬁﬁwnt

gel electrophoresis (DGGE) (Knapp 2005), extreme DNA dilution to single-
molecule level (Ding & Cantor 2003) and the use of allele-specific PCR primers
(Pettersson et al., 2003). In addition several computational methods have been

15 purposed for haplotype reconstruction of mixtures of sequences.

All the described methods, however, can be very costly and time-consuming
and are only applicable to specific purposes (e.g. resequencing, alternative
splicing, templates or PCR amplified mixtures of two products that differ in

20 sequence length, the availability of a reference genome sequence) and not for
standard direct sequencing of haploid or diploid samples or de novo sequencing

of completely unknown sequences.

The pooling of sequence templates following the pooling described in this
25 invention can be applied to situations where the same sequence fragment can
be obtained both in individuals and pooled samples. This means that e.g.

shotgun sequencing (random sheared fragments) is not suitable for pooling.

In all applications mentioned above, if pooling is applied on purpose, equal

30 amounts of templaté (samples, DNA, RNA or PCR product) are pooled.



i ndi vidual typings in step 1 and the observed (corrected or
uncorrected) 25 frequencies based on the results in the pool of 50 in
Step 2. Fromthis we calculated the regression coefficients using
fol | ow ng nodel ; Expected all el e frequency= bl *observed

frequeney+b2* observed frequeney2+ b3*obsejjyed frequencya

+b4*observed frequency's without 30 intercept. 41 Either the

corrected (Rafk and Rafn) or uncorrected frequencies (Rat) are used

as observed frResiansy dbseritheht goblihg cfhavgualBymoamsarfitengplate. Ecopidus ed
with the predicted allele frequency froqlthe,mndel t he bhest . d bed. but
correction prewaapleonirihg sitpafian &1 RBegl coppishaeod gigmpiatefds described, bu
regression cogffici _ | 0 s Y of
be used to coftuivefRul gnpdfind EBkaFaL L, HDRIOGERISEPCayiotets

i ndi vi dual s i p, $tem halividuaps i) theaativhe3 503i9didk a4t fardiplosd organisms

construct 25 DNA pools of jndividuyals in the ratio 1. 3. Note
whi ch i ndi%i delf ip shesatio 6#%3:;3’ é#d‘l:m'lcff?%‘h{ﬁ%ﬁ?@o FE I Ses in the
pool Step 5a)Correction based on results of pool of 50 individuals.

Wth the correction factors found in Step 1 (K, AAavg and BBavg) and

Step 3 (regre6shorlfcandiionsithat beed isbambtiaty thikethel deghending gggireiseans

can be calculated 15 fromthe resultin i gnal JJ.ntensities i ,
pool s, const r (REERE W eg'rP@?E ﬂﬁo%?celﬂc?i?gﬁgf_ﬁgﬁ?s%?ﬁc OTRALORT ?,%.rreﬁgese_nts
cal cul ated (dgpendifacOpf REDREStensNBEELaS b @BriRf 0 peMlELtHa0 W6 régulBtlep
3) using correction factors K AAavg and BBavg from Step 1. 20 Then

Raf e or RHI kcspaceRaincofissmilar deiefited usi ng t he pol ynom al regression
coefficients found under Step 3 as Expected all el e frequency=

bl *observed frequency+b2* observed frequency2+ b3*observed frequency3
+b4*observed SE@Q%PEP@M&M@@@&@ rehatinsddr boandistdyds BedaratelRaf k or
Rafn. Wth two individuals in a pool the predicted corrected
frequenci es should give the result points 0% 12.5% 25.0% 37.5%
50.0% 62.5% m{5. 09 0 Wl Ne) &)

the nearest r ?gﬁf’t%{%&gz@ éyﬁiﬁg%%agg?g%%lgw%%og E g rié \l“/%/gé’(li %d%?%&g?gﬁé)
can be ders vegorirbetiod hetdre Frorh Shapeabdient @dpdak Haiphtes for oll Mesardpd e 1.
Step 5b) Correction bhased on results of pools of 2 individuals. 5 Rat,
Raft and Raf nnaeleoddelRAsH#ienf based on the signal intensities of the
pool s constructed under Step 4 and the correction factors K, AAavg
and BBavg found under Step 1. Then polénon‘i al regression _
coefficients Ssng) Padosameqmouelreastions fsr 8f @olsif xenled individanlope
cal cul ated based on 20 pools. This nodel can be applied on every SNP
separately or across all SNPs. The allele frequencies in the.other 5
pool s areopr edio 6do Dasgsh K 1RAIL HQBESIHOBeivaadrofifstand sbbond peak at
Raf kc=bl * Raf k+b2* Raf k2+b3* Raf k34- b4*Raf k4_from regressi on npdel wth
Rai | . Raf n=blbaRafnd b2isRafeaksBhaedoaniiperkifing reremtagy phihe st ﬁ’ﬁ\é\’éland a
wi th Rafn Raf t bl *Raf i - b2* RaR+h3* +h4* 4 01,
Todel i th 20tREERROR e e Vet e E g AR H0RE SRR,

al | sanpl es ampeurfs ohGhe poslidaeyfending eeactimsexpastédo ablcalate the

frequencies in these pools then_are ,
f correction factors from the peak areas or peak heights for all base (or

25 nucleotide) positions.

