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ABSTRACT

Key word : Biological evidence, DNA idnetification, success rate, DNA
extraction, STR

DNA wusually can be obtained from biological samples and DNA
identification has been widely used in criminal investigation. The most useful
method for DNA identification is STR. With the advance of science and
technology, the success rate of DNA profiling have been desired from judicial
officers. Raising the success rate of DNA profiling can help to give more
supporting information to the police department for further investigation.

In this study, we evaluated several the possibilities to boost the success rate
from DNA profiling. First, we estimated different swabs used for the transfer of
biological samples on different surfaces from the crime scene. The result showed
that it is recommended to send the trace evidence directly without transfer by
swabs in advance. To transfer the sample by swabs, using PBS and water as the
reagent is better than using lysis buffer since lysis buffer would break the cells
which could reduce the recovery rate of DNA extraction. Secondly, based on the
result of DNA profiles from the samples we investigated in this study, it is
recommended that the samples should be screened and the priority should be set
before sending to the forensic department because DNA analysis is labor- and
time-comsuming and costs a lot. It is relatively efficient and economic to use
other technologies, such as fingerprintings, for the investigation. Moreover, based
on our study, several methods can help to increase the success rate of DNA
profiling: DNA extraction using Investigator Lyse&Spin Basket Kit can increase
its recovery rate from 34% to 87%. Quantifiler® Trio DNA quantification kit can
help to estimate the degradation of DNA extracted from the sample by calculating
the degradation index, which can help to evaluate the strategy for following DNA
analysis. Finally, AmpFLSTR® Identifiler® Plus PCR amplification kit and
AmpFISTR® MiniFiler™ PCR amplification kit were evaluated for their
sensitivity and stability. Comparing to Identifiler, Identifiler Plus raised the signal
of profiles (166%) and success rate (200%) and Minifiler can also increase the
success rate (~200%). The finding of this study can be useful to set the standard
operating procedures for the forensic DNA laboratory.



TERES T VSN EIEEFTRE o Yes



S e T LY

i 5B+ 2 4323 (Locard Exchange Principle)” [1] : 7 ™ B 4~ #8 £ ff -
g AAEHRG el R g A AR S 7T M i E
P ¥ L d e oo 2 B (Gl B T s ) F IR (B
S PO EIREE & e 4k (IR LR o s S ) IR B I £
2R R P (DA AT R PR 0 A T o AR e ) o
HY oo gy L T’?y*#ﬂﬁﬁf’ P AHEBE S KA PR b AR
RIFAAG B o X o RT FRRT R ART A PRIt
Tl e dede m @ FETRF > @t - LRI A f
AR ihd 2 T2 FE 7 BF 77 0P 4o

AP PE LT R AE . ET A B RREE S A 0
Lo Fla PRGN FRR A | AR AP UPER RS 58
PR BRI LA SR AR A REE N 2 alRfA
WET > FJ% - LERBLHRFEIP L CFAEZFE L bldon
Kastle-Meyer #ipl;2 (KM test) ¥ p|x > 2§ 2 ACP f% % & BliE & RIH
AT e AABET R VARNETRRS 0 T AL A a2
4= ABO ~ MN ~ Rh ~ Kell ~ Duffy ~ Kidd % = 4] % %t > %] 5 g o § % 507 5
AR > MR FERA T F MR TR R AT A
WHhO OFALRBEERECBRAEIRE HEGREEOEEF G G T T
TR BRe 2 B RPN U] AHHMEDI A RMALRLR -

DNA %2 ¥ @2k enig * 55 §.1985 & & W Alec Jeffrey ] # 24 3
#r& B % 7] (Restricted Fragment Length Polymorphism, RFLP) & #z ;3.4 J°
[2] - p ot A gz Bitdeae» 0 37enk ~ > DNAR s 4 7 RAF @
#%2 (Polymerase Chain Reaction, PCR) [3] 7+ f* 22 = 34 » { 3% DNA i *
AR E ISP o BB RT EApid £47 A 7 (short tandem repeats - STR)
Hioe fshi PR FREANEY > Eikel G & 5 A (high
polymorphlsm) ~ B #%| 4 (high discriminating power)2_ 8t ot ¢k » F1 5 PCR

ﬂv (H}

1

—

w



#F7IRES DNA Al ulte 5 =02 2 F 9

é*‘!

PHAF S RLF BT B bp H07F F s d Lene T d 8
JRIEA)F G ooei S e g o T *’5*“’§ﬁSTR%ﬂé%ﬁ%§ﬂ’ﬁa$’ﬁ
il gz itz 2 md PARET Ld E% D B2 STR AT

A £ HE P wht g ﬁ,'/’*@ﬁ,\._}jiﬁ% T L34 DNAiif’,"ié—qu\;Iéﬁ

"f‘*‘i’”‘”ﬁ 'DNA shi- s s § % g8 i L as

f— Bt A paia[4] 0 T vpE g SR R o
TEFARE S DL RPA F I RBSTRE
ﬁﬂ%fw‘zf’* ’ tt%s";zﬁﬁ - BEEE ¢ FEF AR - T AL - DNA
B s DNAZ;E@ 2 B fE e AT *K*#%B’*ﬁxlimﬁ\ux V1B (8 BdE i
o 5 T EFIER IR AL EHT DNAZFLORMHESZ L4274
B RS WAy e 2 BB A F R DNA KR N o 1T
NP PR OF AR P o - AR A R R EE R 22
Do B # S 2 P E DNA B 2T iR

Pt
tﬂ
_\g_
W)
Z
$
It
L

528 2 PP AR

CRLE: R Es‘%ﬂ “ R (F ) SR E R DNA § % % E5% 0] &

g p & DNA 3 v 5 uﬁ FIH o L e T DNAF %3 &%
R R DNA TR B 2 DA 02§ PP A S e T

;ﬁfgfai‘: FE o PR DNA;?EQ\%%%&&;?,E&;’Z@ﬁ@p\K
NA G 5z TERp > pFef&Epegand - &7 7 4
1 <000z N4 BT fr;r NFASLE- P W R
, AR HERTEREE f ¥ % % I1SO @M
AT FE DNA 9 % 3 #e i a g J—ﬁmmﬁk’ LR ER Fes i
5o RmAhericd B DNAF %35 >0 101 £ B B|E A 2R
% A& £ ¢ (Taiwan Accreditatiom Foundation - f§ fi- TAF) 2. % 3 3% (44
® 1)

%‘tDNA FThz  oaA AEX mi} AR RS TR B HE R &
e 2 v 1 E2 Eﬁ‘»ﬁ& HFDNA 2 e 5 L LARM o ok G o L engriE o
2RO EIL L o e b T AEGREEE > Pl L 2 B A S DNA
A EF o bl flﬁﬁii#f"f“i@%ﬁé% P eI EC] R A PR e RS R

i
\__1

<

LR #4
OP

=



B’»[S] BB AN A REFESI E A H RV RE R T AT R R
BERWAIL > REFET L FL T - HFHREFUREF DT EZH G
{03 3 e R o Blde D RBRPZ L PSR 0 A ORI E AT
B > FZRFORET L RELSRME R K DNA> A k3% a5 8E
ol A MRY LI TG
i#@ﬁi%%@W%iéﬁﬁ’T&i%mlﬁikﬁﬁﬂﬁmT’
AP EEAFHRE T I I L FE

-~ PBEFTRLIPPEERPIIBE
Fr ey - B ¥ EAKRARES > S pAaRkARER[5] 21 SR
BRRAK TR H R PEEFREL 2 o F A R R B LR
AL

FRATI (Ao P BUAR BN 0 el L 6]) 0 #9307 At £ A R R R
BIEFT B (Gldc 8 F 7 i G md s Rl sa® ) % el g
¥ R R SRR AE KT 0 Glde t 1 KM & @R RE R F R AT L L
(6] (4-B) 2)0 "1 s T - H B DNAZ S B o L Fdp g £ & 0 by
dept Fla T R B BES T A7 3 R E AR gt ACP R R

=4

E[7] (heBl 3) ¥ 00 fEHR AT F AE AR R 0 B RT RAT
@h%+mw9ﬁiﬁzﬂ%w%m Hbpmpr 7556 B8RPl
FEBA L R v g E R mp i

M L2832 2 s s 5 e+



Bl 2 Kastle-Meyer = 5 # iBli% 2_ #& B¢ %

B 3ACP tzirl2 2 iRl % %

BB TA RIS 0 - 0 HE B S PR T RIR AR 2 A R
S0 Gl4ow 12 P30 2 L A 7k [O]H R F S M ﬁﬁ?“{l’h %1 P30 3upx
%afﬁﬂmgwwm~g$ﬁ4%’ﬂuw PR AR R
v CHEA e H A G BN BAZ B o TR IR T 8 7R A
P LB EE G OHS M ok T UREIIH T me > BT RS TR
ﬁ’%*%%ﬁﬁéwﬁ’%*i@%ﬁ B E SR SR R
A e fREREALS > FR B 2 &7 DNA B o

~ DNA 3B~
Bl ? 2 DNA B0 % o #2300 3 e v 1% & f 552 ;U0 5



mie b e AR E Bk o ¥ Bt i dow it o o d L E e A He iRl
% kR F B ko i BB S DNA J 15 A 45 o

= ~DNA z_ &

FPirz2 DNAZZEREFAIT ZANTHRE LR F BT L2
(Real-Time PCR)FEzu 5P 5 % 3 2§ &334 152 DNA R 2 7 » L2
#7184 PCR AR Bl P R 4 » 2. DNA‘E‘ » 7w 1% DNA 28 32 itk
e 2 DNAZE%2 9 4“DNAZE WGl pwARHiE T 2. DNA T8 F58
% A %7 DNA z_# ##| (Quantifiler™ Human DNA Quantification Kit) % A #g
Y % ¢ %8 DNA 7_# z# (Quantifiler™ Y Human Male DNA Quantification
Kit) o

z ~ DNA 4 %

fl* ReprdgF RAFESTRAN » PoARLBR* THFE" FE
£

(D)fa 4 ¢ %8 : & * ldentifiler Plus 7 * #-2 ¢ (15 = STR A =2 1%
HalAF i) 54 ¥ MiniSTR7E * #% ¢ (] STR; 8 2 STR A7)
=2 1 ul A F) 54

Q)Y % ¢ & : ¢ * Y-FilerPlus 5 * &% ¢ (23 & STR AFi+)

P42 DNA L:i& {7 PCRAFHF & > #sr~ 472 P 1 DNA A 7] 4c 14
Ml ope  SEFY PCREZEERY AR 222 512 b4
¥ 98 % (thermal cycle) =t #ic¥f>+ 47 Tl % 73 T~ B cycle #ics bRl & 2 EE
FaoirZ Ky At ocycledics SR 3 AAERRMASF AT
F 3 Flt o AR R B Y BEFRLE -

7 ~ DNA-STR 4| %] Bl A~ 47

HEEAEHDNARFE 1L mf T PR R NE A
ARABEEAITEZERE D FHEF AL Y KR o Sl kA
ﬁ,vﬁﬁﬁwumww%ﬁ4w*w—g1 | E* grigde 5 2 DNA A

G (4] 5) -



AF 2w DNAA B 22§ F

® 6-FAM™

2733,

.
125 7o
O

32 2
2ia va
Zar0o

7 ]
- o % » s
161 77 1% 00 215 26|23 36
2103 1210 2202 1%
1

1986

i
275 a2
2166

12
270 an

154
170 ]
2103

=,
- PR ETET

105 0a
2739

v = 1a
Viows | ¥aezol[137 2
2715 2703 2409
X ) 210 . 270 . 330 . se0
2100 @
L “ | LiZ
o= A 11 L ! L ‘ A
- L I J | i | J ! I\ ! [
HOO 1000 (1200 1400 1600 1800 2000 2200 2400 2600 200 3000 3200 3400 IGO0 AN0O
| | I
114 0 214 O 2850 O 14 O

4 T




Sam; Filo Nameo Panol 200 SOS sQ M cGQ
[B01 P-P—hid PP identifiler viX
[Cosswge [ ozisin ][ _orsezo | [ _csmpPo__]
90 150 210 270 330 390
18000
12000
° — —
13 10 10
141.99| 27022 319.05
20412 | 8634 9315
L= e ===
11 12
27427 327.15
7731 7671
[B01 P-P—hid PP identifiler v1X = =1 =
 — = o I S— - NN ORI S o - s ] S— e - — |
90 150 210 270 330 390
24000
16000
U Ll Il b
. L _ | - 3
14 8 11 11 19
118.43 176.86 22729 27548 32139
15762 10401 28212 11598 9120
i ot =20 = 1
15 93 12 23
122 34 184.15 279.45 33748
13485 10314 9228 7314
P P ifiler viX = =
90 150 210 270 330 390
18000
12000
14 17 I8 15
120.56 176.35 1228.99 29325
11568 12912 21984 12042
=== |
15 18 19
124.50 180.41 30918
8904 11538 10305
Sam; File S Name Panol SQO SOS sSQ MIX cGQ )
BO1_P-P--hid P-P-- Identifiler v1X =] = =
d 150 210 270 330 390
18000
12000
- Il
o . % . s
X: | 11 23
105.03 148.99 237.21
23583 | 119029 l9780,
24
24131
7857
BO1 P-P—hid [P-P— Identifiler v1X [=] =] ||
20 150 210 270 330 390
1800
] ul EEEE R ||
|
600 | [
5 P J | | |
80.0 1000 1200 1400 [160.0 1800 200.0| 2200 2400 [260.0 2800 3000 3200 (3400 3600 3800
114.0 2140 250.0 3140

%l 5 DNA-STR 4] = Bl 2 7 &

A FRE g

Wt DNA | wlst » A bz % 2 4
$o 4
W - S ARA KRRk 8

w4

DNA F#La 5@ =<

Gebipz A B P BB

5

- AL A

§PPEPI R TR R A o

P g e R

BN - Ry

O AL
B A~ DNA 7 ‘QJL’]:&'EE ]

@A 2 R
#

A



FBEEP DNA A S 5> 22§

(\A.

