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ABSTRACT

Biological evidence is important for forensic investigation. In some cases, only
small amounts can be found and they can be heavily degraded due to the
environmental factors at the crime scene. As such, the DNA purified from the extraction
process may not be enough for STR typing. The problem is worsened when part of a
sample has to be spared for presumptive testing. Therefore, the aims of this research
are to apply direct STR typing to both presumptive tested and non-presumptive tested
biological samples on filter papers and also to study associated factors that influence
the process. The results showed that the developed direct PCR technique was able to
achieved a high rate of successful DNA amplification (full DNA profiles). Non-
presumptive tested samples gave 95.6% first pass success rates (N = 90). Furthermore,
the kind of presumptive test kit had an effect on the success rates of STR typing as
follows, Luminol (88% of samples gave full DNA profiles), Hemastix (78%),
Leucomalachite green, and Kastle-Meyer (50%). Semen presumptive test (acid
phosphatase) and saliva (Phadebas paper) had success rates of 85% and 73.33%,
respectively. Moreover, the substrate type also had an effect, with the highest success
rate seen with cotton. The developed direct PCR protocol can be used to generate STR
profiles from even with 6 months-old biological samples. The benefits of this research
include increasing amount of DNA obtainable from evidence, as the protocol can be
performed directly from filter paper that had been used for presumptive testing; reducing
the risk of DNA contamination from extraction procedures; and most importantly, using

minimal samples for analysis.
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fuseInsvedagivsznaudisidulylulasnuaiiosdaniu FldiAalassaansenin
uwWantaaa (Flagella) sfiaLﬂumuﬁmmmﬁﬂﬁaqﬁmﬁaumﬁmuﬁu FIATUVD AR L
aqa’i‘ﬁwé"ﬁaaﬂmmmzuum"’mzﬁuw‘"uf@we] VAILWATIEY DILT msaﬁ’m’mﬁqmaﬂgﬂ-
la& (Fructose) lWsaanunawd (Prostaglandin) lWalwSanaa3w (Phosphorylcholine) 7
%ﬁ;\am’mnq@ﬁmqﬁ aFind wuniliBoy waaiFon Tdsdu PSA (Prostatic specific
antigen) (Sato et al., 2002) uazilaTanaaWILa® (Acid phosphatase) Sadwenloinnga
N19INEaNINANIN (Prostate gland) ﬁﬂ’%mmgﬂuﬁwaqﬁ lTatudnsldiawlad

@v\‘jﬂﬁﬁ’lﬁluﬂ’liﬂﬁ’iﬁlﬂﬁﬂi’]uE]’sj’:ﬂ@] amInagauLiavaunaai

#1a1g (Saliva) NEANNIINABNTINY 3 ¢ laun AaNTHRBUIINNY

(Parotid gland) @au#ia 18U MU1NTTINTEN9 (Submandibular gland) Lazdausinane
- o , 4 v . v

uSinaldAu (Sublingual gland) mlummmawgwﬁﬁmuﬂs:ﬂaumaamﬁo 08

¢ & & . A A @ A a & A o & A a &
Lo ILTue aquﬂL%aa"ﬂzﬂizﬂaU@'}ﬂIﬂ‘i@u aLﬂﬂIﬂivLﬂ@] LN RITYULILUANLIY LTAR



aIBunIdunaian uaziauloid19g (Brando et al., 2014) lasiawladnanndaglu

a1y laun waani-azluias (A-Amylase) lala'lad (Lysozyme) uazdiwa (Lipase) 4

v
o

v dl 1 o e o dgl ] v v Ul =)
%u’]qﬂluﬂqiﬂaEla']%']ifﬂ']W'JﬂLLﬂG ﬂiﬂa&l@;lﬂ pH LLa:Vl'ImEJL%aISﬂvL&Il%Lmﬁgiﬁdﬂ’]El [ARANANY

& = & A o v Adda = = o ¥R o o o @
1%%’]@’]83\11’%’3aLUaHﬂingﬂLLﬂNﬂNuqLﬂaﬂamﬂﬂsiﬁlﬁ’]iwuqﬂiiw‘lq 'ﬂ\?ﬂ’]lﬂuﬂflqma’]ﬂﬁy

Twnunmeduddinamaailunisszyienansaiyaaale (Hedman et al., 2008; Lima et
al., 2010)

2.2 ssainlanasauasunasasdulinsawuaznannszasl)nsen

2.2.1 a1sadnlEnasauLion

aaa 6

7athnadnes Lfluq@]maauLﬁa@Lﬁadﬁuﬁﬁwiﬁummmwmmam
o [% A A A o A ' = A A A A o o
mmummﬂm’mLaa@gﬂmmdmavlummmuaamuvl,@“'l,uan’mmn@m@mmmmaaﬂ‘u
A Ao = Y A A A wn A A A
ANNTULIINIaTIa Teganasevdsznaudisantgiineandqmant@iTasuas fa e
azaaunialuianavasanIgnnizgulasdjisomaaiiudinduganiiziuaziionns
. . . ¥ .
ﬂaaywmmuaaﬂmlugﬂmmMmu (Photon) %38 13tUadua3du ¥innsaSoalay
a:mUmsgﬁuaaﬁ'ﬂﬂmmmﬂa§aaﬂvlmo§ (H,0,) wazlodunansuaiue (Na,COs) lﬁagj
luzdlauanlasau (Dianion) ugavilunaseunuasuifen mmanluiiaaazidusaiis
aaAaa a ‘& aAana Qs 1 o v =) a
Ujfsmnlalasladaveslalasawdaieanlad deufsmasnanrldmagdueaiianis
guifudidnasew uazagluanizhiwios dldiRansaewsdsnuesananlugduainis
wWasugsNanaugan1ziaosdnass (Bami et al., 2007) TaglunInagauazdaarin
A A a = ' a Aa A x> a £ A
IuNdagin WINzaza NIV AT SILRIUSIIWATAINUIR 0 a lATALAWEIUN T

Ujisinmnaseuifeaidasdudiuzatiengduen aauaadlunini 1

_ 1 *

NH, NH, NH,
\H M,. 0 |y . ", Ligh
NH Catalyst Y 1 o (ca 425nm)
0 O

Luminol E-aminuphthalate_ J-aminophthalate
(3=APA) (3-APA)
excited state ground state

2NN 1 LLamﬂﬁﬁ’%mm?ﬂ@aauLﬁam”aﬂ"}qmﬁﬁm@ﬁuaa (Barni et al., 2007)



:’ a 6 ] A g v Aa U A

gaieuasiiiase iureanaseuideadasdunioaliunigaluiu
naf@Inmmaas inzduganaseuiiiaiondie axadn uanivlduiu lasgaiien

P & Y AdaA wa A a A
wasifiawailznaudinasadniqguantd@lunislfoundasd (Chromogen) fa

. o P2 '
AuaannIan (Phenolphthalein) nu'lalasiauitaseanlos deaziasonlilussazaraeng
wazdInzd (Zinc) Iaglustrasidrdwesunlifid e luneseunuasuiian winlu
Waaandudnislfitenlalaviagavaslalasaudaieanladildifaluanavesin
& A &2 a A o A A a & o v a A a
sfuadUmanidufianiseandiatuniogny fudiinaven vliiAansifsuudasd

ana =

& -4 . 2 ¥ v o & a
\dudrundu (Miller, 2014) TadfATemsnaseuifeaidasdudisgaimuasifiaiias
AILFAIUNINN 2

HO HO

OH V4

I H Zn

< OH < O
H
o <)

Reduced phenolphthalein Phenolphthalemn
(colowless) (pink)

2NN 2 LLamﬁﬁﬁ%mmsmaauLﬁﬂ@éﬁyq@ﬁ,’]muﬂmﬁamwaf (Legg, 2014)

¥ a & = A A A ' ~ [
qﬂmmaﬂﬂmm%'ﬂmu Lﬂu"g@'ﬂ@ﬁauLaa@wwmmuwmummﬂﬂu
NUNURAINLIIAT mmmmaﬂmnﬁmnummmuﬂamaLmﬂa{ A0 AR1IAIAUNT
an A a A a ’~ ¢ A o & &
amanUalunaiouudasd wWateSuuansddlanna lavinswnulalasawlasaanlad
lﬁaglugﬂmaﬁﬁasﬁla{mﬁwﬁﬁ ustilnagaunuauias AN lwAaaaztduaqLss
Ujfsmlalaslagavaslalasanaseanlodildifaluanazasin asdalaanalari-

A & a A o A A A& ° v A A A& A A
nsudnfianseandiatuniogyidsdianasen vliiAanadsuudasfiduddude

. A aaa g v v ¥ a

(Mitrowska et al., 2005) G4 jATon1nasauidaaiiasdudrogainadlauanlari-

~ @ A
N34 AILEAI NN 3



reduction g
o 4%
HyC T‘-CHa
L. S,
Malachite Green Oxalate Salt MG Leucomalachite Green LMG

i 3 wsasfisenanaseuiieadisgainedilaualariniu (Mitrowska et al,
2005)

TANATAUUULUAL Hemastix® ﬂﬂ@Lflu"gwnmaauﬁl‘*ﬁﬁm%’umaamﬁa@

TuiTaae LL@i‘Luﬂﬁ]ﬁgﬁ'uvL@Tﬁmimmﬂs:qﬂﬁ‘[ﬂumaﬁﬁ?ﬂmmam%&%n%%’umimamﬁa@

Lﬁaaﬁuluamuﬁl,ﬁ@m@ LﬁaomﬂLﬁummaauﬁmmmwﬂWﬂ"lof‘Tam’sn Ja1u32a152
\ A A Y = ' A Ao A A o A&
LazUILTana T,@ﬂqﬂﬂ@aauuaﬂﬂm:mmmuwma@n‘numiwLmzn,ﬂaauvh 9

Usznavaae Diisopropylbenzenedihydroperoxide LLas 3, 3, 5, 5'-tetramethylbenzidine

nInasavIzardunannInniiensanasaudung 19du Ae e lunaseuivany

a

\§aa wanlwdoeazniduaassdfisenlelasladsveslalasaudaseanlad vliiia
Imaqml 8911 lasans 3, 3, 5, 5'-tetramethylbenzidine Lﬁ@msaaﬂs?jl,@‘ﬁ'u%?agmul,ﬁﬂ
A & 2 a A A& A A a <& ° A A Y
AlanasandsnanInfwnlasmduniidon annsznisatinlSouisudnuny
a v o 6 d'l o a a o ] A ni v
mLammamWUﬁfgnmmLwa@limumaaaIuIﬂauuiuﬂaamamwmaa@‘nmuﬂ@
(National Forensic Science Technology Center) aJuaadlunInd 4 waddasnasdnsu

qﬂﬂmaauﬁ R leimmsnLwﬂmmLL@m@mi:WmLﬁa@uguﬁﬁmﬁa@é’@ﬂﬁ

AN 4 LLE‘I@]G‘Q@W]@&Q‘ULLUULLE]U Hemastix®



2.2.2 sstafiilanagevagd

gavuadanasniag Lﬂummawm’maq&ﬁaaﬁuﬁl‘*ﬁﬁuﬁﬂﬂlu

aaa

Nuwneiidinemsaslumiarantawlofuefaneaniias laoduenladnism
galuﬁmq% %awﬁmmmﬂ@'augmﬁmnmaaai’m:ﬁuw”ufmﬂmsl lasganasavaidy
%é"ﬂmnﬂﬁwuﬂawaoﬂﬁﬁmmﬁmﬂlumﬁﬁm Ao Lﬁaﬁ’]vlﬂﬂ@aauﬁummaqﬁ
awlsluadanosnitagasnanaziduassnaialjisonlalavladsvosssnosina-
Suﬁﬁﬁaglwg@ﬁwm i Wamwaaanuulfia (Alpha-naphthyl phosphate) ¥inl#iia
g1InInAwaa (Naphthol) %aa’]iwaﬂﬂuaaa:ﬁ’lﬂﬁﬁm@iaﬁumi‘ﬁﬁﬂﬁlﬁ@?{waﬂ
Diazonium salt chromogen LT% Luumﬁumaug (Brentamine Fast Blue) ﬂ’ltﬂu‘lg@lﬁ’lm
Soufanswasnudssiduddaenmelu 1wl (Lewis et al, 2013) %oﬂﬁﬁ%mmimaau

aq&ﬁaaﬁmﬁUmﬁwmuaéfj@mamma AILFAIWNINN 5

oH , oh
| Acid Phosphatase
040 4 B —— % RO 4 -5

OH OH

AINN 5 waaslfisenmnasavagisaugaiiewadanaanas (Yang et al., 2008)

