WD 2006/ 089297 PCT/ US2006/ 006302 FORENSI C SWAB AND KI T FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to a high sensitivity crinme
scene swab device for naxinal recovery of trace forensic DNA evidence |eft
at a crinme_scene for DNA PCR analysis. Mire particul arl recovery is
obt ai ned fmuf’f/?f’déypri nts lifted fromsurfaces at the%ﬂ”%g’g@%(g. The
invention also relates to a high sensitivity nmethod for DNA anal ysis of
trace DNA obtai ned by generating snmall tandem repeat (STR) profiles using a
pol ymerase chain reaction protocol that is capable of anplifying DNA from
about two to about four cells or about 12.5 to about 25 pg DNA. BACKGROUND
[ 0002] Property crines, suchFQRENAHCSWAR ANRYKIT and arson, nake up an
overwhelmng nmjority of all crimes. Property crimnals are often

recidivi i i I@Na fromthe Virginia State database, 32% of the
vi ol ent %}?Jrrggﬁgg@em%ﬁrl rginia were conmtted by individuals with

previ ous prigpet]t y Theipmasentanwentidn tedstes toSeegh Basitividy crizagivehe geat-izadce isrech
Institute's Fifth Annual DNA Forensics. Washington D.C., June 27-28, 2002.)
[ 0003] Fnaxjerapreconesy widrase foressic D¥deviidenthieftldha teghe Stamk der DWAIR(ER New Yor k
prison systemih 1903. Although, it is often considered by nmany as a

"| ow t ecdpalysisi Mbars perlicyarly, RN A seroseyaterained Bem dingerpsiotsildietifiom surfaoes|

exam nation, it is a highly reljable and accessible neans of obtaining

evi dencetdle Ggs soame- skhsriaveniigry also relpfes tojadugh sspsHYibnepethed fon YA angligier por at es
hi ghly sophi stj.cated state of the arnt technol ogies. date, the FBlI has a

| ar ge c%fﬁ.faégﬁjl]@ﬁo@?mfé ﬁ%é?lﬁcaiuﬂﬁlpaﬁ%af“gfri“ﬁ@’eﬁ% (?’:T?{SREOBWSW HPREBEEN used
by | aw enf i i (1 £y t i [ Ct] by

et chi nob i TeRaopprotBP el RSabdhie SRl E BT ABHBpB G HELUIE, ¢
princi pl & Jaehy s fheont8 pRfprfanger print evidence are based on, (1) a
person's "friction ridge patterns” or swirled skin on his/her fingertips do
not change, and (2) no two persons have the sanme pattern of friction

ri dges. BARKGROMNDI ction ridges contain rows of sweat pores, fingerprints

are often p[roggﬁc edPr\é\Qe?tr}]' Ctri;hees,ss\a'gﬁgs { %R,’E&Q%%,eal{d' aggo%,sm A S"S an overwhelming

majority of all crimes. Property criminals are often recidivists. According to data from the
Virginia State database, 32% of the violent crimes solved in Virginia were committed by
individuals with previous property crime convictions. (See, Ban, J. Cambridge Healthtech
Institute's Fifth Annual DNA Forensics. Washington D.C., June 27-28, 2002.)

[0003] Fingerprints were first used in the United States by the New York prison
system in 1903. Although, it is often considered by many as a "low-tech" crime-solving
method because it entails subjective visual examination, it is a highly reliable and accessible
means of obtaining evidence at a crime scene. Today, the fingerprinting technique
incorporates highly sophisticated state of the art technologies. To date, the FBI has a large
collection of fingerprints, totaling millions, which have been used by law enforcement
agencies to identify defendants and crime victims by matching prints from crime scenes with
those on file.

[0004] The basic principle behind the use of fingerprint evidence are based on, (1) a
person's "friction ridge patterns” or swirled skin on his/her fingertips do not change, and (2)
no two persons have the same pattern of friction ridges. Since the friction ridges contain

rows of sweat pores, fingerprints are often produced when the sweat from these ridges mixed



WO 2006/ 089297 PCT/ US2006/ 006302 w th other body oils and dirt. The
visibility of the prints is enhanced only when powders and chemcals are
dusted onto the surface and excess powder brushed away, lifted fromthe
surface usi or phot ographed and then conpared t I rprints in a
dat abase. W%@gﬁ)ﬁ?ggy be visible with alternate |ight s%&&@gﬁgﬁﬁ%&th t he
naked eye dependi ng upon the surface and the situation. For exanple, in a

hum d enyj BENdv R i htvidreheSdet vi si bl e
print. F%%%g%ﬂ They(itﬂqulaiﬁ(% ?/{‘PﬂofSIth t'é ﬁgﬁgr iynt s,%%%?%%?eﬁéﬂégﬁéggﬁg%@%ﬁ&?ype of

sur f aceschefmidils b dedled RRY thalstrfidelahe dxcebtpdviRs BRIsBsd dwayIBRET frdthsher € of ten
lost with tinme or through contam nation by the first responders (e.g., a
fi nger priunfaceminget@apesor padtopfaphesicand ¢hemfconrpiared to fingsspiints iiga dataliakee Ri@sd ruct i on
or rendering usel ess of valuable evidences. In addition, because it is

al nost i mppbsisibée with alésreateright soureesagavithfthenalet epé dépendjeg ppomiths surfietendant s
of ten attenﬁt to testify that they were present prior to the crine and the
prints vinddhe sifuation. Far example ihe humidegavienmerianere meoigpretonghe skimwould| t hough
conmput er enhancenent, | aser .t echni qgues have been enployed to extrapolate
conpl et e2l}9W If @ MAre SIS RN agnent s and i nvi si bl e narki ngs respecti vel y,

HIEEE TS AL R T T N R L
vol UG S RSN LT B L Ui ARG oY 0
Bei ng. { NesnfgfRkich ) HERF RiporBShe bndiekbyahi c%ll%& 'htlst?y QleAb'§f Lifine, { hem except

for identical tw ns. analysis is a hi di scrimnating met hod
of i denfelflihg thedéstretital & renibngy adelts 6f val@bRNSATnENA TRAEINGH, SedafiseghOr NoUS,
particularly, with the creation of a national DNA dat abase managenent
system iknbnest aspdsEbleSo (CGemiineithe aBAAS 4 sed ©K fifpyespréy, dsfehdanps dijentadempBio and t he
U S. Departnent of Justice. CODIS contains DNA profiles from biol ogi cal

evi dencetegtd Ithat thegt Wearopmessnt pirer te dermagneaandwled prirds weredelt atcotmé othedtherd ftender s.
The profile generated froman evidentiary sanple nay be searched agai nst

t he pr of the med theggriies) Althongiprampyter ephardement lpsen feckripershere beeaempldyed cri nes
to the case, or if no suspect is kpown, to a matching profile froma

previ ousOSRIRMRRLF ComRISIEQFBIETOm BFFEHERENES B I 1Pl TATRIngS [eAReolE b Ean be

conpar ediststcfll lalngé(d %o?g better and o eegeksai%i\% mtei%od of identifying the perpetrator.

[0006] The use of DNA analysis or typing has proven to be a revolutionary and
powerful method for solving crimes, particularly in violent crimes since the introduction of
fingerprinting a century ago. Being the genetic blueprint, each individual's DNA is unique to
them except for identical twins. As such, DNA analysis is a highly discriminating method of
identifying individuals. The value of forensic DNA analysis is enormous, particularly, with
the creation of a national DNA database management system, known as CODIS (Combine
DNA Index System) set up by the FBI and the U.S. Department of Justice. CODIS contains
DNA profiles from biological evidence collected from crimes scenes as well as from
convicted offenders. The profile generated from an evidentiary sample may be searched
against the profiles contained in CODIS, in order to link evidence from other crimes to the
case, or if no suspect is known, to a matching profile from a previous offender. Therefore,
evidence from different crime scenes can be compared to link the same perpetrator to

multiple crimes locally, nationally or internationally. Furthermore, the DNA molecule is



multiple crinmes locally, nationally or internationally. Furthernore, the DNA
nol ecule is 2 WO 2006/ 089297 PCT/ US2006/ 006302 very stable and can

wi t hstand significant environmental insults or challenges, thus allow ng
information to be collected fromold biological sanples or badly degraded

sanpl es. [ OH/ERRENsi ¢ DNA sanpl es are usual |y col | ectP&d/FSEUROYBHod,
saliva, senen, and other bodily fluids by wiping onto a cotton-tipped swab
or a cotton d. her..sour.ces..include hair., bones Ki n c. ..The

vi dence  CONRRE AP G BRG S EhiahoteRhdus insfiS O thanees s it

cont ai ne fLar AT ' [ nt ages of
using a ﬁl(f:dg{nta gﬁgttolb%p?ggwst% or(?)}?) ﬂc%’? ft0 Ir?apaglpl%fé ok E%Pygf%%qegﬁg% l\égmal | sanpl es
from the cofgoom- t iRp&RicIRA saRiples BletRalSMBReGANFOR G £d1ivh 8Bhed, Rnd €COVeEry
and rel ease of DNA, particularly when the amount available is snmall to

begi n Wi gther Hodly AEide®Y eyipihp en@iskbn-tppelaipb or @ ottans . MNerRurc&oNnt am nat ed
or di m ni shed when the swab or pad conmes in contact with the container or
bag. [ 00@m8ud®hiAr, bangsl sisn atce Tax byidetcedpntBiGRgaqabs 61 exds arechliced ditd plastid | y

anal yzed by restriction fragnment |ength pol ynorphism (RFLP). RFLP is a

t echni quer fepenvontainenor bagfdr fuitute ahalysds. Onspddhemajondisidyadiagdsexfasing at ed by t he
bandi ng pattern of DNA fragnents obtained by subjecting DNA to restriction
enzyne ctaRpdipecd gvabeor coffempad iathakelytieon efisiad samples fipppthe cogipnttippad aWab Sci .
USA 77, 6754 (1980)). The_.uni que bandin atte of th fragnents are
then sep@rgft S‘B%’ ‘g;“)@lbeé’il%g??‘btgmfi“@%?% a’é‘g{f?%%@ﬁé’ Wl%‘ﬁﬁf hER B ot anal yses
usi ng a radioact .pro for. a .particul ar locus of the human chronpsone,
auch aq PR iP Rt kiR et AR RO P R RF Y B o an
i ndi vi duglycanfied'8) cﬁglinigheﬁ_ ¥AMALESD O%a%ﬁzné?@rﬁ’orhﬁ& %fhﬁﬂ?%cﬂﬁfﬁnérla?bag.
requirement for a substantial amount of | I's required that I's not
degraded or[oho&g nﬁﬂNR@amPIes AredBrhdted] PARL AR traditio dnglyaapdyy zed,

mul tiple cycles of anplification nust be perfornmed in order fo obtain

suf fi ci efebtrioih frofmenRidnBthaypdymiiGbBism (REEP). iHFILIOW aqechniqut by Bifchi 5 obt ai ned,
the RFLP nethod can be burdensonme and tine consumng, in addition to the
added costlividuatefa specigs cntbertiff¢reqtiatedP@Rhe badirigqragern[dd@DQA fiwvpments ecent |y, t he

use of tandemy repeated DNA sequences, which are w despread throughout the
human geeliaiediby subsagting BNto restriptim anpyype elavirget (SeadVymenad R jnd White,