BRI ok A kRS ¢ R e BT e S
7 DNA RiRH - B 5 7 v adk e B T 4 o Aok Ao kiRagiet ¢ o8
—%*%%ﬁﬁﬁ’M?Pﬂ&?aék—ﬁﬁAwrzggﬁpo

¥ ST R MAE S R 2 ERU AR S A TR S DNA £ F

FRER S REFHP BT R 2R L3 7 DNA B 6
R A PRGN - B T I RESEFLEF RS R RER
IFAEEE  fREF RBEEREREAS AL I RHASIFT B
TR AR2Z 2k HALEH RUFFEFIR 7 A hGRERZIAR
ZmAe ) THIARZRFSFREXE 0D AR A RIEIT(EoHE 3) o

RAERI DNA % 2% Lo ¢

M RE MR BBk

DNA#E #

T MR DNA 2 B

Bl 6 B2 F g FUnde



Fo @ APPELERESE

DNAZ L B a4 > #3075 4 E 204 5 * | > 7 4% DNA
EIRFDR R SRR PO R A SRR AR E S g
Pldod B~ MR s eER o SR E S gl 2 B EPERPE 0 59 DNAFET
AT TR Aig e A SR A T a? o T DNA I3 T kg

foE Y S PERE?Y S AR B AT IDNAET AT R - B
Bl REHANERAF LT IRTEFT ZFTHRILETRFOTE
RS ERE M2 LG REBAAY CRDFETAFFEE > AR
LFE T R R E o A 8 AT ESRB b dedp i~ 5% > DNA
%iﬁﬁ~$*[WA;i??{,%%«wwib4—@ﬁﬁ%ﬁ?j%
SH2000 % ek B SR KRB M4 EFY SRR
2,000 2@ ¢ o ¥ - BAE DNAFZHE A 3 0 %) & B DNA &% 5
Feir DNAFRAAY £ & o

PR BRAEFBFLZ G FE 6% RIFRFER &

ik

T

e
¥ 7
%
3\

® Jp ¢ ?Jﬁ%ilﬁ&%m% PR 3 S SERR qpﬁ&ﬁ;hﬁﬂ JELTE A
%4¢W@’ﬁ&ﬁW$w%%%ﬂiﬁ’%&ﬁ@&é FHEF 204
BoRIFFZ~BFRIS B A CPUBERSELF AR
W‘*“f‘WQﬁﬁm/*%WLV’~#*ﬁm%7¢%m¢£> <
P2acaifg s od PEEFYT T ERG DL FREIARG P o &

RIFL W~ AF BRI BF UFEPE S U RIFITY R G
wEr > ARG fenn i g g AR Bl hd PR R
1T 200 B 4 4 43 - {%mwmiﬁz@ﬁ% & R HRPEFG
FE g PR PBEC L FE S RS
%5&ﬁﬁ?%iﬁﬁiﬂﬁ~L“*WﬁV”ﬁﬂi{ﬁF§?’@ﬁ%

10 Mot 2 3 %28 DNAF R ZELET 41323 2

¢
M
ot
fen
X
=
P=1
=)

FA FRLERPES D2 DNA IS 58~ &k DNA TR g @

FRE  BRAFTRNAEFNAERE S TR PR TN EEE

W AITLEMREL NV R PR DNA & # > DNA #5715 84 Fin e

HoREGAZ e BFEIE SRR FREEENROMEEISA R

NP RS EPEOR LA E B R P E R TR D X% A% DNA
&

fok & ik B EEPRA > LFRA M AT 0 T A i



BEIEwp DNA QS Mg S 22 e g

if&f«w?éﬁ‘ FEUA  F-FREELZEAZ TRl FREP 4 2
Afj‘,’:?;? FI S gLy o

A A AR BEBER AR RRENEL > BE O fRE

+ B4

O
pd
>
[
e,%:
Yo
[+
Aat
e
)l

u
bl
=
-
e
)
pzd

P

LR A R RSB RE D

*

=5

i 2T DNAZEZ; A& g 7 gl »
AEERE TR AR s P B R R AR en 3 A RS
PR EE A SRS ES - SR T AKAEMDAR AT PP ER N > 3 (L

i
|l
%
Ak

ﬂ?ﬁﬁéﬁﬁiﬁlﬁéﬁﬁﬁ
Fejedk o ¢ 1% ok B MRS IR
%’;H»%i?%@%ﬂzﬁaﬁo%uﬁ%ﬁﬂ&ﬁ&
%ﬁm%w’ﬁ%ﬁ%%%%@¢%ﬁ§z2 EBEE LR OB AR 1 T
AV ER D FRFERSER R EFRIEL - w1
BRFT 3 R e g g% G R My R ¥
R ARAF S TERESAAR DNAZZ % g 2t b=
Ak G s RS > blde 0 103 & hF 48ORF %%{iﬁ;ﬁ"ﬁ’d; g
FEma A | ARAY Y BREMESL PP AT el A ) o B
SIDNAZEpFETZAR LR R E > &d L@ L E o

w8 A b E PR 2 R 3
G EE CRA S FTARIEFEIRI VAT TISRIR PR A
TR REP AT AEEP T ERE VA APRERFART AL R Y
WA PR AP E B HHEA L P PR ETFARTAPE AR LE R
FEEEEA gATRE R HDNABRYE R LT Lo s g
Fj e A BEPREBREN AR T 1 €77 DNAREY » blde- B & >
BZHRRITF 7 AORIRAE S ST F A2 23 KAKDF 51 R
T R TR £ A KRR P BEASF YRR
# @%WﬁﬁﬁﬂﬁF?ﬁﬂfﬁﬁ%ﬁﬁwii’KS@
2w {1 % DNA ZJ5 il 4k 0° 5 822X DNA E 53§ g 2
LV MG DR NEP B Y SRR ER 0§
BRI P EF 5 p o DNAPF » DNA % 0 £ 7 HE % Jf M
o FREGA AL FIREE AT DNAF TR 1 4 > ¢ kR

M

‘\hi

10



ELE 14

14,000

13,000
12,000
11,000
10,000
9,000 I

8,000
975 984 994 100&& 1015 1024 1035 104

B 7 #5931 99 &2 %2k

ERE RBpERE AF O RE L
B %en209% 0 F BG4 F R

8 LSS T EE = firh%%lﬁﬂ*%‘*
W TR GBS M P AT P REER AR § B RS P
s P

%iﬂﬁi°éﬁftﬂ‘li DNA’a,EéE;’?__i :_\;"f‘ll‘ fitl ’ I,(gfgg = |_’_ I\:E-" =z
B 7 4

Rp? A ERA By d > a8 mé@ﬁﬁ*%ﬁﬁﬁiﬁ’@
BAANLFREE FABLA SRR w2 MRS

cAPE - BARHFI P RDE R T FLE B A A
FH&;.;K“' RS PR AT R e b BTk

PRy o RWEIE A TR OMP R V- WA KRR R T B
s e ,v;qLLTg YRl I NN N e QA VI ) L 1 %ﬁ)“ﬁ’tﬁ”’%ii‘#

11



F B 7 RES DNA Al Bl & 5 2 2 2 F 9

é*‘i

4
Wi

RHIEF B £ eip] B 4p 82 - [10] -

|

a%»iatﬂ;&& W*% 5
FREA FL S FROFELPIAEE

w5
\*)B'
T
—r (“ﬂ
’?%*
>~
&
Q
/\‘
)?%&
W
TS
P
&
Q
P
=
P
&)
pus
-1
=
&
Q
‘r;\'j
ANY
A
it

Frdi e T Nawti#p”& e T L Ep Al e
ﬁﬂ%;m,g§%m¢ g¢¢p FRAEDT PR - poafsd - AR

% 0 kypi2 320 F i f‘ggﬂtz‘ﬂd% 321 i 4c
2z b o FE A =A% 320 Jgsif‘g

%f&i R RS 25 0 BB
X R BB AR R D RS T

7

F%rm\wazsﬁﬁﬁ’mmth?$ wﬁﬁaﬁ%ﬁiﬁ“’@
$§ﬂ£%&’$%ﬁ95&§“f;$&EmAgiﬁﬂﬁﬂ$$%@8’

B < R s R [12] 0 1 R LW B 20 B MR R R ¢
FAL T e P R BPNE R A LR R R RE
TR R LILFCRPHL o T Sk B R B AR
5 UNFER T R F A S T o

12



P > s
N
- X SHEm
P N s
% 1 Ej5r% 105 & 11 % 22 p o # 27|k 4 53t
v
a4
Lat i Cises.
LR EREIE NN ] R 3 Y I # % | % o |anxg|- qs;uexnn S
(M X & % N |e A | eERE ,:g= L | Twan
1 Vickon
prearms, | Ofmse | tmrtorenc
Yearthonm) Graog Viokent | stoten i oo | i | s e Mo | Comer :
S e | eyt e
Tow | Laweny | Crime | Proveny | Gambiine| Aseult | Prawd | Narcodcs Uity | Ao | oS | Ovenity fere] I Usge | Ooen
KEUsE 2007 ons  20m o8 1005 SS1 12110 40388 X s 744 43 g 4918 T [P T
KEOTE 2008 453,00 200351 w1 129 54 1123 40963 y wm 7904 s 22 a4 o Sas (ST
RE 08X 2000 3OS 15515 67 10 57 11250 3802 4913 wm R4S 4357 s o KT 08 s
RE 9% 200 Mo e s 1223 QIS5 12506 28494 48018 S s 919 o 798 L0 st W nos
REI0% 2011 M4 1168 4190 1387 68N 134X 23612 4599 W o wn s e S0 [ Y
REIOLE 2012 76 100268 36l 13 G94 1288 20421 44001 [T ) e e (e KC T s e
1028 a3 WRXT  KAn 2N WA Al 12400 K12 a0 a6l 1540 u e [ I ] uiS o
R I038 s 06,90 nsn . Ln L o 7uni s R ) 1 Asis oya a9 106 T3 M3 nan
KEI04E 2008 WIH0 62 1946 5 69 1LI9 2T 495% a0l 18430 e R a1 s s W A
108 O U0 A% M 35 01 o1 1810 4627 15 1106 x an @« 1 e w208
1na Now, um 4803 13 1”7 441 9236 1935 4477 L 1308 x 8 “ 1 S50 m 24
125 Dev. 2241 54 17 23 » 90 2068 4,004 w 120 ™ w0 - ” un w wn
PEI054 2016 4654 a2 1455 243 a1 9792 1869 464N 2916 11408 w2 1968 S8 1A 054 147 298
1A 2861 a0 19 2 60 91 1916 3619 “ 1360 3l m e ] G Y-
2 . 21,561 a0 [ n 7614 = 14 2w Q w0 M9 mw s w0 A0 1 Lau
an Mar. A S0 1 " o W 20 ER 00 110 » o » e s % pLY
14 Apr. UM 4,806 140 a 388 s 1843 4766 o e b e w0 [} ale 18 24
54 May 259 52 16 2 513 1010 1807 5194 o Ly x0 w B 1 o w2
64 Junc 4B 509 14 2 6 10m 197 46 @ un %8 o “9 w &l P
) July 2695 5 12 1 2% 1034 2041 6674 -3 RIE] m m s » 6038 m 28
8 Aug. 26516 4952 11 2 » 1,038 2033 5808 @3 LN M2 s m 0 S400 bl A
M s nA9  as0 12 »n 8 s 2 A @ m M *$ m 1 40 0w e
o8 o BA2 490 1@ @ an e 2w aws «@ 110 e m “ m Ee m 2
100.00%
90.00%
80.00%
70.00%
60.00%
50.00% O 4%
40.00%
30.00%
20.00%
10.00%
0.00% L L L L L
o & T W FL =
= w5
po = = ¥ | =4
e .
2y iy 2 N w 2
Bl 8 — ¥ L FrEed et fEag 2 Hig ¥
1 4 L] A F R 7 - L A5 % A e A Y
‘ SEHN L AR 4 R 02 & =
& *t DNA FHEI X EHOXIL - LR L 102 = = L 3
) <> 2, a0 2. P Y prd A L 1=
IRRN T r.ljg 1Sk E R P ILE PEANHEED BN RlagF =
R’ 4c DNA ¥ % % 3% > B8 PHIET X EHp S § B
- % d - % E2HE R PEE
TP #5000k (Rapid test) » ILB-FR A R % [ TAGE 2HRE R P EE
- o = '%E LB A3 . ﬁ oy E. . 2
DNA 7 % &2 0 § R R AP RAFT 0 KR AR w0

AR i e B A AT A X
&58@5?%&#§$%’¥ﬂi®

Frro (RixEF AR &Y
R ORI S M R =

L
e

TAp o

13



#F7IRES DNA Al ulte 5 =02 2 F 9

é*‘!

