(%4 []
Uneaege
TWALATINTG MRG5580105
1 “-.( b % o\
#alns9nis TA39n19nN19m39aABNEaNTeINTTGH NTZEW LALADNNTZgHAILAT
& A 4
TnSaR@ans
01N A9.0998 THETESRAINT NUNAVENAHENIAINATIINS
AN pthanakiatkrai@gmail.com; phuvadol.t@psu.ac.th

iZﬂzLQ@WTﬂ‘Nﬂ’ﬁ 2 N9N§1AN 2555 {19 1 9§ 1AN 2657

P { a { 2, g @
nszguinuazlasnnszguiugnnwuldvestuiifiameassafiaonudiiinnslelin Geaneaziiv
WARITDIALE WD TILARSINNSANAETZNININITUIITNILGHAITDINTLGUIEDNNT LA YNNI

' 3 = & o o ! % a < o =
agn9l5fimn nsmsrafigaifidueannanguisnanafaeiunnsguinldgUuuuanafiada

U

e (STR profile) 7 lanysoide HanusasiiTsnisTudumalé nszuaunislnsaii@ens

. o o A & 1% ] [% 4 1%
(Direct PCR) W%ﬂﬂ’]‘i@ﬂ‘i’]’]@"lﬂﬂ/\lﬂﬁﬁL’rﬂ‘HLﬂ‘V’]ﬂQ@QWE"IHT@?;I@ﬁ\‘iTﬁﬂTNNquﬂqﬁﬂﬂﬂﬁLﬂuLﬂTﬁgﬂ

L=

waps I fInaRnsninANER Y saluasgUnuUa e AN AL Ewea TR ne i A Bueen

21 1
=1 a 2

o o A P ' ! v Ao & A e
ATTANNN TﬂﬂNx‘i’]WJ@EILW paN LLﬂN@N’]‘LAﬂﬂu%uﬂwuﬁﬂ‘jzuQuﬂﬂﬁfm L‘jﬂW%ﬂ’]‘jN’]T%LWﬂLWNU‘jN’Im

LA
o [ o o

74 og/, %2 a : o
AlENeaInnIzguluLarlasnnsguin uasyivaasuisieauiann1sideianin dedu (W

[

Ao & v o 4 e P a o ®
ﬂﬂuQ@ﬂﬁW’]G@lq ﬁﬁﬂuﬁﬂ‘jzuquﬂﬂ‘i\fmL‘mﬁﬁﬁﬂﬂ‘éfs\lﬂﬁuﬂ'ﬁquﬂizﬁ‘lﬂﬁﬂ’]‘wLL@:WJ’]NN’]L‘WT‘LA

o o a = v @ v A & A a °
ﬂﬂi@ﬂﬂﬁ;jﬁLLUUﬂwWNWmfﬂuL’ﬂ W@ﬂqﬁﬂﬂ@@\‘]uﬂ@qsﬁﬁl’ﬁuqq NITRNAALDULBHUTLRNTNINGN

) U A & id 74 & @ { a
WTRihlss LﬂmmigiyLﬁﬁﬁl,@ul,ﬂfﬂumﬁﬁﬂmz 40 2997 8WEAIEN THanefingsuaun1s89iiu

a o

o g A & A v A o = = o o A &
WWTﬂquﬁﬂﬂLﬂuL@Tﬁﬂﬂ‘jﬂﬁﬂz 27 L HAaNIN1FUS YU EUNTTT ANIRIEN NN A LB WLB LU

& P &

o o a o ® A 'S o o A &
HIATTTH ﬂ’ﬁ@ﬂ‘vmﬂﬁﬁ‘WN‘WﬂLﬂuLﬂLLUU\fﬂL‘jﬂ‘W%ﬂqﬁ LL@ZZﬂ"I‘j@@IW’]@’]HWNWﬂLﬂuLﬂLLUU\EG‘I@J“ﬁu

b

) I'4 24 a 1 ' ) a A @ © A
NEans mﬂﬂ@@ﬂﬂ‘quuﬂu 9 HH. TWIHUNTITENLLANT WUQ’]ﬂWﬁ@ﬂ‘V]’]@WEWNWﬂLﬂuLﬂLLUUT@L‘mW%

