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Preliminary Test of Forensic ldentification Bloodstain Using Guaiac Mixture
and It's Effect on Genetic Analysis

Chae-Won Lim', Yang-Ho Kin?, and Jin-Gak Kim®

Department of Scientific Investigation Section, Daegu Metropolitan Police Agency, Daegu, 706-705, Korea®
Department of Clinical Laboratory Science, Kwangyang Health College, Kwangyang, 545-703, Korea”

The most common sources of biologica trace material which are found in crime scene are the human
bloodstains. Reliable identification in the forensic casework is important as it provides crucial insights into
crime scene reconstruction and can thus contribute towards solving crimes. Blood- stains are routinely tested
in forensic practise using various methods including the leucomalachite green (LMG) test, Kastle-Meyer
phenolphthalein test, tetramethylbenzidine test, orthotolidine test, or the luminol chemoluminescence test with
the latter cleaning attempts. All these presumptive thus indicative but not identifying tests take advantage of
the peroxidase-like activity of the heme unit of the hemoglobin molecule in human blood. Therefore,
false-positive results can be caused by the presence of strong oxidants, such as chlorine-containing detergents
or by true peroxidases (e.g., from plants). In this study, composition for Gum guaiac was evauated for the
forensic identification of bloodstain and compared with the LMG. The sensitivity and specificity of the
composition for Gum guaiac were examined more stable in bloodstain. The positive of Composition for Gum
guaiac shown even with the 100,000-fold diluted bloodstain, which was no difference in comparison with
LMG tedt. It was shown that composition for Gum guaiac was very stable to resist boiling for 20 minutes
and the effect of bacteria did not affect the genetic analysis as well. The above result of the crime scene
investigation, composition for Gum guaiac is easily expected to help identifying bloodstain in the evidences.
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Forensic Light
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Fig. 1. Schematic diagram of the bloodstain identification process.
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11 A2 2 ek

1. M=

U AAL AloF LMGS} Guaiac 35 Aokl ®l
2w 53¢ 98 WA A0 48e v1004 A 3
A8 27 5 mme] AEZFo] 5 6%l 10 Ly Gojrmd
T Azspieh. &R A Ak LMGS Guaiac &3
& Aleke] BISolANE(YYA WS dotr 7] 9JE
ANnFEE, TR, FHF 5) 2 FAFLAA, 2
5) 25%9 27t 2 QLS BdE A9, dEskd T
W9 A 8F, shetekE W 545 F(CuSOs 5 14
%), F-9u) A E(Saphylococcus aureus 5 3%)S 4] 38}
Slt}. & Guaiac £ Aoko] DNAGA 2 #4413
Ao A= FgS 1] $18) Guaac EFE ASGS
Ag)3 A EE} 2e)ehA] Fe HHPES Fu|EHy
o},

2. AAtr

o] 7ol ARE-E P ML AlF Az LAt
LMG(Sigma-Aldrich Corp., Louis, USA) 2 glacial acetic
acid(Sigma-Aldrich  Corp), 30% H.O(Sigma-Aldrich
Corp), Gum guaiac 'ZA] 2f(Hayashi Inc. Osaka, Japan)
1] 3l ethanol(Samchun Inc. Sungnam, Korea)S AH&-3}
of Azt o, 7} A oke] AL A el whe} A x5}
om, Ao R 01% Tween 20S AHE-3ISITE, 0w g
B YA o2 A9, $-(hook) mdtel o]
Aol e AdE EY 45 FOB test
kit(Asan Pharm Co. Ltd, Seoul, Korea) 2 &1 A& S &
A (Table 1).
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AEAA, seted R, o578 o2 1008 3A€
& G ARt EHsA 2 AEE AFF]
9ol E3 LMG®} Guaiac & AoFS "ojmmy §¢t
o= Ao WskEs RFEgon, Y5 ol e A
3= WOl 7-$- FOB test kit(Asan Pharm Co. Ltd, Seoul,
Korea) = <91 AlgS shalth