Jwe
M

TETIEAZAE IR D o UEEE ek L b 2E - EF
EEL270 A AT K F R A EERATE Y 6 0 Fag g
4 \;mw%&—r o TioE - T A4 8 7000 ~F £ o BNk
kA 3°T8x*r+x§t’i’ cEH Y Lgeppre gk > BlE £ F 4T 635 Y
% & Bk - &3 42 100 i R3F-%E DNA - 7 DNA TR E 2 4 % -
11259 B F el o F T 217 v £ & o L% DNA FE T TG s e b
SRS ERE - S w\&“ﬂ’szﬁn% 0o ARG b PR T > o
W4 WA E A A% B IS E DNA 3% 12 (7 DNA 82 5405 & 2
BBt g fﬂ:ai%éﬁiﬁ‘!tii%. R A EDNAKR I T2 3
LEET G UNFRR TR R E R OFE R R A0 LBy
Hc® DNA prig - 2817 # k% DNA F 3788 ik B o7 9nid 2 ficg DNA
BFEFEME S > DNA S hgack ™ < g2 > DNAK I S nng2 &2 o
EINAFEARSERFPHRR Y T 7 4T EIEREF T ML EFAHRT
T O G ARSI AFRPRET P E 6 < T AR
T Rhip R E o TREBERE 20 RAT AN Ly RTIT I &
FVRHBRILER P22 e DNA ST UJIF o - 378 %
A St fhl REOA - L WE RABEOEER > B @k
6« I KR L PHT T AET A SRR 57 %R L
FREPRTLRELEAT AL 106813 60 LROEHEREF (IR 2)
Ho 2L b 6 A HPE b 174790 ¢ % 2 > o WEBH B Hi %
AR xR TF) e DNA T FIREHE S o

\

\m S

#

Bl

\$

a

ET
\“‘\“-‘ »*\ I

=

A

% 2 251051367 ﬁlﬁlf"ﬁ%ﬁ* EALE k-

4 1B 5 £ halla |\
1 i 47 3.70%
HE 371 29.19%
E 294 23.13%
i 234 18.41%
5 P 53 4.17%
e 50 3.93%
H B s 222 17.47%
2L 1271 100.00%

14



%37 & DNA %W’LI%

Aol i A b > DNA S 8 sy R A 452 18 g A m;fi;}j;;k/j};, , H 1w
RARED B F ae)  FET ﬁﬁﬁf} R AL L
B REHEEE G ERPE TR B maﬂ.}a{DNA - de
ST RT i R Pk iR 4 5T 10 B kod 5t DNA R 4
Mg ot g B 0 & SR 2 P i ool mes E% 01 DNA
Bl 23k DNA S e g i 3 A B2 P gy » L4 :étﬂ’ﬂljﬁé'#ifr«

NEEAESE I A S S mfﬁﬁ”‘ré’* DNA 3 F 4o & M B £
P LB R ?]TI&{B Wit * 2 DNA-STR A% 2 4 3 & B
© él,,:z@;]‘z/;c au LF*H— °

vh DNA S Bir g A s > Higg AT HAH S L
ﬁm&?&% e Pk A R NI BT I 5 TR 0 ¢ 35 DNA ;5;3;
AT EF EREELE 7 T R?DNA-STR 3] 5] ¥
PR AW A RP S P E o FRFL T RBERT ﬁ%%%%;mr;é T &
ARELSFASFE B BF N F 2 AR 0 f2 DNA g k2 g
oL 0 2 RFCAEUE B & DNA it » 0 15 TR > 2 BB 7/
% % B ¢ (National Research Concil) 5 % #1992 # % #1482 3" DNA g f
B o diooss o % p 2R T E 1482 DNA gfiﬁﬂr%%?ﬁsg ’

B K hir DNA FRIMTPFL 54 Py 4 55 4 DNA #2% 2
Fat o m > g AR 30 - B4 oy @ R- B 5 o ak s
éi?ﬁfﬁﬁ#éﬁiﬁw??zz?‘%*#bﬁmﬂﬁ% H 375 FfRaE L
el i AR 2 [ 0 1 RE PF DNA EER BN B AR L B & B chdt
o B enli® s 2 SR - By E R SRR~ o P 5d 2R
FE AP BE RS anddme > B0 1995 #3720 T E DNA Ed =
B2ZREA > F DNAFTRL W P 6ol ERTA > 47 DNAZER L
FEA A BEP S L P AT RL 210 & K DNA 2 4tjimge
T2 F DNAFEIR W 2 2R %90 ) k% ™ > @ 17 DNA gz fjirs §
BT H? AFRE ST EEAEIAS G LERLT (R &
it 2)[13]

pL

(w

SIEH-FHTSAEFH ST B CRE - § 24 23] DNA 2T

15



#F7IRES DNA Al ulte 5 =02 2 F 9

é*‘!

‘1?%%$’iﬁﬁﬂi?%i%ﬁ#ﬁi%ﬁoiW%%ﬂa%Fm)
L B F ESR LS 2 2 2 2R g5 (Scientific Working Group) o £ 2 i 4
PLERHEE R FRAFERHREREL R (The American Somety of Crime
Laboratory Directors /Laboratory Accreditation Board » ™ = # # ASCLD/LAB)
B VP &2 2 2L JIRREHE - T 1981 £ S 24 | g 0 X0
1982 & B 4pid@ 2 W)= % 7 % % - ASCLD/LAB P o & 2 RE£ & = i
NEfP AR R FREINERDS  —BUEBRE T HRE TR AFL R
F(PRuFER) AR E 220 - BEFER A REHRY 27
ZHFHCHWEIIRFLE ) T B FEP SR KT ITE L B 497
Z22 R o R L ERFEEH IR - B A - BRS X
Pk L ritigz pEDE ¥ - > ASCLD/LAB 2324
Z2O T AR G PREEFMF AR I ST AR - By
dpaleEz s -
L T RAFHRZIRBET > B2 F T2 AARY o
2.5 7 ;ﬁz’éﬁ f’r}% BRI (T saE B NP B RED R irE
22 AR IRR AR
3%@?%i%@%ﬁ%%§’ﬁ%—%%i‘?ﬁ\%ﬁ%;iﬁﬁo
AFELR <P AR REIFLIIRY FL O MITREPIRRE B E
RESRERUE S50 8

Wi

322 FZR-FHETHBEIIY F4ei F Bl AR N B R REFRE
LA ¢

332 P-4k TR 0 ANEES (bldris) AF - XF SELH - BHEL
B2 SR 5 AR IMARFLERG ) BPHOERENANE
(e E TR SRTR) CRPBETATDRARRHFEAIL  piE2
EAREFIREIE - nTEZA L IR AP AR RREINEL T %
FEPSOY S PRI HEE T RESFFE LT R R FFIES
B E R B DR TR AR aER R T - B e AT
O RBREIAFWFIF P4

SEFET O DNAET 2 REABE M3 S ERES
ff 2 DNA S p M cnA# A E 2 B 2 %2 7% DNA &2 2 2 &
et B o R e B DNA A B E Rk 0 AR S A & Bl

>

ot ki

@'

16



M E S R AL F L A L b DNA 15/ fe e % 4¢3 < DNA 2]%)
10 NS PR R PG AT F P o AR 0 R sy
R R BGE RE AAR AT 0 gk A B R 2460
#eh o £ @ 4 (population genetics) € - Fib 42 F 46 2= (Mendelian
law) % i i < i 1 3 08 10 Bk A eh = £ Hardy-Weinberg(+4 i
§) 0 2 S RPN R 0 i R S S (selection) ~ % %
(mutation) ~ & 4% (migration) ~ 1.2 fi= (inbreeding) * H# & ¥ % B FT ok
#A FLRHEN2) (genestructure) o v ¥ R HF B2 FF Pk 062 g
WAL EE Y L2 E L A6
6Lk} FRA%E A K AT &SR AR FAER P ¥
R L L S PREEPEC SR PR PR Y R TS B
oot BRI R G RV AR £ 3 ERER PR S SIS T E RN
PR AL R Ak AR T R R GRS 28
FREORRMA FA S LRSS OTR SRR R AT IR
B R EARM S PR R AR R OUIR e B R L R
Mo BATE NG MERPEL e SRR KT L R
RS =S EE AT EES FE LR ) s L
DNA A %2 7 i fd > i&d e e 72 4 5 54 > d 00 7 4o DNA S8 % o
B ¥ - €&

B RS R RNERSE T AL RIS LE S L
TR PR S AT RS PR AT B e 2 S i S R (]
B )BT G (M)A R o e LB AR A AR b R A AR
MR L RS 0T SRR - B T i 2 (processs) I
LRI TR (S )RR BB EAT 0 A F R L
PEERGEA A B s S RE B4 24 v 2 DNAES RS
L3 F R DL - §ADNAGRE 2 Red RERZ R T 215 0 L gsle b
BREE L OTR T R AT ¢ & 5 - BT (model) » v 1 B A
AR A AN E R T T b h Rk ol A PR
BAEVRT > WAEE RREEE L 0 AP ERET ML SRR
FoeREEPTICED S FEU]  B RAT EER L S E S T R
% (Likelihood Ratio) - ¥ #3% & ~ & §3# 4 chit 4 2 fsk % » 3 i& (7 ) e

TR o R L TR AR g AT P WYL R L7

17



H B EES DNAA Bt 52 22 947 g

KpEFRD S TIEHP ST ETHME D RG RE T AN E PR o

BasRmai &0 P aall 7 o 37 MR~ Bl
FWRGPEETRTEL SLEHRGLFPEDDNA 7 285 - DNA

+ e

Wi F BF  RAEX - EF DNA sy R BRAR < IFR2 - o Mt
T ATH LA PRI T A% 0 DNA S ¢ R B L 1 L 2 b B
CRE PR HIERE - BE RREREE . AR R T

FRe g ot T sk I DNAAIY o e T4 Fits% I DNA | ¥ 7 v & -
% 1 DNA p it 3 2 # 5% 4 DNA 2307 5 4 23 3§ K37 e DNA? &t 1
TR AR R PRAEE Y ARG LT E Y R d ey
G T RERATIREME REOF PRI AT S E 2 DNA R (- &
i traceDNA) > Loz F &2 WE I ZH 2 DNA > jom 2 7
% DNA A|ud @ 2 Bt s h2 e DNA #8222 %
FHREy LR AR

SEEF LR o DNA e gk s %o > A i3 Br
R ATOE RN ¢ AP DIRG ERA LR MY B F A
Eo AEIERP S AR ﬂ*a‘ﬁﬁﬁ‘}’i%ﬁﬁ—s;‘z\ﬁ,\, L« 2 DNA

B2 FIGEAR G R FH 4 0 qu%ﬂ mILG R R 2 E s Rl E
DNA%“” b ’ﬂheﬁr P BT Gk o b AT R AR Bk d
B bldrE Rtz A2 2 Bt icE DNA Z b Fmy 247 0 H it
A E2 DNA F7in § et ¥ o

18



BAFPERNFZHES 2]

I
Eicd

SR RILFPERIFLEE S 2]

44 4%

- =
AT

Lt b LONA BT R - o S0 ] i
PN 2 B BEF S FA A2 ARl ‘i}“ﬁ pES
~ e dt DNAAI S & £ L BBt ¢ - a5 %5 N wARES, X e L
FoohF o Aok T - R R ETRTE 0 RIS F iR 2 5P DNA
,T*F;?Em;z ek PERETE O CACE AP E NG EES B AE
Moo DAr AR PR T ime o mE Y PARE ke NI T ou @ :}F] x
BMILEM L T £ 47 w2 1517%7#%%: e F AT afdn WA TR
FRRPEY AT € R FDNA R %[14]- ¥ AR 8 e E
s N R 0 4 (IR AR KRR T IR T T B B g
PES I RA LI R F R TE o

&r%ﬂ/*’ﬁ PR E PR T AR 2 <] o PR A R
AT T LG ] SR B PR GBS R A

Tac g H e DNAAS] » ko L FpFs 57
UMY Dt AT ¥ B AT Bt hlwte o o Bt &
AP P A E 0 R e (XER o

W“iﬂ

fne hd b

F I eim e i

- S EES N

PHEs R LG Qw FEPEE ek REE[15] 0 # AT
Ay R MIER o APFEDFERIPN P kv R Ifﬁ Lo s R
42 RgE o RS e o - SR DNAF %% 5@ % PBS kb
B tho @ PBS £ 3 Ari- hiE o AR ?,55;3 i # -K[[16] ~SDS [17]
£ Isopropanol [18] & ;i ig4f #h @ # b > Flt hip =k chF SR P > AL Hde
>R e e B Ko g Ak hL B oo

FiAfp 5P kiR Ak DNAEHSL L > e A HES
g tae 4 £ e DNA wfe F R A[15] 0 5 7 s L& B4 80 7 R p B 4nde
AT B o R ATR R E S B T 0 4 F 1T B R