Step 3) Make a graph of the results of step 1 and 2 and construct the

regression line (calculate regression coefficient and intercept).

30 Step 4) Construct po‘ols of DNA (or post-PCR products)



conpared with the predicted allele frequencies to find the best
correction 25 procedure. Wth two individuals in a pool the predicted
corrected frequencies should give the result points 0% 12.5% 25.0%
37.5% 50.0% 62.5% 75.0% 87.5%and 100 % Rounding off should be
done to the nearest result point. The genagigypes of 43 the two

i ndi vidual s can be derived fromthe results as indicated in Table 2
of Exanple 1. Step 5c)Correction based on results of pools of 2

i ndi viduals. 5 Anot her way of prediction can be done using nulti

| i near regressiqn coefficien SNP on,.the |ight intensjit]

Xraw and Y anboot &t C‘H&"%‘éf’t%‘i&u Ofﬁ 311 B’\%ﬂ?ﬁ‘a Pr*?o‘gi E‘E%ﬁ%‘i?ﬁe’% 5% I(lél%&sm'n
frequency= bl*fs %912{1 rg%ls%&@&ﬁa%@tgé Lﬁh@ofieqy%@m@ﬂ%a B\RDRApIHRI
Wth these I near regression tactors frequenci es can

t hen be prediafgadisnss.ng 15 Predicted allele frequency—

i nt er cept +bl *X+bVY or Predicted allele frequency=

i nt er cept i hl *Xr aw+b2* Yraw 20 The mul ti |inear regression

coefficients,gas Hagan ig c@%\éaon@ﬁ&oﬁ@foﬁuhaﬁ%ee;b@smne Rt303,0e! S.
Then the allele frequencies of the other Spools are predict ed based

on these regresstalingaendrescalqdated fomabeaesultie signal infenaides i thepool
that all sanples are used for prediction once. The expected allele
frequencies in these pools then 25 can be conpared with the predicted

al l el e frequencigs eké’m&alé“@hl&"ﬂe?&@ﬁhallﬁﬁél@@ﬁitﬂmma@@Qﬂlalt @ac\basdpSHiten,
5a and Step 5b the genot the two individuals can be derived

from t he ¥esuanesshowr bt thet same pringiple works %@ahﬁ eombinajianspbd out of the 4
6) From ot her [n f

T the rati o drelsbIqEReGATE ARl bt o b BoRaR Sod! The'olihdee Al

is used 3 tinksightifdrithe fAShuakeotide T st t6.100 ﬁl’d)thetfimag@peélshe'ghtaflthe

get the genotypes using the hest correctio od, 5 for re jction
of the allel ey(ip Egﬁ]égf’d%@é B%GL g’é’of@?’e& BEMS e 1.
- Experiment qiinahl o@ihb%m%sﬂ{ %Ftv@@ﬁ% mégam@@mmeﬁa@et@ak
Whol e- Genone anal'ysis using I'nfinlum Assay ead i p technol ogy

(11l umi neld nchdiSkds are presented in Table 6. The relative peak heights for a pool

consisting of two diploid templates are given in Table 7.



Genot ypi ng was done on 50 individuals using the 18K Chi cken SNP
i Sel ect 15 Infiniumassay (Illumne Inc,
di stributed throughout the chicken genone (van As et al.,

Details on t
of Illum ne.

he assay,

(http://ww. il lum na.conl pagesg i | m?I D=12) .

usA) ,

wi th SNPs evenly

2007) .

wor kf | ow and chi p can-be found on the website

whet her frequenci es can be estinated accurately,

different aninmals out of the 50 individually genot
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Expected 0 12.5 26 37.5 50 62.575 87.5 100 Total O 59489 144 13 21
59649 12.5 331 12888 452 11
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Table 7. Result points of allele frequencies in pooled and unpooled diploid

individuals and inferred genotype for a random position in the nucleotide

sequence.
Inferred genotype Peak area/height Peak area/height

_ | Unpooled | Pooled (1:3 ratio)
Tndividual | Individual | First | Second | First Second
1 2 peak (4) |peak (C) |peak (A) .| peak (C)
AA 100 "

AC 50 37.5

cC 75

AA AA | 100 |0

AA AC 62.5 28.125
AA CC 25 56.25
AC AA 187.5 9,375
AC AC 50 317.5
AC CC 12.5 65.625
CC AA | 75 18.75
CC AC 37.5 46.875
CC CC ' o |100

Table 8 indicates the reduction of the number of sequence reactions comparing

the pooling strategy in this invention and the non-pooling situation.



