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oF 37} 722 thdst HEAoA BhEE AAA R A4S T8 Ad S AEdte S8
2 A e s e skt FHzole Hlo] AR A, WAy AFoM e g, 7o, 24F
2] 5ol EAA = touch evidence-type sampleZ YA U= low copy number (LCN) DNA
oA o] A-STREAS fll 2lF|E= g =Ec] S7lske FAlol stk & dArelxe F719] S71 A
£ 5ol §44 & touch evidence-type?] LCN DNAS 53817 FAAE 9] B4 AFES gl
ZF 33Tk 4572l F71(MI16, K1A, COLT 45 HF, M29 2lar)s 2tz st & 78R 4300
2ol A EE AFHE T LON DNAS] 22 918 Microkitz} Prepfiler™ 5 2%5-F2] A2k o]&3}
o] DNA AEF4 A48 24 435S v 2480tk 2443 Prepfiler™ 7} Microkitel] ®]al %
o 1.74] DNARAE o] Bokon, §H21s 4 Aa8l UM% MicrokitZ 0%18] BI3) Prepfiler™
XM= it 249%2] HFES BT, KIAS &3] F-9lolA 50.6%°] 435S YR

Abstract: Genetic Identification has become an important forensic investigation method which discerns identity
through analysis of physical samples discovered in various crime scenes. Recently more samples are being requested
to undergo A-STR analysis of low copy number (LCN) DNA, which is known as touch evidence-type sample
and left on various objects such as a pen briefly used by the criminal, the gear of the car used for driving, the
handle, and various buttons inside a car. This research attempted to extract the LCN DNA of the touch evidence-
type left on crushed fingerprints on firearms, etc. and examine the genotyping success rate. Four types of firearms
(M16, K1A, COLT 45 Pistol, M29 Revolver) were fired individually and physical samples were gathered from
four parts of each firearm. Subsequently, in order to extract the LCN DNA, Microkit and Prepfiler™ were used
to compare and analyze the quantity of DNA extracted and the genotyping success rate. Analysis results showed
that the quantity of DNA extracted by Prepfiler™ was on average 1.7 times higher than that of Microkit, and
in genotype analysis success rate Prepfiler™ also demonstrated 24.9% on average in contrast to 0% for Microkit.

TM>,

In regards to the grip part of the K1A, Prepfiler™’s success rate was as high as 50.6%.
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A= HE gl 1311/} o=
o] MR tde /Y A e
s 9= deul, 2 Fodle o] FA] AW
Holu}, =F21Fe] 710)%, =, x=F W] 745
HES F2 W5 9 A& 457 dAA A&
o] Aost ZHAHE 5, touch evidence-type sample®] 2}
3. A= low copy number (LCN) DNA7} &4 8=
AREL ot Far golAL JJom ol
LCN DNAE 53 ®& HAAs= 297t F5 2
Hob F17 242, A @4olA A ek &
Aoll g, A, Btl, 2% Fo| EAIsh=A] grlat7]
3t A sty @Ysta T 3184 HANE AA
Ca FEES o] e
037]’\1039] ztol & H|wstaL, o] & dlo]Eju| o] 23}s}
o] &3 AAskE ¢ %9] HHE ddertt &
A% LCN DNAZF £A|3}+= touch evidence-type
sample®] 7d-%-ol= =V 2] DNAE dvhv &34
o= FFsterirt A A S 55 &R AE
9] 7FedR-E ARt stde o] ofyth F
717} o] &8 MHAGNA HhHE &5 74
T AS Wabelr] AsiM = rﬂs] AR F = TS
AL AREZ Y FolA7E AL S EE
oA AHARERE Bl AL, HO]'O]"”]% F7AG st=
DAZE U)ol st TdAIE AXE P IAH
© 2 touch evidence-type2] fingerprint DNA”} F7A
AA doh 2 AFgM = 59 T/ w2t AR
touch evidence-type2] fingerprint DNAE 3| 4=3}
oA HZ 483k DNA = kit T4
F&o] 5% Ao =E LelZl Prepfiler™ Forensic
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DNA Extraction kit (Applied Biosystems, ©]3}
Prepfiler™) 3} 7]&e]  AME-ET QlAamp® DNA
Micro kit (Qiagen, Germany, ©]3} Microkit)S ©]-&3}
o] F71¢] 7t F-9¥e] w2 DNAS| 3]¢&3 F34

el 7PsAS vt oS Fal WAL A o
Bo] 7hsdS #ele) BuAt &tk
2.4

. AlE =
94“** a9l A7 a5 WAy S8 Ay
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Table 1. Touch evidence-type sample by type of gun