2.2.3 a1stadnlEnagauiiany

TaNAFaL Phadebas paper iuranasauviaoidasdunioulsnuialy
v o ' o ¢ 4 caa 1a by
lavandunannisdesutiidiianladas lueg SadwenlainiuTunuuingaluians
waltlunsszyduniizesn iAo uunang w199 las Phadebas® 1sznaudas
2K o

wlingnaaudasluanali@aaaindin Jegdudnaglugiida (Tablet) 93niudas

3ol gjlugﬂm AIRIIAZANUAD LAITIINITAANWRILUUNTEATBNTAINTALFNL A L9

9
A

:’ = 1 2 & v o A A v A ' o v A ! o 1
iduruld annuseliudingunnivesneszaindanistinluly Fadaiusiu
Phadebas paper 1M984U%AIIUENANE LL&TﬁV‘iﬂﬁLﬂmﬁuﬁa ginNazeauazUnaannia
6 A ' :/ o 1 Aa Al v K ° v a oA
wlafazluasfegluihmpzimidesluanavesutlindeaaind i Fshldifangud
t&’ a { g’ L= {
WAnuSIMNIaTuiay (Hedman et al., 2008) AILAAIUATNN 6



~

O 5 o MRl
i AR

; '-"J-. I A
% & B RNs e P
{ﬂ% -i‘.ee' M Ve TG N
AINN 6 Ltamﬂﬁﬁ?mmsmaauﬁ’]msléhmg@maau Phadebas paper (Hedman et al.,
2011)

a fa & A A ¢ Y ¢
2.3 ﬂﬂiﬁi')%wg%%ﬂLﬂ%tﬂlﬂﬂwgaulaﬂaﬂﬂmuﬂﬂa

2.3.1 fLouta

ALdwia (Deoxyribonucleic acid, DNA) A ®1TWUINITNVBIRINTIAND

D.

wihfgfasnunIuaasaanLazinenaaanymeN1INLINTIN Uiznaudoninetoud
Sundn Aandla’lng (Nucleotide) lasudaziinadlalnauUsznavalsiianainulnand
A1TUaY 5 axmaN Thadeand lslua (Deoxyribose) niWasLWa (Phosphate group) uae
lulas3wmiua (Nitrogenous base) laslulasidmuautisaanidu 2 ngu fa Aa3u
(Purine) uazlw3d@an (Pyrimidine) 1w 3ululasddmivanguiiiuiilasiainen
Usznaualsnsuninnilazaavvasansuanuasz lulasiau 2 29 laun a=@fin (Adenine)
o A i . A o | Aaa A v A Y Aa
uazmiiu (Guanine) daululasitmuangu lwifidudlasainsnlsznoudisiuniund
. _ 4
azaanvaInsuanLas ulasian 1 29 lawd lolndgu (Cytosine) waz'lniin (Thymine) %9
=Y [ =3 =) & 1 Qo a
tndlalndnais g luanadszneududidwaldlasfiaailaindnilidanufiaailalng
A o 'y . P a & ] o 1
wilsaronuszwalnlaaainas (Phosphodiester bond) TIAAIUITHINIATUBUALAILS
A & = ~ A a A o \ A Al &
71 3 vavhanadeandlslusvasiheflandluananisnunywesna Geagfianiven
o ] { a é 4 1 R = 1 U
duniaf 5 vasfindlaindluananiis uazigendanuluanaiiindlalnddaliday
) a o A Aa a ¢ A A& P a &a Y
WuszhUULa e nw tiadulwdfiiadlalndniadidue 1 e lasfiiadle lnandaiuen
A A a & o oA ¥ A A > , a |
nikvasfiduafiansuauduniii 5 vasihanadeand lslusdanuninasinaisanda
, A a A a o 2 A & A & o A
dane 5 auiredlalndndarsdndrunilsvesznodiduiadasueuduniai 3 vad
anadaandlslusdanunylaasanda (-OH) Funidae 3 adslfaudiawaniy
wifdusswurnsudsznavudiodiduie 2 sudigdauluiiantsasanudia
(Antiparallel) (Butler, 2010b) laai@Lduia 2 s1utGaun a8 W KT balasiansening

a o 1 Aa A and U 1 a 1 1 .
VLRI(P']T‘D‘H;?(L‘]Jﬁﬂ@}lW’J‘i%LLE]ﬂW‘JN@%WWQﬂ% LIENIN L‘]JE*TﬂﬁSJ (Complementary base pair)
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v

fa A vhgnu T arawurzlalasian 2 Wids uaz C 4y G arunurzlalasian 3 Wuns
A R A& . v a v Aaw a ' .

Timudhdnuesdibuie 2 s naliifialassssendansmsiduindoag (Double helix)
liiAniad 2 anwme Aa sasawalng (Major groove) Uaz3adawIalan (Minor groove)

! x> ' A @ & o {
szﬂaqﬂl’ﬂﬁﬂ?ﬂ@ﬂﬂﬂqfl sﬁﬁ‘[ﬂiﬂaiqﬁma\‘]aLauLﬂ@\‘]LLa@ﬂluﬂ’]Wﬁ 7

{2) Key features of DNA structure (b) Parta c emca structure {c) aces! ng mode

AN 7 uaadlassasnsvasdiawe (naluladfiniw. (u.0.4.). lassainsesdibunie.

ﬁuﬁmﬁa 2 TUINAN 2559, FUAKIN http://www.thaibiotech.info/structure-of-dna.php)

2.3.2 31w (Genome)

a A ) & A . & A Ada 2L A
dlun Aa asWusnIsunInuanuIsedluimaduesrilddie seliaany
> o o A Ada < o @ A Ada < Y & A v &
wan@niuuazdInwzAUEIITIauu g fniuludidsiatugs laun susd A uazda ]
azagflugdvaslaslulan (Chromosome) Nsznaudisdiduauazlsdulszinndalnu
. @ ) v = a q A a & a A
(Histone) i imznuuazsanwduindsiusnagluiiafsavenssd lasdluuniass
wugnysuvasnyedaunsnwylanslufiaafos (Nuclear genome) uazluaauniuad
= . . = a a < aa A o
lulnaauiais (Mitochondrial genome) Fslufiaiasuanuiidluaniaasnugnsuvas
upsdagUszann 3.2 Wuawus dsznaudis 2 1w da dauniiduiu (Gene and related
¢ & & A o Ao o o . A A4da ! A
sequences) 25 iaiidud dnthfifnuadnuueAuINIINg9 V0IFITTIa uazdIud
lailgBu (Intergenic regions ) fag 75 wafidud lasdrunlilsdulsznaudrnaiuid
a o Ao . f = € \ da a o ¥ o
NILIBIAIVBILUFNT NN (Unique) 20 LUasioue wasaInnin1sisa9a2189luas 1Ny
(Repetitive) 55 1Wasidud smiuaIuniiugginulsznaualoaiunginwuuudaiitas 10
Wasifud uasdiundiuad inwuuunIzannszane 45 1Uasi5ud (Jasinska and
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Krzyzosiak, 2004) a4uaadluAI1nNn 8 BnnluaiuNinissinuveslusuuudatito

[ vV ) o v A& a 6

fusautdaantaidu 3 Ussinnanus I uua L URLARNENS AUA ALAWBUTNLAR LAY

(Satellite DNA) W 1aLUSUNUNAIBININGATIAND9 1000 Lwa Gidwadiduamniiialar

(Minisatellite DNA) S04 1aiuaunwnatdUszanns 10100 LW wazdtduia lulasuanifia-
. . A o @

1871 (Microsatellite DNA) Giuaununansenadizunns 1-6 LW G9NANUEAYLAZaIaNTD

i lullununsduiidinmaaailunisszyienansalyaaale (Schidtterer, 2000)

I The Human GenomeJ
1

v L
[Genes and related sequenoesl | Intergenic regions I
25%)| 75%|
v v v v
Coding Introns ; :
and regulatory promoters Repetitive Unique
regions pseudogenes
2% 23% 55% | 20%
v v
| Tandemly repetitive I I Interspersed repetitive l
10% 45%|
v v v v v v
Satellite Minisatellite Microsatellite| [siNe| [LTR LINE DNA
transposons
5% 1% 3% 13% 8% 21% 3%

2NN 8 LLﬁ(ﬂﬁI%&l&lgH&T (Human genome) (Jasinska and Krzyzosiak, 2004)

[~3 Aa A
2.3.3 Alawtasia lalasuaninalan

ddwarialulasuanifialar %38 STR (Shot tandem repeat) LJuans
w”uqﬂiswﬁﬂs:nauﬁuﬂLuabgﬁq fudaitasasfingiuntnadu Gedsznaudisiug
UWNUNAIIININ 1-6 GLUR wazlauianiNNe12%asndn 350 ALUE vlwizadenns
FahasRanadualwnunduidimoeaasludagiu mezLﬁaaﬁnﬂf@qw 2%
ma%amwﬁwuluamuﬁ'ﬁ@m@lw”ﬂwu&luﬂ%mmﬁaﬂ Fouanw LaEYNYINANBAINENNE
wasew 3o ldaEnefiaafulddrwasoiusamus %dluﬁaﬁgﬂu@mmm STR
v niagyszana 20 @3'1LL%uaﬁﬁ’lmlﬁlumuma@Tﬁuﬁﬁw”uﬁqmam'f LT AU
STR mmgmﬁl‘%’lumsi:qLaﬂé"ﬂmﬁqﬂﬂam 893201 Combined DNA Index System
(CODIS) mawmﬂﬁumuw%ﬁauﬁmﬁﬁﬁwm 20 FWAKY bALA CSF1PO, FGA,
THO1, TPOX, VWA, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539,
D18S51, D21S11, D1S1656, D2S441, D2S1338, D10S1248, D12S391, D19S433 Ly ¢
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D22S1045 LENIHN1TLRANA@ILAKI STR Mn N1z’ E1WTU LT L IT NI 5
% A U L 6

5

q

n mmam’ﬁfuﬂizﬂauﬁ’;mm;waﬁnmwﬂs:mmdﬁ Ao da9laaIINITNAL N
6

-

1

[
o) o

@
(Mutation rate) nunudad16u9U JATe1R8Fa1T Farnuusindrlun1ivindags

(Reproducibility) &1un3niiunlfluganasaunatodiunis (Multiplex) la 2w

=

WAAA RGeS (PCR product) N1l laiA231fiu 500 glus uazauiaveddaiaiiauia
AN WILARZ AR TARIUITOLENADNANNNWIATALIN FINNIFINITOIN LN TR
yaaalags fa Jaadaluglaslulovdraiuninnitdasas 70 ludszong wazlddanu

Wowlgenudunis STR 5%6] (Butler, 2010)

A 4 a fa &
234 nszm%msmmwgaum gNANNALBWLD

TuaaulunisszylanansoiyaaadisniIanIngadaRundiduie
UItnaudisdhaaunanfa 1) N1IATIIRNITAQNUIUNNTIATNIARANTIH 2) N3
NagaUAMUGaIzIFellasanal8tieal 3) NIFNAALEKIEIINA28E19 4) N1
YSunmdidulaNanasanuiannalatrilaginaiaisea lndddeis 5) msiAvySum
A & L a a A 6 Qs ) =) = £
dldwtattnruiadisnataNgans waz 6) N1IATIIFOVUAZIATIALNUNALEWLEA2E

A & A A & { A a a & o
uwadaa138ianinsluia (Butler, 2010a) TegavhnfisultlunmadnySumaiduadis
A AA e A o o A €A & o & oa Ao
wafiaWgarfinansiaranoRuddidwaluddusuiioguinane uazddwines
FUTId STR NG LUNITIATIEHUANGNINT BT 7181 AmpFISTR® Profiler™,
AmpFISTR® Profiler Plus™, AmpFISTR® SGM Plus™, AmpFISTR® Identifiler™,
AmpFISTR NGM, PowerPlex® 16, PowerPlex® ES, PowerPlex® 18D System,
PowerPlex® 21 System, QIAGEN® Investigator IDplex® Plus Kit L 8 ¢ Investigator
IDplex GO! Kit tiludu §MIVMIANLTIN AL EKIEVBILARL AT EhUIAIRANNIAG

{ A o A \ o

AT ILRIN INTIWBTATIUAE 5 (Butler, 2012a) GIaantIaduadazltanuananIny
A A o eada A A v a ) o v A a
WWausnuwavadnAa A AGa1sndamalnalfssnuaanannnulaalsinafiauadaan3-
Aa & aa [ ~ > > a o €A A 6 o
BN INTINSSa aouaadlunInd 9 lasadunannISLENIMIAVBINAA AN TSN

& A A v o o A
naaaglinfusanafweslidionszualndh uazvinisaaianiniesussngaaisa-
VS (Fluorescent dye) @28n13589LaLT83 3NNBRAIN1TATIZALUANA AT NN
dduiadarnlysunsy GeneMapper® aanuilusluvuvasdidninifliunsa