3
17

11
1

13687 25 27 427 12060 897 10 1 13422 37.5 374 11342 1026
12762
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Table 8. Savings in the number of samples or sequence reactions when pooling

2 individuals following the method of the invention.

Number of | Number of pools or samples to be | Reduction of number
individuals to be | sequenced using this invention of samples to be
sequenced | Individuals | Pools of 2 | Total sequenced (%)
| ' + pools individuals‘ number
of
| samples .

250 50+25  |100  |176 | 30%

500 “[s0+25  |225  |300 40%

1000 |B0+25 | 475 550 | 46%

2000 ~ | s0+25 975 11050 | 47,5%

5000 50+25 2475 | 2250 | 49%
5

Example 5

10

15

Example of genotyping of diploid individual samples using 1 pool of 50
individuals and 25 pools of 2 individuals for standardization using alternative

correction methods. The Example describes several Experiments.
Step 1) 50 individuals were tested separately.
Same as in Example 1, Step I but with different correction

method(s) using normalised intensities X and Y in stead of Xraw and

Yraw.

The first correction factor (K) is calculated using X and Y.

K = avg (X/Y)
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4 671 11590 1098 27 13390 62.5 1 5 682 11074 727 12490 75
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where X is the normalized intensity for the A allele (red) and Y is the
normalized intensity for the B allele (green). This value was determined from

the individually genotyped samples with genotype AB.

The other correction factors AAavg and BBavg are also basedon X and Y.
AAavg is the average of the uncorrected allele frequencies of AA genotypes.
This value is expected to be close to 1. BBavg is the average of the uncorrected
allele frequencies of BB genotypes. This value is expected to be close to 0.

AAavg and BBavg were calculated using the formulas:

AAavg = (avg X/X+Y)))

and

BBavg = (avg X/(X+Y)))

All correction factors X, AAavg and BBavg can also be calculated based on
Xraw and Yraw as in Example 1, Step 1. .
If no genotypes AA are available among the 50 individuals AAavg is set to 1.
Also if no BB genotypes are available then BBavg is set to 0.

Next step is to calculate allele frequencies based on the individual typings for

those SNPs where all 50 individuals had a result.

Step 2) One pool was constructed including all 50 individuals from step 1

as in Example 1, Step 2.

Uncorrected allele frequency for allele A is calculated as a ratio between

normalized red intensity (X) divided by the sum of both normalized intensities

&+Y)

Uncorrected allele frequency = X/ {X+Y) (called Raf)



3 779 11421 494 29 12727 87.5 1 $ 528 11172 416 12121 100 10 3 1
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The first correction for allele frequency we applied is

Corrected allele frequency = X/ {(X+K*¥) (called Rafk)

If there were no heterozygous genotypes, K can not be calculated. In that

case following rules can be applied;

If Raf<0.1 then Rafk 1s set to 0.

If Raf>0.9 then Rafk is set to 1.

In all other situations were K is missing Rafk is set equal to Raf.

The normalisation correction using. AAavg and BBavg is not always needed
when you start with the normalised intensities X and Y. If you start with Xraw
and Yraw normalisation using AAavg and BBavg can be applied as in Example

1, Step 2.
If normalisation is applied then use the following formula;

Normalized allele frequency = (Corrected allele frequency- BBavg)/ ARavg
{called Rafn)

Step 3) We compared the expected allele frequencies calculated on
individual typings in step 1 and the observed (corrected or uncorrected)
frequencies based on the results in the pool of 50 in Step 2, From this we

calculated the regression coefficients using following model;

Expected allele frequency= b1*observed frequency+b2* observed

frequency?+ b3*observed frequency® +b4*observed frequency* without

intercept.



- Experinment 2 10 Application of procedures described in Exanple 5 to
SNP anal ysi s using Veracode Assay technol ogy allurnina, Inc. USA).
Genot ypi ng was done on 50 individuals using the 96 Chi cken SNP
Veracode, Golden Gate Assay (lllumna Inc, USA), with SNPs evenly

di stributed 15 throughout the chicken genope (Step 1). Details on the
assay, workflow and chip can be found on the website of Illum na
(http://ww il lum na.com pages. il m?l D=6) Al'so 1 pool of all

sanpl es was cBiidier the ectré¢ctedi(Batk emdRadnpoRungroected fregueneley (Raflage

inthe ratio 1:3.(as,in . 4). These 25 ol.s were genotyped with
20 a second b&ﬁ%g%&ﬁ?ﬁg‘ﬁﬁgﬂ&%ﬂ%lﬁti’ﬁrff%’é‘&ﬁfao Rer e gone )altg
described in ﬁ&%apa&ﬁl&}@fex%ééﬁaalvﬁtﬁma Blgecﬁ@trea%meil@ﬂeehae@ye@oéachwaﬁodel

applied on all 24 pools of 2 using the polynom al regression factors
found in Steptl® best rofmerctic pposiurnRaflo Ram op Rafedanbe fomd every