19



RAIES DA 2B D% 22 R g
ARG DY FEa BT LR F DNA ik o i 3R 5 ek

AR TG ﬁ’fm?’ BEORIEE 0 AT AN g T e g
1604 R @A H R LT L OT IRF RN F o 0 e
g—ﬁ?ﬁg:‘ de xR Fﬁ;féfﬁ,ﬁsb%z fe A ®enie & » Tt gk &2t
Mo g E P ER DS o
“,f TR LR T T E R RFE EIRP K A B’ SR Sk

VLEJEH AR E FHT 0 0L RERT o BHHEEYF DR

)Iwrm R %":wfi\ﬁai O AP HRFRP A RERE FIRA G
Fei o 2 SR REBERF P A B Y 57 DNA X B o hig=t ahf
v oo Ay B g I F it )P oo

~ DNA %72~

582 % DNAF % 3% % ¢ * Chelex 100 [19]_51“’ 2 5P~ DNA > &/ %
AP @Ml EE 0 E KRG AEEAET PR FRG
IR S gk g 0 4R Bhe (P AR 0 B A IS R AL BRI 8
LB ST E B g ¢ 5 4 284 i PCR fr 4 4 ggaé@w Fenz gz wl AP
17 iin»\DNA—rB’»mWﬂ](ﬁ»%l*"ﬂ Poan Bl @ AR o
Bem K2 g o § v (silica) B E R g s A B E B";z: s GlAe A B BT P
@ & * e QlAamp DNA Mini Kit :T‘h{f'— P2 ",% 1R E R E P
S Ak BIT UKL B SEFASBRETENERSFHRE
M EAERR T AR EEA N A A - i E P2 2 S DNA
T K v R s ez & 0 F]t Qiagen 42 ) 27 QIAGEN Investigator
Lyse&Spin Baskets #f 24 5P~ % ¢ > 5LfEF 103 3 2| E E S DO DNA w4 F >
Flet N0k 2 e g N EA O P 0 Ly £ Lyse&Spin
Baskets #_% E 0¥ 11 3% ik di i ch DNA w5 > # 3 4c 0 STR fedic o

= ERBIERSELE DNAK D F

FRITABLELAThRY R T ERITR L uApE
152000  engh kKRB £ EHAER FH Y - A3 R gL £
e FART A LAREBLE(FPS PVC £ E)20]E ket L3 (1
FWAHFLE ) BEFRT A Eofed &P In i fhism A m e Ak
Flig4 < 2 p plopn £ 817 DNA 2 i BBz 2 DNA 2.8 % >
B Rl At TR L ejed > R HRES R B N ER S £ 2 gL

20



FHRIZAR ALY ~ Sdph - St SRR PR T el &Y
X E 15x15 T o a[4,21] ) FHiEF DNAFET REBT 28 » &
AT BL FMERTELL kR S EIIETHRTATET 2 DNA X

B> ;% (QIlAamp DNA Blood Mini Kits) » & %8 /5 ;4 3> 200Ul 2. 5 2~% » fm 3
BpAAE L AR 2 ER PR ERAREFET Vb w2
FTHPEZ G RN RGBT 22 PR ¥ X IR B DNA
A e DNAGR £4]8] 5 gt oh 26 ) DNA 3] 022 jo 4 4p b P > 400 fL A
f%%&aimm R FIRRES(C S 2 EB)T R G AT

CF PR A RS RN PRI R IR oA W RIsp & 7 DNA #
PR T AR R B R B 230 0 O KR AH T RS £ LR
B EEAT RS2 STRANK I F o

iy
—ﬁﬂ-

W ﬁ P

>
~

[

P S
S E TSN S
SRE.E =S S SN ="ToF,
M2 IRSE B AR A o L RT B2 2 B AEP 2 a3t DNA R

SRR RN EE St S S ELE AR ) E S - R
lﬁy—ﬁf‘p\ Mg iFER Y 3R FHwm AR AT B

BRRIGF EHRA

SRR E IR $ 1

DNAZ B DNA % B

L8 A

Bl O Ay mE<L i A2z iam

21



RF VRS DAY W 0 % 42 F e

1. HFAgiF: 3 & ZOﬁfﬁ, YL E o d 7 @.g‘f‘]ﬂﬂig’-ij ;g\:__!fﬁ_?«'j.—i
PRI AR (A FSIF BEHE HD R ERT)-
PREREET o —XREREIFIERACHE B LR
GEREFR I EFEEARE2FEIRHRA AT 24
o EGEIRRIEL TS ] EEENAREY FRE A F =
TRIEZEFRICOIFETRET - 224
2. WwREFED 2
1 = '“’”/?Jﬂ ¥- L E @"F‘E-‘“’B"F'#p%* FIEE LT
1.5cmx1.5 cm § Flzd4- 8] 10) -

(2 = Pl % = % £ 2 Scenesafe FASTTM fc & 4 % 4 (H3
L) = )3 LB~ & 35 a‘;— %Hg E o v % 1.5cmx1.5¢cm -

(3) 3~ iz plH ¥ = i» + % 12 Scenesafe FASTTM #ic £ i 4+ % & (3
ERAE) PR T IR RE G TG INR(F F 5L
e LT~ E S ER) IRFIRG AL L o

\

ol

n-
[

Bl 10 DNA £ #: > 2

(=®m-la) 5 ¥2 1L5cmxl.5cm # & - (* B-1.b) 14 Scenesafe FASTTM &3~ & 45 % —
iR (+ B-1C) AP0 T e

N PR E R S

WooRo R 2ok oG $15 DNA R ) Foanig % L B 0 i gF

Hi S AR AeT B o

22



BBLIPERNFLERS 2AY

I
Eicd

e A

BEgiE | fats + 600w H#F + 18007 e

h

# & VU e R A e
¥ > AR EE R L g

B 1L % st AR F A4 5 ST R Z DNAF 3 B3

1. ®Wivbe-RfE 4 G $ &
P R RSO R M A G o Pordi ) I ml o 4e ~ 20 mI PBS i A
oo R i § 0 PBS AR 18 1% Jm e 3+ #cfZ (The Neubaburer Chamber )
it A BT K s R 320 B /ul > B~ 600 1 e () 30ul AR
)y R B R 2R L R ERE S RHET R w7 E i
WP EEEPDNA
2. W iveoR g A
VAR RSO A R o v b L e iR RS St o e K e
e dic® 3 60 B/l B~ 1800 i jm vz (4 S0ul fffrdi)im g i T o 4 F L
A% % lom Xdem oz g > HH 2 2pf s LA G pdleg %Y
e AT G F o 45 DNA -
3. A ik £t (7 DNA H 4
AR LR
D) Fatph(Eresrs 127 44)
(2) 1 #< 4 # (4N6 FLOQSwabs™ » Copan » USA)
(3) Self-Saturating # % (Puritan)
(4) # 3z % * (Scenesafe FAST™ » Scenesafe™ » UK)

23



B 12 #3312 % Lyse&Spin ¥ P~% 4
a5 OF A B @R 1 $OSelf-Saturating 1 # @+ % % # G)Lyse&Spin

= ~DNA %

1.

24

i * QIAGEN QlAamp DNA Mini Kit i& {7 5 P~{g » #77 ¥ Fo5R R

R iE R 2 BB E PR AR T o

AT # ¥ Lyse&Spin FFE F BB A FAoT

(1) ¥t » £ 75 <& ¢ (2ml)2 %2 £ ¢ (QIAGEN Investigator
Lyse&Spin Baskets) ® - 4c 475 pl en ATL buffer 2 25 ul s proteinase
K (QIAKit #7%) %> 56°C* 3 ] pF -

(2) rogkig 10,000 rpm B ) 1448 FEsiR 2B 1T K ek g
BEZRAEE -

(3) 4 » 500 pl £ AL buffer » vortex i2 & » 2 » 70°C ¥ 10 4 48 -

(4) 4e » 250 pl 1009 iFpHE » vortex 2 & o

(5) » 2 = #-% %8 4% » spin column p > 8000rpm &< 1 4 45 o

(6) 4r » 500 pl =57 AW1 buffer > 8000rpm &t~ 1 & 45 o

(7) #x » 500 pl 2 AW2 buffer » 14000rpm &t 3 4 43 ©

(8) #v » 100 pl s~ D.D.water » ¥ *>> ;8 7 1 4 4& » £ 2 8000rpm &z

SEPY ¥



S % RFAFPERNFIRES 2P

7 ~ DNA z_&

1% wpER L v 4 F O 8 0% (Real-Time PCR % & = i#)i2 = DNA &
gz &2 3%% > 11 Life Technologies = # 2. ABI PRISM® 7500 Sequence
Detection System 4% Quantifiler™ Kit [22]3® & #73 B~ 11 2. DNA k& » ¢ %
£ &%+t 0.023 ng/pl m%{é}#ﬁr H DNA w »]:-, 'DNA + »]:.f =4 5 w2 7DNA

Studentsttest 151” wu)‘LAv\*q' ’ @ SR ﬁ'{lt" I»’f7p<0 05 F &FT —g g,__gl

7 ~STR Al %]~ 47

w2 DNAL1Oul &7 R & pri 48 ¥ & > & * AmpFISTR® IdentifilerTM
Plus PCR Amplification Kit (Life Technologies) - 14 GeneAmp® PCR System
9700 i 7 PCR F J& » X i %kAF W iF 2 4r# 3> 3500XL TR kit (7L g T
0 B8 11 GeneMapper® 1D-X software Version 1.2 (Applied Biosystems) 4 47
84 ¢ %82 DNA-STR 3| 5] o

2 3 Identifiler Kit 7% i %l i i

g R G
95°C # 1+ 11~ 46
95°C % % 30 #)
59C 4 & 15 4} 7% 28 =
72°C 4 W 30 #
72°C 4 1 60 /> 48

# ~ STR 3] w] 5= 2|4 &

15 & STR £ ¥) =4 %] 5 D8S1179~D21S11-D7S820~CSF1PO~D3S1358~
THO1 ~ D13S317 ~ D16S539 ~ D2S1338 ~ D19S433 ~ vWA ~ TPOX ~ D18S51 -
D5S818 2 FGA > H w2 A F1i> 5 Amelogenin o &gz &~ F 5% ¥ Fascf % 3
% > #- Analytical Threshold(AT, % & f221 & &) % Stochastic Threshold(ST, ¢ 3]
&£+ B E)s WK e 5 150 2 600 RFU » £ 4] & + 2. Peak Height Ratio (PHR)
% %% 50% > :i'; STR A P2 %1 A FI2N 8L & 1 i AT~ST 2 PHR p& »
4o 2| Fgﬁ STRAIW » % %M 82t STRA|IGPFEF kL AF%T
Lo =¥t STR ’*'l“v' A

25



.A
W

(\x.

‘mﬂ

BB 21% e DNA 3 S o 5

é*‘!

A= A5 4l B phg 2t2)
F = a"g%.‘;ﬁ’;‘f@{y\q

BRI ERT L 2R %

% 28 R OE TR RN AEE S NERERINAS > E AT LR
HoFABRESS (P 2RS4 E - SR LT e RSN AP
Wﬁiiéﬁﬁ—$ﬁ§5ﬁva’#ﬁ%%¢%iiﬁﬂ 7 % 2
#) £ 25X F5FP-DNA 273 €41 BS540k 4082783040 DNA
£ %% % > Real-timePCR 2. . £ e ¥ £ 2% DNAF % 3 T 7% 10 2

Ty VBB STRATEST 4
DNA £ 8 &% 77 § 3|~ L4854 13> F R a4y Lr | FRF
oo F e e d 2 DNA £ < gRESHE R APl % o GieT B
Ho e ’J'l"\%[%]%é-%p\ ] (LB %% T350033ng/ul)E E 2T a4 %
-S4k (ZR B % T150.034ng/ul)tk di s 2 DNA- 74 B 13 2§ 2
% A4 ER T ’“Yﬁﬂw’w %ﬁé%%;"%ﬁéﬁ—:}gaﬁ@ﬁﬂm DNA

@A
BHTI0 . v eifedi2 DNA B4 5 B drk

;J.

W
e

B

Bk R - 4

24

-\\}

m\

# 4DNA T E %% % (H = pg/ul)

5 EOBR T B #* # 3 #F 3 B
iRz
EEr CED
FHRE T T [T T
% 4 4 $- A u B
(= # &)
LRl 1 64 13 24 2 12 23
%Rl 2 6 0 4 3 40 11
SRl 3 27 6 13 50 14 22
% 5?]%“ 4 51 29 14 6 85 37
L% 5 22 9 2 8 12 11
TioE R § 34+21 11+11 11+8 14 + 18 33+28

2L EMF AT A S SR DA K o

26



?f;_: B3 AFpEiss

e

—f\#)h’fi_‘ /é‘ﬁﬂi

T R A

FREEFRT PG5 5 - S 402

100 a26
B3
80 [O51
60 H | 054
W64
o | -
L g -
o U M L . LWL e | B
4451 B hov ¥ EERE S S R S 4 F 3
B 13DNA % £ &%
F i DNA S TR 218 2308 (7 STR 4 47 % % #dcd 5 %3 DNA
ZE 73 % - =X DNA-STR A% BlE% 7 EX > b4t A F2E5% R
A 2R A STR & #c? &40 P 7 3 TOUIDNA .8 5 k455 10ul 2 £
AriE TR A PR AN F iR RI STR AN £ 5 3 B R AL 2 RE Tks
f57 &3 2|2 DNA-STR 4] %|(4c4 52 F £ # 5 %) o
% 5STRA|u/# &1 5 %
RS IRV LSRN
BieE AR RE Lr ad B A . Kz
M iRl
£ % 1 ') Y (5.9 Y (ST NN v*aD
£ R4 2 Y (S, 10) N (N) N (N) Y*(S,6) Y(S, 16)
£ Rl 3 ¥(S, 15) Y(S, 15) Y(S, 15) ¥(S, 16) Y(S, 16)
£R% 4 Y(S, 6) Y(S, 6) Y(S, 14) Y(S, ) Y(S, 16)
£ % 5 NF(N) NF(N) NF(N) Y(N) Y(S, 16)
SRR IR 4/5 3/5 3/5 4/5 5/5
(F A (809%) (60%) (60%) (80%) (100%)
R %fr%&:‘i 6zt STRAIu > N7 STR A% 50 6 22> * 4 7 J,ﬁ)mﬁfwa
8- SR LR i;"F fis > M 5 Mixture zxﬂ‘%é»uh £4l% > S % Single #& 11 H - 7]
S s BeF 47 2 STR A1 % M i dic(15 & STR e b 1 i pho) b 7]

1 1 DNA 4] 5]

e wl i 80%% 60% - r_ﬁ%bg"ﬁ”%—% Pl A w4 60%% 80% » ‘éif*u?':fﬁ%?~

27



F B 7 RES DNA Al Bl & 5 2 2 2 F 9

é*‘!