R., Proc. Natl. Acad. Sci. USA 77, 6754 (1980)). The unique banding patterns of the DNA

fragments are then separated by gel electrophoresis and detected by Southern blot analyses
using a radioactive probe for a particular locus of the human chromosome, such as the D14S1
locus, which serves as a polymorphic marker unique to an individual. Two major
disadvantages of the RFLP technique are the requirement for a substantial amount of DNA is
required that is not degraded or fragmented. If a small quantity amount of DNA is analyzed,
multiple cycles of amplification must be performed in order to obtain sufficient DNA for
RFLP analysis. Thus, if low quantity DNA is obtained, the RFLP method can be burdensome
and time consuming, in addition to the added cost in carrying out multiple PCR reactions.
[0009] More recently, the use of tandemly repeated DNA sequences, which are
widespread throughout the human genome with sufficient variability amongst individuals in a
population, provide still a further advancement in forensic DNA evidence analysis.
Depending on the size of the tandem repeats, these tandemly repeated DNA regions may be
classified as minisatellites, or variable number of tandem repeats (VNTRs) having core

repeats of about 9-80 base pairs (bp) in length (See, Jeffreys, AJ., et al., Nature 316,76



popul ation, provide still a further advancenent in forensic DNA evidence
anal ysis. Depending on the size of the tandemrepeats, these tandemy
repeated DNA regions may be classified as mnisatellites, or variable

nunber of tandem re%eats (VNTRs) having core repeats of about 9-80 base

pairs (bp) WON2URYEN (See, Jeffreys, A J., et al., NatuPETAEU06/H3R o
2006/ 089297 PCT/ U82006/ 006302 (1985)) or n1 cr osatel I ites, or short t andem

repeats ut 2-5 eat May, P.E.,
Ao I ich R 0P Bt doRRE R (STRY wilEhRgf 25 on 8, o
49, 746 ( ) c s, 19, 4018;
and id. %\%gé' JE?%@@%’{@O %*5]’0127‘{’}':%%%%@7%58 (19% %%véﬁggigr% Egi (/:ims ructure
as VNTRSHu%the;{e@W@eMB¥199r1?&§ﬁﬁﬁ9m§1%99ﬁ8§MHOHa@ NP APRISCRED B9, FOTY; A Ker s
nore conpatible wth the use of "PCR. In addition, only a Iimted nunber of
sel ect edidSIR kens that are usef ul for human identification are required
in forensic anal yses conpared to the thousands that are available. Criteria
for selecti®10f SYBough RERS havecthel stend Bapickirgdtudeg VRNETRY, theatandemly i ty wit hin
the population, (2) easily distinguishable anplified products, (3) |ow

pr eval entspeaséd ssquances ofiZan bip makeie T Ramerkansphdré corapdtible with tfease of BGRAL are one

or nore repeat |engths above or below the true anplified alleles, and (4)
| ow nut aty asiditiony Q?%ya(‘{%téd nygherrof sglegted YRR HP%IWS tﬂ:atF_aIe uggfl for hyman  Genet. 44,

388 (1989 . E 4 1987 d
aon Ut ikt featonsra amired t forensiq BRyscRGpibarciodhe usazﬂvﬁg'ﬂ(awwalﬁbﬁﬁhus, i)

t hat. t i
ot enti ol R RIS R T odrepr ke p T PRE dBE oL AR e
Cni
devel opriich 2] Bl BRI AMbt Srfifed bdihd, (DB Tre (e SR PRI b
expect edwhfcﬁ% anﬁﬁﬂﬂéﬂﬁ"ﬂn attithbts 1R aRSonMRg GBI R gﬁ@lené'gls (ag&%@r bEloW Rde [0011]

Both the fingerprinting and DNA typing rretho s are powerful means currently
used f or agplifiddigicles,iafie &4) 13 wSutatichitaiesli (3ge, WEHer, UlIe 98d iR ES, AmyJ phave to be

a mgjor advance in the field of forensic science for the detection and
i denti fi Catdrotd, 888 EA8PeLtansonnGt indeGitman g ds;i bol.iBiyl. Sbolnd, A0AKEIRT) ateint i ti es.
However, both nmethods require a neans of
Schiotterer, C. and Tautz, D., Nucl. Acids. Res. 20, 211 (1992)). Thus, STR systems that are
currently being developed must have high discrimination potential with minimal genetic
artifacts, such as microvariants, and minimal amplification artifacts, e.g. stutter bands. Many
STR loci are in development as genetic markers for forensic purposes with several more to be
expected. (See, Schumm, J.W., Notes Magazine 58, 12 (1996) Promega).
[0011] Both the fingerprinting and DNA typing methods are powerful means
currently used for solving crimes. Thus, combining both these methods may prove to be a
major advance in the field of forensic science for the detection and identification of suspects,
with a low possibility of mistaken identities. However, both methods require a means of
collecting forensic evidence at the crime scene that are not compromised and the method
must also be efficient in yielding small amounts of DNA, typically about 1 ng or less. For
analysis of DNA, the yield must be sufficient to allow identification of a sufficient number of
genetic features from a fingerprint to allow confident matching with an alleged perpetrator.
Typically, matching is done by determining a minimum number of identifiable STR loci from

a standard set of loci. At each locus, two alleles are expected, one from each chromosome of

an individual. The identification is made difficult by allele drop-outs (e.g., in a heterozygote,



collecting forensic evidence at the crine scene that are not conprom sed and
the method nust also be efficient in yielding small anmounts of DNA,
typically about 1 ng or less. For analysis of DNA the yield nust be

sufficient_to identification of a sufficient nunmb icC
Sl Pl Ry Rl

features f erprint to allow confident matching Wt eged
perpetrator. Typically, matching is done by determ ning a m ni nrum nunber of

e A T i ol U0 o e i

al l el es ar'e expected, sone of

i dent i f icathtRethdd dTRIBecting DNAIkimpIds adinEddRiomltiPPedtsd dr@oflon pddtods not
het erozygote, 4 WD 2006/ 089297 PCT/ US2006/ 006302 only one allele is

appar entpratidafor ac effivieandettiod pf ¢olkclingmyamplds diont afingdrpritewhidh énagepata@nt ) . The
current nmethod of collecting DNA sanples using cotton-tipped swab or cotton
pad doedewerthapiwovdeleorf meogmamsefpl) quantitieneilivd. dh efbtibmeand nejiabrnpdtiesl f rom a
fingerprint, which may contain fewer than two cells or tgi cograns (pg)

quant i t ifesregevepng forspsie PN A frep fingempringy, pechieteaspehyheydractiay thptedlows pyalysis

forensic fromfinge [nts, and re|ease by extraction that allows
anal ysi SOftqk\fIﬁOWI‘FQPYBW%(BW‘%Eﬁ%@F? 1gﬁLy ‘gﬁ‘éﬁbiﬁf-ore hi ghly desirable. BRI EF
DESCRI PTION OF THE FI GURES [ 0012] Figure 1 shows DNA profile results for

fi nger praRisr PRSERIPIIONOF T PAGORERUr face (chrome door knob) using various
swab materials (RowanTM 100% cotton yam St. Fair mcrofiber, SA7348

m cr of i ber ,[00E3vy Fipnte/estosws, DNAghbdfilp odsyktsioe fingapiite nbtainpé frobeecsnaontl ) ) [ 0013]
Figure 2 shows the results of a DNA | oss experinent that neasured DNA

r emai ni syripee (ghromisaodishotwising vatiges ytabarateialss(RoNan®bl 0 oettansyiany St:ar i ous
cotton yams., [0014] Figure 3 shows the results of a DNA | gss_expeLi nment

t hat ned@imigrafiben a7 31&microfites hegvopolrsesr.tlight pelyestss, odon 5APS, Bagren ) 0015]

Fi 4 j f | le. d i lid
B g N L

i t . i i t t b, f f d
oGtV SOy oS PR B Y T L0, Lo
onto one ofjgf L 3 Iéji‘f%%hé’ﬁsﬁgsg&n%]ﬁ)eNAﬁéss SPIRAE that ReieaeXt ract ed

directly from val ent ce
irreversible binding of DNA to various cotton yarns.

[0015]  Figure 4a depicts recovery of DNA from a cell sample deposited on a solid
surface, swabbed, and extracted, as compared to DNA extractable from an equivalent cell
sample applied directly to a swab, for four cotton yarns and Dacron®. Figure 4b depicts
release of DNA extracted from cells absorbed onto one of four cotton yarns or Dacron®, as
compared to DNA extracted directly from an equivalent cell sample.

[0016] Figure 5 illustrates a forensic swab of the invention: (1) formation of fabric
loop; (2) attachment of the swab head onto to holder via a heat shrink tubing; (3) complete
swab comprising sampling fabric, heat shrink tubing, and rigid plastic holder.

[0017] Figures 6 and 7 illustrate sample containers for storing a swab containing a

forensic DNA sample.

SUMMARY OF THE INVENTION

[0018] The invention provides improved materials for collection of trace amounts of
DNA for further analysis. More particularly, the invention provides an improved substrate

for collection of DNA-containing samples deposited on surfaces and efficient release of the



[0016] Figure 5 illustrates a forensic swab of the invention: (1) formation
of fabric |loop; (2) attachnent of the swab head onto to holder via a heat
shrink tubing; (3) conplete swab conprising sanpling fabric, heat shrink

t ubi ng, an i qi | astic holder. [0017] Figures 6 and 7 il]ustrate sanple
cont ai ner sg\“%%ﬁ%/?%?%mg a swab containing a forensic DNRCZASAIOYY05MARY OF
THE | NVENTI ON [ 0018] The invention provides inproved materials for

col l ecti q : T i r jcularly,
he i nveo s HERERBERU Sels, g OB A A By LR BB o

DNA- cont ghdWiseGosehilh 8% iSRRAASH QA RR1a81y shRcEs cadiisd b BNBNvideatenss of the 5
WO 2006/ 089297 PCT/ US2006/ 006302 DNA for identification and analysis. In a

pr ef er r egiresdvenk, REFLially DN/ Gbsi firglefprings ol thanthy amBunt BMNAIs®ov@Ed whi ch the
invention is particularly suited is collection of DNA evidence froma crine

scene, esyiiden [foryaniplifichtiannsofas hyalioqur thetlelssidbntifledtto bé essipmedi tut a oEudDNA
recovered is sufficient for anplification so as to allowthe alleles
identified 081%e adwipgesent invention therpsore poryides aTimshqsk for amplificatiemof low t her ef or e
provi des a nmethod for amplification of |ow copy nunber of DNA such that the
al | el es SPpmmbePfRNAsachbat the plisles appdidisd gandee geénalvpkyaﬁyg%i to g lo@iBs ygot e

or a heterozygote. The present,.i nventjon further proyjdes wab device for
sl S BBAB0E o A PPy D L TRPTEfent B atioh CUBIga It UL TR EL 1 o
fingerprint.s.;[0020 he i i I OV a.device for collecting an
aln a?y z gb’?%‘%ﬁlo%ﬁ?@%’]f Of&f&e Ia?l\r()gnms g?ﬁr(gh)nﬁ lec\rﬁ?)qugﬁ?mécnﬁ%iystﬁ?tf %38 ; m%%ﬂ‘ali’tlf‘s ? ng a