time to calculate the regression tactors olyngm al in ep..5h .an

il i i b AR° S ESEER etienn hER BSpid RV tHbR pro@te Part BuBf B peed
for the remai{y fgrée®ehe allblel Rb@henttestiréntthicpodts dfiZmmdivaudlsahlStge Gbs
were used once to predict the allele frequencies. The best results

wer e obtained using Rail (calculated on base of nornalised val ues X

and Y) and th Ccorrect I ; I 1. )

rom Step 5b SREUPLi ng kil S0 bEwReky By RYRRECAs DNADRI I 2

t he indi vi dualmsiivilnals ihovke rabiosl: 8eroteothichlihéitidiald meeddndeend which one
individuals. In taotal we had 1906 conpl ete conbi nati ons of pool * SNP.
Tabl e 10. Lwuniscsegs3 YpedilndBerapl el e frequencies by class conpared to
the 15 expected allele frequencies. The nunbers on the diagonal wll

| ead to correct genotypes. The allele frequencies outside the

di agonal but Stdohia) t heCdrostmnvbdsed vasekulis of pod of SAdngiyédwals.or. The

Pr edi ot ed- oC B tsromze i gt WE AN AT KTl ap T sip s
(regression factors b1, b2, b3 and b4) the allele frequencies can be calculated
15 from the resulting signal intensities in the pools, constructed under Step 4.
First Raf or Rafk or Rafn is calculated (depending on the best correction
procedure found in Step 3) using correction factors K, AAavg and BBavg from

Step 1.

20 Then Rafc or Rafke or Rafne is calculated using the polynomial regression

coefficients found under Step 3 as

Expected allele frequency= bl*observed frequency+b2* observed
frequency*+ b3*observed frequency® +h4*observed frequency* where

25 observed frequency= Raf or Rafk or Rafn.

With two individuals in a pool the predicted corrected frequencies should give
the result points 0%, 12.5%, 25.0%, 37.5%, 50.0%, 62.5%, 75.0%, 87.5% and 100
%. Rounding off should be done to the nearest result point. The genotypes of
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the two individuals can be derived from the results as indicated in Table 2 of

Example 1.

Step 5b) Correction based on results of pools of 2 individuals.
Raf, Rafk and Rafn are calculated based on the signal intensities of the pools
constructed under Step 4 and the correction factors K, AAavg and BBavg found

under Step 1.

Then polynomial regression coefficients using the same model as in Step 3,
Example 5 can be calculated based on 20 pools. This model can be applied on
every SNP separately or across all SNPs.

The allele frequencies in the other 5 pools are predicted based on these

regression factors as:

Rafke=b1*Rafk+b2*Rafk?+b3*Rafks+b4*Rafk* from regression model
with Rafk.

Rafn=b1*Rafn+b2*Rafn*+b3*Rafn*b4*Rafn’from regression model
with Rafn

Rafe=b1*Raf+b2*Raf*+b3*Raf*+b4*Raft from regression model with

Raf.

This can be repeated 5 times in such a way that all samples are used for
prediction once. The expected allele frequencies in these pools then are

compared with the predicted allele frequencies to find the best correction

procedure.

With two individuals in a pool the predicted corrected frequencies should give
the result points 0%, 12.5%, 256.0%, 37.5%, 50.0%, 62.5%, 75.0%, 87.5% and 100
%. Rounding off should be done to the nearest result point. The genotypes of
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the two individuals can be derived from the results as indicated in Table 2 of

Example 1.

Step 5¢) Correction based on results of pools of 2 individuals.
Another way of prediction can be done using multi linear regression
coefficients by SNP on the light intensities (X or Xraw and Y and Yraw) based

on the following model

Expected allele frequency=b1*X+b2*Y
or

Expected allele frequency=b1*Xraw+b2*Yraw.

With these multi }inear regression factors allele frequencies can then be

predicted using

Predicted allele frequency= intercept+b1¥X+b2*Y

or
Predicted allele frequency= intercept+b1*Xraw+b2*Yraw

The multi linear regression coefficients, as describe above, are calculated based
on 20 pools,

Then the allele frequencies of the other 5 pools are predicted based on these
regression factors. This is repeated 5 times in such a way that all samples are
used for prediction once. The expected allele frequencies in these pools then
can be compared with the predicted allele frequencies to find the best

correction procedure.

As in Step 5a and Step 5b the genotypes of the two individuals can be derived

from the results as indicated in Table 2 of Example 1.
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Step 6) From other individual samples construct DNA pools of 2

10

16

20

25

individuals in the ratio 1: 3. Note which individual is used-once and which one

is used 3 times in the pool as in Step 4.

From these pools we can get the genotypes using the best correction method
for prediction of the allele frequency as described and using Table 2 of

Example 1.