@dp P~ kT et (] R R )DNA Gl Bl e I a5 T BB AP
ﬁaﬂ%%’FﬁﬂfﬁﬁﬁiiwmhimAQWﬁM$ﬁ1%%,mﬁ%
Aol R E B 2 H R
FIRRF PR FEFR % F W TR DL RF * & DNA-STR
ywﬁ’ﬁﬁﬂmﬁﬂﬁﬁlﬁﬂﬁﬁ%&iﬂﬁﬁﬁﬁ’hz-MﬁWﬁ
IH - KRA Y (Single’S) CFER AR E AN mE R BN 2
%?Iﬁai"?l?‘f DNA @ ~ 8¢ > Bl & 7 22tk 44k 1R & 31 % (Mixture > M) » %
i’ i"B’»%:}ﬁ%?— & 4p ’?,a/%& ﬂqabr%]ﬁwxiiip\ P2 ¥tk 1 DNA
AR Bl ot IV E - kR DNA Al - 5 A Rl 1?;§“i
FRTRMARLG > TGRSR RIS S S AR 0 R
18~ RS 2N Rlorpt v fe ) DNAR £ 3% Bon 4652 2 ) RI2 3%
BT ﬁ‘ér”f%ﬁ%%ﬁ%‘;ﬁ“iiﬁi DNA » 5 ¥ 4 41 ¢ i‘e?b?;iuﬁi
DNA » =¥ i &% ;g\iigizﬂ\j,i Fe kit eh % DNA o
LA AR B A dp DNAPF[23] ) #73 Ip X 324 B 2 5] 4 2 5L 7]

FRF B DNARLZEHR: - AT RBARGd FHREFCF
fFEEEFIRFERESE ] L AR HEREEL 2 E0 2 RLRIE R
2 DNAZE g% 2 THOFEERL T2 kXRlHFL DNAR S5 4
Fgs o W AR e - R iR T2 DNA @ 0 fid 3 B2 AP
N2y o d A5 DNA & 2 STR A NHRIS % > B X RlE 3 &% T

BT RIS BT R ESTRAIN - B R AR - Ko FRLRE 2
252 DNAW I E 5 HH7 > 0P FRS SRR HERT S0
40 DNA 3] &) ; ,,ﬁx/?—;{ 1225 WKE~2 511772 DNARYT
Ba R F I FE 2 AL LAY DNAARR § 4P % 2 Mg 12[23-25] -

)']«

*-nkf

o

PR X %

1. 2beskiHiom

51— ;‘5—:}%;’3‘_" oend BAR AL > NP ore 3t o NI F S
Sdic > B 4 W) 5 300~ 600 ~ 1200 % 1800 z_ m#2 B £ 5 B~ DNA {8 » i&
" DNA 2 & %2 STRA|W 247> S5 734cE 1428 15-d B 142587
iz icy 2 DNA =8 B 5 I3 & ok 4p B (R2=0.9922) » 54 STR E%‘];ﬁ
GBS R L BT £ G AR B (B 15) - % wee #c® 5 300 & 600 i P
DNA T 32 § & % 3214+ Quantifiler Kit 2 & € 542 & # F 5 < & 0.023
ng/ul » 235+ 3+0.015ng/ul » 5d 3EAFFHR2Z AT R FZLF + > T 8%

28



I
Eicd

BREFLVPERNFLER S 2]

P MET STRANWAT(AEFTIEHFFTHR) 27 RIZEFLS 2
STR A% o F]5 A8 7 (np cniz -4k s DNAFZES W E 5§ 2 55
2o AR R E TR B E 2 DNA T8 B (%7 & Mt
0.023 ng/ul » & % 1>+ 0.01 ng/pl > o 4 » 10pI(PCR & J&2- &~ &) DNA
FPP RGPS T PCRAA RS & 3R & T2 45335 0,023
No/ul siedl > e 1 B & AT HR F X L5 S el STR AW i 5453 - &

T i M3 0.023 ng/ul 2. T 8 B HASTRA B &P 3% W E F 300 %3
P

B E -

0.12
£ & ng/ul R?=0.9922
01 I
_-t
P -
0.08 =
— -
— -
-

0.06 )

: _- L 2

~
P -
0.04 _ ==
-~ - -

0.02 = +

. P

e R
0 ‘ .
0 200 400 600 800 1000 1200 1400 1600 1800 2000

B 14 £#)e 7 DNA 8 &%
Xphilmielcd »Yhis TRE I M5 3 DNAZ RS EEL » BRLA TR
EALS T Gl At S R

bk ¢ A G /4’%5}% 600 Biwmre > b 3gis M FadrEIL EEP
H 1 wre ¥ 3B DNA S 4cB 165 1~4 e ER A TR IE
'”é i 5 4 =4 e PBS » ddH20 -~ Lysis Buffer 2 JFp 4 872 #]:& i7 & 45 #7

2 DNA %8 T35 » A %% 0.0150.017 ~ 0.017 ~ 0.021 ng/ul » F]%# %
Quantifiler Kit 21 € S 1< Fl & 48 0.023 ng/pl » & 2 3= 2 DNA E
G 8 # STR A H/# 1 el 8 DNA Hz sk » 3 H 4 10ul
BT PCRAF®EF B 2 ¥ i te 45 e PBS ~ ddH20 -~ Lysis Buffer
EOFpE A faE AR ) STR A B2 s W 5 14121412 2 > Bgor U 7
@k Hes T AEFAR R LAFTHRTH L A7 STRE
2 AR

29




BAA Rz DA N3 22 9 e g

[ D8S1179 Il D21S11 ][ D7s11820 |[_CSF1PO | | D8S1179 Il D21S11 ] [ D7S11820 CSF1PO
175 245 315 175 245 ) 315
I ! T | ] |
14 32 12 12 14 32 12 12
146.43 215.24 278.48 327.31 146.36 21524 278.48 32731
1027 703 680 867 7636 4()1“ 2947 3956
I 1 I ] I I I
15 322 13 13 15 32‘2 13 13
150.46 217.28 282.55 331.31 150.52 217.28 282.53 33143
1049 1362 1036 945 6305 3098 3562 3506
[ D8S1179 Il D21S11 ][D7s11820 ][ CsFiPO | | D8S1179 I D21511 ] [D7S11820 CSF1PO
175 245 315 175 245 ) 315
14 32 12 12 14 32 12 12
146.36 215.13 278.60 32743 146.36 215.13 278.59 327.35
9696 8787 7677 8927 20097 12953 12401 15679
| |
15 322 13 13 ‘ 15 33-2 13 13
150.52 217.16 282,53 33143 150.52 217.16 282.65 331.37
10745 6360 7279 8373 17669 14388 10445 12380

Bl 15 #4125 DNA-STR ?];&
$¥e 123404 A u & mrdicE 5 300~ 600 ~ 1200 2 1800 33k A & o

Bl 16 2 5.5 ~8 & ik Bl & 1 14 R ATH R 4 AR TR R T 2
DNA % & % % - PBS ~ ddH20 -~ Lysis Buffer 2 ;Fy# 4 f&:# % DNA T & *
$oiE A w5 0.029 +0.035 ~ 0.027 ~ 0.024 ng/pl » £ 35 % 0.028 ng/ul » = 35 DNA
¥z 649% (4412 DNA =& & 5 0.044 ng/ul > ¥ 4z 5 =0.028/0.044 x
100%) » %] & 34 $h 45 02 2 % v (desorption) it 4 ¥ i A 5 i [1] 0w
DNA wfz 3o J i 4 thdk 2 DNA w e § o w7t * chd i 33
5 12k e DNA % 4 2§ B (0.035/0.044 ng/pl=78%) » 22 H 4 3 4 %]
DNA w jx ¥ & & P Ageni B (p>0.05) » G4 » 10ul B4 i {7 PCR 4F ®l F
& ",% iﬁﬁiiﬁfi‘% FHd 14 =2 STR A% B3 15 e
STR 4| %] - B+ & B fmre 73 chDNA £ % 6 pg » 600 i ‘m?e #1 7 <5 DNA
BEHE36ng A 100Ul * AriF ez E 5 0.036 nglul > F)t dicd 2t
e i N oA A R e g R g g @5 0.044ng/ul o B3R
W R TR F R e E A NI R o

Self-Saturating t # (Puritan) e =4 Ee H > 15> BRI P 3l [ 5 4 %
FoORBEPNEF RO MBS TR R RRERE L VR
P owr” - BoRe T R B ARLE w2 g il ﬁ*w LR i TR R
A (SR MBI T T 27 DNA § 0§ %4782 DNA &8 % 235
i 0.012 ng/pl > 3#4e® 16 5.9 & i B 5 S54e » 10ul FB~F 3217 PCR 48 @

B> 7D 8ESTRAN » B EAFHE I L5 7Kk STRA B2 %

33,

35

"



I
s
A=
<
|
*®
5
[
5
T

(\x
¥
o
Jd
W
At
o+

B g% STR Bl et in A F13u 55 & (RFUVRE T > 00t 4 i 45 o ¥
2 DNA z i3 2 RAacfi i o

R T2 DNA vt g 5 73% (0.032/0.044 ng/ul) - i
FiHh A2 DNA w e 8 > ZRATH ok ip g o 354 B 16 %o
10 8 5B o SSbe » 10Ul 52427 PCRAFEUF ' 3 £45307 25 44 4
B STRAIS - BT 4B A R 30 R & 6 B fon ke B [3] AT g kiF 2
EE e i S Ll F

Foumg/pl 2 3 4 5 6 7 8 9 10 11 12 13 14

0.06

0.05

0.04 I
1

0.03 T 1

0.02 I [
0.01

0.00

w i
{*’? w» a\ew *ﬁ @‘?“% @@ & @;(“' ‘#’% XQ%; Q@\ Qq& <°
8 % i #xxﬁ% o & & G 8
& & o ©
%
Bl 16 2ok kK4 5 402 7 }la;},pﬁgl_,_B’»" T 9riEz2 DNA =& 8%
EER T AT A FE%’H:"’E’#B"" oo HY g - 10 % 14 QIA,z B TE B e 11-13

™2 Lyse&Spin ¥ P~ £ F {7 E P 5 Y ghi DNA = & %% - Positive 5 600 i ‘w¥ B 3% 5 B~
DNA & ez & p-at ’ “‘T}i ‘%’%Eg BT 3?_“??; o

d B RS RN o BT T RS S ok & DNA T s &
MR R HEEFALR 0 F A AN BOREEERS AR 2
PR FRA 0 L F 34 1R +PBS ~ LA 12 4+PBS 2 HREM R X = i
TR o

B 16 %% 11 3 13 & 15 @) 5 Lyse&Spin % B2 e % » &2 QIA 532
HiteaE % (B 5%51:11-5:12% 10:13 2 i5@) > v &2 DNA w
fed o> B9 uEdpt (CRE 167 EH1E 11)mDNA W oo & 2 ak
BB ZE 2 DNA 28 T@Ed 0.015ng/pl (QIA 5 5:2)# 2 1 0.039 ng/ul
(Lyse&Spin % 2~#) » DNA w iz % d 34%3% = 3 87% (0.039/0.044 ng/ul) - &
T BT S TES A S e s 1 QIA FBE s
3 2 B~tFH b S fwie e DNA #711 fig % Lyse&Spin % Bxiig Ew B

31



F B 7 RES DNA Al Bl & 5 2 2 2 F 9

é*‘!