hol der TegnadaY IR ifchiibShro®s R06iaERPBLNccilthy AR IPMoGAICEAIA N0

menber edto collect a el ease an analy nmount o

conpri si figna MRkt yPd ﬂnﬁ@&icaﬁlﬁﬁsﬁlg h$bldentebél HemeRdireNsd aBdsdtogdd _
attached to the first end of the hol der nenber, wherein the cotton yarn is

not wr apgmedaral DDNA ddilecting mdanber maafiat totcolléad tund ®ldastan abayzENdamoldtett i ng
menber can be prenoistened, or used to collect a sanple that is treated
with a sBNgl, comgprohga caten yainsimymeoviindeshdiand second brod] eadh endlaitaghed haethe DNA
col l ection device. [0021] The present invention further provides a kit for
col | ect i gt end ofitka l}é@g@ member, wherein the cotton yarn is not wrapped around the holder
member to form a bud. The DNA collecting member can be premoistened, or used to collect
a sample that is treated with a sampling solution. Also provided is a method of making the
DNA collection device.
[0021] The present invention further provides a kit for collecting an analyzable
amount of DNA from a fingerprint which includes a container and optionally, swabbing
solution. In addition, the invention provides a container designed to prevent contamination of
swab following sample collection.
[0022]  The present invention further provides a method for collecting an analyzable
amount of DNA from a surface, comprising contacting a DNA-containing surface comprising
a fingerprint with a DNA-collecting device which comprises a holder member having a first
end and second end and a collecting member adapted to collect and release an analyzable
DNA, comprising cotton yarn having a first end and second end attached to the first end of
the holder member, and releasing the collected DNA from the device.
[0023]  Further, the invention provides a method for analyzing DNA from a

fingerprint, comprising collecting fingerprint DNA with a collecting device or the invention,



amount of DNA froma fingerprint which includes a container and optionally,
swabbing solution. In addition, the invention provides a container designed
to prevent contam nation of swab follow ng sanple collection. [0022] The
present invention further provides a nethod for collecting an anal yzabl e
amount of DBNA2YPERRY surface, conprising contacting a DRATABR4M3Hy surface
conprising a fingerprint with a DNA-coll ecting device which conprises a

hol der menpber having a_ first., end and cond end and a .coll ecti.ng nenber
adapt ed Tel5asing %Ph\l“gﬁédr"élla ég’éﬂéﬁfelfﬁ%jﬁ\é&ué‘ngmh CBHPYIREY AR ton yarn
havi ng a first (&N and second end attached to the first end of the hol der
menber , &ihge PRIl ng the collected DNA fromthe device. [0023] Further, the
i nvention provides a nethod for analyzing DNA froma fingerprint,

conpri SipRTAM.EPOESCRIPTEENPrint DNA with a collecting device or the
invention, 6 WD 2006/089297 PCT/ US2006/ 006302 releasing the DNA, and

anal yzi ng t[Ae24] el daswelyBNtaasdINg samplegfiomensdades ppteyti FIPRabNg low espy ng

prot ocol . DETAI LED DESCRI PTI ON [ 0024] To analyze trace DNA sanples from

sur f acesuFBeRdGNI PYAiepesiigd) ibis neeassary Furidmize borl thermodrtns QN.n.g thatist s

necessary to naximze both. the anount of that is recovered by a

sanpl i nge@éf\fﬁegg,y GHADRReHiRs I BF SERUORRNA . 678 ek A TP A Ko yzed
fromthe. sagpl i ng,.deyi ce. [0025] To inprove the collection and anal ysis of
crine SC’%%H%W@W%%W&C& the inventors have devel oped and tested a variety

of materi al[ﬁ@ZﬁhPsﬂgﬁ%xip?cwe%e %Jllgctf)ornda?lﬁ 3%%%52365{ A sc I%%VE(%E& He on LCN DNA

. C .
fromfingerpri ot her trace evil sever aF conmer i ae%’l y avail abl e

mat eri al; r ' iLdot ; i
ifty MBI €hdve e L op e anfihEikdd aaxféhtefy of njaferRRS %5 Eaﬁ@ﬁlla{ &l 6280 %d"égosi Ced

DNA- cont ai ni ng sanpl es, which i ncludéd skin ce and skin cells

on sur f aaERs DNA festingf orf DENDNARM fhderpriied Adi ofiger habeswidenoel seddpgs and swabs
conposed of mcrofiber, polyester, foam natural fabric and Dacron(r)

( DuPont )commaraallyesitadiable matdriagewqre tasted for(tREAcatolifytd absorivandrelenseiDyAlused swab
in forensic laboratories.) In certain tests, the extracted DNA sanpl es
DNA-containing samples, which included skin cells and skin cells deposited on surfaces. All
of these materials including tapes, and wipes and swabs composed of microfiber, polyester,
foam, natural fabric and Dacron® (DuPont), were tested on fingerprints. (Dacron® is a
commonly used swab in forensic laboratories.) In certain tests, the extracted DNA samples
were analyzed for the number of correct alleles called and the absence of drop-ins.

[0026] It has been found that various cotton yarns, available in many weights and
configurations, provide for superior absorption of cells and DNA-containing cell debris,
combined with superior release of DNA in extraction procedures. Accordingly, the cotton
yarns provide improved substrates for recovery and subsequent release of samples of low
copy number (LCN) DNA, particularly from fingerprints and other trace evidence.

[0027] The yam structure provides a large surface area per unit volume. As
compared to compact bulb-shaped collection devices (e.g., a Q-tip-like device), yarn fibers
are linear and extended with a significantly greater surface to volume ratio. It is considered
that the surface area contributed by the yamn fibers is better approximated by extended linear
(e.g., tubular) components. The linear components include not only the extended piece of

yarn incorporated into the sampling device, but also the multiple plies and fibers of each ply.

Without being bound by such a limitation, it is considered that the yarn structure promotes



were anal yzed for the nunber of correct alleles called and the absence of
drop-ins. [0026] It has been found that various cotton yarns, available in
many wei ghts and configurations, provide for superior absorption of cells
and DNA-containing cell debris, conbined with superior release of i

DNA
extraction pY SUEMEYs. Accordingly, the cotton yans pr SHTHSZ3Y3%d "

substrates for recovery and subsequent rel ease of sanples of |ow copy
nunber ( t f romf i. j other trace evidence.
(0027] TRERbeionfBh g b lon HRHLDRERHLL S A, FOOEE o RRR B e

conparedd&ﬂlgggﬁﬁgh'buIb-shaped collection devices (e.g., a Qtip-like
devi ce), yargn Ibers are linear and extended with a significantly greater

surface to [0ob8Ime A driddy of lisefifl c61sISyaBRIeSlavalliit fohevaaidht AeBuféteRs CRNt ri but ed
by the yarn fibers is better approxi mted by extended linear (e.g.,

t ubul ar) ceetaimpmitedinsents] ie JarmBarmixanPofwitds withahottier materisinfoy exdmgplgxt ended

pi ece of yamincorporated into the sanpling device, but also the nmultiple
pl i es anaboiui H¥6 sr greatenerdtitop) gr. aboiy §Shoort méreicoifprh duradothyr sutxddiraeritj the yahi on, it
is considered that the yam structure pronotes 7 WD 2006/ 089297

PCT/ US208600%63601. i ncr eased absorption and adsorption of biol ogical
material, as well as release of nucleic acids during extraction. [0028] A

variety of 98eflul Gtonaamys spuniran Sissontiapeys fhernvhish rangs fivanaimedtor es. 1 n

certain enbodi ts, t nis.amxture, of cottan with another material,

Cor o e R s o SN Al et ndl e arlym Sk b S G et Con |
th i . i 1009% tt 0029 .t i f

i scont i TIBISE b Wik el BodVig i et G Sl b3 Gl O

Mul tifil ﬁiﬁﬁ% f ﬁ@g%tmupﬁpgt&%o aanTﬁﬂéinitWe ’ grcmf%! dgéglrallelrf%\é Phiclp! Ot her

sui tabl e forns Ich are we e para rs can be tw sted

t oget her pmaPbr m&?h’é‘qbe&@isﬁe@r O HeltEtos AR by YRMsce BBAIWAS CIPAre WaLidhily Ndufd Bedhe vel y, a
core of parallel fibers ich nmay or may not be twisted, iS held together

by surf aggerddrbafscewiithelyaat eorbebévead] kyando uhwhra(plieBemagké visted togethétee of t he
yam core. Several strands of yarn (plies) may be tw sted together to forma
cord or fompe.cord or rope.
[0030] In one embodiment, a yarn can consist of cotton fibers spun into fine threads.
The threads are then twisted together to form a yarn. For example, Splendid, which is one of
the exemplified yarns, consists of three plies. Each of the plies qonsists of 9 twisted thread
pairs.
[0031] Woven yarns can also be used in the invention. Exemplified woven yarns are
Rowan and Capri, which consist of cotton threads woven into a flat tape.
[0032] Also, a variety of yarn weights may be employed. One measure of yarn
weight is needle or hook size which relates to the use of a yarn in knitting or crochet.
(Knitting requires knitting needles (straight or circular), while crochet uses a crochet hook.)
The needle or hook size is determined by the yarn thickness and gauge. “Gauge” is the
recommended tension (or number of stitches and rows per inch) that is used when knitting or
crocheting a particular yarn and is related to the weight of the yam. The yarn weight can be
any weight that is convenient for forming a swab. In a preferred embodiment, 100 yards of

yarn has a weight from about 25 grams up to about 250 grams. More preferably, 100 yards of

yarn weighs from about 50 grams to about 100 grams.