- Experiment 1

Application of procedures described in Example 5 to Whole-Genome SNP

Genotyping was done on 50 individuals using the 18K Chicken SNP iSelect
Infinium assay ((llumina Ine, USA), with SNPs evenly distributed throughout

- the chicken genome (van As et al., 2007). Details on the assay, workflow and

chip can be found on the websité of Ilumina

http:/www.illumina.com/pages.ilmn?ID=12).

To check whether frequencies can be estimated accurately, 8 alleles (from 4
different animals out of the 50 individually genotyped individuals) were
combined in one pool. Steps I to-3 and Step 5, as describe in Example 5, were
taken except the translation from predicted allele frequencies into genotypes,
using Table 2, was not performed.

In Step 4 equimolar gquantities of DNA of 4 individuals were pooled in stead of
DNA from 2 individuals in the ratio 1:3.

If ratio 1:3 from 2 different animals is used we can regard this is combining 8
alleles into a pool. By using equimolar quantities of 4 individuals also 8 alleles

are combined.



7 135 1 143 AA AA 1 5 576 582 Total 316 176 54147 265 159 64 148
577 1906 20 In total there were 138 (138/1906*100=7.2% m smatches

(Tabl e 10).

Because every observation consists of 2 individual

sanples this resulted in 174 genotype errors (170/1906*2*100=4.46 %,
see Table 11, Figure 5 and Figure 6. 45
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This way 12 pools were composed and one pool of 50 animals as in step 1 (same
samples are used as in the pools of 4 plus the 2 extra samples). Then these 13

pools were genotyped using a second batch of infinium chips.

K, AAavg and BBavg per SNP were calculated as in Example 5, Step 1.

Then uncorrected and corrected allele frequencies from the pool of 50 were
calculated as in Example b, Siep 2.

Also polynomial regression coefficients were calculated as in Example 5,

Step 3.

Further more the polynomial and multi linear regression coefficients,

as described in Step 5b and 5¢, were calculated. This was done based on 11
pools and then allele frequencies in the remaining pool was predicted using the

regression factors,

In this experiment the multi linear regression on X and Y (intensities for red

and green) gave the best results. For final results see Figure 4 and Table 9.

In total 4.6 % of the allele frequencies were falling in the wrong class,
In case these were pools of 2 individuals in a ratio of 1:3 this would have

resulted in 3.0% genotyping errors.



48 The process of defining the best correction procedure in this
exanple (as done using Step 3 (Exanple 5) and Step 5a, 5b or 5c
(Exanple 5)) also delivers information about the nunber of m smatches
by SNP. This makes it possible to elimnate-a SNP fromthe set to
reduce the risk of mistakes at an expense4® 5 |lower call rates.

Tabl e 11. Nunmber of correctly predicted genotypes Expected Predicted

CC CC AC CC AA CC CC AC AC AC AA ACCC AA AC AA AA AAtotal CC CC 624
9 633 ACable 9. Number of predicted allele frequencies by class compared to the

expected allele frequencies. The numbers on the diagonal will lead to correct
genotypes. The allele frequencies outside the diagonal but within the boxes

will result in one genotype error. The other results will end in 2 genotype

b errors.
Allele
Frequency Predicted
Expected 0 12.5 25 375 50 62.5 75 875 100 Total
0| 59489 144 13 2 1 596490
12.5 331 12888 452 11 3 1 1 13687
25| 27 427 12080 897 10 1 13422
37.5 2 374 | 11342 1026 17 1 12762
50 4| 871 11590 1098 27 13390
62.5 1 ‘ 5 682 11074 | 727 1 12490
75 . 1 3 779 | 11421 494 29 | 12727
87.b 1 1 3{ 528 11172 416 | 12121
100 10 3 1 6 _ 5 50 50896 | 50971
- Experiment 2
10 Application of procedures described in Example 5 to SNP analysis
using Veracode Assay technology (Illumina, Ine. USA).
Genotyping was done on 50 individuals using the 96 Chicken SNP Veracode,
Golden Gate Assay (Illumina Ine, USA), with SNPs evenly distributed
15  throughout the chicken genome (Step I). Details on the assay, workflow and
chip can be found on the website of Illumina
(http://www.illumina.com/pages.ilmn?ID=6)
Also 1 pool of all samples was constructed (as in Step 2) and 24 pools of 2
individuals in the ratio 1:3 (as in Step 4). These 25 pools were genotyped with
20 a second batch of chemicals.