DNA sampling parts

Types of  Cocking Selector/
firearms handle  Grip Thumb Trigger Total
(Hammer) catch
Ml16 6 6 6 6 24
KI1A 6 6 6 6 24
Colt45 Pistol 6 6 6 6 24
M29 Revolver 6 6 6 6 24
Total 24 24 24 24 96
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(1) DNA extraction kit :

QIAamp® DNA micro kit (Qiagen, Germany)

PrepFiler Forensic DNA extraction kit (Applied
Biosystems, UK)

(2) Human DNA quantification kit :

Quantifiler human DNA quantification kit (Applied
Biosystems, UK)

7500 real-time PCR system (Applied Biosystems, UK)

(3) STR kit : AmpF/STR identifiler kit (Applied Bio-
systems, UK)

(4) Analyzer : AB 3130 Genetic analyzer, GeneMapper
ID software (Applied Biosystems, UK)

222. DNA extraction

1) Silica-binding method 1

QIAamp DNA micro kit (Qiagen, Germany) < ©]-&
sto] A zAFe] A A wlEl DNA extraction 2
purificationS Z=3J 5} th. 180 uLe] ATL buffers} 20
uLe] proteinase K& A&l H718F 3 56 °C &2 4=
Zo| A 1 AIZHEE vl FsE 5 200 pLe] AL buffers
F7Y8ta, 70 °C B FxolA 10 B7F w3 &
A& NS silica-membrane columnS 2 271 3 8000
r/minol| 4] 1327F AAR2]81a, 500 ule] AWI buffer
£ 7}k 8,000 vminoll A 17 A E2 e &
500 pLe] AW2 bufferS & 7}3}3L 8,000 r/minol| A 1
7 AR e, 27l A+ 12 uL9
elution buffers ©]83}] elutiond}SITh. Total DNA
extract 5 2 pLE g Zoll, 10 uLE PCR Hk-gof A&
A=

2) Silica-binding method 2

PrepFiler forensic DNA extraction kit (Applied Bio-
systems, UK)S ©]&3to] A|ZALe] ArgAjol uwpet
DNA extraction ¥ purifications 53 531t} 300 pL
9] Lysis buffere} 3 pLe 1 M DTT (dithiothreitol) &
Algoll H7EskaL 70 °C -2 oA 90 7+ i}
st £ 15 pL9] magnetic particles 3 7F8FaL 5
vortexing 3}$3.2.™, 180 pLe] isopropanolS 3 7}3t
1000 r/min®| 4] 10 7} binding reactionS *13)&
At} DNA7F Z 3% magnetic particle2 300 L2
wash bufferE ©]-&ste] Al W whEsto] A 23 &
bufferg A AL A-2A 7 87 ARA AT Az
H Z+zhe] AlEE 20 ulY elution buffers ©] 83}
elution 31932 ™ total DNA extractZ 2 uLE A 2ol

O

s
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o
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2.3. Human DNA quantification

A5 ZHFF extraction® human DNA2] &2 Quan-
tifiler human DNA quantification kit (Applied Biosystems,
UK)S ©]-8-3to] Alz=Ate] Aol wet 7500 real-
time PCR system (Applied Biosystems, UK)2 ©]-83}
o 2439,

24. PCR amplfication % STR #&%le 24

NBEEZRE F29 10 pLe DNAZ template= 3}
o] AmpF/STR identifiler kit (Applied Biosystems, UK)
S o] &3t AFAFY AWA (25 uL reaction, 28
cycles)oll W} PCR amplificationS 433} 15 7 <]
STR #$1(D19S433, D3S1358, D8S1179, D5S818,
THO1, vWA, D21S11, DI13S317, TPOX, D7S820,
D16S539, CSF1PO, D18S51, FGA, D2S1338)E 54l
o] $Z3t9lem, 1 uLel PCR productdl] 9.25 pL2]
HiDi-formamide (Applied Biosystems, UK)<} 0.25 pL<]
Internal standard genescan 500 LIZ (Applied Bios-
ystems, UK)E 3713+ 95 °Col|A] 3 &7} denaturation
sk ¥ 3130 Genetic analyzer (Applied Biosystems, UK)
£ o] &3} capillary electrophoresisdto] 2] 393 th.
7}zke] Algel thgk STR F-H23-2 GeneMapper 1D
software (Applied Biosystems, UK))& ©]&3}o] 4
3F99em 157) STR #-$] 9} amelogenin ¢+ RFU
(relative fluorescence unit) #g 7|02 FAAF S