[ 0030] In one enbodi nent, a yarn can consist of cotton fibers spun into fine
threads. The threads are then twi sted together to forma yam For exanple,
Spl endid, which is one of the exenplified yans, consists of three plies.
Each of the plies consists of 9 twisted thread pairs. [0031! Whven yans can
al so be useO2WoPHE% nvention. Exenplified woven yarns @V po38hd Capri
whi ch consi st of cotton threads woven into a flat tape. [0032] Also, a
variety of jghts may b | oyed. One nmeasure of yarn. weight is
needl e or h@géﬂs@éﬂ?ﬁrﬁx@ﬂpﬁé Iog?cgg’l‘)‘tyﬁﬁisﬁl@t ﬁ@’gbeo‘fse a‘ﬁf&?‘ﬁng t[zﬁP’tVF?tFPS‘ or
crochet . hifl equiy.es knitting needles (straight or circular), while
crochet lﬂlgfélg&gh%:érrggﬂg%%{)@) The needl e or hook size is determ ned by the
yarn thickngpssandigaggan " Gauge” is the recomended tension (or nunber of
stitches and rows per 1'nch) that is used when knitting or crocheting a
particular yarn and gsurt€iBieSky R1pabe Mei ght of the yam The yam wei ght can
be any weight that is convenient for formng a swab. In a preferred

enbodi ment, 100 yar ds008% orguaicreohi@s a wei ght from about 25 granms up to about
250 grans. More preferably, 100 yards of yarn weighs from about 50 grans to
about 100 grans. 8 VWeRh@6/0089207pRCH) W8EO06/ 006302 [0033] Sone exanpl es of
cotton yans that can be used according to the invention include, but are
not limted to: [003@pugs: déo SeitThesgsuinek: Bl ue Sky Al pacas, Inc. 100%
organic cotton Weight: 100 grans per 150 yards Gauge: 4 to 5 stitches per
inch Needl e size: 7N¢elosigsTd89%YS 80 Lot: 3913 Appearance: A twisted two
ply yarn with a tradbgfocr).%l ropel i ke

Lot: 3913
Appearance: A twisted two ply yarn with a traditional ropelike
appearance. Each ply consists of twisted fibers.
[0035] Capri™
Source: Tahki Yarns, Stacey Charles, Inc.
100% Egyptian cotton
Weight: 50 grams per 52 yards (48 meters)
Color: 001
Lot: 3175
Needle: 13/15 (9-10mm)
Gauge: 3 stitches per inch
Appearance: flat shoe string with tight weave; smooth
[0036] Mayotte
Source: Plassard
100% Cotton
Weight: 50 grams per 90 meters
Mayotte has a thin thread wrapped around a core of parallel fibers giving it
a'rope like appearance with fluffy threads (not well defined)
[0037] Rowan™
100% Cotton



appearance. Each ply consists of twisted fibers. [0035] Capri TM Sour ce:
Tahki Yarns, Stacey Charles, Inc. 100% Egyptian cotton Wi ght: 50 granms per
52 yards (48 neters) Color: 001 Lot: 3175 Needle: 13/15 (9-10m) Gauge: 3
stitches per inch Appearance: flat shoe string with tight weave; snpoth
[0036] MayoWPS0%H8¥¥E: Pl assard 100% Cotton Wi ght: 50 BEBHS000600 et er s
Mayotte has a thin thread wapped around a core of parallel fibers giving it
a rope |like appearance with fluffy threads (not well defined) [0037] RowanTM
100% Cott on 9 WD 2008F£ight 20 granespelish guds (fderdars) Wi ght : 50 grans per 71
yards (65 neters) Stsgga% gélo Lot: 821 Appearance: cotton tape; flat
shoestring with | oo é [ 0038] Splendid Source: Mndial 100% Egyptian
cotton 100 grans, ]]909- fg‘;z‘qters

Appearance: cotton tape; flat shoestring with loose weave
[0038]  Splendid
Source: Mondial
100% Egyptian cotton
100 grams, 100 meters
Color:100
Lot: 49
Appearance: a three-ply yarn with a rope-like appearance; each ply
consists of nine pairs of twisted threads.

[0039] In aswab of the invention, a length of cotton yarn is affixed to the end of a
holder. In one embodiment, the cotton yarn is formed into a loop and affixed at its free ends
to the holder. By forming a loop, fraying of the yarn is avoided, and a more resilient self-
supporting structure is provided for contacting the sample collection surface. In another
embodiment of the invention, a length of yam is twisted or curled to form a small ball and
affixed at its free ends to the holder. In another embodiment of the invention, the yarn is
folded to resemble a fan, having two or more loops, and affixed by its ends and the base of
the loops to the holder. In a particular embodiment, the yarn extends from the end of the
holder, attached to the holder only at discrete points (e.g., at the yarn ends for a single loop or
ball). Such an attachment allows easy separation of the major portion of the collection
surface from the holder for sample extraction (for example, by detachment of the yarn at the
holder end). Any tendency of the yarn to fray upon cleavage may be beneficial for
extraction.

{0040]  Although any length of yarn can be used, the length should be chosen to be
convenient for sample collection and extraction. For example, when used with an automated
extraction procedure or a robotic pipettor, it is often desirable to minimize the amount of

cotton in an extraction procedure so as to avoid interference with the pipettor. As the volume
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Col or: 100 Lot: 49 Appearance: a three-ply yarn with a rope-1like appearance;
each ply <consists of nine pairs of twisted threads. [0039] In a swab of the
invention, a length of cotton yarn is affixed to the end of a holder. In
one enbodinent, the cotton yamis fornmed into a loop and affixed at its free

ends to t NP HEI7 By forming a | oop, fraying of the VaMUS3e¥3®ed, and a
nore resilient self- supporting structure is provided for contacting the

I | ecti f : th nhodi t .of the i [ I h
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yarn extends fromthe end of the ol 'der,” attached to the holder only at
di scr et eyiglgioNDNA gsifig a 3 @in leh@h yAyareNHise proferied $nboditchQ @R yain leB@hliy . Such an
attachnent all ows easy separation of the major portion of the collection
surf ace frommbduth®.5hoh teaboliod crrafph moeeqirefeatd embddiorent Henjatrelengiy idedachment  of
the yarn at the holder end). Any tendency of the yamto fray upon cl eavage
may be babet(.¢3 e té about 3xtn. do wiperticupdp aGerridt enthodimentythd yary ldmgthfis yhouh can be
used, the length should be chosen to be convenient for sanple collection
and extrh&®ion. For exanple, when used with an automated extraction

is. often t he
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ith th i . | 0 WO 2006/ 089297 PCT/ US2006/ 02 f
ol |d s: PR Siak) isBeeddp ¥ Bukdabin e M OPR Ropharing 2 Sanepat pboRtg an, < o
F i |
(ota sorAREIBEpKATATRAE Soop TELu BATRE fplaBE yEIn gy AE A ABSHRA" | T2 2

data set for he "yi el _ pl'es using a 1 cm
| engt h of 3 YA RoMEshiftPhuARP h&6d ABbMrtch! §heRémbmaHM d¥aryvEkbEt RrmDiMy using a
3 cmlength of yarn. In a preferred enbodi nent, the yamlength is from
abo ]tht 0. Pagiivnt RnafhAUbwS férBonvdhicat Eemkrefu fetivh & fiRtxeadialisoriibn it Hesyam | engt h
is from

microfuge tube such that the yarn fragment is displaced to the bottom of the tube so as not to

w2

interfere with a robotic pipetting apparatus.

[0042] The swab holder can be any material useful as a holder for the collection of
samples on or in swabs. The present invention contemplates the use of materials including,
but not limited to wood, plastics, resins, and various synthetic material. The holder may be
rigid or flexible. In a preferred embodiment, the holder is of a material that does not absorb
moisture. In a preferred embodiment, the holder is made of polypropylene or other plastic
that minimally absorbs or binds to DNA. The holder may be designed such that the swab
head is easily separated for sample processing. In addition, the holder may be designed to
allow easy attachment of the swab head by simply tying, gluing or heat-shrinking to the
holder.

[0043]  For sampling of fingerprints, it is usually preferred to use the swab with a
sample collection medium (or “swabbing solution”). The medium can be used to wet the
fingerprint prior to swabbing. Altematively, the swab can be moistened at the time of sample
collection by wetting the swab with a solution prior to contacting the fingerprint. The
solution may be stored in a container, such as, but not limited to, a dropper bottle. In such a

manner, the swabbing solution maintains sterility and avoids contact with outside
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about 0.75 cmto about 2 cm In a particularly preferred enbodi nent, the
yarn length is about 1 cm [0041] In an enbodi nent of the invention, a
| engt h of Mayotte (Plassard) yam (U. S. needle size 7) is attached to a
hol der in the formof a | oop having a dianmeter of about

, m After
sanpl e col %%%q0891§92%7he |l oop is cut fromthe hol der, vyi elpgiTﬁJg?gan?%ﬁ?zfragrrent
of about 1.3 cm fromwhich nucleic acids are extracted. The conbi nati on of

ut 1.3 s are extract ed. i nat o
i he oarvmiRig, A VoA e SR b R e SRR B BN D

fragrrentthgﬁsgf',éghapﬁgtm(;flggmplg{[g(om of the tube so as not to interfere with
a robotic pipetting apparatus. [0042] The swab hol der can be any materi al

useful as ajobgdjderA @atety bLswabblrRGblutbnsan bs aked, @Bichindidd, buts¥@Rs. The
present invention contenplates the use of materials including, but not

limted lmitedtogdphosplasd buffered exdine @B iifferant consersnatibimadfii®phepaeslj ehanolhe

hol der may be rigid or flexible. In a preferred enbodi nent, the holder is
of a mat &d HS.t Garentlye® 0 HotSRibis dhaprefoned swabbingl solusiopr Sebbingisadwutinmdnaent , t he
hol der i s made of pol ypropylene or other plastic that mninmally absorbs or
bi nds t oalpNacluge, Bpidy | caaymessandiothey absignesd comarenbhiaind Meskivab  head is easily

21 Tow casy. BPHSCRHAFIBEC TiAD Sah RS by Gy of g Dblng or - o
soual 1y BRoIARa et §¥1e SRphR B un iRt wofn BT ool FTRR v o 1

usual |y BFet &7Pel®y & U85 W H BAHER U (or
o cvabbl g i B hdatof ORTER GRSV RS SPut R e fBIFREDND Sl

col | ect i QRerlPMaihdihrBd atd'éhonVBlt Hih&IBd RsePQlaly 1@ PreREt RbnthRi@B4 &6kl Jigkrt he
fingerprint. The solution may be stored in a container, such as, but not

limted h@mandsodiceP@aingtdé thtere sdipliigGhd proceBMarocebdts. swabbi ng sol ution
mai ntains sterility and avoids contact with outside 11 WD 2006/ 089297

PCT/ US2006/ 006302 Tcoatatrcosanmatidy, therimentioe byovideh e centainerciato vigclpa ovi ded
pre-noi stened in a seal ed package that is opened at the time of sanpling.
sample-containing crime scene swab may be inserted for storage and transport. The container
is designed to readily accept the swab and prevent contact with contaminants (e.g., cross-
contamination with other samples of contamination from personnel present at the crime scene
investigation).
[0047] In an embodiment of the invention, the container is a box that contains a
retainer into which the holder of the swab is inserted. The retainer can be, for example, a
styrofoam block. The styrofoam holds the swab in position, such that the swab head does not
contact the walls of the container. In one preferred embodiment, the container has a square
cross section. In another embodiment, the container has a round cross section. A cap is
provided that engages the open end of the container to prevent contamination of the swab
head from external sources. The container can be made of any material and may be
disposable. Optionally, the container may be designed to promote or prevent drying of the
sample-containing swab. In one preferred embodiment that allows for drying, the container
is cardboard. In another embodiment, the container is perforated. In yet another
embodiment, the container includes a desiccant.

[0048] In another embodiment, the swab and portions of the container are integrated.