All corrections were done as described in Step 1 to 3 of Example 5.
The correction in Step 5a was applied on all 24 pools of 2 using the polynomial

regression factors found in Step 3.
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For Step 5b and Step 5¢ we used 23 pools every time to calculate the regression
factors (polynomial in Step 5b and multi inear in Step 5¢) to be able to predict

the allele frequencies for the remaining pool. In total we did this 24 times so

all pools were used once to predict the allele frequencies.
The best results were obtained using Rafk (calculated on base of
normalised values X and Y) and then corrected using the polynomial
regression factors from Step 5b resulting in Rafke.
In total 84 SNPs were called in the individuals. Then some SNPs were not
called on some of the individuals. In total we had 1906 complete combinations
of pool*SNP.
Table 10. Number of predicted allele frequencies by class compared to the
expected allele frequencies. The numbers on the diagonal will lead to correct
genotypes. The allele frequencies outside the diagonal but within the boxes
will result in one genotype error. The other results will end in 2 genotype
errors.
Genotypes  Predicted
Expected CC CC AC CC AA C CC C AC C AAAC CCAA AC AA  AA AA Total
cCc cc 312 9 321
AC CC 4 166 4 2 166
A4 CC 13 39 7 3 62
CC AC 10} 120 7 1 147
AC AC 9 228 12 250
AA AC 24 144 5 173
CC AA 4 49 9 62
AC AA 7 135 1| 143
AA AA 1 5 576 | 582
Total 316 176 54 147 265 159 64 148 577 1906
In total there were 138 (138/1906%100=7.2%) mismatches (Table 10). Because

every observation consists of 2 individual samples this resulted in 174

genotype errors (170/1906*2%100=4.46 %), see Table 11, Figure 5 and Figure 6.
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24 288

using Step 3 (Example 5) and Step 5a, 5§b or 5c (Example 5)) also delivers

information about the number of mismatches by SNP. This makes it possible -

to eliminate a SNP from the set to reduce the risk of mistakes at an expense of

Use of the invention in sequencing protocols as in Example 4 but using other

correction methods

633
320
91
266
477
312
107
278
1158
3642

lower call rates.
Table 11. Number of correctly predicted genotypes
Predicted
Expected CC CC . AC CC AACC CCAC ACAC AAAC CCAA ACAA AAAA  total
cC CC 624 9
AC CC 4 312 4 0
IV 13 18 0 [
CC AC 0 258 7 1
AC AC 8 456 12 0
AA AC 24 288 0. _
CC AA 0 98 9
AC AA 7 270 1
AA AA _ 1 5 1162
Total 628 331 83 266 491 297 107 282 1153
~Experiment 3
Application of procedures described in Example 5 to SNP analysis using other
genotyping methods.
The procedures described in Example 5 can also be used in any other
genotyping method, other than the methods described in Experiment 1 and
Experiment 2, such as Affymetrix GeneChip (Affymetrix Inc, USA) or Agilent
Technologies.
Example 6.
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Step I) Perform sequence reactions for 50 individuals separately

Use peak height of allele 1 and peak height of allele 2 as the Xraw 'and Yraw
value or the relative peak height as X and Y.

Relative peak height for allele 1 is X=X/(X+Y) and relative peak height for
allele 2 is Y=Y(X+Y).

Then calculate K, AAavg and BBavg the same way as done for genotyping in
Step lof Example 5;

Step 2) Perform sequence reactions in one pool of all 50 individuals
Calculated uncorrected and corrected allele frequencies as in Step 2 of

Example 5;

Step 3) Calculate frequencies from individual sequencing and from the pool
Use same model as in Step 3 of Example 5 to find polynomial regression

coefficients.
Step 4) Perform sequence reactions for 25 pools of 2 pooled individuals

Step 5a) Compare corrected frequencies with expected frequencies based on

the pool of all 50 individuals to find best method.

Step 5b) Calculate Rafne, Rafke and Rafc in 5 pools of 2 individuals using the
polynomial regression factors found in the other 20 pools using the model
Expected allele frequency= bl*observed frequency+b2* observed
frequency?+ b3*observed frequency?® +h4*observed frequency* without

intercept.



AA 5 1152 1158 Total 628 331 83266 491 297 107 282 1153 3642
10 - Experinent 3 Application of procedures described in Exanple 5 to
SNP anal ysi s using other genotyping nethods. 16 The procedures
described in Exanple 5 can al so be used in any other genotyping
met hod, other than the nethods described iggp Experinent 1 and
Experiment 2, such as Affynetrix GeneChip (Affynetrix Inc, USA) or
Agi | ent Technol ogi es.

Step 5¢) Calculate predicted allele frequency in 5 pools of 2 individuals using

the multi linear regression coefficients found in the other 20 pools using the
model
Predicted allele frequency= intercept+b1*X+bh2*Y

5 or

Predicted allele frequency= intercept+b1*Xraw+b2*Yraw

From Step & and Step 5 determine the best correction procedure by repeating

Step 5b and 5c several times in such a way that all pools are being used for
10 prediction of allele frequencies (validation).

Tf needed other numbers for validation can be used. E.g. one can use 24 pools

for finding the regression factors ard then predicting one using these factors.

In total one then needs to repeat this 25 times.

15 With the best correction procedure and the needed correction factors and
regression factors it was possible to predict frequencies of new pools and read

the resulting alleles in Table 2.