(Electropherogram) aduaadlunini 10
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ao A A %
2.4 999N tNyYBY

o A o a =1 a A 6 %% A’ aa o 6 o [
ﬁﬁ]ﬁ;uuumsmmﬂuﬂ"l,@LiﬂWsﬁmwﬂﬁmnmﬂmmumwugmammmu
3LﬂiﬁzﬁﬁL§uLamﬂéﬁasm'ﬁoﬁLﬂuwwﬁuaﬂaﬂﬁwwg LAAIANNFLAIN TIALSY FINTTD
' @, a & ¥ o ' A & A . oA o &
aae T8N0 329 aan1sUuidauuaIaiatn9ALawlaN L NEITaIIN VA DWAT
FNANVANNTUTaW 98N wasndaysIninlanalunTlasuaoRuWaLE ke
a o o £ 4 Ao A = ° A & A4 &
Usurawtagladuintn G931n9wIsanniuundnisiimadia le Liﬂwsnmsmﬂs:qﬂ@ﬂ‘*ﬁ’l,u
m‘smwﬁgaﬁﬁtﬁmamﬂmﬁasi’mLﬁa@uufa@mé'ﬂg’m%mn%msﬂszmm‘f’mq@ﬁwm
A s Qs d' £ 1 2!’ = a 1 a
PromegaPowerPlex® 21 G338 Rang1hnanas oA UUNUDWL AOWNTN Auaat AL
1 aiga wah Tolad auwne dbu wan nazquidu uazrhdavie kammasaswuiidan
anuduTalun1sdariraeRunaiduiagedis 80 iWasidud (Gray et al, 2014) uazd
miﬁﬂwﬂumnﬁuﬂ?mmuaza’i’aﬁﬁmmﬁuﬁﬁ@maa’m@T’Jaﬂ'waﬁﬂwmgwﬁﬁwq@ﬁwm
AmpFISTR® NGM® kit (Applied Biosystems, USA) HaN1INaaadnLINNaaanu&ILsa
lumsdarhaoiuWdidutafiauysal 100 1asidud (Ottens et al., 2013) nnilaiinis
WSeURHUNITLeSHNA2aE1LLLATMIENAALAWLANUAT laLSANTGa13a INa 8t 19ALA UL
uui’a@;ﬂ@aaa 4 Uszinn Taun wi watadn LoINInE LaTRLAWLAR @Twﬂ;@ﬁ,’]m
PowerPlex® 16 HS Kan1snaaadnuitadlatSanda1ssruiIn iRy USum
LAZIAVIANUNUNALAWLE LaANIIITANIRNAALAKLAIINA 8L NIKLHEINNII’RNA
A & 3 = = A & 1 Qq// e o 7 1
mamauuwmsgm‘,LasmLauLa"Laﬂmzmnwu@aumsaﬂ@ ml%aawaﬂszwwaqmmw
a e & t:i Qs ' % ci i o Qs a A & t:i
AUNUNWALAWLDN AT LLa:wmna@m@aamu,mﬂmaﬂummm"l,muﬂimm@LauLa‘n
wanedanuae i liiagnasesdnanisznudanisdariaaAnWdiduia (Swaran and
Welch, 2012) nananiasdnisiinaiialaisandarsunltnuaiagnsdiduafiiaann
MIFUNE (Touch DNA) ladi5a laslsinuad (Swab) 3 afia lawn Tuaaw (Nylon) Tnu
(Foam) uazrinfe (Cotton) Tumisiiv@iduie udiwnindIaudiduadiogaiien
Profiler Plus® STR kit (ABI) Nan1Inaaadnuinmudashaluaanilszdnsaiwluns

\ueratediduaniiinannnssudalddnga (Templeton et al., 2013)

=

o (% o A = A & ¥ a ' AN g & <
mmumimmﬂuﬂ"l,@Liﬂwsﬁa’lsmﬂi:qﬂmﬂl"ﬁﬂumamm"lulmgmwu
VL@TﬁmiW”@um“g@w@aauu”aﬁl,wﬁﬂeﬁ“[@L%ﬂﬁ%aﬁém{umﬂﬁmﬂ%mm&ﬁmamn@ﬁaaha
807 6 ThanTaunwlag1tse delaun Wi Ung 1A wnnszaanine 91 wazda vinlw
= =Y Qs 1 v QI ‘3’ o
Uszngararluni1siaszialadd lauIn g9 LAZINHANIINARBIAINITANITA
o A =3 =3 a A Y A % % ' % a
nagauNaGLWang latsangans b T laa59nUa 08198191 IANNY BIARS LNTIZTAH 10

AR azadn wazIasa (Kitpipit et al., 2014) 8nnsdnssinmedia lalSangeansluls
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lunsszysliawusvesdaithquasasnnaatiadusm néwtite aswides nign v
At Taan9z uazgaanse HANNSNARBINLINFINNTOLANUS I TAE LB WD IN A2 88N
vanua'ld@i3a (Kitpipit ef al, 2013) wananissdnisinnafialasandarsly
ﬂszqﬂ@ﬂ%’lumsszqmﬁmau%ariaiiﬂﬁwulumms TagNANIITNANBIWLINRINTALAY
UsinmditBuasameiiniadinandlaiandoredenalsaniovua 3 viialdniouiu

dun a E.coli 0157:H7, C.jejuni and L.monocytogenes (Hasap et al., 2013)

qﬂﬁﬂﬂ’m@aaummﬁaamﬁﬂLﬁaoﬁuﬁmwﬁ’m@mnLﬁuﬁulumu

maéﬁuﬁ@w”ugmaﬁ Lﬁaaﬁ]’mmmml%ﬂ”@ﬂiad@Taashm”@lqwmumd%amwﬁauﬁﬂﬂ
a a o o A €a & & v A , @
IS Rz IavinansNun LA wa lunawaaune 1 GegnanIntislszngasut szl
A & o ' o ¥ & v Aa v o o A

MALeTZRela9 e I@mg@mmmaauu_laamumuﬂuslﬂmum"lﬂsluﬂﬁ]ﬁ;uuwmMum
ldun gavremaeiinlinaseuifaaidesdu 1w gaiiaigiivea (Luminol, Luminol
16®) Bluestar® Ferensic uaziuuddu (Benzidine) ainenilinasevegiilasdu Ao 1a
wisuadanaswlaa (Acid phosphatase) Lazganasauiaioiiasdu Aa ganasey
Phadebas paper 1 mmmm’?ﬁbﬁmumwudwmﬁnmgﬁuaa‘lajdawaﬂizﬂudaﬂ’mﬁu
USU1HUAZIAYNAUNNNALA LD T098981 Aa Bluestar® Ferensic ez Luminol 16® &7
mﬁ,’]mLuu%ﬁudaNammu@ianmﬁwﬂ%mmuam‘"@ﬁwmyﬁuﬁﬁlﬁmamﬂﬁq@ NI
TAUE1 Acid phosphatase UazTaNA&0L Phadebas paper PMNINWITNRUIIWLIN L
RINANTZNUABNTIAFIAONNNALEULD (Lewis et al., 2013) waz (Hedman et al., 2011)

ANAAL
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3. Januszaen
3.1 Lﬁ'aw”eummtzmums@mﬁ]ﬁgﬁ]ﬁﬁﬁmamm‘“@lqwmumo%amw 3 Jsznn
2 1 A a g/ ad =3 a A 6
leun auLtiae 283 wazthany lagat laSangans
3.2 Lﬁaw"'@umm:mumsm’mﬁgaﬁﬁlﬁmamﬂf@lqwmumo‘iamw 3 J5zAn
laur asuLtdaa aﬁﬁ LaEHIANE NHIWNNITNaRaULD 8@ % (Presumptive test) lasss
~ a A 6
laiSangans
3.3 WNadnw1nsitinaiia Gel electrophoresis Sif screening method NawnN1y
s o a e & Aad =3 A A 6
A uNNNaLAwalasAT lalSaNGas
3.4 Lﬁaﬁﬂmﬂﬁﬁﬂﬁﬁwamzwmamimnﬁgﬁ]ﬁﬁLSuLamﬂi'@]qwmuma%amw
Aaa & Aaa ¢ 2 v o A A ¥ & o
TagaslailsSangans Galann ﬂawlmmwumaa"g@mmﬂ@aauLuamu 218789

[ =

WINUNWEINN UazlSzlnNIFRaNg a9 9
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3 v 1 o
1. ﬂqﬁlﬂﬂllaglﬁ%ﬂ&lmqa El']\'i']fﬂqw El']%ﬂ']\‘]%']ﬂ'lw

’mqwmumammwnlﬂumiﬂﬂm leun 1haa 283 wazihany Falaun
NnFUINANIRARdILaziwaTsayLzanm 22-24 T S1uau 10 au tiudleeing-
A = A ° A ~ a AA ' A
Weulaaa lagiAuanraaatiaadilagwenuad T dwdsuim 10 G5 lalunaaanians
NULAAAKTITIA EDTA E%m%'uaq&ﬁum’mgﬁmmwmwUﬁawgifﬁuﬁum TasAula
WaRATWIA 10 UaRANINRZANA LazlIaant¥a sawinauiiulaglwatanaiattiwla
PARATWIA 10 FaRAAINFZ01A LazUI1AANNLTD ANWWININTLALA28H19AINE 1IN

aunnil -20 aveaFus watin ld 1 lwnidnendal

v e

m3anwuasiewiselunsiilaansisoluan wasTniasaanas
Aunanan G9laun 1dea 2§d wazinans aarinisladinnnsuaasessrunsrindsely
aulasfdanan “uwuin19asosssunisrindssluanludszinalng w.a. 25507 va9r3Ty
Surysunmiindsluanludszimnalng (Forum for Ethical Review Committee in Thailand

%38 FERCIT) I@yﬁl,anmsagm”&amﬁ 59-297-19-9

ﬁﬂmim%mﬁmqwmuma%amwLﬁamiﬂmad lasdiaaiagneasy
\faq agd waztinane Usunm 10 lulasdas aUWIRgUANIMLAazLIAN (@athaifan
V‘iﬂmsﬁnmlm‘"a@lLgaﬁwﬁmﬁﬂﬁw nazanwsfizy 1 uazila dedvegiriinmdnsly
'S'aegtgaﬁwﬁ@ﬁﬁﬂw AN Iz BNTY LLa:@‘ﬁaﬂ'ﬁaﬁﬂmgﬁ'}miﬁﬂmlufmLgaci”wﬁ@ﬁw
e nazansfizg uaznszdlasazgfifion) $1mau 10 noa Walgvinsnaasssinanm 10
i losfnualdenugivasdidananniaguszunm 1 iwudwas nnsiwnene 1S
181 24 2la ﬁaul%m:mwmauﬁué’msmi'@qwmuma%’amwﬁ'\ménaanmmﬂ

Taqm awiin ldnen lwiwaawne 11
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]
=

2. NILASBNFIIANN ITEMTUNIINA§O UL 29AK (Presumptive test)

2.1 aainlEnasgauiian
2.1.1 2aW81ganaa (Luminol)

98139 d%aa 0.19 n3u uazloidvua1iaiua (Sodium carbonate) 0.1
nsu azanelulalasiauieseanlod auidudu 3 1Wasidud (3% Hydrogen peroxide)
UF0107 10 UadaaT

2.1.2 BaRIUAFTIALAILE DT (Kastle-Meyer)

T35 nasNN1A% (Phenolphthalein) 2 N8 Iwunadoylaasan lae
(Potassium hydroxide) 20 NT¥ WaT9@ (Zinc dust) 30 N3V azar8luirdSunas 100
faddas umlnanusaulasnisavanansazas AR nuusaldasacansdu uadu

lamuan (Ethanol) U53n1@3 100 faddey ifiulingmngd 4 esenaafos

21.3 ?;ﬂﬁ']m?l’atﬂu'mﬂﬂﬁﬂ%% (Leuchomalachite green)

T3817821aN1a1 la¥in31 (Leuchomalachitegreen) 0.25 N34 aza1aluiin
UTN193 150 8887 LEUNIADLTANITNTW (Glacial acetic acid) U3u163 100 Jafaas
WATLANEIA (Zinc dust) 30 N3N nBuRFNIEIT IR UNTaulRauTeulann1TANA

A v & o A = A
f1Iazany da LLa’JLﬂ‘LIVL’WIQMﬂQ&J 4 2IFLTALT U NN

21.4 qm‘nﬂaammmmu Hemastix®

Tanasauluuuny Hemastix® 1 #209U59% Siemens Healthcare
Diagnostics Inc. (USA)

2.2 ssiafinlznasevasd

nsdndliraiioiuafanaswiias (Acid phosphatase test) #1531
nagauaUagILtaidn lagdsznaudiuantazaly 2 79 da a13azans A (Stock
Solution A) J3u1a13 10 4afAAT ULAZR1IAZaNY B (Stock Solution B) 1 4afAAT NN