AR At
3. &dx 3 o

3.1, UMl wE 24

Silica-binding method 1¢! QIAamp® micro kit (Qiagen,
Germany)ell 93 W Fig 13 7] OLyse
@Bind @Wash @Elute?] 49A 2 o] Fo]# J=n}
o] BH-2 QlAamp MinElute column®] silica-membrane
o] DNAE A3 AlZl ¥ membraneS washing3}o]
DNAE 3|43t W<l WHH, Silica-binding method
291 PrepFiler Forensic DNA extraction kit (Applied
Biosystems, UK)oll 9]¢t W& DNAEA S Eol&
magnetic bead 28 A&}, 7]E2] magnetic bead
"2l 9] DNA extraction kit®] magnetic bead 2.t} =
71€ dA3H £ DNA 7153 HET F A= &
WA S 5HOSEH DNA 3|5&S /MAlsta 71&9]
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QlAamp DNA Micro Procedure

Sample

l
[}

Lyse

Bind DNA

Ready-to-use DNA
Fig. 1. QlAamp DNA micro procedure.

Table 2. Comparison of DNA amount of each weapon

1z
ox,
o

magnet —» . pellet

Fig. 2. The pellet forms against the magnet at the back of
the tube.

kit?} o] PCR inhibitor 5¢] E&S EHH R
A A —}F A=  reagents AMEITE ESH
Prepfiler™= Fig. 29} %+°] magnetic stand®ll tubeZ
AAEE wl, A o] tubed] FH R ol
=1} tube?] ZWof| bead pellete] FAFH, o] Al
A} F DNAZ} F&H o] 2= magnetic bead}
pipette tip®] HEFS H A3t EEo] e
9l A H S ehms] 3|53 4= 9t} o) pipette 2
A F DNAZF §&5 o] = magnetic bead®] =4S

g 4 93, B4Eol 93] DNAS FEo] byl
A B AL WA 5 dE R T Uk

32. FEWHo| U2 DNAZHEZE &4
Silica-binding method 1, 20| 23 DNA HE%2

Microkit Prepfiler™
Types of . .
fircarms Sampling parts  Mean DNA <D Mean DNA D Ratio(P/M)
Yield (ng) e Yield (ng) e

Cocking handle 0.115 0.009 0.243 0.048 2.1

M6 Selector 0.086 0.010 0.139 0.056 1.6

Trigger 0.061 0.005 0.069 0.032 1.1

Grip 0.068 0.010 0.209 0.070 3.1

Cocking handle 0.091 0.018 0.237 0.028 2.6

K1A Selector 0.088 0.013 0.177 0.094 2.0

Trigger 0.064 0.007 0.069 0.020 1.1

Grip 0.072 0.011 0.270 0.067 3.7

Slide 0.102 0.016 0.178 0.053 1.7

Colt45 Slide Stop 0.137 0.023 0.099 0.017 0.7

Pistol Trigger 0.069 0.012 0.066 0.014 1.0

Grip 0.076 0.016 0.135 0.079 1.8

Hammer 0.126 0.018 0.203 0.039 1.6

M29 Thumb Catch 0.137 0.014 0.125 0.042 0.9

Revolver Trigger 0.095 0.015 0.052 0.015 0.5

Grip 0.105 0.016 0.226 0.038 2.1

Mean DNA Yield (ng) 0.093 0.156 1.7

values = mean, £ S.D. (n=3)
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Table 29 A A1 ¥ vle} 7+o] Silica-binding method 1
(Microkit)e] 73-¢- AA Ao AEZ] 0.093 ngsl vt
™ Silica-binding method 2 (Prepfiler™)2] 7 $-o &=
B AEFo] 0156 nge2ZA 179 HXE Silica-
binding method 2 (Prepfiler ™)l A © Zo] A&5 %]
t}. Silica-binding method 1 (Microkit)ol| A= A%<l
M163+ K1AS] A5 FAERo| >R E MEgA] >
E3ol>old £o 2 AZFEHIoH, UFR! Colt459}
EH] M29¢] ¢ AF S X WA (FHEA)
> AF ST FA(FOIRA7]) > o] > ol o
2 A&l 2=