For example, the end of the swab holder opposite from the swab head is attached to a
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[0044] A variety of swabbing solutions can be used, which include, but are
not limted to, phosphate buffered saline (PBS), different concentrations
of isopropanol, ethanol, and SDS. Currently, 0.01% SDS is the preferred
swabbi ng s g\rvabbl ng solution may al so include mes and
ot her subs%&n%:dgs/&g &rmonl y found in skin. [0045] A for engcg"gaﬁ)g/%@@éd for
retrieval and analysis of human DNA is nmanufactured as sterile swab using

met hods &demrbéb 5{@ uftt br cﬁéﬁ?ﬂ?c ?éé{loﬁw}\s ﬁﬂ& 1i@riddY conthihddygd | on, and
g 'so be f ?

heat or chem cal rilization. e swab s ree of Ruman DNA
when rrarméeafau&ec&narl@ eBEHRH] ﬁ@emrﬂsﬂ &ﬂlb@&e@wasahd Yapt %tnh@aﬁﬁ& sde@dli@dm nat i on
fromother human sources during the entire sanpling and processing

pr ocess et pai}s afe sgpaenal)thecanprtbDatddpand thhewahaeidap @6 -cigaped o/h tie
container into which a sanple-containing crine scene swab may be inserted
for storabe Antbove.dhsportainer iy eolesigheddo pramotd espigned drying efitle kamplecept t he
swab and prevent contact with contam nants (e.g., cross- contamnation with
ot her sa‘f?ﬁtae@ngﬁw@ont am natl on from personnel present at the crine scene

i nvesti gati;ﬁ %ﬁ Qrgl ;" errbodl ment of the invention, the contajner is a
box that cdfiPiins &b & RGP 901 CORLAIMGE X ATlERtIoBor PiOEe8 AAHEFE S nser t ed.

{he svarl® rﬁétb S amc S B BTy ilalen e SRR ocele Bt diapor e | 5 of
the cont In oHe onk ﬁl%{lte%%‘l%gnsem?e%hgﬁﬁfoh z{?lg (fsprﬂ{ fl&ﬁ% tltr]ea Snfhinen VA ©

Cross sec I I'n ano er e I ner as a round cross

section., &c&x?cpemb%duﬁérﬁvthg ﬁﬁnﬁﬁ@aﬁoﬁ ROANER AiticheARSbr 1Hﬂceg1tahgar95¥\h@i ner to

prevent contam nation of the swab head from external solrc e cont ai ner
can be nxe®. dfondiyitiARidRhtiAtatidn dedtiYys BEludé ibaPAS abl 18nitdddbl BBes Witich il

contai ner may be designed to pronote or prevent drying of the

sanpl e- ciorttaadwiitien, buvadvded, fadio frequent eideificatittoM P tagh,huat tled likews f or dryi ng,

the container is cardboard I n anot her enbodi nent, the container is

per f or at sdhrmiahioytetbeaewirdest for earh satnple nt group ef seonpiesi wand inshidedfes exangpdsi ccant .

[ 0048] In another enbodi nent, the swab and portions of the container are

i nt egr at #e nameef a axaepicac anahyst.avierinst, complasiianmbel, yisiimogpricaton, fhem t he swab

head is at ached 0.a 12
swab type, and crime scene information, such as other persons present, the presence of

fingerprint powder, and the like.

[0050] The swabs of the invention can be used in high sensitivity PCR DNA testing
protocols. PCR DNA testing according to the high sensitivity PCR DNA testing protocol
produces full STR profiles from amplification of as little as 25 pg of DNA, or four cells, and
partial profiles from about 12.5 pg of DNA, in a high throughput manner. The method uses a
simple extraction with detergent followed by concentration. Quantitation by real time PCR
of ALU sequences allows negative samples can be eliminated. Positive samples are then
amplified with a commercially available human STR megaplex kit such as AmpFISTR®
Identifiler® PCR Amplification Kit (ABI) or PowerPlex® 16 System (Promega). Optimized
data analysis produces CODIS, or database, eligible DNA profiles while compensating for
artifacts of low level DNA amplification.

[0051] The DNA-containing sample is extracted from the swab of the invention by
incubating the sample-containing swab in a sample buffer for a time sufficient to release
nucleic acids. In an embodiment of the invention, the sample buffer comprises SDS and

Proteinase-K. In one example, a sample-containing swab (which may be separated from the
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WO 2006/ 089297 PCT/ US2006/ 006302 cont ai ner cap of square or circular cross
section. A square or cylindrical container tube, <closed at one end, is
engagingly fitted to the conbi ned swab and cap. At the crine scene, the
cont ai ner eparated, the sanple collected, an swab and cap
re-engaged%%@‘S/%?Ftube. As above, the container may %8“@%%?“‘3@%68&0
pronote or prevent drying of the sanple- containing swab. [0049] The swab of

the i ' £ 3 ' t bot h
e 1 nvapfdd s%cuﬁatg@lr?;)ﬂg:]%[%fi éI/PSBS%fx&Q% n?é/?azgﬁrtéﬂa%eﬁ?t as@ftlj ?‘14?%9% (or bo

t he swab and contai ne 'y 1ncludes a ureto

i dent i f iteatd With SakinB@t 14BE folloWe@B§ 2@ UhadL MAbatich 8o Mfanb@enti fication
feature is attached to the container. In a second enbodi nent, the

i dent i f i eddodiiferft @ Aithe ifvehBorg tHedam@ib-dodtainifig swabAid incabaed @l 200Ut ofdf.03%he  swab.
Non-limting identification features include, but are not limted to, |abels
whi ch ne8DS el h@htheg/mlk RretejnakeaK at baf€for 3Gtins. Witk shedimgyat il d@htpinf, ifcladwedn ( RFI D)

tags, and the |like. Information to be recorded for each sanple or group of
sanpl es ol Gmingcingehation afr958kafiglpeion of the mefsmedsample bifis cew badetenmihsist |
precinct, conplaint nunber, victim.identification, the swab t)f/pe, and crine
scene i Mo FraGdstisas hased 380 eonsiderstips ghsevprabiagiers, nchuing the bpe ot of

fi | nt wder , dt li.ke.. ] 005 Th wab f the i ti b
T D B S e L A00P0) ThR suae oL Al Ltentign oan be
di t i . itiwvity  ,PCR i t & d full
aceordi 0 Uobhe Mg aBnSLitld SpRET PR EEIANg AptgBa P oduces (ul)
o0 DB hEA A0S 12 2R Bl Ml 1) 8 010N S pBOBLE
d

concent rFkAdBss, SaiPdthirifdddddBr Bymieadt 2400 Chhe DNAAL Hief RAHATIESD-BI LIOYS
negative sanples can be elimnated. Positive sanples are then anplified

W th a oweareEhdeB alihy ae3600phl dhbustmeST Rershgapliedepkhdensort theas luArgf HETR( 1 )
Identifiler PCR Anplification Kit (ABI) or PowerPlez 16 Sy_s%"eﬁn&&(i)neg?i) I o
\%ﬁf : (ran éngz:;tzrgtalia%m?%rmﬁgqﬁ??gf?t:o rg;ﬂﬂ}l g\l/lvaliﬁ;e\? mﬁ?&\ﬁf?ﬁm i on. fgﬂogl] The
DNA- co ntl‘gPW IdentferpY kitj Altespptivedy, dep ¢lutedDNHecanepremipitated Withy isapiopaoby
 ncubating, t he. sanpl ¢-containing svap.in a sample buffer for a time
[0053] The swab of the present invention provides for recovery and release of low
copy number (LCN) DNA in an analyzable amount to enable identification of multiple loci
for comparison to a crime database. In an embodiment of the invention, an analyzable
sample allows identification of four or more loci. In New York State, to be compared to a
DNA profile database, samples from an alleged perpetrator must yield six or more loci.
Accordingly, in another embodiment of the invention, an analyzable sample provides for
identification of six or more loci. High sensitivity PCR amplification methods (e.g.,
Identifiler® and PowerPlex®) can provide STR profiles from as little as 12.5 pg of DNA or
less. As exemplified herein, the yield of DNA from fingerprints ranged from about 10 pg to
about 60 pg.
[0054] Methods of STR analysis are known in the art, and kits and reagents are
commercially available. For example, the PowerPlex® 16 system (Promega) is a multiplex
STR system for use in DNA typing, including forensic DNA analysis. This system allows
the co-amplification and three-color detection of fifteen STR loci (Penta E, D18S51, D21S11,

THO1, D3S1358, FGA, TPOX, D851179, vWA, Penta D, CSF1PO, D16S539, D75820,
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nucleic acids. In an enbodi nrent of the invention, the sanple buffer
conprises SDS and Proteinase-K |n one exanple, a sanple-containing swab
(which nmay be separated fromthe 13 WO 2006/ 089297 PCT/ US2006/ 006302

hol der) is incubated in 200 L of 0.01% SDS and 0.18 ng/m Proteinase K at
56C for two ORYYPPRN th shaking at 1400 rpm fol | owed byPG/UB0M4OME302

i ncubation at 99C. In another enbodinent of the invention, the

| e- taini bois, i bat.ed, jn. 200 gL of 0.05% . SDS d Q.72 /m
Pr ot ei ndYe SRl ARERESTIE) aEbARFREcnY AH SGiRRINY s empiiod sRIARENSIVRE by a 10
t] t 95C,. Sel.ecti .0f . 1 he. d le buff b
det or m HatH o e Pl ¥ BB U SB L AE) B ALTBR & EBberal
fact , i . -an i f th
uab o coll 5ot nakangiRl oRieindE kR eEHha I RhEASE YREemHlated 2° Goeq ™
to eithehs ashia6RGRAy adifRnlly &n%&ﬁ%@és@%ﬁé%ec&&{r A6 tncE)ﬁéd%n.pr etreat ed

with 200 L of water ‘containing 1 ng of poly-A RNA 10 preve DNA | oss, and

cent ri f el adcetsodibs Hichide swdbbaRQBIutiBM 1abdls iddbMictichstMantiRk db&shdnt. 2825 L of
water for 3 mns. at 3600 rpm The volunme of the elutant is dependent on the
vol une aizeblithe KdNAet erepluaiber sfequplee gerfkit) wiltpk dictated byostinwg scbneddsal f reacti on
of the PowerPlex DNA typing kit or ldentifilerTMkit. Alternatively, the

el ut ed Dbiectian phoquie diopiexatdel one ki that spruneathobsing wablatad osntamsethanol and
stored before anplification. [0053] The swab of the present invention

provi deswaby bacaess s PNAHGDing labgeéory pgiepthto yppsix sunples per berglarpNA i n an

anal yzabl e ampunt to enahle identjificati gn of rultiple loci_  fqor conparison

to a crinme [0Apa&¥H coyrse.dhis trbsouidgisinod gpd expecten foah ¥ rgations i the BINCIRIEY e

I || i ificati f f 1 OCi . | York .Sfate, to b
S R b S O AR s P SR B L
must yi el gh Shoir@ldIR . b BE et db GALM 9 Ldpe bR RRL NG RIRGG! ment of - he
invention, an a_na_fy_za e sarrpul e provides P T RERT T CAL T 6N of six or nore
Loci . H ah [6@g1 Ul {oterioR, ABRIohEA ftkinoRe HELBOARAIR tinepiifignt [ 1] er and
Power Pl ex) ‘can”provide STR profiles fromas fittle as 12.5 pg of DNA or

| ess. As exenplified herein, the yield of DNA fromfingerprints ranged from
about 1EXXAMBLESbout 60 pg.

[0058] The following examples further illustrate the invention, but should not be

construed to limit the scope of the invention in any way.

[0059] Example 1 — Comparison of Swab Materials for Generation of DNA
profiles from fingerprints

[0060] Fingerprints of donors (ten fingers) were deposited on chrome doorknob. The
prints were swabbed with approximately 1 cm length of a Dacron® swab or pieces of
Rowan™ yarn, cotton wipe, microfiber (streetfair), microFiber (sa-73481¢), heavy polyester
(sa6254), and light polyester (sa6209) moistened with 0.01% SDS.