TR NWE 881050167 89 AaAAaT LlauTn1TaSINRITASAILNT 2 THha ad%h §178za8
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A (Stock Solution A) ta38ulas 59 O-dianisidinetetrazotised (Fast Blue B) 1 N34 U8z
loidouazBian (Sodium acetate) 20 N34 azanoluiny3unas 100 Sadses dunsa
AsTAN (Acetic acid) U103 10 UaAANT MnsuRavInEsazanawilaldoani du
81382818 B (Stock Solution B) W@Sunlae £J°ﬁ;d Sodium alpha-napthyl phosphate 0.8 N3y

azaeluinySunas 10 TaRaaT NaNakdwaITasaNuLhaLauIN

A o &
2.3 ﬂ'lﬁ'tﬂ&lﬂsl%ﬂﬂaaﬂ%'la'lﬂ

=2 A9 o o o &
nsdnsiildranasay Phadebas paper §1IuNagauAIILiIATY
a3 lasuaiia Phadebas® ({JuvadUSHN Magle AB, Lund, Sweden) 1Razi8a %9
USum 0.9 N3N azaeluiNUTUIOT 100 TRARAT INNHWIIRITAZANUN LADANRIL

N32AHNTA ialﬂLL%awqmﬂguﬁaa Lnuvlﬂuqamﬂmzm@Lmzﬂﬁﬂﬁnﬂma
an [y o A v .
3. IDMINAFIUAINIUADISIAULUDIAYK (Presumptive test)

3.1 MINAFBUAIIULRDALLaIAW (Blood presumptive test)

msmaauﬁw“q@ﬁnmgﬁuaa (Luminol) ﬁﬂ@ﬂﬁ@]vﬁumﬁnmmaaum
UUAIULRBAUII HATINAIVDINITATHNIDI WaUINVDIUJATo9d a8 dusaFRN a9
waaslunwd 11 lasdaarmissnanadeuailuifiasin fNILMIMAFDUMLTA
fpuasAaleas (Kastie-Meyer) WAzN1INATAL El‘lqi@f:’]ﬂ’]ﬁ’ﬂﬂu’]ﬂﬂvl,ﬂﬁﬂ%u
(Leuchomalachite green) ﬁﬂ(ﬂ&l%ﬂ@ﬁ@ﬁm’m@ﬁauﬁ’mau 2 NUA AIUBATILLROAATI
NA1928INTEANBNTEI ANNGIY 3% Hydrogen peroxide 3143 % 2 BEA WALINVBY
ﬂﬁﬁ%mmsmaamﬁmq@ﬁﬂmmeﬁmmﬂa{aﬂﬁﬁmwﬁ”\iLLa@ﬂumwﬁ 12 §IUHALIN
maaﬂﬁﬁ’%mmﬁmaauﬁam;m{wmﬁﬂﬂmm"l,ﬂﬁﬂ’%m:lﬁﬁﬁwLﬁm daugaslunnd 13

A 11 kauanvasd fisenmmaseuasuiieaidasdusuraienaives
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{ aaa J v v :‘ a
AN 12 WaUINY adﬂgﬂiﬂﬁﬂﬂiﬂ@ﬁaﬂﬂiﬂﬂLﬁﬂ(ﬂL‘U NN ﬂq@]m HILLARLNNLALE E'Jic

A Aaaa = & ¥ v 3’ a 6
NINN 13 NammlaoﬂgmmmsmaaummLaa@mamumﬂq@mmaﬂﬂmmvlﬂﬂmu

NINARAUAILTANAROVULLUDY Hemastix® ¥inlasnoaiinan
(Distilled water) adunTANazay MNNUWIN IUFUKEALATUIRDAUWALAIIRG HALINTBY
Ufsenazilfsunszanuasdaanmnionduiider asusaslunini 14

AN 14 waunpedl fATenanesauanuifeaiissduisganasay Hemastix®
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3.2 MInadauaILagdLiiasan (Semen presumptive test)

mMnarauamsTaieLadanaanas (Acid phosphatase) nlagnua

qwﬁwmwmaam‘hmu 2 BEa aauumwuaqﬁmaﬂmwaam:mwniaa azlﬁwamnmaa

Ufnsenfadudiisnmelu 1 wifl asusaslunni 15

PeS——

AN 15 Havanvasljisenmmaseuesegiidaddudisgainsuedanaanias

3.3 nMInadaUAIIURIA1Lanw (Saliva presumptive test)

ANINATAUA2Y Phadebas paper ¥in'lalagiinueis Phadebas paper 319
UUHATIUIIANUATINANVAINTEAN BN T mnﬁfuﬁﬂﬁﬂﬂﬂﬁuﬁmﬁmé’u (Distilled water)

a . =& a a P oA X A aa ¥ o a
'ﬂzLﬂ@ﬂquLWTlla\‘]LN@ﬁLLﬂzLﬂ@ﬂquﬁﬂTﬂuﬂinmﬂ&]ﬂiqll%”lﬂqU@QLL@@GI%IY]WV] 16

AN 16 Havanvasl Jisenmmaseuauihasidesdudioganasay Phadebas

paper
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a a [ a (<
4. manadsaaaanialaeds laiSaidans (Direct amplification)

° A o ' ' a a A & o P & Aaa &
HnsesuuaagisnawmsNulSu A uadaamana lalsanNgans
ad vl e . vp e . (3 A A

AN835N15289 Kitpipit wazA e (Kitpipit et al,, 2014) lasdanIzasnIaINlaIny
JagweunaBinwniniiuuas ldiwnmnaseidssduamadszanm 1x1 dafiuas
lalunaoalulastouasRI3uuIa 1.5 IafaaT Nazana wazlinAanida anwldy PBS
(Phosphate Buffer Saline) U3unm 20 ulasans wanliidinusmeinias Vortex wanii by
1 { a { \ &
umﬁqm%gu 98°C 1111281 2 W17 a1 TazaluN®haztsani1813azany Pre-PCR G493

il fAsonAGarsunumslassanadiane

A a a & o A A & Aaa & .
maRuUTuadwennIagneuniinulasislasaRdans (Direct
PCR) lNaAansadara819a18tnaialaadianinslwsSa (Gel electrophoresis) 11
§1382a18 Pre-PCR NANsaANUTN A8 wad 18 7a1iN87 Phire® Hot Start 1| DNA
Polymerase (Thermo Scientific, Thailand) lasldsinpiuazasiadnineidasarngie
UHTANT (@1997 1) uasin lhAndSumadutadauia3as T100™ Bio-Rad thermal
cycler 1% 35 30U MeldannzmuAnyTimaaue (@11 2) lasldlndiues 2 ¢
Tun s nySu L dula USI M uAd STR (Short tandem repeat) 31U2% 2 AR
A & o ' @ o
Fadudunis STR masgulunisszyienansoiyaaaludaadu lasiianawianny
a o &aa & Al . a o & aa &
817784W AR Fa1T (PCR product) lnajgauazwiannueveIniaimsinGans
{ A £ U { 4 U Qs Qs 1 v 1=
dnga Galaun FGA uaz D3 (@131971 3) alddnsiniidantasdiatidisnaiia
A& aa ' o [ 1 A [ ) a e & 1
adlanInIlWEga AawiheadimstrnwluiarianaRuwaiduiedald
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A15191 1 $enuaza T dN s lun1s¥inAGans Polymerase chain reaction (PCR)

a13LAd U3aas AMNLTND

(lalasans) gany

5x Phire Reaction Buffer (contains 7.5 mM MgCl,) 2.0 7.5 mM

10 mM dNTP 0.2 10 mM
Phire® Hot Start 1| DNA Polymerase 0.2 -

10 uM Primer FGA-F 0.5 10 uM

10 uM Primer FGA-R 0.5 10 uM

10 M Primer D3-F 0.5 10 uM

10 uM Primer D3-R 0.5 10 uM
DNA sample 1 -
Sterile water 4.6 -
38109328 10 -

@13190 2 Tuaau aunnd a1 uazduanseulun1ivinidans Polymerase chain

reaction (PCR)

TwAa% amn)al (°C) 1281 (A1) WINIDY
Initial denaturation 98 300 1
Denaturation 98 0.05
Annealing 62 0.25 } 35
Extension 72 60
Final Extension 4 0 1
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A15197 3 Laasd1aufiangla Inauazuuwia (Product size) a4 lwsinasnlslun13dnsn

NNIAANTBINIBE19A8LNANLA Gel electrophoresis HauiN@I8819N19TIA W LUTa%in

BNUNALA LG b
solnsnas ANAULLEA 5 —> 3 ARIAAIIND 81999
EGA-F GGCTGCAGGGCATAACATTA

322-444 @;L?IJE*I
FGA-R ATTCTATGACTTTGCGCTTCAGGA

(Elkins, 2012)

D3-F ACTGCAGTCCAATCTGGGT

115-147 @;L‘]JET
D3-R ATGAAATCAACAGAGGCTTGC

mmﬁwﬂ%mmﬁﬁmamni’mqwmuma%amwiwU‘i%vl,@ﬁﬂﬁ%mf (Direct
PCR) 1ilan133arina1sRunaLdutadiomaiauadaai3oianinslnsda (Capilary
eleactrophoresis) W18138:a818 Pre-PCR ﬁﬁm&’m%ﬁuﬂ%&nmﬁﬁmaﬁ%U@@‘li’]m
QIAGEN® Investigator IDplex® Plus Kit (Qiagen, UK) lagldseuazansiadiiisidas
audiladidanns (@13797 4) ufin IR NUSI LB W e 81A389 T100™ Bio-Rad

thermal cycler auanzmaTINmddwanuuzthlugled Jidn1s (@19 5)

A15199 4 euaza e N M lun3¥inNGans Polymerase chain reaction (PCR)

d131A8 U5u1a3 (lalasaas)
Fast Reaction Mix 3.75
Primer Mix 1.25
Nuclease-free Water 25
DNA sample 5
331033524 12.5
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@1319% 5 Tunau gunnil 1181 wazdwInsauluniivinidans Polymerase chain

reaction (PCR)

AR amvnal (°C) 181 (i) MWINIAY
Initial denaturation 95 300 1
Denaturation 96 10
30
Annealing/Extension 61 120
Final Extension 10 ©0 1

[
5. NSULENUAZATIVFOLALD WL (DNA separation and detection)
a [ a A & a
51 N1IAIIVFOUNAANMT WD 13 (PCR product) A28tnanaLaadianinilnioa

(Gel electrophoresis)

a ' ° o A o cAaA & o
LS UULHWLARDE M LIRENILATIVFAUNRAN BN T AN La g TINIazNILI&
(Agarose) U3u1aw 2 n38 azansluarsazatsiwinas 1X TBE (Tris-Borate-EDTA)
U30195 100 88867 WANTonaInaITaza L NaNLTWHaLALINK 19 lWRITazALLEY
NHWLAY Ethidium bromide U531035 4 lulataas naulwidnnu daisazaiun lainadln
A a = o ot [ 1
D1ALAR AR AINNRAWIUTEINI 1 LTUFLNAT 3199 (Comb) #1wsutdusesnsaa
ALAWLE INIHUTAIBLINANILIFLTIANUT2 U™ 30 U7 DaaRIaan TnNalaaazn g
lUanslug198ianInslnsSa (Electrophoresis tank) NdansazanotWines 1X TBE naftlw
o & . & A o gAAa o . o .
388U asHINDNALIA MNUUNFNNAAA UM NTaNSNL Loading dye luaasnain
5:1 wanlwidnuwnaninluvsaalutasnsaadiauianiasonly usalvnszualnw 120
Tt iwnandszanm 30 wifl Weasuimuanainludasgnolduaigd (Ultraviolet-

UV) was¥innsenanweainIad Gel Doc™ (Biorad, USA)

52N15A3IVAOUNAAN N NT D13 (STR product) ar8tnanauailaais-

aaninsSTa (Capillary electrophoresis)

HENHAAA N WT15U5N1a5 1 lulasfasnuaiIunanvad Hi-Di
formamide waz DNA Size Standard 550 (BTO) lusaaiudSu1as 12 de 0.5 tulasaas
(@15197 6) NI liruaSHA9 (Centrifuge) 1ANNL5? 14,000 SoUGaWIA UIH 1

PR A A = A & o« P &
WIN ‘]Jll“ﬂqm‘ﬂ{l]ll 95 ALY RNLDYR Lﬂulﬂa’] 3 PN LL@zLL"ELL"NLﬂuL’Jm 3 PN INUB
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'y Lﬂ”lm%iad 3130x/ Genetic analyzer (Applied Biosystems) %Gn’l olurasaundaaiias
Uii"ﬂiwaﬁl&lﬂ‘ﬁﬁ@ POP-4® LLﬂzﬁﬂ']’]NU']'J“llaG%aa@I 36 LTUWALUGT L’Jmluﬂ’ﬁa@@lv’saihd
3Alalaad (kvV) 111 10 3w1A dfm‘*ﬁayaﬁuﬁ"l,ﬁa:mvlﬂ’imsw:ﬁ@hUéﬁawa‘u,ﬁ
GeneMapper® nasw 3.2 da'ly