Silica-binding method 2 (Prepfiler™)oll A= A%<l
MI62 FHEFe] > Effo] > PR EHSAA] >
ofd] o2 HEE W KIAY A$ &3] >3
&3] >IAREHIER] > ol o7 HEHS
ot dEQ Colds= dF SIF 4 >EF0] > dF
= A WA > ol &l vhH, M29 B oA
EFto] > FolX7] > BRA| > wold] o2 4
HATE F7] EFol W2 AEAF FE B A
3ol SJojA A&Fe] AH$ Silica-binding method
2 (Prepfiler™) 7} & F-$]9 A Silica-binding method
1 (Microki) Bt} 2 A&%FS 2o 28 4%
Ql Colt452] 79 Silica-binding method 1 (Microkit)©]

e rlr Mo

N

Table 3. Comparison of A-STR genotyping success rate

AZ Sl S WA, wold] F-9]olA Silica-binding
method 2 (Prepfiler ™)Xt} °F7F =& HEHS B,
2] &1 M299| A= Silica-binding method 1 (Microkit)
o] ¥ x|, wola] H-¢Joll A Silica-binding method
2 (Prepfiler™) Bt} =7 AZE AT o]AS F4F
o] ARE MF e HFolA vehd AAE FH =
), ttest A3 p value7} 0.05 ©]F 2 E YER} FA
HO =" folw|gh ztol= HolA| gttt

3.3, F=UHo mME |EXE HIE 2M

A TR FEUH 23] HEE DNAE ©]
gk A-STR A8 4] B35 Table 3914 B
Hle} Z+o] Silica-binding method 1 (Microkit)ol] <]
AZ% DNAY AL ASTR §4A8 B4 HAFEe
Ha 0%9] 9 Silica-binding method 2 (Prepfiler™)
o] ¢J&] &% DNASY A-STR #4] A3E5S HF
24.9%E YERS o] BT ES AEH NHS
AATE AANEFHAATE e oy 1008 F3
HAEE eRith. MleclA = dE3gololA 46.0%,
E5o] 33.3%, JHARE MR 14.9%, ol 2.3%
o B+ FFTES e, KIAdA = &30l
50.6%, FHEF0] 37.9%, PHEE HE3AFR] 253%,
Wwota] 92%9 HAAdFTES, €52 ColdsdA=

S oo

Types of Microkit Prepfiler™
Sampling parts
firearms Success Rate(%) S.D. Success Rate(%) S.D.
Cocking handle 0.0 46.0 17.7
Ml6 Selector 0.0 14.9 14.4
Trigger 0.0 23 4.0
Grip 0.0 333 4.0
Cocking handle 0.0 37.9 18.2
KIA Selector 0.0 253 20.2
Trigger 0.0 9.2 10.0
Grip 0.0 50.6 19.9
Slide 0.0 28.7 12.1
Colt45 Slide Stop 0.0 149 10.5
Pistol Trigger 0.0 34 34
Grip 0.0 333 26.8
Hammer 0.0 40.2 23.0
M29 Thumb Catch 0.0 11.5 53
Revolver Trigger 0.0 1.1 2.0
Grip 0.0 44.8 124
Mean Success Rate(%) 0.0 249

values = mean, + S.D. (n=3)
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£3to] 33.3%, HWF Sw A 28.7%, AEHE A
U] 14.9%, Lol 3.4%9 B HTES, ﬂ <l
M29I M & $=7t0] 44.8%, 3-°1A17] 40.2%, B ©
2] 11.5%, Wold] 1.1%°] HH#4TeS UrE}lHS’iTﬂr.
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Fig. 3. Genotyping and electropherogram of M16 parts.
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Fig. 4. Genotyping and electropherogram of K1A parts.
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2 Fo SolAste] AgAol b 2Rulel M29e] o] HelolN 147]] o F YT
@ gEvtel gEth AT 24 38 B AF TAIA st Y RARTt 2250 $H
FHBES ARD Ml FALFOlNA d6%,  FAZ VERom ple BE 2450 fA%F0]
KI1AZ &7o]oA 50.6%, BF<] Coltd5= E=7¢o] o YUERA] U THFig. 6).