{5 DNA« tf 453 5 ehind (L o] 16 2 3 ([ 57 12) » 2 DNA %
TimEs d R~ 0.029 ng/ul (QIA £ Bi%)3 = 3 0.045 ng/pI’DNAWw]J:.f
d B66%H 2 T 10095 A EMF I %L R A 2 DNA 22 L1054 d R
# £110.032 ng/pl (QIA EB~j#)3# = 3 0.037ng/ul » DNA % jc % d 73%H# = 3
8406( ] 16 2 % (5@ 10 22 13)o d 1 i &% ki @ * Lyse&Spin ¥ 5%

T 4e DNA wfc 5 » [BF Skinfer i * 2mlpc@ id g2 7R w3

Fervg2. 2ml pe g g §~%$&% ok ki Bie (79 %PFAILA
AR EREET R 2mIKE R L iciE B R ROARL v X > >
g A1

2. ARG

dp PR SR 0 BEDNA Y e B B TR EEL L
FB 2 SR Z RERER T R EMI o R R o K
FLEBEPS NREFR o FHFE G 2T o %600 B wre i 4
W E P S HEEF @R 2 DNA F R K g R h
WHE R g 2 BORES P B e £ 388 1 1800 B 0 ]t
DNA w45 » & e 2 8 %% ol 17 -

# T R AR it R R3¢ L e THRE(R 17 2
B iEM 1+3) QIA ¥ B2 chDNA %8 @924 K(<0.01lng/ul) > # & 4%
iR T B R S% 0 B 10ul enZ B2 7 PCRAFAF BB £4F) > ¥ 1d Tﬁﬁ‘s“"
e TioWi 22 STRAGQ0-4) 9k AT % T2 %5 S0
STR A 4]z ﬁ—-—% "R E‘-?Tﬁﬁsxirra%spg_ﬂ » 3o 3 = STR 31 %0 ~9 -
1), %3 1= 192 STRAIY » B E&EAFHRFTH 5 2D STR A2
2 o

B RERFAPTENSERE(R 1722 FH 5 2 DNA & &
L3255 0.013 ng/ul (1 Quantifiler Kit 2_ & £ St & Fl & < &) » P~ 10yl
¥P4rie 7 PCRAFELF BB £47) T57 % 4 12 & STR 4] %] (11+12+13) »
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2~ fdw 3 ¥R gt 22K Minitape # 4 2 F sapt o FR
FAT R A T AEP S o ER R Y R ES -

3~ > Minitape # & sni& 48> 7 223k :&2 7 LCN(Low copy number) #=z_
AR o

4~ 23d Fo%E 4B % * Minitape 34 > d * Minitape &% & 427
BEIFAFTL AERD F- RRFHEAR LU 2 FE 7 Gk
ETRr s ERREFIrIRT d FHFT AR * Minitape $ 1% -

d 3t Minitape shgbP-sc b PP AR B B Ao R A AP B BAS R
h'as ARE R g o d SHAR L ST b R F R T0%IFH
2 1%E 6 ko vgpit 3 K,% Ho o e % % 2 4 BH|(Glue remover) ad®
W 4o F Bt Pl AT AF S o $x i A @ Minitape < £ B % 3t E k2 A
DNAH# I 5 > Jpi- Hec ARERFA R HFALRFTRFT 7 2L - F
i AR P TR AL o WA R RATRRE 0 AP B Ao
WAL 2Z b cAFREEAZAE > T xRS AFE > B4R R
ERTVR BFLEFALFL PR - RSB AR RS2 2
DNA# % » 7 =221 7% 3 2 BIRIG A48 2 > &5 B DNA *iR4
A E R E o

-
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¥=3% #&~ DNA & 2 PCR »xi 2 F7 %

y=% %2 DNA £ 2 PCR*»it 2%

45 £

S
oA g

T & AR DNA A 47 st B RS R L 0 R BRI
TALESPE AR BEIRE - HEEMARSE > 5" DNA FT
PRt A kBN IR R TRE N Bkt > f 2 DNA R

~Zlfa~ 77 PCR¥FrH14 & DNA R & 3] % 5§23 $ 1[26-28] » izt 7]
et ¥ F 5 027 PCR F R  bldofF iR~ JkEF & 7 PCR & g[29] »
*FHHRET R R ERHRTAN }wggf@w;gaﬁ A EdRL  F T
FHREFLEFS LM 2 R HS DNAK D F -

d\éqi" Fitagd (M FEant s DNA 2 9 12 Y % 4 4 DNA L8384
itz DNA ¢ £ 2 H 242 A e a 7 2| ag & (hPCR 3242 PCR F J&
2 R S M PCRE BRAPTenis o ¥ %;ﬁ“cj { %7 PCR 34 -
AR R NS S DNA B9 R 2 okiy o 7 B2 1 o

L T E R
- ~ 4 DNA L8 7R 2 2cii 8%

P Af DNA 2 8 # * X s A F] 2 & FM £ (™ @ A Quantifiler H)
ER N Cikd P;wﬂ fe (v @ A Quantifiler Y)[30] - @ Quantifiler Y & &t

BR25B %7 YTELZOframfky 'H_Y-—’I.L& £ DNA-STR ] &) 2_ 35>
AN PRZEIZISFERFLIDNA Z & - ¥V L BRI ES BT

# % enSTREFTRZH > FRPFEFHE Ymaié‘. B & e 8 S
Lo 104 £ RTHEE O 2 Quantifiler® Trio DNA quantification kit [30](r+ ™ f§ #-
TRIO)z 4] » 7 iy & % DNA KA A 4 il L 552 § 2 DNA § > 7~
i 1R BRE A R 2 R %ﬁ B T N U N 3 e

RFEACF A B INL o 5 -0 L EFRARFEH  KETSBY Eik
(Quantifiler Y = & % %355 0)2 2 % t|% 4 #4812 TRIO i = = § Y-STR
Alulsdrts > v REBlFER D SR DS N L AERWERE KE IS B
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F# B2 FED DNA AW de I 32 02 2 1 r

é*‘!

DNA-STR ] = Bl3# 5 P &g A fj2 4522 &t TRIO =& » k4P| TRIO »
Degradation Index l_a_m? i TR AR A o
1. AR B%
(1) #5% 5 1+ DNA & iz
AFETEBHRARA PRI PiEd
L DNA 2 ta#l > ipM et s d LM FEFRd L1 RFRT A D EEF
B ik R AR R AR o
(2) DNA %3
AR TE AR (4ot 2 3) 0 2 QIAamp DNA 5B~ % =
(QlAamp® DNA Mini Kit and QIAamp DNA Blood Mini Kit) i& {7 DNA %

E
=

Peo B oAU IR A UHREERRATE NS mie o XA T A
te 18 gﬂ”“ﬁ"l’”j‘?;«k?uﬁ—i }éj’ik@f?DNAf?E"°
(3) DNA %

AT 2ZETEINAEAMA F- AE 0 AB = 7 (Applied Biology )
z_ ABI PRISM® 7900HT Sequence Detection System iz i * X 5 Y % 4 &
DNA =z_& (Quantifiler™ Y Human Male DNA Quantification Kit [30])*4x 14 %
A ERREY LI T ELO0ZBHETER ’qi 2 Quantifiler® Trio DNA
quantification kit &2 T £ 447> M mHE T F 2% ¥ 7 - %3 72 F kit
2 JATR ©
(4) DNA 4 4
% #r18 2. DNA Z & %% > 2 AmpFISTR® Yfiler™ PCR Amplification
Kit ~ PowerPlex® Y23 System i Y %4 ¢ 48 DNA-STR A 9] & 47 358 & {7
Y-STR #F % o
(5) DNA 7 & 5 %14 45
AR IFE 42 > 2 ABIPRISM® 3130xI Genetic Analyzer & ABI
PRISM® 3500xL Genetic Analyzer :& {7 & i~ » £ 12 GeneMapper® 1D Software
Version 3.2.1 & GeneMapper® ID-X Software Version 1.4 #ic #8 i& 7 T 4L 4 7 >
Bispd ER2ZFEFTA S UFHEFR SR AN FIATT FRTA
2 A 45 & kR R E AR (8 ) b H LA B A TG ke d DNA 3]
M2 gy 0 @RI T AT 2 i s RACR 2SR .

« F 2 DNA S 38 & 50R R5%
L2 DNA SR @Ak » S ABE #2 AXRERT 2
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$=% #~ DNA &2 PCR»tit 27 %

DNA-STR &2 3# | & B8 7 AR F% M 82 DNA 322 3§ ¥ i&
R NCR L ST ALY

1. AmpFLSTR® Identifiler® Plus PCR amplification kit

Applied Biosystems # # z. AmpFLSTR® Identifiler® Plus PCR
amplification kit £ 7 # 2 f23 @ ~ 2 F HPCR iF 2 7 s pRIr4|H + 4 5 iR
2o B33 R~ A5 A2 S % 2 |dentifilerkit 4p > H iR EET

I ¥R E P ik a?%;'%gd high performance PCR buffer system % &
i it e thermal cycling parameter # # 8 PCR #zsc ©

i, 32 #c® DNA#% I & o

i 444+ 7 F DNA R & -3 - = S Froc2. 28 B %R % 29 B 5 % PCR
i EEH o

iv. & * improved primer manufacturing process £ "% i< PCR 4§ @] =9
2 AL o

p a2 E DNA § 2% ¢ * Applied Biosystems 3130xI & 3500xL Genetic
Analyzer i& {7 STR 3| %] 7 A~ 15 > *# 7 +* $& Identifiler Plus ¥ Identifiler #
3130xI 2 3500xL Genetic Analyzer 2_ f231 2  #% » i (Stochastic effect) » &
TR P ERPEMNTRET R L AP BREAT

(1) =% e Wipl#

#-60 B % &4 4 %] 4 Identifiler 2 Identifiler Plus(29 & 95 3 )& #[ & {7
PCR 4F ] » ¥ 2 3130xI| & B2 {7 4 45 » #- Identifiler Plus f&3n @ 3% %5
50RFU -~ stochastic & &3 %_5 200RFU - & Identifiler 3231 @ /- * A7 2% L=
P FRFE AR {4 ek % % 75 50 RFU » stochastic % &2k 2_5 150RFU » £ 12
GeneMapper ID v3.2.1 #r 48 :E {7 &4 47

(2) Identifiler 2 Identifiler Plus i sy 4 2_ 3=

BRA A BIR A £ 2 20 e 18 A W] it H e 2L F]2 542 3 50 RFU

2 HE 2 Gk L RARFERE T 258 2. STR 3| W] e dicr 1= gt = fAEH 1R

e
Y

2. AmpFISTR® MiniFiler™ PCR amplification kit [31]

AFET R ETR Y 2 STRE * &% 4 % MNISTRE * &2 £ 9%
P2 ZBPEETAHSF > DFEGEMINISTR B A7 EZ&FT 27 (7

Moo
(1) 2= B2 5 b MRl
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#F7IRES DNA Al ulte 5 =02 2 F 9

é*‘!

iP*%QﬁZ%%ﬂiﬁiﬁﬁW’ﬂEWA%EQHQMMW%D
Human DNA Quantification Kit % ¥ £ & {7 5 3+ > ¥ 12 Identifiler » 47 #
DNA-STR B3

(2) M #FrkiE = Minifiler 9 % & 2+ i * 3

TIFFAFREE KRS - BRI RUE o A5 EREE LT
AL A AR P A EEBRY Va4 P DNAshiz ey 5 > & ¥ L adrd)
PAcE PR~ R Y 2R F 2P E Y d FE 0 KA PCRAFH A peo
R E AT A E P RS o F R K 2 F AR
DNA-STR A& 1TH 7 5 & L3120 A B F 7= @A el sk
492@#(%5%%ﬁ\ﬂ*i%5’é%mdﬁ)’%ﬁ%%ﬂiDW\
SEHH o AE AP ET R HRE € M EATAM DNA 2 343 “,%Jffvﬁ']qb" )
Bk ;%;};f.{'ﬁ'% o BFDNAER s deer B Ak pUh2 ksl
G EEARBM RET > L SN g p R NE GRS
FEG F 2 Minifilerg £ 27 air P E T ﬁTU* 24T T b
e F P FEk 2 % o d 3t Minifiler mﬁf%w 2_Jeete*t 2 PCR 48 B =% 3y 4
% 30 = (¥ ldentifiler 47 %] 28 =t 4pt ) ¥ Fdi+ £ e P & DNA» 2@ iF
A L = g ﬂxlﬂf,"zﬂljiﬁa‘fﬁ/&%frﬂ ' 73 b BFERE 271
B Pk fe 48 > & w2 ddentifiler 2 Minifiler i {7 4 47 3t o B 2 % o

(3) Identifiler 22 Minifiler &% % % 2 & & ¢ * chfF3)
.i?% R s 4wl Identifiler 2 Minifiler :2 7 4 472. % % > 9| 2
1= 3 8 22 DNA-STR A %) » ie 4% #- |dentifiler &2 Minifiler #1718 3 2_ 3| %
AE plF EF <2 8 2 DNA-STR AW Z 2% » 2% FAR L 3 R
% o W ph 2 g o (e A ldentifiler &2 Minifiler 3] w7 & 72 » 7 F

FAREFRLEFA - BT

AB

RS

"SD'
\\_

=
Wi

%

e
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$ =% =2 DNA % % PCR »ci

Sample File Sample Name [ Panel [sao os S
[£2-2 E07 fsa 1 10-£2-2 [Identifiler v2 | W 089
I DEST179 I D211 . |
120 180 240 300 360
290 A
0 T T
14 332
14845 221,95
563 45
15
152.82
419 |
[ 0E22 EO7fsa || [10-E2:2 [identifiler v2 I [ ] 0.89
[ THO1 1 Di3s31z__|[Diess3s [ D2S1338 ] |
120 180 240 300 360
600
o T T T
15 9 1 11
123.46 182.96 228.52 276.06
1099 87 130 43 |
[ 10-£0-2 £07fsa | 10-E2-2 identifiler_v2 1]
VWA 1 TPOX BIESS] 1 |
120 180 240 300 380
: + : - v - v - 2 +
o & A
13 18 8
117.33 182.56 229.74
1036 177 59
15.2 11
127.30 241.62
665 59
10-£2-2 E07.fsa 10622 [Tdentifiler_v2 089
L D5S818 [ FGA ]
120 180 240 300 260
1100 ‘
o } ;
X 12 19 25
106.41 155.36 22235 24649
2192 805 37 34
+ 0% . ifi N\ [an
Bl 20 % FRite & %8 2 1dentifiler & 47 2. 5% %
Sample File Sample Name Panel SQO oS SQ
1E22 GO2(a — 0 MiniFiler_GS500_v1 1 & o085 |
[ D13S317 1[ 75820 1
75 125 175 225 275 326
A
1 11
115.81 169.73
874 253
'
12
173.77
88
_—_———————— 2 _Go2isa 1E2.2 MiniFiler_GS500 v1 [ T & Toss |
| D251338 D2is1i
75 125 175 225 275 325
440 {
. I 4t
2,4 19
101.67 136.20
853 152
22
148.14
137
— 0 2_GO2 153 I [ MiniFiler_GS500_v1 | = (089
[ D165539 I D18551 1
75 125 175 225 275 azs
= Ll
o it A. A
1 12 22
100.02 144.56 184.12
870 558 265
13
108.23
792
1-E2-2 MiniFiler GS500 vi | 1T = 089
[ [ FGA ]
75 175 225 275 325
480
A A
? *
19
158.15  180.85
361 139

~

% ¥ 48 2 Minifiler 4

52 5 %
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F# B2 FED DNA AW de I 32 02 2 1 r

é*‘!