1
A P

a15ausaisaudafafigefigaiiiafieuiudnasdis lnafamisuazedaiie (Credible

interval) e¢/#1 11.1 (7.9-13.9) dm31A% (S aftGe1S 5.6 (3.0-7.7) AM3LATHIRIZM UaE 2.3

U
o A o o o a 3 <
(0.2-4.0) & Mm3UAE (ngiu@and nsdmviareRaimdueuuulnsafideisandasnnasguiu

{ a 1% a v @ 1 o (% Moo
ANuNI98IuaaNia (9 HH. 7.62 HH. WAL 5.5 HH.) mecf‘mmmwmmu@@ﬁ@ﬁfmiumﬂ

nazgruazlinisangilaHusnsnsiued il d dgneadia wenainil namnasIn1saIass



a

i ¥, ' o ¥ @ a & v
R n13aia3efiinnslrdusoniuuans i fwinfigUuuuanefinifiduenandiviasas 40 9o
Finag19 AIIUNITHUANAINNARAIINAFIFRNes AN ENuaTFUeaU B9k vfalinnsin
sruunnsulanad (1 luinan1sAiuania1AanuK1ezLiin (Expert interpretation system using
. * ° a @ A 4 YA o o a e &
continuous model) 111y Taeagu nssiunadalasaR@ensunlaiadnvinarefsnddduesin
o & a < o ' o¥! o
Uasnnszguisrauanudnie fusedniangs sami3a wazdsendannleans wsnziunig

il Tefugasnalasnnsygrannafinauesesiall

{ &

° o/ s A 4 = a oA o o A
AN TﬂLiﬂ‘W%’ﬂ’ﬁ ‘U@ﬂﬂﬂﬁtqu ﬂﬁzquwmumﬁm PILAUHLBITINATINNNN meﬂ‘quu



Abstract

Project Code: ~ MRG5580105
Project Title: Direct PCR DNA typing from touch DNA on cartridges, bullets, and casings (CBCs)
Investigator: Phuvadol Thanakiatkrai

E-mail Address: pthanakiatkrai@gmail.com; phuvadol.t@psu.ac.th

Project Period: 2 July 2012 to 1 July 2014

Cartridges, bullets, and casings (CBCs) are commonly encountered in shooting incidences and could
provide valuable DNA information from touch DNA that has been left during bullet handling and gun
loading; however, conventional DNA analysis has yielded very poor results. Direct PCR, in which the
DNA extraction and quantification steps are bypassed, has been shown to provide comparable and
sometimes improved results from touch DNA and trace DNA samples. Here, we aimed to apply
direct PCR with bullet casings (from three ammunition types and guns) and evaluate whether it
should be recommended as a standard operating protocol for forensic DNA analysts. Three
experiments were carried out to investigate the following: the effect of firing on DNA deposited on
bullet casings; the effect of gun and ammunition types on STR profile quality; and the feasibility of
using direct PCR with actual cases via typing of mock casework samples. DNA extraction resulted
in a loss of about 40% of DNA originally deposited, and firing a bullet decreased the amount of DNA
recovered by 27%. We recovered means (and 95% credible intervals) of 11.1 (7.9 to 13.9), 5.6 (3.0
to 7.7), 2.3 (0.2 to 4.0) alleles from touch DNA on fired bullet casings using the direct PCR protocol,
conventional extraction protocol, and dilution protocol, respectively. No statistical difference in alleles
recovered was observed between different fired ammunition types from three guns (9mm, 7.62
mm, and 5.56 mm from Glock Model 19, AK47, and Tavor T-21, respectively). As expected, mixed
DNA profiles were observed in 40% of mock casework samples in which guns are shared between
volunteers, which can complicate profile interpretation. This study showed that direct PCR from bullet
casings improved STR profiles. As the direct PCR protocol is quicker, cheaper, and resulted in more

alleles recovered, forensic DNA analysts may benefit from using direct PCR.
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