M137197 6 BIUILAZEI AL LT I NIZTUIRNITILATIER LlasTTuadaan3aLanInsInsgs

(Capillary electrophoresis)

d13LA 4 a0 (lalasans)
Hi-Di formamide 12
DNA Size Standard 550 (BTO) 0.5

= o Y o [ A A 1 a fa ® aa
6. msﬂmsnﬂamslmwmqwang'mnmNansz‘vmmamsmsmwg%umamaf@ms

® Aaq '3
TalSansas

\ Ko & A = ) o

mimaaomuum@qﬂs:mmwaﬂﬂmwam:wumaam@]‘mﬂgmﬂi:mw
@199 danmanlSunmdilduienniaguouniiiinwnifidiuuaz lidwnmasey
& o Aaa & AaaA (Y] [ @ @ ~
asdulasitlaifaddorsluiagnangrunainuaisdszinn landaguangiunltlu
nMIAnEIATIl lianuIINRANIUNINNUATILIAgWe BT A W RN §1ATL
@Taazh\wm‘uLﬁa@"L@Tﬁﬂﬂﬁﬁﬂmlmva@;Lﬁaﬁwﬁ@ﬁﬂﬂw URECRITIG b 197 uazda &ty
@Taazmmmaq%"l,@i”ﬁﬂﬂﬁﬁﬂmlui’a@yﬁaﬁwmﬁ@ﬁﬁﬂw WaznN Iz ATy fFIRTUAIL
@ﬁaﬂ"mﬁ'}mﬂiﬁﬁﬁﬂﬂiﬁnwﬂufﬁ@Lé?'asTwﬁwTﬂb'hﬂ ﬂszmwﬁ"ﬁ"g Lm:mzﬂaaa:gﬁlﬁw

AILFAI NN 17 I@zfl,mwiaz'*zg@mimaaoa]xﬁﬁﬁﬁhmu 10 <N
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INQWEIUNTINN TAANANZ N gawzmagauiiasan

A & o .

Bhg LRBND ] Luminol reagent
ﬂizm‘lﬂﬁﬁ‘g — Kastle-Meyer reagent
a¥ ——  Leucomalachite reagent
e Hemastix®

asﬁ —— \FaKn —— Acid Phosphatase
UREL Qb7 i

ey —T——  LJar ———  Phadebas paper
NIzaHATY

+| a A
niziavacgitibay

NN 17 LEAITARWEUNWTINN IRQRANTIH UazTatenaauidadd
= v v o ) A A 1 a 3
7. M3ANE1TUATNDIYVDIIAAN NN NBINNNAHANIENUADNIIATIINGIN

a® A ® Aaa 6
Aontalagaslasangans

J ;fd o ¢ A = a = '
ﬂ’]iﬂ@aa\‘]a?uu“?@]QﬂizaﬂﬂLWaﬂﬂ"]ﬂqwﬂﬂ]aﬂﬂqﬂr!?@]qw{l’]u"ﬁ'lﬂqwma
A €A & A vo a a o o A €A & @ A A
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aaunngunnd annealing dufinluazililnsiwesaannidrdunudiduauduunadng
Tidwnzianzes dldusnnguavdiduen Wlsndanmsingdonsidwansle (Rychlik et
al., 1990) luamzfiningaunnd annealing gaifinliaziiawuselalasiauszniglniined
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M 62 62N 64 64N

FGA: 322-444 bp

D3: 115-147 bp
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\raLFu®), To9 62N WAz 64N A TAAILANALVBILARZg AN annealing
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500 bp = e ke e e sk e ae e - a FGA: 322-444 bp

— . ——— — —— O D3: 115-147 bp

A A o & aa & o ' ¥ A A A P
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& Aaa & ° o A ' A AV v o A
laSangans lasuaaddinuiuaaaa (n) LazAIANNEING (B) Al@3UAINNITL0919
8138¥a18 Pre-PCR mnmmLﬁa@ﬁtﬁumﬂi’a@pﬁaﬁwﬁ@N’w’hﬂ, naNufivy, 147 uay

A ‘ P o
e m‘lmma:‘*q@m‘imaaw:mmmmu 10 o1



40

1 d 1
1.3.2 NITANBITIIAMNITNTUEITALA18 AL wLa (Pre-PCR solution) 1
o (9] a a (%] o a [~ a a
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LN EWIFARIBNNTLD 0T RNNZRN I TN N US I LB ULa a2 A Tia A ALWANT balSa-
A A & o A e & Aa a ad &
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ANh 29 Namnmaqﬂﬁﬁ%mmimaaummLﬁa@Lﬁaaﬁu@T’mmﬁwmgﬁuaa (Luminol)
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Body fluids provide key pieces of information for a forensic investigation. However, sometimes only a
small amount of body fluids is found and/or DNA are also degraded by environmental factors at the crime
scene. In extreme cases, a forensic analyst may have to decide whether to perform a presumptive test on
the stains or proceed straightaway to DNA profiling, which could be wasteful for non-biological stains.
Additionally, due to the inefficient DNA extraction process, the amount of DNA may not be enough for STR

Keywords: typing, especially if parts of the evidence had been subjected to presumptive testing. To overcome these
Bi,°l°gical evidence problems, we developed a direct PCR method for STR profiling of stains (blood, saliva, and semen) that
l?;:ﬁtr;’pct?ve test had been subjected to presumptive tests and also those that had not undergone presumptive tests. Using
STR profile the optimized protocols, 86 of 90 untreated samples (95.6%) resulted in a full DNA profile. For
Triage presumptively-tested samples, both the type of presumptive test used and the surfaces where the stains

are deposited affected the quality of the STR profiles. With blood, we obtained full STR profiles from 88%
of samples tested with luminol and 78% with Hemastix. The acid phosphatase test for semen and
Phadebas test for saliva resulted in full STR profiles from 85% and 73% of samples, respectively. Different
substrates also affected the resulting STR profiles, but there was no clear trend based on absorbency or
texture. The interactions of types of body fluids, presumptive tests, and substrates must be considered
together. Our direct PCR protocol can be used to detect DNA even with 6 months-old biological samples.
The benefits of the developed protocol include increasing amount of DNA obtained from evidence,
decreasing chances of DNA contamination from complex or lengthy extraction steps, using minimal
sample amount for analysis, and most importantly, improving STR profiles. Also, the process could save
analysis time and cost due to the omission of DNA extraction and quantification. Our developed method
could be beneficial to cases with limited stains available, as forensic analysts can perform indirect
presumptive testing on the suspected stains and direct PCR could be carried out from the filter paper
used, thus leaving the original stain for subsequent DNA extraction or re-analysis.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Body fluids are commonly found at crime scenes and are crucial
to forensic investigations. The detection of body fluids and their
subsequent identifications are important steps that allow them to
be subjected to further analyses. Common body fluids associated
with crimes include blood, semen, and saliva. Blood is found in
violent and non-violent crimes; semen is commonly found in
sexual assault cases; and saliva is frequently found in volume crime

* Corresponding author.
E-mail addresses: thitika.k@psu.ac.th, four4_4@hotmail.com (T. Kitpipit).
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1872-4973/© 2017 Elsevier B.V. All rights reserved.

and sexual assaults [1]. Presumptive testing can be used to locate
and identify suspect stains, of which some are difficult to observe
with unaided eyes [2]. It can also help to eliminate non-biological
samples from subsequent DNA analysis. Exposure to presumptive
test reagents can have detrimental effects of subsequent DNA
analysis. For most cases, it is not necessary to perform presumptive
testing directly on the stain available (i.e. non-direct method).
However, in cases with extremely minute amounts of sample,
forensic analysts may choose to proceed directly to DNA analysis,
resulting in some non-biological stains also being processed.
Chemical based-presumptive testing of suspected body fluids is
widely employed by forensic practitioners both at the crime scene
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and in the laboratory [1]. Typically, suspected stains are scraped
with a folded edge of a sterile filter paper then the reagents are
dropped onto the transferred stains. Common chemicals for blood
screening test in forensic laboratories include luminol, leuchoma-
lachite green (LMG), Kastle-Meyer test (KM) [3], Hemastix [3],
Combur3 Test E [4], and Bluestar luminol [5]. Luminol is the most
sensitive and specific and it does not damage DNA [2,5-7]. Luminol
test relies on the ability of hemoglobin to enhance the oxidation of
luminol, resulting in blue chemiluminescence; however, the
process must be carried out in the dark. LMG, KM, and Hemastix
are less sensitive and specific, and the few studies performed show
that they affect DNA profiling to various degrees [1,5,8,9]. These
tests rely on the color change of the reagents (leuchomalachite
green, phenolphthalein, and 3,3',5,5'-tetramethylbenzidine) in a
heme-catalyzed reaction. Of all the presumptive tests for blood,
Hemastix and Combur3 Test E is the easiest to carry and use, as it
comes in paper-strip format with a shelf-life of six months to a year
after opening. For semen and saliva detection, acid phosphatase
(AP) test and Phadebas paper are usually applied, respectively
[10,11]. The AP test reagents change color in the presence of acid
phosphatase, an enzyme which is found in semen in higher
amounts than other body fluids [10]. Limited data are available for
the effect of AP test on subsequent DNA analysis. Direct spraying of
AP reagents onto semen stains followed by DNA extraction showed
no detrimental effect, but spiking of AP reagents post-extraction/
pre-PCR had negative effects [10]. Phadebas paper contains blue
dyes chemically bound to starch. In the presence of alpha-amylase
enzyme, the starch is digested and the water-soluble dyes are
released [11]. When used with typical DNA extraction protocol,
Phadebas does not interfere with the subsequent PCR [11].

STR typing using direct PCR, the process of DNA amplification
without DNA extraction, is increasingly employed and actively
researched because of several benefits (e.g. see the availability of
new direct PCR commercial kits such as the VeriFiler Direct and
Investigator™ STR Go! Kits and recent publications [12-15]). First,
direct PCR is convenient, economical and rapid. Second, this
process can reduce the risk of DNA contamination from a complex
DNA extraction step. Third, it enhances possibility in obtaining an
STR profile from trace DNA as it increases the amount of DNA
recovered due to the omission of the inefficient DNA extraction
step that can lose up to 70% of DNA [16,17]. Direct PCR has been
successfully reported in various forensic sample types, including
blood, semen, saliva, buccal swab, fingernails, hair, tissue, and
touch DNA [12,15,18-23]. These studies were performed with
untreated samples, i.e. samples that had not undergone presump-
tive testing, and methods vary from one study to the next. Only one
study performed direct PCR from presumptively-tested blood,
saliva, and semen and recovered about 90% of all alleles, but this
was done only on cotton fabrics and with the ParaDNA rapid
platform [7]. Previous studies have also shown that substrates
affect subsequent DNA recovery and analysis for both conventional
and direct PCR [19,24,25], but only two previous, limited studies
investigated the effects of substrates and presumptive tests
simultaneously [11,26]. As such, knowledge regarding performing
direct PCR on untreated casework stains and presumptively-tested
body fluids from different substrates are still lacking. If direct STR
typing can be performed on filter papers used during presumptive
tests, this will open up a new source of template DNA for STR
typing. Also, the non-destructive nature of the indirect presump-
tive testing protocol should leave the original stain almost
perfectly intact. As such, all stains could be presumptively tested,
which would in turn reduce the number of non-biological stains
submitted for DNA analysis.

In this study, we therefore aimed to develop a common direct
PCR-STR typing method for the three common biological fluids
that have and have not undergone presumptive testing on the

standard forensic DNA analysis systems. Two factors (substrate
and stain age) affecting quality of the obtained STR profile were
also studied.

2. Materials and methods
2.1. Sample collection and preparation

Each body fluid (blood, saliva, and semen) used in the
experiments were donated by ten healthy volunteers using
methods approved by the Prince of Songkla University Ethical
Committee (ethical approval no. 59-297-19-9). Volunteers for
blood and saliva included males and females, while volunteers for
semen were all males. Informed written consents were obtained
from all volunteers. Blood samples were drawn from the median
cubital vein by a registered nurse and collected in a 10 mL EDTA-
blood collection tube. Semen and saliva were collected in a sterile
10 mL tube.