SR 20 & B 21 5 Bl 4t A ARtk 2B % 5 0.4439ng/ul > %
FREET B = o ldentifiler &% 0 e £_7 am,)é‘ R I =F e
8 22 DNA-STR A]w 2% (¢ 7 VWA -~ D3S1358 ~ D5S818 ~ D8S1179 ~
D195433 ¢ Amelogenin) (B 20) &pl¥ i Fl 2 Rk A AL » 2
Pl P23 5 PCRyrAIY > ExaE 24D 8 2 DNA-STR Al %) »
PEA-EE e R E E R > Minifiler» (8 5] 6 2 DNA-STR 4] %] (¢ 7 D13S317 ~
Amelogenin ~ D2S1338 ~ D16S539 ~ D18S51 ~ CSF1PO 2 FGA) (@ 21) - R
Bd >R ELL, 7 E 11 2 DNA-STR 3] W& o d L 6] 7 4o 307
fo Flie B A f2 2 5 P4~ o v Identifiler £ 4555 % 37 452 & 88 > F & W Y
Minifiler #4752 % 5F &7 2] » 7 @ FIHRAF 2 5% » #3003 B 25
An g efles

A& 3 41 AmpFISTR® MiniFiler™ PCR Amplification Kit :& = MiniSTR
AATE G R R RIS AT RR e TR B R o

= ~ PowerPlex® Y23 % Yfiler® Plus &2 § &7 & &2 48 T 140
MEFHKE P ATt * 017 2 Y-STRS(AmpFLSTR® Yfiler® PCR
Amplification Kit » Y-Filer :# &) ¥ % & % < i EHRRhigd > L i X
LR E R RE EN 4 7 A R »#& A Y STR AW #w 4 0 7 v R

T4 & B AT o
1F % 1 RM Y-STRs(Rapidly Mutating Y-STRS) ¥ f&&-p o 2| F g2t
Y # ¢ %8 STR &%+ 2 L hF|H > @ 7 2% 7% RMY-STR A Fliz2
Y-STR %] » # - 5 PowerPlex® Y23 System(H T A PPY23) 0 ¥ e P
23 YA MMAF(oc) > ¢ $3 225 RMY-STRAF = 8- 4
Yfiler® Plus PCR Amplification Kit( = # # YfilerPlus) » # Ie praf3 27 2 Y
43W%ﬂﬁnih‘§¢GQERMYSH{EWE’“:éMWQéng%
2. AmpFLSTR® Yfiler® PCR Amplification Kit 17 = & %]z > % PJ‘—xp U
FET R ® 0 Bk > AL HES RRARE T RATR 2 TH &
FILPPY23 AR B - F MR R AL H M E R s B
THEETEALFHRT
Kaye N.Ballantyne % % # 2010 &%= % 2,000 ® 5 d DNA &L i & + b
k> A 472 186 B Y-STR A F] = » B E #F MG & Y-STR e 512 % %
FRAIHU AT PR AT s 257 Rapidly Mutating” & RM
Y-STRs » #2012 & & i ] * iz 13 %2 RM Y-STRs 4 47 305 i# & #.% B T2 4&

m l\“‘

\\\Xr
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=% # < DNA % # %2 PCR % 2 77 %

oAk i RRRMY 5 66%F B4~ A B @A Yiiler £F F 4 )
15% > %P RMY-STRS t% & M4 M ApiTend BB E F 40§ chadwl i
45 5 50%5¢ F B et E 60% % B G Y R A Dk > oA Yiiler i
¥V RA T.7%% 8% F]pt @ * RMY-STRS ¥ /40 w2 #g b me 22 4
Y %4 ¢ 8 Y-STRs &% 4 7 E_F% > ButlerJM » {3 8gm 5 Lo § 3
v Y-STR A Flix > ¢ *% 8 & 3] (Haplotype)' £ #84p f+ chip 5 > L A RAPM ~
J% > # 4 DYS449 - DYS481 ~ DYS570 2 DYS576 A Fix £ 2P % Y-STRs
#goul 4 ko i

- 84 BFHRET FE2 2T P o A uEF MHT(O B YSTR £ 7]
)~ SWGDAM(11 & YSTR # #]i+) ~ PPY12(12 f# YSTR # #] ) ~ Yfiler(17
® YSTR & F]7=)% PPY23(23 i YSTR £ F]i+)4 +7 7 19,630 i #& 48 (51 % &
T 129 /8% ) > & H 4 1 B A T & 5 4 888 B HHE B3] 0 @ % Yiler
A > 19,630 BT 5 77.8% KA E F Zb%imﬁ B3 » PPY23 3274 7
92.9% 88 L hdFcnE B A > S WH A AT BRFEY T R AL BN A
EEmEaE gy bt Yfiler 2 PPY23 4 PCR A # -] »* 220bp 2. Y-STRs
#Fwl 4o Yfiler 3 8 A F o AW 4\DYS456\DYS389I‘DYS458\DY819~
DYS393 ~ DYS391 » GATAH4 2 DYS437 > # PPY23 7§ 8tz F]ix » 4§
#_DYS576 ~ DYS3891 ~ DYS391 ~ DYS481 ~ DYS570 ~ DYS635 ~ DYS393
% DYS458 > ~ f + k> PPY23 ghgw] 4 3t Yfiler » #] 5 PPY23 f-) ¢
220bp % £z. DYS576 ~ DYS481 ~ DYS570 ~ DYS635 A Fli= B>t % & % 4|1
ek Flix o AE P R Y-STR #%] 4 > PPY23 A & _Yfiler e02 & -

SR Rz § 4 DNAR Sz Y-STR&E N F » K77 1 o i
4 17 PowerPlex® Y23 2 Yfiler® Plus ;&2 &2 & ac R &8 T M &4 %12 4 B i%
B 44 ¥4 5 A 7148 5 0.5ng~0.25ng~125pg~62.5pg~31.25pg % 15.625pg »
& w12 PPY23 2 YfilerPlus 48 ® 18 » & 45 #r2& = & i (Analytical Threshold) -
W H LR VAT u e dico 2 ¢ 62.5pg- 31.25pg 2 15.625pg ik B iE (7 2
TAFA T o TPLRF iz Y-STR A %] » 326 H A | & it & 42 2 14 o

- ~ 4 DNA %8 AR 2 il 32
1 FACR %
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#BNEES DNAA NS 229y

75 B Y & #ic(QuantifilerY #. 8 2 %35 0)2 F % 2 6|5 %412 TRIO
BT TE CYSTRA G A4 T 2B 5 ERFHR NSS40k 60

% 6 QuantifilerY = % 02 %42 2 TRIO .8 & %2 Y-STR AW A 472 %

Y-STR>8 ‘= Y-STR>1 ‘o Y-STR NR
T.Y>0 12 20 17(1% 1 1)
T.Y=0 0 0 26
B3 12 20 43

# 3x : Quantifiler Y % & # ipl4 [ % 0.023~50ng/ul > TRIO < & if jpl 4@ 5 0.005~50ng/ul

(1) %% &7 75 B QuantifilerY =& 5 0 k48 ¥ > 3 49 B4y
TY>0H P 12 B84 41 8 2o b Y-STR A% (12 17 = Y-filer
AR T R) AP N ERL 2 iR o & Quantifiler
Y % RS (5181 5 12/75=16% -

(2) K1+ 49 B T.Y>02 %8 7 20 Bt & 1~7 22 STR 3|9
AEMPNE L 2 TR 17 BRI TYS0 fr A )
STR 4| % » B TRIO & 74 i H {22 135(17/49=34.7%) -

() 26 Bt AT E 225 002 TY 2 8=0 T &FriT
BPAFRG AR 2T 0 o TRIO 2 & #rmfd ~ AR5
# QuantifilerY =8 5 &> B & A9 %2 Ko

2. %3k pE

AFsit* 15 DNA-STR %R P A A5 2 (5 &4 2
iz 48)ie 7 TRIO =& » ¢ T.SA fr TLA et & 7 3] 5 f2 b %
(Degradation Index) » 4-# 7 o
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% 715 % DNA-STR 2| & Bl:# 7 7 3740 f2 4752 4 2 TRIO 28 & % %

%= F #< DNA 7_# 2 PCR 2z 2 #

N

1

Degradation Index

Sample ID Target uantity (ng/ul
P g Quantity (ng/ul) (T.SAIT.LA)

T.LA ud

23005906 ud
T.SA 0.0445
T.LA 0.0704

53008469 3.5551
T.SA 0.2503
T.LA 0.1403

59004553 3.5075
T.SA 0.4921
T.LA 0.0033

68001221 15.9588
T.SA 0.0533
T.LA 0.1488

330208YY 10.4477
T.SA 1.5549
T.LA 0.1606

REP26116 7.2793
T.SA 1.1693
T.LA 0.0961

REP27022 98.1639
T.SA 9.4310
T.LA 0.7250

93000215 12.6555
T.SA 9.1749
T.LA 0.0683

93004291 39.0437
T.SA 2.6681
T.LA 0.0007

93010306 20.1257
T.SA 0.0144
T.LA 0.4386

93013780 21.9882
T.SA 9.6438
T.LA 0.2795

93015436 32.2994
T.SA 9.0286
T.LA 0.0927

93031137 1.6150
T.SA 0.1497
T.LA 0.0069

66002097 3.0248
T.SA 0.0210
T.LA 0.001307

66002141 6.538128
T.SA 0.008544

d & 7 &5t 0 %% o Degradation Index =+ #8435 % 335 WL

T.LA #i T.SA B j2 2, B € > # % 4_#& 8 2. Degradation Index #cig « >+ 3 =
T d BEAREI T AT S RMEALREY mini STR & 4472

A

F
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HFNERERS DNA ARG D F 222 9877
NS
=

~ #& DNA 2588 & 7T R 32 5%
1. AmpFLSTR® Identifiler® Plus PCR amplification kit
(1) =% & Wpl#

A .fsi%%f 7 Identifiler Plus % 5k 323 @& 354 Identifiler -] » 77 2] 3% 38 %)
A E X RERATE REFRG A6 B HE - AN 0 12 Bk LR
& A %] > Identifiler 2 Identifiler Plus %% 58 i #& ¥ & P15 % 354k D1 4p e ST
3%l (96.67%) > @ ¥ ¢h 2 e A W RUEF A &R R4 R B o Identifiler
% ldentifiler Plus # P& & »Tic % F o

F T F A 14 Identifiler Plus ~ 4746 11 8 - A [4c Bl 220 # 0 1 # B
¥R & @ ie 2 BieAE 2 Identifiler 2 4735 A ¥ 1A B4e @] 230 5 4 i
2 B4 DNA 2 & 2% & % 5 0.017 ng/ul 22 0.084ng/ul » #-z & %% 5
0.084ng/ul 2 # ¥if 4 # B 4k 4 DNA H-4= £ ¢ & £ #4702 Identifiler A 47 {5 >
H 2% 27 |dentifiler Plus & 472 % 4p & » A2 2§ #0t Tﬁ ¥# B 7z 3 PCRFr{4
@B F - = Identifiler %7 LHF ARG EATPHRiE T :;E’»gi? Identifiler
AT TR I R 2 A B o R 2 ¥ B e B )y,
Identifiler Plus » 47 5% % 4p # > 21320 % AmF 7 7 ldentifiler Plus % 1) 2
Al > e F] DNA £ #2014 Identifiler 328 4 47 & 2 #1149 « €352 B2 %
et F 2 % % > 7 4 R Identifiler Plus 13+ 7 3 PCR #r#14~ &* DNA & fic2
> R DNARK I F o