[0061]  Samples materials were incubated in 200 pl of 0.01% SDS and 0.18 mg/ml
Proteinase K for two hours at 56°C with shaking at 1400 rpm, followed by 10 mins. at 99°C.
Two hundred pl of water and the 200 pl of sample were added to a Microcon®-100 and
centrifuged for 15 mins. at 2400 rpm. DNA was eluted with 50 pl of water for 3 mins. at
3500 rpm.
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[ 0054] Met hods of STR analysis are known in the art, and kits and reagents
are commercially available. For exanple, the PowerPl ex(r)1l6 system
(Promega) is a multiplex STR systemfor use in DNA typing, including
forensic DM i S. This systemallows the co-anpli{} '
t hree-col o d@[}@@?ﬁgn of fifteen STR loci (Penta E, D 8&*5@%%@3&@5@ THO ,
D3S1358, FGA, TPOX, D8SI 179, vWA, Penta D, CSFI PO, D16S539, D7S820, 14 WO
2006/ 08929 F05]/ US2RORY 08RAGas AH-HE3L Gin<bu/oRHBE0)s AT ANPLABRM Yo Y |
(T:Ii aearrplﬂie Il i Je a1 %‘Ee aﬁghé;tﬁa

sixteen |l o simul taneously in a single yzed in
a si ngl enimifRaké inftBRNSh, ex@PEIhNiZE dyclRs weRMgi6yadd ToR) ulladae. [ 0055] The
swabs and containers may be individually packaged, or assenbled into Kkits.
Such ki tanplifigatisideddtion akddpcis evereinjected yn an A RoisireS 00 dereXsst yt 5 V. sanpl e
coll ection. Such accessories include swabbing solution, |abels,

i nstruct i orl8063nd Values areckxprassedias theHercenigpe ef airettradlelc det¢iminations (thennunber
of sanples per kit) wll be dictated by crine scene data collection

pr ot ocol Y- stimslarddexinbion) fop A exparimentsayith é5 angorint symples RpweanyY ceitoadagvint ai ns

six swabs_because the typing laboratory agreed to type.six sanples per
bur gl ar .=3?dee§%}’olwt%roﬁ? L hefW noeptgr B ks wan%wdsté%géa&@& t hat

vari ati i,0,the inciples of the invention herein disclosed can be nmade
by one %%g%ﬁ?lﬁrﬁbgr'é}%’gﬁﬂo?t' rli‘g)(?i ntended that such nodifications are to
be i ncl udedamk 4 hi o oy | PNy ] l.yr ef erences
nment i oned g&e‘llt]n ;rP 'gQ%@o%?%?%%ﬁﬁyéﬁ%i%?%lédn@?g{dyfw I%%(%S/%E'Ege%'(}(%%] The
fol | ow nehegxRNRb@Sof fik fA8Ficd frbviadd Shfar BGults MR WetdRferiBH o tﬁ%‘@&{oﬂﬁﬁf“ be

construed to ITmt the scope of the invention in any way. [ 0059] Exanple 1-

Conpar i sBetOir HibedTibVR (45 +/abe}; ei73¢enemakéfber ofo EANES. 570 Heh v Esol esR148.4
fingerprints [0060] Fingerprints of donors (ten fingers) were deposited on
chronme dgol¥aphightidodyester (38-8- Mo Fwadohied wipetprodiepd onxlly2813et/y3s conrdoengt h  of
a Dacron swab or pi eces of RowanTM yam cotton w pe, m croFber

(str eet faalls, and HiedPasFirh eswab gancrdadanly )1 6. 1néalB 9P sbiresicells. Husther §)resulind | i ght

pol yester &Sa6209) noi stened with_ 0.01% SDS. ) )
for the cotton yarn were superior to the best microfiber swab candidate (swab ss-1) which

generated 56 +/- 38% correct allelic determinations on the surface of the chrome doorknob
(not shown).

[0065] Example 2 — Comparison of Swab Materials — DNA Sample Absorption

[0066] Absorption of DNA in a DNA solution was determined. A 4 ng DNA sample
in 10 pl of water was placed in a microfuge tube. Cotton materials approximately 1 cm were
placed in the tubes for 10 mins. at room temperature and then removed. Two hundred pul of
water was added to the tubes to resuspend any remaining DNA. After incubation for 20
mins. at room temperature, the samples were concentrated to 25 pl with a Microcon®-100
microconcentrator. The amount of DNA in the samples was determined with ALU based real
time PCR. Results are expressed as the amount of DNA measured divided by the starting
amount of DNA.

[0067] Very little of the DNA in the microfuge tubes was not absorbed by the cotton
swab materials. (Fig. 2) The amounts of DNA remaining were 0.22 +/- 0.19%
(Mayotte™/Plassard), 0.42 +/- 0.19% (Capri™) and 0.4 +/- 0.18% (Rowan™).

[0068] Comparison of Swab Materials - DNA Release from Swab
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[0061] Sanples materials were incubated in 200 | of 0.01% SDS and 0.18 ng/ m
Protei nase K for two hours at 56C with shaking at 1400 rpm followed by 10
mns. at 99C. Two hundred | of water and the 200 gl of sanple were added to
a M crocon -100 and centrifuged for 15 mins. at 2400 rpm DNA was el uted
with 50 | SYOMMP&P¥or 3 nmins. at 3500 rpm 15 WO 2006?65@%"?6/006302

PCT/ US2006/ 006302 [0062] A 10 | sanpl e was anplified with PowerPl ex(r)16

ycl os owbr OB ouBA To B e TRAG Sl Res Pt Stbirtiec JOPORE BF BB Hher o
i nj ect ed a@he&%hreap B 08 ée&to%gy gpgﬁq I\ﬁég?t A3 a\_éa' § S

expr esse e percent age O corr erm na IOhS

st andar dRQMTa; Iaﬁal}rlcmfte@fo@wﬁﬁhﬁﬁmgm%ﬂ]&r&ﬁref Ul hmera?srwérééddeﬁiomnw
cotton yarn: n=38; |ight polyester: n=13; heavy polyester: n=12; cotton

Wi pe: —%incﬁatﬁng%&ﬁbefsanm 70001 oSAERABhe stirken &fri2D @fins. raF&onﬂ@ﬁxﬁ;@ﬁaﬁ&a. I THE=6) .

[ 0064] The cotton yam produced the nost allelic calls (70 +/ - 25.839%.
(Fig. 1)amdineofiBXA igrticiganplesfvasrdefeahimed sithrAdV blesdd sdaitinePORe SIHetasnduhat wer e
inferior to the cotton yam streetfair mcrofiber (46 +/- 28%; sa73481 e
m cr of i befDNAGn #e-saBles Wps corepargd fochy B eappliddtotack matepi@bgamplle Ghul; pol yest er
(38 +1- 21% . The cotton w pe produced only 28.3 +/- 30%correct calls, and
t he Dacrbt’ﬁ)@rpﬂ) s 3y irenlin earesprdyes nean parcent 1epogery cor YR werecasifplowsrthet her,  t he

results t he c tton yarn were superiqr to best m crofi ber swab
candi dat BNuEey eoct ‘1‘51 %‘%’aewus @%Wé‘ryé’f”éd"aégo - 12?5%8@6?%& 0. al e T
determ n e e 0 [ 0065]
Exanpl e ay‘%gr F?S? hG @9‘” h’;Np 8§§n81 %8&@%?3?%#1 “ooss]

Absor ption ]% | Ciﬁéc FMA sample in 10
ttl of Wateﬁ'b V\@NA(]': ga |n0§%ﬁggr@ ﬁg@ﬁtu ‘3%&%?311&”&&%%%??% appr oxi mat el y
1 cmwere pobagred 5;5!&@61151 et 150'celld) i) Rere phiced 919%&1%?5&8}?,4&%&%11@”‘1 then
renoved. Two hundred Al of  water was added to the tubes to resuspend any

remai ni ngydbbiéd with bgdrokiftddabhedinch 6f a didateR’Rab alateti@Pwith (N4 SSrad t he
sanpl es were concentrated to 25 ttl with a Mcrocon -100
extracted as follows: swab materials were incubated in 200 ul of 0.01% SDS and 0.18 mg/ml
Proteinase K for two hours at 56°C with shaking, followed by 10 mins. at 99°C. For a
positive control, the extraction procedure was performed on 5 pl of cells placed directly in a
microfuge tube. For substrate controls, 5 ul of cells were applied directly to the various swab
materials.
[0072] For each sample, 200 pl of water with 1 ng poly-A mRINA was first added to a
Microcon®-100 microconcentrator followed by the 200 ul sample. The microconcentrators
were centrifuged for 15 mins. at 2400 rpm, and the concentrated solution was eluted with 20-
25 pl of water for 3 mins. at 3500 rpm.
[0073] Final elution volumes were recorded. The amount of DNA in 2.5 pul of the
elutant was determined with ALU based real time PCR. The Alu fragment is amplified and
compared to a standard curve according to the method described in Nicklas and Buel (J.
Forensic Sci. 48:282 (2003)). DNA recovery was expressed as mean +/- SD of the amount of
DNA recovered from the swab divided by the substrate control. DNA release was expressed
as mean +/- SD of the substrate control divided by the positive control.

[0074] DNA recovery (the proportion of DNA swabbed from benchtop relative to the

amount deposited directly on the surface of a swab [substrate control]; Fig. 4a) from the
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m croconcentrator. The anpunt of DNA in the sanples was determ ned with ALU
based real tinme PCR Results are expressed as the anount of DNA neasured
divided by the starting anount. of DNA [0067] Very little of the DNA in
t he m crof yge was not absorbed by the cotton swa %&ﬁ@ (Fig. 2)
The anmount o@htyﬁ%i?g?ermi ning were 0.22 +/- 0.19% (MayoPFe {i/gdggﬂazr d), 0.42
+/- 0.19% (CapriTM and 0.4 +/- 0.18% (RowanTM . [0068] Conparison of Swab

| 0060] RIS o?ﬁﬁ%%%%@?&%%%@ﬁ%%@d@ﬁ%% o (3800 o5t DNA i n
Vayor t oTh P ek B AR g P R g oA R BEP= o o ¢ oom

t enper at g4 139ap {efeerial s were added to mcrofage tubes with 200 gl
of water, and shaken for 20 mns. at roomtenperature. The anmount of DNA in
the sanpl egooves dBINA Féldagsl(thé ﬁrb%ae%bh BADERA dddad dirdoi® 18 Rwvall e RpRskat  of DNA
in the sanples was conpared to the DNA applied to each material sample (5 |;
1600 pg)elafivd tg theldmdiasoff DNAexpedrshelswsh [Statapeoatedl]; Mg by &om thé - SE were as
follows: the DNA recovery fromthe various cotton yarns was 90 +/- 12%

( Capr i TMaripusSoftoly Harsg waslFIB +(- 064 6 (BeE SkPasal - 8536 R ovBin™), 46.24% ( RowanTM
n=9) and 60 +/- 28% (Blue SkyTM n=3) [0070] Conparison of Swa% Material s -
Recover Y- &h MreotteRYBlagfarddand 25.2[ g0V 810 (Capti™df Reenvery frerh dha Dagon cavabs / |)
were placed. on a_bench top, dried and swabbed wi th approxi mately one inch
of a camefteril @agdkiHreterial with 0.01% SDS, and extracted as foll ows: swab

t i al i 1 i 200 f 0..01% SDS d. 0 /.m Pr ot ei K
R A e
SITIV X | S . . . S
Do S aa B relbE s RS R ER SIS RS AR P BB Rl hidhen T PO, ¢
e t i i h
vore aPRsorRitich SRS DAL forh e Sf e fes BUER! o WAL BEcRiGy ol BFDackALy 2aC
M Cr 0COhaterd@OTHE GFPAPACIATES B 86ttdrO) RSk R YrohlEboa0S5 # abbaNTUoE, whERRs

m croconcentrators
the yield of the Dacron® material was about 4%.