Ten microliters of the three body fluids were pipetted onto their
commonly found substrates then air dried for 24h in a safety
cabinet before further analysis. Supplementary Table 1 shows all
the samples and the number of samples per treatment condition
(i.e. sample type, pre-PCR dilution factor, presumptive test,
substrate, and stain age). Substrates for blood included cotton
fabric, tissue, wood, and knife blade. Substrates for semen included
cotton fabric and tissue paper, and substrates for saliva included
cotton fabric, tissue paper, and aluminum can. All substrates were
washed with Clorox® Regular Bleach (CA, USA), air-dried in a clean
fume hood, and irradiated with UV light for 1h in a DNA cross-
linker cabinet to ensure no background DNA contamination. Tissue
papers were not washed but subjected to the same irradiation
process. At least two negative collection controls were collected
from all substrates and subjected to the same downstream
protocol.

To study the effect of stain age, the three body fluids were
pipetted onto cotton fabric, left to dry, and analyzed at the
following time-points: 14 days, 30 days, 90 days, and 180 days.

2.2. Presumptive tests

2.2.1. Blood presumptive test

Four common presumptive tests: luminol, phenolphthalein KM,
LMG, and Hemastix, were tested in this study. Luminol (Sigma-
Aldrich, Darmstadt, Germany), phenolphthalein KM (Merck
Millipore, Massachusetts, USA), and LMG (Magle Life Sciences,
Lund, Sweden) were prepared using either molecular biology grade
or analytical grade chemicals. Luminol reagent was prepared by
first mixing 0.19g luminol with 0.1g sodium carbonate. The
mixture was dissolved in 10 mL of 3% hydrogen peroxide. KM
reagent was prepared using the following formula: 2 g phenol-
phthalein, 20 g potassium hydroxide, 30 g zinc dust, and 100 mL
water. The mixture was boiled until colorless then allowed to cool.
One hundred mL of ethanol were added and the solution was
stored at 4 °C over zinc duct. LMG reagent was prepared using the
following formula: 0.25g leucomalachite, 100 mL glacial acetic
acid, 150 mL distilled water, and 5g zinc dust. The mixture was
boiled until colorless and stored over a little zinc dust at 4°C in the
dark. Hemastix® was purchased from Siemens Healthcare
Diagnostics Inc. (USA).

Bloodstains on different substrates were scraped for 20 times in
a zigzag pattern with the corner of a folded Whatman™ #1
Qualitative 110 mm filter paper (GE Healthcare Life Sciences, PA,
USA). The filter paper was then unfolded. Luminol was sprayed
directly onto the paper. LMG and KM were dropped onto the filter
paper followed by hydrogen peroxide. Hemastix was used as
described by Poon et al. [3]. Briefly, the Hemastix strip was
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moistened with deionized water, shaken to remove excess water,
and pressed lightly onto the transferred stain on the filter paper.
Only two blood presumptive reagents — luminol and Hemastix
— were used in the effect of stain age study as they provided higher
quality STR profiles when compared to KM and LMG tests.
For all tests, a positive reaction was noted by the corresponding
change in color for each test.

2.2.2. Semen presumptive test

An acid phosphatase reagent was used for this purpose. Two
reagents (stock solution A and B) were prepared. The stock solution
A was prepared by mixing 1 g o-dianisidine tetrazotised (Fast Blue
B), 20 g sodium acetate, 10 mL acetic acid, and 100 mL water while
the stock solution B was prepared by mixing 0.8 g sodium alpha-
napthyl phosphate and 10 mL water. The working solution of acid
phosphatase reagent was then prepared by adding 10 mL of stock
solution A to 89 mL of water added with 1 mL of stock solution B.

Similar to bloodstains, a folded filter paper was used to scrape
the semen stains. The AP reagent was sprayed onto the filter paper
and a positive reaction was noted by a color change within one
minute.

2.2.3. Saliva presumptive test

Phadebas® paper (Magle AB, Lund, Sweden) was used for this
purpose. 0.9g Phadebas Amylase test tablet was dissolved in
100 mL water. The solution was sprayed onto one side of a sheet of
filter paper. When dried, the treated paper had a speckled blue
appearance. A clean, folded filter paper was used to scrape the
saliva stains. Prepared Phadebas paper were pressed against the
filter paper, sprayed with deionized water, and kept in contact for
20min. A positive reaction was noted by a diffused blue
appearance on the Phadebas paper.

2.3. Direct-STR amplification and detection

In this study, a pre-PCR protocol for direct amplification
modified from Kitpipit et al. [27] was employed as it provided the
highest amplification success rate from the three target biological
samples based on our preliminary results (data not shown). For the
untreated samples, one 1 x 1 mm? piece from the filter paper that
had been used to scrape the body fluid stains was cut and put in a
sterile 1.5mL microcentrifuge tubes. For presumptively-tested
samples, a 1 x1mm? piece from the filter paper at the area
showing a positive reaction (i.e. color change) was cut and put in a
sterile microcentrifuge tube. Twenty L of phosphate-buffered
saline (PBS) was added to each tube, followed by an incubation at
98 °C for 2 min and a brief spin-down. The supernatant was called
the pre-PCR solution and used for subsequent amplification. The
optimized dilution factors of the pre-PCR solutions were deter-
mined empirically in the optimization experiment with untreated
samples and also used for the presumptively-tested samples.

The QIAGEN® Investigator IDplex®™ Plus Kit (Hilden, Germany)
was used for STR amplification. All samples were typed only once.
A reduced total reaction volume of 12.5 L, consisting of 3.75 L
Fast Reaction Mix, 1.25 pL Primer Mix, 2.5 pL nuclease-free water,
and 5.0 L pre-PCR solution, was used. Amplifications were carried
out using a TI00™ Bio-Rad thermal cycler with the following PCR
condition: 95 °C for 5 min followed by 30 cycles 0of 96 °C for 10 s and
61°C for 120s. All batches were processed with at least one
negative control (i.e. distilled water) and one positive control (i.e.
500 pg of control DNA supplied with the IDplex Plus Kit). PCR
products were kept at 4°C.

Approximately 1.0 L PCR product was mixed with 12 pL Hi-Di
formamide and 0.5 L DNA Size Standard 550 (BTO). The mixture

was denatured at 95 °C for 3 min and placed on ice for 3 min. PCR
fragments were resolved on a 3130xI Genetic analyzer (Life
Technologies, CA, USA) using POP-4® Polymer and the manufac-
turer’s recommended protocol. Raw data were analyzed with
GeneMapper® ID software v.3.2.1 (Life Technologies, CA, USA). A
peak detection threshold of 50 RFU was used. Single peaks over
200 RFU at any locus were declared as homozygous based on
internal validation as having the probability of allelic drop-out of
0.01 (data not shown). Stutter thresholds were the default values
provided by the manufacturer. Profiles were judged to be high
quality if (1) over 24 alleles were detected, (2) the average
heterozygous balance were above 60%, (3) fewer than two allelic
drop-ins were present, and (4) fewer than four loci had stutter
percentages over 15%. GeneMapper ID data were exported to
Microsoft Excel.

2.4. Statistical analysis

All comparisons between different dilution factors, presump-
tive tests, substrates, and stain ages were carried out using
Bayesian credible intervals. A 95% credible interval signifies a 95%
probability that the true value lies in that interval. Non-over-
lapping credible intervals suggest a low probability of the means
taking the same values between the groups, i.e. a significant
difference in frequentist statistics. However, Bayesian credible
intervals are superior to the frequentist confidence intervals, as
credible intervals can directly provide probabilistic statements of
the posterior distribution given the data accumulated [28,29].
Additionally, Bayesian estimates are robust to outliers, which make
the method suitable for the sample size of ten per treatment used
in this study.

Bayesian 95% credible intervals of the means were calculated
from 20000 iterations with non-informative priors using the yarrr
package in R [30]. The effect of presumptive tests on the resulting
alleles recovered and peak heights obtained were calculated by
constructing the posterior probability distribution of the differ-
ences in means between the untreated samples and the
presumptively-tested samples on the same substrates. This was
calculated using the BEST package in R [29], with a burn-in length
and sampling length of 20,000 iterations each. Differences in
means that are farther away from zero shows a more credible
difference between the compared groups.

3. Results
3.1. Preliminary testing of pre-PCR dilution protocol

Initially, the possibility of direct amplification from the three
target body fluids (known blood, semen, and saliva samples from
three known donors) on cotton fabrics were evaluated using
typical direct PCR protocol and by following the method of Kitpipit
et al. [27,31]. Overall, more than fifty STR profiles were generated
with various conditions, e.g. punch size, dilution buffer volume,
amount of pre-PCR solution added to a PCR reaction, and PCR
cycles. The STR profiles were in full concordance with the donors’
reference profiles. However, a typical direct PCR protocol, i.e.
cutting or punching the stain into the PCR reaction directly, yielded
over-amplified profiles and split peaks even with punch sizes of
less than 1 mm in a half-reaction volume. Low intra- and inter-
locus balances were also obtained. On the other hand, some
samples processed using the dilution protocol showed more
balanced profiles with less over-amplified peaks and stutter peaks.
As such, we chose to proceed with further optimizations using the
dilution protocol.
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3.2. Direct-STR typing from untreated biological fluids transferred to
filter papers

Instead of cutting or punching the body fluid stains (blood,
semen, and saliva) directly, the stains on different substrates
were scraped with the folded edge of a sterile filter paper. By
visual inspection, only traces (less than 0.5 ul) of the original
stain was transferred to the filter paper. Overall, preliminary
results showed high rate of successful DNA amplification from
the filter papers. However, the obtained STR profiles showed
over-amplified peaks in almost all samples (data not shown),
suggesting too much DNA template. Additional optimizations
were performed by diluting the pre-PCR solutions with
deionized water by 1:3, 1:5, and 1:10, before further analysis.
Some undiluted pre-PCR solutions were omitted due to poor
results in the preliminary study.

Fig. 1 shows the STR amplification results from all filter papers
used to scrape the three body fluids on different substrates
(N=270, double asterisk marked no amplifications performed). For
all body fluids, diluting the pre-PCR solution with deionized water
at 1:3 ratio was selected for direct-STR typing from untreated
samples on all substrates. Samples amplified using the optimized
dilution ratio (1:3 dilution) yielded average number of alleles
obtained of 31 alleles and 86 full STR profiles from a total of 90
samples (95.6%).

All blood and saliva samples on all substrates prepared in this
way provided full STR profiles (100%) with highest peak heights
compared to other dilutions. For semen, nine full profiles and one
high partial profile were obtained from 1:3 diluted pre-PCR
solutions on cotton fabric (90%). On tissue paper, 1:3 diluted pre-
PCR solutions gave seven full STR profiles and three low partial
profiles (70%). The partial profiles obtained from semen had lower
peak heights when compared with the full profiles, which was
evident as the clusters of data at or near zero in Fig. 1. No inhibition
pattern was observed. Thus, the partial profiles were likely due to
insufficient DNA transferred to the filter paper.

Based on this optimization experiment, the 1:3 dilution
protocol was selected for further studies.
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3.3. Direct-STR typing from presumptively-tested biological fluids

Body fluid stains were subjected to various presumptive tests
using an indirect approach, i.e. stains were scraped with folded
filter papers then the filter papers were subjected to presumptive
test. The resulting STR profiles showed that each presumptive
reagent and substrate differently affected the profile quality
obtained, both in terms of peak heights and alleles recovered.
Overall, we were able to consistently produce high quality STR
profiles from presumptively-tested body fluid stains using the
dilution protocol. Of 210 amplifications across six presumptive
tests and five substrates, 145 (69%) samples yielded full profiles. If
one considered only the luminol test for blood, acid phosphatase
for semen, and Phadebas for saliva, the percentage of full profiles
increased to 82% (74/90 samples). Fig. 2 shows a typical full STR
profile and a partial profile obtained in this study.

Fig. 3 shows the number of alleles recovered and the peak
heights of STR profiles typed from presumptively-tested samples.
For blood presumptive tests, full profiles were obtained from 35/40
(88%), 31/40 (78%), 20/40 (50%), and 20/40 (50%) samples for
luminol, Hemastix, LMG, and KM, respectively. Luminol provided
the highest alleles and peak height across all substrates, followed
by Hemastix, LMG, and KM. Lower number of alleles and peak
heights were observed from tissue paper, wood, and knife blade as
compared to cotton fabric. However, the effect of substrate could
not be separated from the presumptive reagents. For example,
peak heights of profiles generated from bloodstains on knife blade
were the lowest when tested with luminol, Hemastix, and KM, but
not for LMG.

For saliva stains on cotton fabrics, tissue paper, and aluminum
cans, full STR profiles were obtained from 22 of 30 (73%) filter
paper samples that had been tested with Phadebas paper. All the
eight partial profiles were from stains on tissue paper, demon-
strating the effect of substrate on the resulting STR profile.