2] 33.3%, BlEH A M2 = 3ol dlA 44.8%2] Zt2ke] F7)AM AEE AP S AvRd A&
AETES VeI Ak tiydfiA82 17H94 H DNA9| o] u-¢- &gFo]7] wjiTo] SZH g
=3 AT 9} 1471 9] o|FATAZE FAF o Yo} A1) peak height7} wll-$- w2 st 9] Ujo] oiH-f

M16¢] FHAEFo] F-9joll HEE HER dZ} 3> ZAAFZF peak height®] unbalance™ 4l stAl WER} 3}
1471 9] ol FHJFAF 670X shte] A7 vo] figfAdA7 dEo] Aol faAge] o F
24 FEHIA ] FHE vetgen 2= ¢ JFAL = EFety FIFHIA Y R Yehdt
A aAE o] AEEHA] AU tH(Fig. 3). = A7 HIMEdnh & 4 FUEE P =2 A4

K1AS] &7 EooM = 14719 olFFTAST 5 FES B 9ol 12~147] FSJolA x4
MolA shte] il fdA7t AdEe] SFHTAZ o] Yoy o 5 did a3 o] FeeiA et
Uelgtor e o AAE HAEHRA U - F FH9E 3ol EHEIAT o] @z <l
& Amelogenin 2919] YA G iy & &) AA SR o2 fAE ] AEEoEA

duo] Y FaArg ol ek th(Fig. 4). ‘34"1«1 Ao A7 ofgEE sl 2 A=

AFR! Coltd5e] E3to] F-2lolA 1470] o] F A SEn mebd o2 d EERe ke AEY
A 2 T THIAM shtel sE AT o —’T— e SAHR] FoAndE Ztetal derle of
TEHTAR dehgen sle & 2dEo] HE HE S Aolvh ZEu AAHA e oAt
S A 2%tk 53] Amelogenin #9]= Sd o] YH WA F e A AREE vE 7
< WY F gle A4S BAFAHFg 5). T dthal A

e NN

[E]

[EH
[EHK
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400
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Fig. 5. Genotyping and electropherogram of Colt45 parts.
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Fig. 6. Genotyping and electropherogram of M29 parts.
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touch evidence-type sample®] © gt low copy number
DNAS ti3l] 5 74 %<l Microkits} Prepfiler™-&
°0]-8-3te] DNAYS AZEshe] vlas] & 23,

1. 7§ = magnetic bead type2| Prepfiler™Z o] &
gk APHo A AR B2 o DNAE AET & AN
o, A-STR F22-g 2] &4 2lolA %= Microkite]
WM e A FHAAY ] AEHA ¥ ¥
Prepfiler™o A= Het 24.9%2] H5ES 23

2.7t F/EE BAE 50% =] ATES A
=4, low copy number DNA 2] HE3 A28
o] AFE°] Microkitell ¥]3] Prepfiler™7F &4 -
g 7IMdE & AUdTh olElE e FHY
magnetic bead 2]l V]3] Prepfiler™ol| 4] bead Z.7]
& o5 &A| 7)4¢ magnetic bead ¥ o] EX B2
%< DNA3| 4313 PCR inhibitor 52 E4&2 &
FH o2 AAG A 710" ez gRI=Ant.

3. Low copy number (LCN) DNA sample®] 7%
DNA F3ZA] cycle 75 E84] S3&3ls £ o2 W
ol AAEIL JATT AHF AFAES LCN DNA
sample?] cycleTS S7M)7]= E4W-S stutter peak,

allele drop-out, heterozygote imbalance <] /=]
%3t allele peak®] /&0l A3 23]7 profiledl
A /75 W 7FsAdol Avkal AL d=nt]
Prepfile®} 72¢] DNAE 43814 % A &
3h= Zo] vl Fa3itt & 4 ATk

4. FAAZF S EAAAME &5 WiAE = &
AEe] AFES By 0B 43AE 98 T
of ZoldE BE SH@E AR AAsIGoRRE A
S EATL AZEHAKY. & 7)E Bl
I ed=o] AAY, o8 Alge] thF e 7164
AFoA o} e AFel= tha THE Z0 2 oA
o 2y F719] ARERe] e MHRE s
#AAE F9= 719 XA S DA 99
& e 257 2E87] "l 71424 oy
F-29lofl th3F LCN DNA sample A F 7} 4322
wrEtof & Zlojt,

-~

s

oo fr o X rfr 1o ofy

1

oAl MR AT, FAE A2 A 54U A
ke E2 WA 249 e AE 257 W
o LCN DNA sampleZA] 2| 3 d}o] &9

£ Al =go] g U= E 1Y F
g Ao g dddn wE Hrg dhsis Al
713 AlofFe] JRd-e mR]¢kol LCN DNA sample]
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