[0077] Determination of Optimal Swab Size

[0078]  Ten pul of cells were pipetted onto a cookie sheet and allowed to dry. The
samples were swabbed with either 1 cm, 2 cm, or 3 cm of cotton yarn (Mayotte™/Plassard or
Capri™) with 0.01% SDS. Samples were extracted by incubation in 200 ul 0of 0.01% SDS
and 0.18 mg/ml Proteinase K for two hours at 56°C with shaking, followed by 10 mins. at
95°C. For each sample, 200 pl of water with 1 ng polyA mRNA was first added to a
Microcon®-100 microconcentrator followed by the 200 pl sample. The microconcentrators
were centrifuged for 15 mins. at 2400 rpm, and the concentrated solution was eluted with 25
pl of water for 3 mins. at 3500 rpm.

[0079] Final elution volumes were recorded. The amount of DNA in 2.5 ul of the
elutant was determined with ALU based real time PCR. DNA recovery was expressed as
pg/ul for means +/- SE, where n=3 for two experiments.

[0080] The Mayotte™/Plassard yarn yields were 1083.5 +/- 486 pg/ul (1 cm), 776 +/-
510 pg/ul (2 cm), and 862 +/- 437 pg/ul (3 cm). The Capri™ yam yields were 867 +/- 551
pg/pl (1 cm), 586 +/- 193 pg/ul (2 cm), and 638 +/- 183 pg/ul (3 cm).

[0081] Recovery and Release of DNA from Fingerprints
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were centrifuged for 15 mns. at 2400 rpm and the concentrated sol uti on was
eluted with 20- 25 | of water for 3 mns. at 3500 rpm [0073] Final elution
vol umes were recorded. The amount of DNA in 2.5 | of the elutant was
det er m ned,w based real time PCR The Alu fragnme i ified and
conpar ed t%v‘ffaztoget/@%z 3rd curve accordi ng to the nethod deg(?:Trllhgzélg@@#Okli ckl as
and Buel Q Forensic Sci. 48:282 (2003)). DNA recovery was expressed as
mean +/ - Shghyt gyl iff donbl¥p15RA QS Giheldd wrRndviTdediy the

J ol T RTREEpift don SRR diEecb R inchey THE il

substrate control. ease was expressed  as nean +/ -

subst r atr& Sidbbed with 4t %@ﬁinm/elfl nemPsrTottory Parft MbYHe™/PREEA oEMbrire@URry (t he
proportion of DNA swabbed from benchtop relative to the anount deposited

di r ect | Yoroepstana 0014 8DB. Sivalss wevalgefhtbutnbbedadver fSngeiprintd intiitlee préay wéteam t he 17
WO 2006/ 089297 PCT/ US2006/ 006302 various cotton yarns was 95 +/- 55.3%

( Mayot t dafigePtddair d), 100 +/- 135% (Capri TM, 65.5 +/- 55.98% ( RowanTM and
50.6 +/- 36.1% (Blue SkyTM . Recovery fromthe Dacron swab nmaterial was

13. 3 +/ - 11160831 [ o§7mpleprarcrexiragiedby ingubasion jo2Qq Bef 001 BNEDa gadh 18imedst |y to a

swab and rel eas relative_to the anpunf of DNA added to 1he swab

[ substr g’f%te fgqr]t?vo BPYS ah%é %f‘?“gh?}iai?@& bupvedey Kopisnaly tho Fangaho 5 + -
5.4% (Bl ue_SkyTM., .59, 1 +/- 8.5% (R T 6.2 .+ -.3 7%

( Mayot t éW% %%%roé)wa?ﬁauéég.% HP/(YA fﬂﬁﬁﬁ%ﬁrﬁ%ﬂfﬁ t‘?—?@é@\?@ﬂ/’n{?"}%% t he Dacron
swab e | + % Yivel d. | vai |l abl e
for ang}ﬁfglfog&lf)cf}q%%ﬂz%o%%w?dsﬁ%&%rﬁg% hg?a}%he ?%clgl\?{eoﬁ%?/ﬁ%ﬁg%rggﬂgéég gél}mﬁ)fcﬁ%’ he swab.
Al four 2l Loni : i - { t he DNA
From £ e el T s e e e B O R 21 21 . The
overal | pihgla€3fowmpihe cotton yarns ranged from about 25 to about 50%
whereas the yield of the Dacron material was about 4% [0077] Determ nation
of Optinal (X&) SiFael ¢laQciBYoluaes Were@écoeddd! Thevemeurpiof®Nieth hhiubofthe ooki e

sheet and allowed to dry. The sanples were swabbed with either 1 cm 2 cm
or 3 cmebiftant otas deteymimed With ML {leTave®reas tme #CBr(Table 1). DNA yield from each

fingerprint is expressed as pg/ul for means +/- SE, where n=20 for two experiments for

Capri™ cotton yarn and n=20 for three experiments for Mayotte™/Plassard cotton yarn.

Table 1 - DNA recovery from fingerprints
(pg/pl; 25 pl per fingerprint)
Mayotte™/Plassar Capri™

left thumb (LT) 2.5+/-2.0 3.2+/-45
left index (LI) 1.3 +/-0.6 2.2+/-3.1
left middle (LM) 1.4+/-0.9 09+/-1.0
left ring (LR) 0.7+/-04 0.4+/-0.3
left pinkie (LP) 0.9 +/-0.6 0.5 +/-0.3
right thumb (RT) 2.5+/-1.7 1.1+/-1.0
right index (RI) 22.5+/-35.7 0.7+/-0.3
right middle (RM) 1.0+/-0.8 0.9 +/-0.6
right ring (RR) 0.5+/-0.3 0.4+/-0.2
right pinkie (RP) 0.5+/-0.2 0.6 +/-0.3
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CapriTM with 0.01% SDS. Sanpl es were extracted by incubation in 200 | of
0.01% SDS and 0.18 ng/m Proteinase K for two hours at 56C with shaki ng,
followed by 10 mns. at 95C. For each sanple, 200 pl of water with | ng
pol yA nRNA was first added to a M crocon-100 m croconcentrator followed by
the 200 Al ¥3AMOE892%he nicroconcentrators were centrif (R§FEUSON6/0080Ni ns. at
2400 rpm and the concentrated solution was eluted with 25 Al of water for
3 rains. at 3500 rpm [0079] Final elution volunes were recorded. The anpunt
of DNA in B085]p1 Génstrustionjofia IINA 9%ab det ermined with ALU based real tine

PCR. DNA r ery was expressed as /.pl for_means +/- SE, ere n=3 for
two experi ﬁ)ég%]s. y“ﬁ@%@ﬁ%%%@ﬁ%ﬁi@ﬁ?@%?ﬁ@f%@és YEL1888. 5 +/ -

Capr | ks et U b hegth SoarcGimER R TR it e e "L Oy
Fi ngor piib R 8y b o e B8 e OBl s S SR BB e BB o

donors i [ efal i i e i -2 swabbed
Rl egedet Eﬁ? of t%% Pl BSth® RibthoGRR ‘fﬁﬁ&% &m&ﬁ@& 1§=,rag r W&

Wi t h appr oxi mat cotton yam (Mayotte assar pri W th

f or cepswanekpBsdi¥hehSa ti AL iVRHBeDABlddthE HPEE dn@HSlHed i(RGEsPrints until the
prints were no |onger evident. [0083] Sanples were extracted by incubation
in 200 Al [08Y] 018tofdde @oidailed8 ngy/ ml Protei nase K for two hours at 56C

wi th shaking, followed by 10 mns. at 99C. For each sanple, 200 Al of water
with 1 ng [POBFA niRitamgslaf cardhhoaatichedhiney iauset 6r soasra DNAGwalidonng oncent r at or
foll owed by the 200 Al sanple. The m croconcentrators were centrifuged for
15 mi nstrangporp from the arimg sepne frethe dahoeatery aflle bass of thewaniatnst eanfaietfogintthat25 | of
water for 3. mns,_ at %goo rom [0Q084] Final elution volunmes were recorded.

byths heldsy of

The aniffesiiyrpiesed he swib. When insrtedarto theformi thegvak ¥h ALU based

o R A D RS Bl b ofaRigsoed

the container to prevent contamination of the collected sample. (Fig. 6)

[0089]  Amnother example of a convenient storage container is depicted in Fig. 7. The
swab holder is integrated with the cap of the storage container. The container is disengaged

from the cap for sample collection, and engaged for storage.
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CaprF cotton yarn and n=20 for three experinents for MayotteTM Pl assard
cotton yarn. Table 1 - DNA recovery fromfingerprints (pg/l; 25 Al per
fingerprint) MayotteTM Plassar Capri TM |eft thunmb (LT) 2.5+/-2.0 3.2+/-4.5
left index (LI) 1.3+/-0.6 2.2+/-3.1 left mddle (LM 1.4+4/-0.9 0.9+/-1.0
left ring (LR) 0.7+/-0.4 0.4+/-0.3 left pinkie (LP) 0.9+1-0.6 0.5+/-0.3
right thumb (RT) 2.5+/-1.7 1.14/-1.0 right index (RI) 22.5 +/- 35.7
0.7+/-0.3 right mddle (RM 1.0+/-0.8 0.9+/-0.6 right ring (RR) 0.5+/-0.3
0.4+/-0.2 right pinkie (RP) 0.5+/-0.2 0.6+/-0.3 19 WD 2006/ 089297

PCT/ US2006/ Q06302 [0085] Construction of a DNA swab [0086] A prototype swab
was con¥e Clamed by doubling MayotteTM Pl assard yarn. The free ends were
tied together with a small dianeter thread. The string was threaded through
heat shlri nk 4 d®isdonerilepidrsanpmalyzeasmoe of DNfefremd igerrint as aiserfdsel der
trapping the string and the free ends of the yarn between the tubing and

t he holcdewprisidgen t he heat shrink tubing was exposed to heat, a tight seal
is formed around the fabric and holder. (Fig. 5) [0087] Storage Containers

[0088] A regiutidedimeaetfafigha AANERI Hdlsedond¥a@hnO store a DNA swab during
transport fromthe crinme scene to the | aboratory. The base of the container

contains fo %gy att Ill?lggqf coﬁl@ctﬁ’%ﬁ‘héxﬂb@? ia&z{p‘f&f’to Y 1dde Qnm*eQ?er arf%lafa{%?t%g %\@Hunt\é? en

inserted int oam e swab I's prevented Tromtou e sides of
t he contain A cardbo ner to

d fits th i f th :
prevent con?&%n%?ﬂp(‘)’ﬁmggcf’ﬂéggw :hg}%‘flg\é%%% ﬁ‘b‘f%’g i%nﬁ‘;’fggen@j cach &d GGt E

the first end of the holder member;

wherein the cotton yarn is not wrapped around the holder member to form a bud.