For semen stains, 17 of 20 (85%) of filter paper samples tested
with AP reagents yielded full STR profiles. The other three STR
profiles were missing only one allele and they were all from tissue
paper.
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Fig.1. Optimization results for untreated body fluids amplified using direct PCR from varying concentrations of pre-PCR solutions (N = 10 per treatment). Each body fluid was
deposited onto different substrates. The number of correct alleles detected and the peak heights are shown. Each dot represents one datum (number of allele in a profile or one
peak height). The solid color lines show the means and the solid color blocks show the 95% Bayesian credible intervals. Non-overlapping intervals indicate significant

difference. Double asterisks indicate no STR typing performed in that treatment.
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Fig. 2. (A) A typical full profile obtained from a presumptively-tested sample. This profile shows all 32 alleles correctly typed with no artifact present. (B) A partial profile
showing signs of inhibition and other artifacts from direct STR typing of blood tested with KM reagent.

In order to investigate the effect of each presumptive test and
substrate on the direct STR profiles generated with the proposed
dilution protocol, we calculated the difference in means of
number of alleles and the peak heights between the untreated
samples and the presumptively-tested samples. Fig. 4 shows that
luminol, AP reagents, and Phadebas paper (except when testing
from filter paper scrapes of tissue paper) had no significant effect

on the number of alleles recovered. With bloodstains, KM and
LMG tests had a more pronounced negative effect on the resulting
STR profiles compared to luminol and Hemastix. These samples
showed significant reductions in the number of alleles detected.
Additionally, the effect of substrate was evident — all body fluid
stains on cotton fabrics yielded full profiles while knife blade,
wood, and tissue paper reduced the number of alleles recovered.
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Fig. 3. The numbers of allele and peak heights of STR profiles from blood, saliva, and semen samples on various substrates that had undergone various presumptive testing

(N=10 for each treatment).

The reduction in the number of alleles recovered correlated with a
larger decrease in peak heights.

In terms of peak heights, all presumptive tests decreased the peak
heights of the STR profiles obtained, except for Phadebas paper test
from saliva stains on tissue paper and luminol test from bloodstains
on cotton fabric. Interestingly, all presumptive tests for blood
reduced the peak heights obtained almost equally (i.e. the differ-
ences in means of peak heights were highly similar in Fig. 4 ), but only
KM and LMG reduced the number of alleles recovered.

3.4. Effect of stain age on direct-STR typing from presumptively-tested
samples

Fig. 5 shows the number of alleles recovered and the peak
heights from presumptively-tested stains of different ages (N=80).
As expected, increasing stain age resulted in reduced number of
alleles recovered and peak heights. Full STR profiles were obtained
from up to 30-day old blood and saliva stains and 90-day old semen
stains. Older stains yielded more partial profiles, except for saliva
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Fig.4. The means and 95% Bayesian credible intervals of the differences in means between untreated samples and presumptively-tested samples on the same substrates. Both
differences in alleles and peak heights are shown. Credible intervals not overlapping zero suggest high credibility in the differences (i.e. p <0.01 in frequentist statistics).
Negative values show that untreated samples resulted in higher alleles and peak heights and vice versa.
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Fig. 5. The numbers of allele recovered and peak heights of STR profiles from blood, saliva, and semen samples of different age that had undergone presumptive testing and

subjected to direct PCR (N=5 per treatment).

samples, of which the 180-day old samples provided higher
number of allele than 90-day old samples.

3.5. STR artifacts and controls

Of the total 620 STR amplifications performed in all parts of this
study (560 samples, 12 negative collection controls, 24 amplifica-
tion negative controls and 24 amplification positive controls), we
observed 156 profiles with pull-ups; 33 profiles with stutters
whose peak heights were over 15% of corresponding peaks; 30
profiles with split peaks; 24 allelic drop-ins and the occasional
expected dye blobs. Comparing the profiles generated from
optimized protocols, presumptive tests did not increase the
incidences of any particular artifact (38% vs. 32% of all profiles
with at least one artifact in untreated samples and presumptively-
tested samples, respectively). If pull-ups were discounted, the
percentages came down to 12% and 6%. Almost all pull-ups, high
stutters, split peaks, drop-ins, and dye blobs were from unopti-
mized reactions and they did not interfere with calling the correct
alleles in the optimized conditions and in the study of presumptive
tests.

Judging from the STR profile characteristics of the four partial
profiles obtained with the optimized protocols (1:3 dilution;
N=90), all exhibited allelic/loci drop-outs consistent with insuffi-
cient DNA. The partial profiles from the presumptive test
experiment were mainly due to insufficient DNA (47/65 profiles)
and also due to PCR inhibition or DNA degradation (18/65 profiles).
About half of the inhibited or degraded profiles (8/18 profiles) were
from Phadebas-treated samples.

There was no evidence of contamination in the negative
controls, and all positive controls yielded full STR profiles.

4. Discussion

In this study, an efficient direct amplification protocol for the
three common body fluids (blood, semen, and saliva) on their
relevant substrates was successfully developed. High quality full
STR profiles were obtained from all body fluid samples when

appropriate dilutions were used. The method was also applied to
presumptively-tested body fluid stains, and a high amplification
success rate was obtained across all substrates. As only minimal
sample amount (<0.5 L) is required to be transferred to the filter
paper, forensic scientists could use the indirect presumptive
testing method even on any stain size. Our developed protocol also
opens up the possibility of STR profiling from these filter papers,
which are normally discarded during standard presumptive testing
protocol. Combined with direct amplification, the possibility of
receiving a useable STR profile from crime scene evidence is also
increased as no DNA is loss through the extraction process.

Both presumptive test reagents and substrates were found to
affect the STR profile quality. The only other study that investigated
the possibility of direct STR typing from presumptively-tested
samples was carried out with the five loci non-standard ParaDNA®™
rapid platform [7]. Our dilution protocol achieved more complete
STR profiles from the same treatment condition (i.e. same reagents
on cotton fabric) even with a full STR panel of 16 loci. The results
also agree with studies that include a DNA extraction step prior to
STR typing. Among the blood presumptive tests, luminol had the
least negative effect [2,8,9,31]. The Hemastix test only slightly
affected the STR profiles in this study. However, the obsolete
benzidine test, of which the Hemastix is based on, had been shown
to speed-up DNA degradation [2]. This means that either the
3,3/,5,5'-tetramethylbenzidine (TMB) in Hemastix did not interfere
with STR amplification (as shown in [5] with conventional DNA
typing) or our dilution protocol overcame the slight inhibitory
effect of Hemastix. Also, unlike the other three tests and the
obsolete benzidine test, Hemastix is not sprayed or applied directly
to the filter papers, which minimizes the transfer of the reagents
onto the filter paper. KM and LMG tests severely affected the STR
profiles obtained in this study and in other previous studies [5]. It
could be due to the chromogens interfering with fluorescent
detection, but more likely the adverse effects were due to hydrogen
peroxide and the pH of the reagents. Luminol, KM, and LMG tests
involves the use of hydrogen peroxide, a strong oxidizer that
induces DNA strand breakages [32], but hydrogen peroxide is used
as part of the luminol formulation itself while KM and LMG tests
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call for direct droppings of hydrogen peroxide onto the suspected
bloodstains. The high pH in KM and LMG reagents (pH 9 and 13,
respectively) could also have contributed to both denaturation and
degradation of DNA via deprotonation and hydrolysis of phos-
phodiester bonds [33].

In this study, the Phadebas test and AP test only slightly affected
STR profile quality when compared to untreated samples. Two
limited studies on the effect the Phadebas press test on DNA
analysis showed no inhibition from treated samples [34,35], while
our Phadebas-treated samples showed STR profiles consistent with
PCR inhibition or degradation. This difference could be due to the
direct PCR protocol used in our study. As for semen stains, Phillips
et al. observed slight decrease in DNA amount when suspected
semen stains were tested with AP reagents [26]. Lewis et al. also
found detrimental effects of AP tests on semen stains from various
fabrics as well as when spiking the reagents onto extracted DNA
[10]. However, our preparation method achieved a higher number
of alleles recovered, which is probably due to the dilution of AP
reagents and omission of the inefficient DNA extraction process
[16,17].

Previous studies have shown that substrates affect the amount
of DNA recovered from stains, using conventional DNA extraction
[24,25] and direct PCR [18,20,22], but they were not performed on
presumptively-tested samples. We initially expected that untreat-
ed samples deposited on non-porous substrates (e.g. knife blade
and aluminum can) to yield higher peak heights or more alleles
compared to porous substrates, given that the same dilution factor
was used. Our data indicated that one dilution factor (1:3) could
accommodate the different substrates and body fluids. We
assumed that the dilution protocol helped to normalize the
differences in characteristics between the substrates, but still high
variations in peak heights were observed. This could be due to (1)
variation in the amount of sample transferred through scraping, (2)
variation in the amount of presumptive reagent added, and (3)
person-to-person variation in the number of cells. An interaction
between the body fluids and the substrates was also observed. For
example, cotton fabric and tissue paper yielded similar peak
heights for blood and semen, while higher peak heights were seen
from cotton fabric for saliva. Phillips et al. demonstrated that the
amount of DNA recovered from AP-tested semen stains differed for
different substrates [26], and Hedman et al. suggested that less
absorbent or inert substrates are more prone to transfer cells and
DNA to Phadebas paper [11]. The addition of presumptive reagents
did not change the trend observed in the untreated samples of
semen and saliva. In the case of blood, knife blade now resulted in
the lowest peak heights. As the same amount of presumptive
reagents was used regardless of the substrates, the reduced peak
heights could be due to the increased interactions between the
higher volume of blood in the filter paper scraped from knife blade
than from other substrates.

Aged stains kept in our evidence examination room conditions
(i.e. unregulated temperature and humidity) could be scraped,
presumptively-tested, subjected to direct PCR, and still yielded
high partial profiles. This confirmed that our direct STR typing
protocol from presumptively-tested filter papers could be applied
to a casework scenario in which the crime is found or reported after
some time has passed. It is presumed that stains properly stored in
cold conditions should be able to yield higher quality profiles
because degradation is slower at lower temperature. We did not
test stains that had been subjected to presumptive tests and kept
for long period, as this is not a typical workflow for our forensic
laboratory. We surmised that higher success rates of semen at later
time-points compared to blood and saliva was due the additional
DNA being released through degradation of the acrosomes.

Two main factors could account for the successful generations
of STR profiles in this study: the combined use of PBS and heat in

the dilution protocol and the proprietary buffer and polymerase in
the STR amplification kit. Compared to the direct protocol
commonly used in forensic DNA analysis, the dilution protocol
provided a higher amplification efficiency and success rate
according to our preliminary experiments. This finding agrees
with previous studies by Kitpipit et al. [27,36] on a variety of
wildlife forensic samples and meat species in food. The use of PBS
could help to dilute the PCR inhibitors present in the body fluids
(e.g. heme) and the presumptive test reagents, as well as neutralize
the pH of the reagents and maintain it during PCR cycles [27]. No
dithiothreitol was necessary for direct PCR from semen, a finding
that agrees with Tobe et al. who showed that the PCR process was
enough to lyse spermatozoa [18]. Compared with Tobe et al.’s
direct protocol, the developed indirect-dilution protocol here
achieved lower number of full STR profiles from semen stains, but
our protocol is less destructive. The apparent gap in the peak
heights between the full and partial STR profiles (Fig. 1) suggests
variation in scraping from dried stains, which could be improved
upon by slightly wetting either the stain or the filter paper.
Additionally, the IDplex Plus kit is also highly resistant to inhibitors
[37]. These reasons could account for the higher success rates in
this study as compared with Gray et al., who performed direct PCR
from mock casework bloodstains and achieved full STR profiles
from 80% of samples [22]. However, it must be kept in mind that
Gray et al. used over 40 substrates for the mock casework samples.

The strength of this study lies in the development of a simple,
single protocol that could be used on the three common body fluid
stains with no change to standard presumptive testing protocol.
The multiple factors investigated also contributed to the under-
standing of the process of direct PCR and effect of presumptive
tests and substrates on STR profiles. Using the same 10 volunteers
for each presumptive test and substrate allows a robust compari-
son as it minimizes between-group variations while acknowledg-
ing that some variations in the number of cells per mL of body fluid
exist. Further studies on more substrates commonly found in crime
scenes, such as synthetic fabrics, as well as other presumptive test
reagents, such as Hemident™ and Combur3 Test E for blood or the
SERATEC PSA kit for semen, should provide a more complete
picture and help forensic practitioners decide on a presumptive
test for his or her laboratory.

5. Conclusion

This study developed a direct STR typing protocol from
untreated and presumptively-tested biological evidence and
investigated the effects of different presumptive tests, substrates,
and stain age on the STR profiles. High quality profiles were
consistently obtained, proving that direct STR typing from minute
amount of sample, even in the presence of presumptive test
reagents, was possible. The best presumptive blood test in this
research was luminol. It did not interfere with the generation of
STR profiles. Hemastix slightly affected the STR profiles but is
easier to use and carry. Acid phosphatase test did not reduce the
number of alleles detected, and Phadebas paper only slightly
reduced the number of alleles detected when used with tissue
paper. The characteristics of the substrates also affected the STR
profiles obtained, but there was no clear trend (e.g. smooth non-
porous surface did not always yield lower quality profiles). As for
stain age, older stains resulted in more allelic drop-outs — but
useable profiles were sometimes obtainable up to 180 days even in
the presence of presumptive reagents. In conclusion, forensic
laboratories can use the information from this study and the
developed protocol to make informed decisions whether to
employ presumptive testing and whether they want to follow
up with a direct PCR from the filter paper used during presumptive
testing.