LEGENDS TO THE FIGURES

20 Figure 1 shows in a graphical display the correlation between the
allele frequency as based on pooled data (Y-axis) and the allele frequency as
based on individual measurements (X-axis).

Figure 2 shows in graphical display the relationship between allele
frequency as measured on individuals (Y-axis) and the predicted allele

25 frequencies in pool (X-axis).

Figure 3 shows in graphical display the relationship between the
corrected allele frequency in the pool (Y-axis) and the allele frequencies
measure on individuals after individual typing (X-axis).

Figure 4 shows in graphical display the difference between the

30 expected (based on individual typings) and predicted allele frequencies for



20 Exanple 6. Use of the invention in sequencing protocols as in
Exanpl e 4 but using other correction nethods 49 Step 1) Perform
sequence reactions for 50 individuals separately Use peak hei ght of
allele 1 and peak height of allele 2 as the-Xraw and Yraw val ue or
the relative peak height as X and Y. 5 Relsgtive peak height for
allele 1 is X=X/ (X+Y) and rel ative peak height for allele 2 is
Y=Y(X+Y). Then cal cul ate K, AAavg and BBavg the sane way as done for
genot ypi ng i np&tlebin efpeExment & 5; 10 Step 2) Perform sequence

reactions in one pool,.of |, 50 i ndivi.dual | cul at ed, uncarrecte

and corrected allel eFf‘g‘é'Effri%ﬁ]&?‘&l%gﬁpﬁu %éﬁség%gﬂ%ﬁ%ﬁg‘a 10 ;%etwe%? °

3) Cal cul at e §gReAN®BLES] bl il idaY tepiaks)satteraided andld froqudrteeso hll
15 Use sane nodel as in Step 3 of Exanple 5 to find pol ynom al

regressi on caefols ¢hemperim@ng|@. 4) Perform sequence reactions for 25

pool s of pool ed indi.vi duals 20. Step.5 - GORT

frequenci és with expgﬁg%%ﬂ$ﬁgﬂﬁ%ﬂ%%Eﬁﬂﬁggggagggﬁﬁ%np53§8%$&§ﬁPeg5he

i ndi vidual s texpbtpd Basdd seiddieidudl eppibhy) £l sreddadted RUbRGreRaficy fansll
Rafc in 5 pools_of 2 individuals using the polynom al regression
factors foundrdols ihexnsrieentb®d pool s using the nodel 25 Expected

all el e frequency= bl *observed frequency+b2* observed frequency2+
b3*observed frequency3 +b4*observed frequency' wthout intercept. 50
Step 5¢) Calculate predicted allele frequency in 5 pools of 2

i ndi viduals using the multi linear regression coefficients found in
the other 20 pools using the nodel Predicted allele frequency =

i ntercept+bl *X+brY or Predicted allele frequency=

i ntercept +bl *Xraw+b2*Yraw From Step 3 and Step 5 determ ne the best
correction procedure by repeating Step 5b and 5c several tines in
such a way that all pools are being used for 10 prediction of allele
frequencies (validation). If needed other nunbers for validation can
be used. E. g. one can use 24 pools for finding the regression factors
and then predicting one using these factors. In total one then needs
to repeat this 25 tines. 15 Wth the best correction procedure and

t he needed correction factors and regression factors it was possible
to predict frequencies of new pools and read the resulting alleles in
Table 2. LEGENDS TO THE FI GURES 20Figure 1 shows in a graphica

di splay the correl ation between the




allele frequency as based on pooled data (Y-axis) and the allele
frequency as based on individual neasurenents Q -axis).

Figure 2 shows in graphical display the relationship between allele
frequency as measured on individuals (Y-%¥xis) and the predi ct ed
allele 25 frequencies in pool (X-axis). Figure 3 shows in graphical

di splay the relationship between the corrected allele frequency in
the pool (Y-axis) and the allele freqd%ﬁéﬁbs measure on individuals
after individual typing QC axis). Figure 4 shows in
graphi cal display the difference between the 30 expected (based on
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onalyoed { o177 Kbt Rgatt LePOvEiBRdS Sared At cins Tiguel e Serteg auner
quant|tat|%gcﬁgﬁgQﬁgﬁﬁﬂgégﬁcﬁqmﬁg@byte, said nmethod of pooling 5
sanpl es conprising providing a pool of n sanples wherein the anount

of |nd|V|duaI sanples in the pooI is such that the analytes in the
sanpleﬁ ratio o
S ege

e .and, wher ei n .x
o B Meder onenog sl & gbB il Phertint e Ralds b vBPLIE' fid
the cat egol’dafe@brl&aaﬂrhﬂﬂﬂ@ls alwﬁhr%nt\@ttganpbla@l@%ﬁlleng to claim1, wherein
the analyte is a bionolecule and the categorical variable is a
vari ant of said bionolecule. 3.Method according to claim2, wherein

he bi I I 1 d- - im 3,
L, "L AR AL B85 MR AGER Gl ML e ™
acid. 5. Method according to claim4, wherein the nucl eotide

polynnrphlsn1| an SNP. 206. Met hod according to c]aim int
vari antli s % he I\B%IE%JQ' ?Mﬂ%nw gl 3o Aherein ther vasizet sat Wfi 05'2@.&0 Rerp ism

in said nucleic acid.
5. Method according to claim 4, wherein the nucleotide polymorphism is an SNP,

20 6. Method according to claim 3, wherein the variant is the base identity of a

particular nucleotide position.