DBS1179 Il D21S11 ][ D75S820 ][ CSF1PO ]
2 180 240 300 360 az0
o [ A4 J A ad
12 31 8 10
139.35 212.1¢ 263.02 320.56
356 15¢ 127 71
15 33.2 11 12
152.76 221.94 275.06 3I28.75
283 119 50 131
FO5_1020610016032-B7000012-10-E11.15a 1020610015032-B7000012-10-E11 Tdentiflior_Plus _Panols _vi W oss |
[ THO1 10 Digsaiz ]| Di165630 D2s1338
180 240 300 3so 420
a40 " ;s " ; ' : . s .
A 1l | 1!
o - A = ! =
15 o 11 1 22
123.48 182,01 228.24 275.91 Ho7r 335.45
340 213 245 186 03 75
17 10 12 12
131.67 186.91 232.19 279.92
310 303 102 228

Bl 22 "% A 12 Identifiler plus 4 454 & - 3] %)
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$=% #~ DNA &2 PCR»tit 27 %

GO06_1020610015032-B7000012-10-E11.fsa [1020610015032-B7000012-10-E11 Identifiler_v2 B 089
[ D8S1179 II D21S11 ] [ D75820 ][ csFipo ]

90 150 210 270 330 390
; + ' ; + ' '

GO06_1020610015032-B7000012-10-E11.fsa [ 1020610015032-B7000012-10-E11 Identifiler_v2 [ ] 0.89

[_Dasigss | | THOT |[__Di3s317 || D165539 ] | D251338 |
90 ) 15:30 ) 210 ) 2?0 ) 330 3?0

(2) Identifiler 2 Identifiler Plus i st 4 2.3
= & 45 Identifiler 2 Identifiler Plus o ;g it # 244 8- Identifiler Plus =
# Wpl¥tie A FesE S Identifiler 22 1.66 2 - Identifiler Plus # 23§ 2_ & %] A&
ﬁx;& Identifiler 2. 2 & » &7 % & 3% A FI Rl 4 22 7 2% 2 STR 3
s 4 > Identifiler Plus 2 DNA # ) 5 32t Identifiler -

# 8 ldentifiler 2 Identifiler Plus o ip]s 4 2 +* $ £

#HoR & B % ** 50RFU peak ik L B PSS
Identifiler 224 74
Identifiler Plus 372 154

d 2 % ¥ 4 |dentifiler Plus 2. 320 & sz # Identifiler < > ¥ Identifiler Plus
41"’]’*"/\)3 PCR#»P# o g DNA & ,{:V\al;ﬁ,‘}@‘y, E‘?fﬁ%"&"l DNA%&».-; ¥
* DNA £ 7 &7 #2304 2] 0] 2 M - 7R %2 0 {5 STR 219
e A RBHFHEERD S -

2. AmpFISTR® MiniFiler™ PCR amplification kit

AT RS o By S DNA 7 B ApF > 2 miniSTR 7 * &% ¢
AT R RGNS S AT E 4470 258 B E R - L STRFE * &
TEEMNISTRE * #Fx g2 27 F 4w 5 20.93%% 36.43% %« H & DNA
Z & % 0.005ng/ul = 0.05ng/ul 2- FF et 48 > Har oo w J.fsfj % 22.58%
& 40.86/0 i HEPUPHPG 7 2 E SR OFEN S L ARTF T
Fes s AMPEEURFTEY 2 STRF ﬁ’ﬁ,{{f"’q\q\ﬂ7 Zd o Bl
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#BNEES DNAA NS 229y

MiNISTR F * S £ F47 > frae =¥ E% > ¥ ¢b > T ipia 2 B w2 STR
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RECOMMENDATIONS

Major conclusions and recommendations are given at the end of the chapter in which the subject is discussed. For
convenience. the report also lists them as a group at the end of the overview. This executive summary lists the
recommendations only and gives some of the reasoning behind them.

Recommendations to Improve Laboratory Performance

Recommendation 3.1. Laboratories should adhere to high quality standards (such as those defined by TWGDAM
and the DNA Advisory Board) and make every effort to be accredited for DNA work (by such arganizations as
ASCLD-LAB).

Recommendation 3.2. Laboratories should participate regularly in proficiency tests, and the results should be
available for court proceedings.

Recommendation 3.3. Whenever feasible, forensic samples should be divided into two or more parts at the
earliest practicable stage and the unused parts retained to permit additional tests. The used and saved portions should
be stored and handled separately. Any additional tests should be performed independently of the first by personnel
not involved in the first test and preferably in a different laboratory.

Comment. The committee offers these recommendations to improve laboratory performance rather than to try to cstimate
the probabilicy that a partucular laboratory makes a mistake by reporting that two DNA profiles match when in fact they do
not match. Auditing and proficiency testing cannot be expected to give a meaningful estimate of the probability that a
particular lahoratory has made such an crror in a specific case. An unrcalistcally large number of proficicney tests would be
needed to estimate accurately even an historical error rate. For such reasons, proficiency test results should not be combined
with the estimated frequency of an ineriminating profile to yicld the probability that a laboratory would report that DNA from
a person selected at random containg the incriminating profile. No amount of effort and improved technology can reduce the
error rate to zero, and the best protection a wrongly implicated, innocent person has is the opportunity for an independent
Tetest.

Recommendation 4.1. In general, the calculation of a profile frequency should be made with the product rule. If
the race of the person who left the evidence-sample DNA is known, the database for the person's race should be used;
if the race is not known, calculations for all the racial groups to which possible suspects belong should be made. For
systems such as VNTRs, in which a heterozygous locus can be mistaken for a homozygous one, il an upper bound on
the frequency of the genotype at an apparently homozygous locus (single band) is desired, then twice the allele (bin)
frequency, 2p, should be used instcad of p? . For systems in which exact genotypes can be determined, P! + pil- P]‘ﬂ
should be used for the frequency at such a locus instead of p>. A conservative value of  for the US population is 0.01;
for some small, isolated populations, a value of 0.03 may be more appropriate. For both kinds of systems, 2p;p; should
be used for heterozygotes.

Comment. The tormulas referred to und the terminology used in this recommendation are explained in the overview and
in Chapter 4. The product rule, which gives the profile frequency in a population as a product of cocfficients and allele
frequencies, rests on the assumption that a population can be treated as a single, randomly mating unit. When there arc
partially isolated subgroups in a population, the situation is more compleX; then a suitably altered model leads to slightdy
different cstmates of the quantitics that arc multiplicd together in the formula for the frequency of the profile in the
population.

In most cases, there is no special reason to think that the source of the evidence DNA is 4 member of a particular ethnic
subgroup within a broad racial category, and the product rule is adequate for estimating the frequency of DNA profiles. For
example, if DNA is recovered from semen in a easc in which a woman hitchhiker on an interstate highway has heen raped by
a white man, the product rule with the 2p rule can be used with VNTR data from a sample of whites to estimate the frequency
of (he profile among while males.? Il the race of he rapist were in doubl, the product rule could still be used and (he results
given for data on whitcs, blacks, Hispanics, and cast Asians.

Recommendation 4.2. If the particular subpopulation from which the evidence sample came is known, the allele
frequencies for the specific subgroup should be used as described in Recommendation 4.1. If allele frequen
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cies for the subgroup are not available, although data for the full population are, then the caleulations should use the
population-structure equations 4.10 for each locus, and the resulting values should then be multiplied.

Comment. This recommendation deals with the case in which the person who is the source of the evidence DNA is
known to belong to a particular subgroup of a racial category. For example, if the hitchhiker was not on an interstate highway
hut in the midst of, say, a small village in New England and we had good reason (o believe that the rapist was an inhabitant of
the village, the product rule could still be used {as described in Recommendation 4.1) if there is a reasonably large database
on the villagers.

If specific data on the villagers are lacking, a more complex model could be used to estimate the random-match
probability for the ineriminating profile on the basis of data on the major population group (whites) that includes the
villagers. The equations referred to in the second sentence of Recommendation 4.2 are derived from this model.

Recommendation 4.3. If the person who contributed the evidence sample is from a group or tribe for which no
adequate database exists, data from several other groups or tribes thought to be closely related to it should be used.
The profile frequency should be calculated as described in Recommendation 4.1 for each group or tribe.

Comment. This recommendation deals with the case in which the person who is the source of the evidence DNA is
known to belong to a particular subgroup of a racial category but there are no DNA data on either the subgroup or the
population to which the subgroup belongs. Tt would apply, for example, if a petson on an isolated Tndian reservation in the
Southwest, had been assaulted by a member of the wribe, and there were no data on DNA profiles of the tribe. In that case, the
recommendation calls for use of the product rule (as described in Recommendation 4.1) with several other closely related
tribes Tor which adequate dartabases exist.

Recommendation 4.4. If the possible contributors of the evidence sample include relatives of the suspect, DNA
profiles of those relatives should be obtained. If these profiles cannot be obtained, the probability of finding the
evidence profile in those relatives should be calculated with Farmulae 4.8 or 4.9,

Comment. This recommendation deals with cases in which there is reason to believe that particular relatives of the
suspect commutted the crimc. For examplc, 1f the hitchhiker described in the comment to Recommendation 4.2 had aceepted a
ride in a car containing two brothers and was raped by one of them, but there is doubt as to which one, both should be tested.
If onc brother cannot be located for testing and the other's DNA matches the evidence DNA, then the probability that a
brother of the tested man also would pussess the incriminating profile should be computed.

Recommendations on Interpreting the Results of Database Searches, on Binning, and on
Establishing the Uniqueness of Profiles

Recommendation 5.1. When the suspect is found hy a search of DNA databases, the randem-match probability
should be multiplied by N, the number of persons in the database.

Comment. Recommiendations 4.1-4.3 specify the calculation of the random-match probability for an incriminating DNA
profile in a relevant population {or subpopulation). When the defendant has been identified as a suspeet {rom information that
1s unrclated to the DNA profile, the random-match probability is onc statistic that helps to indicate the significance of a
match. If the random-match probability 1s very low, it 1s unlikely that the samples match just because the defendant, though
nol the source of the evidence sample, coincidentally happens (o share thal very rare profile.

But when the defendant has been identified by a search through a large database of DNA profiles rather than hy non-
DNA evidence, the relevance of the random-match probability is less obvious. There are different ways to take the search
process into account. Recommendation 5.1 praposes multiplying the random-match probability (P) by the number of people
in the database (N). If the person who left the evidence DNA was not in the database of felons, then the probability that at
least one of the profiles in the database would also match the incriminating profile cannot exceed NP.

Recommendation 5.2. If floating bins are used to calculate the random match probabilities, each bin should
coincide with the corresponding match window. If fixed bins are employed, then the fixed bin that has the largest
frequency among those overlapped by the match window should be used.

This recommendation applies to the computation of a random-match probability when all or part of the profile involves
VNTRs, which are fragments of DNA that are separated in the laboratory according to their lengths. Because the lengths of
VNTRs cannot be measured exactly, an uncertainty window surrounds each measured VNTR, and two VNTRs are said to
muich when their uncertainty windows overlap. To calculate the frequency of matching VNTR profiles, one must find the
proportion of VNTRs that fall within a muzch window around each VNTR in the incriminating profile. Flouzing bins do this
exactly, whereas fixed bins do this approximately. Although the floating-bin procedure is statistically preferable, certain
forms of the fixed-bin procedure usually lead to conservative approximations to the floating bin result.

Recommendation 5.3. Research into the identification and validation of more und better marker systems for
forensic analysis should continue with a view to muking each profile unique.

Comment. If a sufficient set of DNA characteristics is measured, the resulting DNA profiles can be expected to be
unique in all populations. (Only identical twins would share such a profile.) Of course, it is impossible to establish uniqueness
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profiling everyone in the world, but theory and experience suggests thal this uniqueness is allainable in forensic typing.
Indced, some scientists would arguc that the cxisting panoply of charactenistics 1s alrcady sufficient to permit umique
identification 11 many cases. For example, 1t has been suggested that a probability much less than the reciprocal of the waorld
populaton is a good indicadon of uniquencss. The committee has not atempted to define a specific probability that
corrcsponds to uiniquencss, but the report outlines a framework for considering the issuc in terins of probabilitics, and it urges
that research into new and cumulatively more powerful systems continue until a clear consensus enierges that DNA profiles,
like dermal fingerprints, are unmigue.

Recommendation for Research on Juror Comprehension

Recommendation 6.1. Behavioral research should be carried out to identify any conditions that might cause a
trier of fact to misinterpret evidence om DNA profiling and to assess how well varions ways of presenting expert
testimony on DNA can reduce any such misunderstandings.

Comment. Scientifically valid testimony about malching INA can take many (orms. The conceivable allernatives
include statements of the posrerior probubiliry that the defendant is the source of the evidence NNA, qualitative
characterizations of this probability, computations of the likelihood ratio for the hypothesis that the defendant 1s the source,
qualitatve slatements of this measure of the strength of the evidence, the currently dorminant esumales of profile (requencics
or random-match probabilities, and unadomed reports of a match. Courts or legislatures must decide which of these
alternatives best meets the needs of the criminal justice system. At present, policymakers must speculate about the ability of
jurors Lo understand the significance of a match as a function of the method of preseniation. Solid, empirical research into the
extent to which the different methods advance juror understanding 18 necded.
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