P. Thanakiatkrai et al./Forensic Science International: Genetics 30 (2017) 1-9 9

Acknowledgements

This work was supported by the Faculty of Science Research
Fund, Faculty of Science, Prince of Songkla University [grant
number 160002]. iScience Technology Co., Ltd., Thailand, donated
the Qiagen IDplex Plus kits for this study. The Department of
Molecular Biology and Bioinformatics, Faculty of Science, Prince of
Songkla University provided access to equipment. We also
acknowledge the help of Pol. Col. Watee Asawutmangkul, Pol.
Col. Weawgarn Duangshatome, and Pol. Capt. Sukanya Phetpeng.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.
fsigen.2017.06.001.

References

[1] K. Virkler, LK. Lednev, Analysis of body fluids for forensic purposes: from
laboratory testing to non-destructive rapid confirmatory identification at a
crime scene, Forensic Sci. Int. 188 (2009) 1-17.

[2] J.P. De Almeida, N. Glesse, C. Bonorino, Effect of presumptive tests reagents on
human blood confirmatory tests and DNA analysis using real time polymerase
chain reaction, Forensic Sci. Int. 206 (2011) 58-61.

[3] H.Poon,].Elliott, ]. Modler, C. Fregeau, The use of Hemastix and the subsequent
lack of DNA recovery using the Promega DNA IQ system, J. Forensic Sci. 54
(2009) 1278-1286.

[4] E. De Vittori, F. Barni, S.\W. Lewis, G. Antonini, C. Rapone, A. Berti, Forensic
application of a rapid one-step tetramethylbenzidine-based test for the
presumptive trace detection of bloodstains at the crime scene and in the
laboratory, Forensic Chem. 2 (2016) 63-74.

[5] S.S. Tobe, N. Watson, N.N. Daeid, Evaluation of six presumptive tests for blood
their specificity, sensitivity, and effect on high molecular-weight DNA, J.
Forensic Sci. 52 (2007) 102-109.

[6] F. Barni, S.W. Lewis, A. Berti, G.M. Miskelly, G. Lago, Forensic application of the
luminol reaction as a presumptive test for latent blood detection, Talanta 72
(2007) 896-913.

[7] G.E. Donachie, N. Dawnay, R. Ahmed, S. Naif, N.J. Duxbury, N.D. Tribble,
Assessing the impact of common forensic presumptive tests on the ability to
obtain results using a novel rapid DNA platform, Forensic Sci. Int. Genet. 17
(2015) 87-90.

[8] CJ. Jakovich, STR analysis following latent blood detection by luminol
fluorescein, and BlueStar, J. Forensic Ident. 57 (2007) 193-198.

[9] A.M. Gross, K.A. Harris, G.L. Kaldun, The effect of luminol on presumptive tests
and DNA analysis using the polymerase chain reaction, J. Forensic Sci. 44
(1999) 837-840.

[10] ]J. Lewis, A. Baird, C. Mcalister, A. Siemieniuk, L. Blackmore, B. Mccabe, P.
O'rourke, R. Parekh, E. Watson, M. Wheelhouse, N. Wilson, Improved detection
of semen by use of direct acid phosphatase testing, Sci. Justice 53 (2013) 385-
394.

[11] J. Hedman, K. Gustavsson, R. Ansell, Using the new Phadebas™ Forensic Press
test to find crime scene saliva stains suitable for DNA analysis, Forensic Sci. Int.
Genet. Suppl. Ser. 1 (2008) 430-432.

[12] H. Altshuler, R. Roy, Evaluation of direct PCR amplification using various swabs
and washing reagents, ]. Forensic Sci. 60 (2015) 1542-1552.

[13] D.E. Hall, R. Roy, An evaluation of direct PCR amplification, Croat. Med. ]. 55
(2014) 655-661.

[14] M. Caputo, M.C. Bobillo, A. Sala, D. Corach, Optimizing direct amplification of
forensic commercial kits for STR determination, J. Forensic Leg. Med. 47 (2017)
17-23.

[15] S. Verheij, J. Harteveld, T. Sijen, A protocol for direct and rapid multiplex PCR
amplification on forensically relevant samples, Forensic Sci. Int. Genet. 6
(2012) 167-175.

[16] A. Colussi, M. Viegas, ]. Beltramo, M. Lojo, Efficiency of DNA IQ System™ in
recovering semen DNA from cotton swabs, Forensic Sci. Int. Genet. Suppl.
Series 2 (2009) 87-88.

[17] R. Kishore, W. Reef Hardy, V.J. Anderson, N.A. Sanchez, M.R. Buoncristiani,
Optimization of DNA extraction from low-yield and degraded samples using
the BioRobot EZ1 and BioRobot M48, ]J. Forensic Sci. 51 (2006) 1055-1061.

[18] S.S. Tobe, Y.C. Swaran, L. Dennany, U. Sibbing, K. Schulze Johann, L. Welch, M.
Vennemann, A proof of principal study on the use of direct PCR of semen and
spermatozoa and development of a differential isolation protocol for use in
cases of alleged sexual assault, Int. ]. Legal Med. 131 (2017) 87-94.

[19] Y.C. Swaran, L. Welch, A comparison between direct PCR and extraction to
generate DNA profiles from samples retrieved from various substrates,
Forensic Sci. Int. Genet. 6 (2012) 407-412.

[20] A. Dargay, R. Roy, Direct Y-STR amplification of body fluids deposited on
commonly found crime scene substrates, J. Forensic Leg Med. 39 (2016) 50-60.

[21] E.L. Romsos, P.M. Vallone, Rapid PCR of STR markers: applications to human
identification, Forensic Sci. Int. Genet. 18 (2015) 90-99.

[22] K. Gray, D. Crowle, P. Scott, Direct amplification of casework bloodstains using
the Promega PowerPlex((R)) 21 PCR amplification system, Forensic Sci. Int.
Genet. 12 (2014) 86-92.

[23] R. Ottens, D. Taylor, D. Abarno, A. Linacre, Successful direct amplification of
nuclear markers from a single hair follicle, Forensic Sci. Med. Pathol. 9 (2013)
238-243.

[24] TJ. Verdon, R.J. Mitchell, R.A. Van Oorschot, Swabs as DNA collection devices
for sampling different biological materials from different substrates, J. Forensic
Sci. 59 (2014) 1080-1089.

[25] S. Phetpeng, T. Kitpipit, P. Thanakiatkrai, Systematic study for DNA recovery
and profiling from common IED substrates: from laboratory to casework,
Forensic Sci. Int. Genet. 17 (2015) 53-60.

[26] Z. Phillips, J. Kenline, M. Donley, R. Kahn, The effects of acid phosphatase
mapping on DNA recovery, 22nd International Symposium on Human
Identification, MD, USA, 2011.

[27] T. Kitpipit, W. Chotigeat, A. Linacre, P. Thanakiatkrai, Forensic animal DNA
analysis using economical two-step direct PCR, Forensic Sci. Med. Pathol. 10
(2014) 29-38.

[28] J.K. Kruschke, Bayesian data analysis, Wiley Interdisciplinary Reviews.
Cognitive Science, 1(2010) , pp. 658-676.

[29] ]J.K. Kruschke, Bayesian estimation supersedes the t-test, ]. Exp. Psychol. Gen.
142 (2013) 573-603.

[30] N.D. Phillips. Yarrr! The pirate’s guide to R, http://thepiratesguidetor.com,
Online, 2016.

[31] A. Barbaro, P. Cormaci, A. Teatino, A. Barbaro, Validation of forensic DNA
analysis from bloodstains treated by presumptive test reagents, Int. Congr.
1261 (2004) 631-633.

[32] N.Driessens, S. Versteyhe, C. Ghaddhab, A. Burniat, X. De Deken, J. Van Sande, ].
E. Dumont, F. Miot, B. Corvilain, Hydrogen peroxide induces DNA single- and
double-strand breaks in thyroid cells and is therefore a potential mutagen for
this organ, Endocr. Relat. Cancer 16 (2009) 845-856.

[33] M. Ageno, E. Dore, C. Frontali, The alkaline denaturation of DNA, Biophys. J. 9
(1969) 1281-1311.

[34] N. Roda, S.B. Lee, B. Barloewen, T. Mehmet, DNA typing compatibility with a
one step saliva screening test, Themis: Res. J. Justice Stud. Forensic Sci. 2
(2014).

[35] J. Hedman, E. Dalin, B. Rasmusson, R. Ansell, Evaluation of amylase testing as a
tool for saliva screening of crime scene trace swabs, Forensic Sci. Int. Genet. 5
(2011) 194-198.

[36] T. Kitpipit, K. Sittichan, P. Thanakiatkrai, Direct-multiplex PCR assay for meat
species identification in food products, Food Chem. 163 (2014) 77-82.

[37] D. Mattayat, T. Kitpipit, S. Phetpeng, W. Asawutmangkul, P. Thanakiatkrai,
Comparative performance of AmpFLSTR(R) Identifiler(R) plus PCR
amplification kit and QIAGEN(R) Investigator(R) IDplex plus Kkit, Sci. Justice 56
(2016) 468-474.


http://dx.doi.org/10.1016/j.fsigen.2017.06.001
http://dx.doi.org/10.1016/j.fsigen.2017.06.001
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0005
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0005
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0005
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0010
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0010
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0010
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0015
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0015
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0015
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0020
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0020
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0020
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0020
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0025
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0025
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0025
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0030
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0030
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0030
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0035
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0035
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0035
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0035
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0040
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0040
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0045
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0045
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0045
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0050
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0050
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0050
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0050
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0055
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0055
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0055
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0060
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0060
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0065
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0065
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0070
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0070
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0070
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0075
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0075
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0075
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0080
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0080
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0080
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0085
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0085
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0085
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0090
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0090
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0090
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0090
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0095
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0095
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0095
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0100
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0100
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0105
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0105
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0110
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0110
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0110
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0115
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0115
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0115
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0120
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0120
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0120
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0125
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0125
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0125
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0130
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0130
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0130
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0135
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0135
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0135
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0140
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0140
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0145
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0145
http://thepiratesguidetor.com
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0155
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0155
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0155
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0160
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0160
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0160
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0160
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0165
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0165
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0170
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0170
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0170
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0175
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0175
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0175
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0180
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0180
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0185
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0185
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0185
http://refhub.elsevier.com/S1872-4973(17)30120-5/sbref0185

94

sz Indidian
Ch) ana WNFINHHNT TR
swdilszan@nAN¥ 5710220013
AANIANEA
a ,:: ¥} = c:' o [~3 =
0 Fadgn U Undsan1s@nwn
ANLEFATU WA UAINYIFURIVRTWATUNT 2555

(Lad-T2nen)

NWMIANE

1. nuganuunsAnsLdud 18398 (Research Assistant) Jn1sdinwn 2557 ( T
1-2557-02-009) AU INNFNEAT URIINLIRUFITATUAIUNT

2. nqu%umﬁﬁmﬁa?wmﬁwuﬁﬂs:ﬁwﬂwﬂs:mm 2558 NRNINLNRURIVATBATUNT
3. Vluq@%%umiﬁﬂmﬂmﬁwaau (Teaching Assistantship) Insdinm 2559 nadTn
Innmaailszynd anueIngmand W IneauEIIUATUNT

NMIANUNWLHELNTHAI®
Thanakiatkrai, P., Raham, K., Pradutkanchana, J., Sotthibandhu, S., and Kitpipit, T.
2017. Direct-STR typing from presumptively-tested and untreated body fluids.

Forensic Science International: Genetics, 30, 1-9.



	Direct-STR typing from presumptively-tested and untreated body fluids
	1 Introduction
	2 Materials and methods
	2.1 Sample collection and preparation
	2.2 Presumptive tests
	2.2.1 Blood presumptive test
	2.2.2 Semen presumptive test
	2.2.3 Saliva presumptive test

	2.3 Direct-STR amplification and detection
	2.4 Statistical analysis

	3 Results
	3.1 Preliminary testing of pre-PCR dilution protocol
	3.2 Direct-STR typing from untreated biological fluids transferred to filter papers
	3.3 Direct-STR typing from presumptively-tested biological fluids
	3.4 Effect of stain age on direct-STR typing from presumptively-tested samples
	3.5 STR artifacts and controls

	4 Discussion
	5 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