2. The device of claim 1, wherein the DNA collecting member is pre-moistened.

3. The device of claim 1, wherein the cotton yarn is rope-like.

4. The device of claim 1, wherein the cotton yarn is woven.

5. The device of claim 1, wherein the cotton yarn has a weight of about 0.25 gm/yard to

about 2.5 gm/yard.

6. The device of claim 1, wherein the analyzable amount is about 100 pg of DNA or less.
7. The device of claim 1, wherein the analyzable amount is about 50 pg of DNA or less.
8. The device of claim 1, wherein the analyzable amount is about 25 pg of DNA or less.
9. The device of claim 1, wherein the analyzable amount is about 12.5 pg of DNA or less.

10.  The device of claim 1, wherein the device yields from about 10 pg to about 60 pg of

DNA from a fingerprint.
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[ 0089] Anot her exanple of a convenient storage container is depicted in Fig.
7. The swab holder is integrated with the cap of the storage contai ner. The
container is disengaged fromthe cap for sanple collection, and engaged for
storage. 20 W Caim 1. A device for collecting an anal yzabl e anount of DNA
froma fingerprint on a surface, conprising: (a) a holder nenber having a
first end and second end; and (b) a DNA collecting nenber adapted to coll ect
and rel ease an anal yzabl e anount of DNA, conprising a cotton yarn having a
first end and second end; each end attached to the first end of the hol der
menber ;1 lnwheredgyiceter edieetng apanalyzablagnownt gpPed fpwersgrfe¢reconuiriging arthetdser t o
forma bud. 2. The device of claim1l1l, wherein the DNA collecting nenber is
pr e- noingdneree Havifg a Tilse entbaridcec@fd end panh alDN et edting inieenbeo hd apredytacolldcs and
rope-like. 4. The device of claim1l, wherein the cotton yarn is woven. 5.

The devtiegse TN A @dpribing W tteh Parh A8VIELH FiN el R3Sndenteéddhen®bttRR&o 0. 25
gnmyard to about 2.5 gnmiyard. 6. The device of claim1l, wherein the

anal yz j : 5 : i claim1l,
mhereiﬁﬁgﬁgﬁgg% &g% ﬂ%@%ﬁ%ﬁﬁgQ$gﬂgﬁgﬁ5%ﬁ%8%8Egﬁﬁﬁ&%gg§3?§g§%Yk§§a@%g devi ce
of claiggl, wherein the anal yzabl e anount is about 25 pg of DNA or less. 9.
The de&% ® of claim1, wherein the analyzable anmount is about 12.5 pg of DNA
or less. 10. The device of claiml, wherein the device yields fromabout 10
pg to about 60 pg of DNA f&ﬁﬂla fingerprint. 21 11. A device for collecting
an anallyzabiTée drpemel SHmDNaMIESH Be 5t s cbleed abdt 3Py a hol der  menber
having a first end and second end; and a DNA col |l ecting nmenber adapted to
collect and release DNA, conprising a cotton yamhaving a first end and
second lénd; Teadeviemef aaytoae hbelaims 1 toH@, Whersin tbfhéNé\f calleetingoneraber pediprased
wherein the yield of the collecting nmenber is at |east about

in a free-standing loop at the first end of the holder member.

14.  The device of claim 13, wherein the DNA collecting member has a length of 0.5 cm to 3

cmor 0.75 to 2 cm or about 1 cm and is disposed in a free-standing loop.

15.  Akit for collecting an analyzable amount of DNA from a surface, comprising:
(a) a DNA collecting device; wherein the device comprises a holder member having a
first end and second end, a DNA collecting member adapted to collect and release an
analyzable amount of DNA comprising cotton yarn having a first end and second end
attached to the first end of the holder member; and

(b) a receptacle for retaining the DNA collecting device of (a).
16.  The kit of claim 15, further comprising a swabbing solution.
17.  The kit of claim 16, wherein the swabbing solution comprises SDS.

18.  The kit of any one of claims 15 to 17, wherein the DNA collecting member is disposed in

a free-standing loop at the first end of the holder member.
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25% 12. The device of claim1ll, wherein the yield is at |east about 50%

13. The device of any one of clains 1 to 12, wherein the DNA col |l ecting
menber is disposed in a free-standing |loop at the first end of the hol der
menber. 14. The device of claim 13, wherein the DNA coll ecting menber has a
| ength of 0.5 cmto 3 cmor 0.75 to 2 cmor about 1 cmand is disposed in a
free-standing | oop. 15. A kit for collecting an anal yzabl e anount of DNA
froma surface, conprising: (a) a DNA collecting device; wherein the device
conprlses a_hol der nmenmber having a first end and second end, a DNA

col | ectlPng rebipef @Jalérpﬂ%d’vlteéelwel@%caH%thén@a@érhwalalrﬁhyﬁ%lcwtara’wtm of

DNA conprising cotton yamhaving a first end and second end attached to the
first onf.76fto £ hm diabogrl ameaiykis dispnstd () frac-seodipg bobe for retai ning the DNA
collecting device of (a). 16. The kit of claim 15, further conprising a
swabbi ng solution. 17. The kit of claim16, wherein the swabbing solution

conpri 20s SBSneth8d foFleelldcting ah agdlyzabReaninCHfINA fion & ourfale, sopieing: t he DNA
col l ecting nmenber is disposed in a free- standlng | oop at the first end of

the hol der %B%ctlr%% BRA-dR&idihg &facg L@rhﬁ%&% rﬂ withea DNA- &ﬁ’llejstﬁ%t I'ng

menber has a Iengt of 0.5 cmto cm or cn1or about 1 cmand is

o sposed | gt SHALET ARl e&gpns%&h&dm@z}g@erfhg{mgg!dr& i anoanaliyzabl e

amount of roma sur con al hi ng
surface conpr afin rint wwth a DNA-col |l ecting ice, wherein the
devi ce corrprai‘i (r’]%‘:ﬂ’bg ’Ei'@ﬁ%%ﬁrgarﬁiﬁ% h]ﬁf;} agd fglease ap ﬁ%phémhlegﬁ\één@ngmmg and a
coll ecting member adapted to coIIect and rel ease an anal yzabl e DNA,

conpri si ng cettmn m hayinghaliishendandiseermd end) attasbiedodbn rsepril efithabdldel to t he
first end of the holder nmenber; and (b) releasing the collected DNA from

t he devi ce; nwhieeiandt he coIIecting menber yields at |east about 25%

anal yzabl e DNA 21. The nethod of claim 20, wherein the collecting nenber
yields at | eastleagihe 9% cted DNA from the device; wherein the collecting member yields at

least about 25% analyzable DNA

21.  The method of claim 20, wherein the collecting member yields at least about 50%

analyzable DNA.

22.  The method of claim 20, wherein the DNA is collected from a fingerprint on the DNA-

containing surface.

23.  The method of any one of claims 20 to 21, wherein the collecting member is disposed in

a free-standing loop at the first end of the holder member.

24.  The method of claim 23, wherein the collecting member has a length of 0.5 cm to 3 cm or

0.75 to 2 cm or about 1 cm and is disposed in a free-standing loop.

25. A method for making a device for collecting an analyzable amount of DNA comprising:
(a) providing a holder member having a first end;

(b) providing a collecting member having a first end and a second end; and
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anal yzabl e DNA. 22. The nethod of claim 20, wherein the DNA is collected
froma fingerprint on the DNA- containing surface. 23. The nethod of any one
of clainms 20 to 21, wherein the collecting nenber is disposed in a
free-standing loop at the first end of the hol der nenber. 24. The nethod of
claim 23, wherein the collecting nmenber has a length of 0.5 cmto 3 cmor
0.75 to 2 cmor about 1 cmand is disposed in a free-standing |oop. 25. A
met hod for nmaking a device for collecting an anal yzabl e anount of DNA
conprising: (a) .providing a holder nenber having a first_end; (b) providing
a col | ecti néF)REavEre e lirsh gndiseeppdende ghagpdeginganenler énthe figsignd pBthec)
attaching the first and second end of the collecting nenber to the first end
of the hol deldermetber to forfror lvop. | oop. 26. The nethod of claim 25, wherein
the coll ecting nenber consists of cotton yarn. 27. The nethod of any one of
claims 25 to 26, wherein the collecting nmenber has a length of 0.5 cmto 3
cmor @675 flae thetddef clahnab, Wwheein aeccolisctitigspasted conists dftwaos yandi ng | oop.

28. A nmethod for analyzing DNA froma fingerprint, conprising: (a)
contacting the fingerprint with a DNA-col |l ecting device, wherein the device

conpri 99s aThe hiéeHod B BEREHnd Nl Aks 85 td 265 twhereh MB o kREAR cheRibes ha%r&q%%&h of
col l ecting nenber adapted to collect and rel ease an anal yzabl e ,

conpri gy i i : | - ched to the
Firer Sranfe) BARrEIRR i ol o A 0Ra I AR 0B VU ] O ot
| east about 25% anal yzabl e DNA; (b) releasing the collected DNA fromthe
devi ce;yoand ,(¢)..anal yzi.ng t | eased DNA using .a high sensitivity PCR DNA
testin 8profﬂ@gPQEﬁggpdxgaégﬁggng%aﬁhﬁqgﬁﬁﬁcﬁgpgﬂn%nalyzable anount of DNA
froma fingerprint on a _surface,  conprising: (a) a holder nmenpber having a

first end afcenagins the Anseapant(¥sh aDDRclseingderics, Wesrsarthedryiseed to col | ect

and rel ease an anal yzabl e anmount of
comprises a holder member having a first end and second end; and a collecting member

adapted to collect and release an analyzable DNA, comprising cotton yarn having a first
end and second end attached to the first end of the holder member, wherein the collecting
member yields at least about 25% analyzable DNA;

(b) releasing the collected DNA from the device; and

(c) analyzing the released DNA using a high sensitivity PCR DNA testing protocol.

29. A device for collecting an analyzable amount of DNA from a fingerprint on a surface,
comprising:
(a) a holder member having a first end and second end; and
(b) a DNA collecting member adapted to collect and release an analyzable amount of
DNA, the DNA collecting member comprising a cotton yarn, having a first end and
second end and disposed in a free standing loop, each end attached to the first end of the

holder member.
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DNA, the DNA collecting nenber conprising a cotton yarn, having a first end
and second end and disposed in a free standing | oop, each end attached to
the first end of the holder nenber. 24 30. The device of claim?29, wherein

the collecting nenber has a length of 0.5 cmto 3 cmor 0.75to 2 cmor
about 1 cmand is disposed in a free-standing | oop. 25

30. The device of claim 29, wherein the collecting member has a length of 0.5 cm to 3 cm or

0.75 to 2 cm or about 1 cm and is disposed in a free-standing loop.
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