7.  Method according to any one of the preceding claims, wherein the quantitative
measurement comprises the measurement of the intensity, peak height or peak surface

25  of an instrument signal.

8.  Method according to claim 7, wherein the instrument signal is a fluorescence

signal.

30 9. The use of a method according to any one of claims 1-8, for genotyping an allelic
variant in haploid or polyploid individuals wherein the number of classes of the

categorical variable (x) equals p+1, wherein p represents the ploidy level.



7. Method according to any one of the preceding clains, wherein the
guantitative nmeasurenment conprises the neasurenent of the intensity,
peak hei ght or peak surface 25ofan instr nt signal. 8. Mthod
according to claim7, wherein the instr nt signal is a fluorescence
signal. 30 9. The use of a nethod according to any one of clains 1-8,

for genotypjhg @an. allel.ic variant .in_hapl oi r. polyploid individuals
wher o n t hol G B8 RpFibg (e, pORPL G5, B 50Plng) & oL
p+1, wher eidipRid BAMGEN. S the ploidy level. 53 10. Use according to
claim9, wherein x is 3, for genotyping an allelic variant in diploid
i ndi vi dual s. 11. A method of perform ng an analysis on nultiple
sanpl es, coppri gi i Sali e i . .
any one of ¢ 'ai‘?rslﬂ%pggt?) (k) P%%S%’?lg‘g ag %%(E}E %dg%gﬁn%ﬁ@gasﬁ p%g’r ?%rgﬁli%ﬁnlgggg{)lgi 5
anal ysi $ orsathssanpleokesbrdiagnbes metholiZof dnymehdodl chiimpdr$ as pregdan pooled
anal ysis on nultiple sanples, according to claim1l, wherein said

sanpl e i s s EY Besorpingspidmalysisionsaid nosicd sam@ls nvol ves a
guantitative 10 neasurenent of an analyte in said sanple. 13. Method
according to claim 12, further conprising deducing fromthe

measur enent 12 heA aosthod Giipdarfonmafg drhanalysith on ddtipls sapplesaccordiag ¢t doimh 11,

of sanples. 1514. ool.i ng devi for pooli tiple s les into
o pool d- SAHBRE B RRSInG bR £ oraRicel g P G & euere
sampl e @nd hEdshRAenEOMB dndiyMintsal QaHIsSOr that is arranged for
receiving instructions froma conputér programthat puts into force

on the pooling device a nethod of pooling sanples according to any

f | ai -8., 2015,. i i to. cl 14, .f h
O ot ng o Mo febRind 0G5, B SR bR b tieflhide apH &8 Heasyremgnt
for perfor rth@gorRAb@a of3hSin@ividlaessesbem ssRfloBoPsampisied by the

pooling device, wherein said analysis device is arranged for
anal ysing said sanple for a categorical variable and for perform ng a

[ [ . Qf nal ' id: |.e, 6. s
omput &9 pridr aap oy Sy B ARt ot Rl B R Sl tonfhrgine

| oaded and sgmptldadideton fax peeviing @rpootedaopleaiefirthergouipeisingel protdsse that
ot her progranmabl e apparatus, puts into force a nmethod of poqglin
sanpl es acddrERREFLIBT HHe§iVEIgLNguckions fenya gompifer program gighputs dpto force on

program pr qufso ey RE A9 dtRodd BB ih é‘}ﬁ@% A H"x?‘m{fi%g%ﬂ bEELRA! 1-8.
conpri ses '([)Lﬁeﬁsqt eg 0? pe??oronﬁpnfgj an grsla SI§S on t Ieesarrp es, 8
said nethod conprising performng an analysis on the pool ed sanpl e,
wherein said sagple is 54 analyz of a categorical variable and
vol vel’a uaiitsh e il uler BrbindRangas asi v e smaroing a
processor that is arranged for performing an analysis on the pooled sample provided by
the pooling device, wherein said analysis device is arranged for analysing said sample

for a categorical variable and for performing a quantitative measurement of an analyte

in said sample.

25
16. A computer program product on a carrier, which program product, when loaded
and executed in a computer, a programmed computer network or other programmable
apparatus, puts into force a method of pooling samples according to any one of claims
1-8.

30

17. A computer program product according to claim 16 wherein the method further
comprises the step of performing an analysis on muitiple samples, said method

comprising performing an analysis on the pooled sample, wherein said sample is
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analyzed for a categorical variable and involves a quantitative measurement of an

analyte in said sample.