5. otMA

o B2 B ARt A o] Qb S s ¢
3 S 1000 34t thkdk 2=(-20C, 4T, =2,
37C, 56C)dlA HastHA 159 27 F LMGS
Guaac &= Aokl A&, Wk AFE Hlulegitt

6Col A 5%, 104, 154, 20%-7t F

ato] & QbHAS WrlekslTh Mol gk Qb A
A71sl7] $18ke]  Saphylococcus  aureus,  Pseudomonas
aeruginosa, Escherichia coliE B+ 550l 0.5 McFaand
B §fste] ARESFITHAL 5, 1999). 20094 1Yol
AF et AFollA a7fEzt doluto] ohd M AE| =

&
rO

Table 1. The characteristics of bloodstain identification reagents uesd in this study.

Characteristics Test result

Reagents (positive) Composition

LMG * Solution 1 : 2% (w/v) LMG in acetic acid, glacia
(Leucomalachite green) Change of blue-green * Solution 2 : 3% Hydrogen peroxide

Guaiac Chanae of blue * Solution 1 : 1% (w/v) Guaiac in DT* ethanol
(Composition for Gum guaiac) 9 * Solution 2 : 5% Hydrogen peroxide in DT* ethanol

Human blood test kit

(FOB test kit) band

Control and test of Two

* immunochromatography onestep device test kit and
dilution buffer (PH 6.8~ 7.2)

DT* : Denaturation
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A= QS BY] 9l Guaac EHE AlokS AEe
MY AEstA @& AP ES FHlEgith o=
DNA BAIFE #4248 470 d A& -3

Hto] o)zlale] AAeT.

7}. DNAS] AA|
Guaiac Z3H2 A]2fo] DNAA A9} Fra&p7H4] o) w]X]
qekS ¥y &5 1L, 10 pl) 2 K562 DNA 10 pL
Guaiac &3HE A|9F 30 uLE #713 & A8 DNA #

7] E(QIA quick micro kit, Qiagen Co.)S ©]-&3] DNA
AAA . EE Guaiac AlokE A2l
%S dE(5 L, 10 pb)S ©]8

=4E

F39t

1. DNA A&
47 DNAE 2% agrose gel©l 4] control DNA(K562)

ok A A

A ¥l DNAS] 7228 41> AmpFISTR identifiler
kit(Applied Biosystems)= GeneAmp 9700 system(Applied
Biosystems) 2.2 PCR3}al, ABI prism Genetic analyzer
3730(Applied Biosystems) .2 #A4J3lgion, 1 AnE
GeneMapper Softwear(Applied Biosystems)S ©]-&3f
Az AnE HEEh
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S Bou|ZAl Alete]
R w}a

o|Zt
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% =g B7] $lel 1004

P2 oH(Table 2, Fig 2),
000vH 3]A4¥ €& 10 uL
AEE 2 Qdlom, o

oto 2
N8 LMG A ¢ke] Aol A Jo]E Hol

o} A A7)9% 2 EtBr(ethidium bromide) 44 % 2. EEod|HAL Aleke| Sol=

image andyzerg ©]-&3 Seto 2 glsk & 217+ DNA 7h AEAA] 2 FrA A ] o gk

A&7 E(Quantifiler Human DNA Quantification kit Guaiac Z3HE Wl g2 A9 6579 F
Applied Biosystems) % 4 A]3+ PCR 74| (7500 Real-time W g A EAA A E B A A9E HYlon, ¥
PCR system, Applied Biosystems)< ©]-&3to] Aal= Ho] 3t Af-ol= B Aol Bo o] F gl AE
S Weseltt AAEe] dhgol FFS FA 5ol AFHAT v
Fig. 2. Positive reaction of bloodstain identification reagent by specimens.

Sample Filter i Toilet
Reagents Sail Copy paper Rug* Fiber

LMG (leucomalachite green) ‘ - ’ ” "

Guaiac (composition for Guaiac)

#

*Rug : a coating rubber floor
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Table 2. Detection-sensitivity of bloodstain by specimens

Sample

) . . . .
Reagents Filter paper Soil Copy paper Swab Toilet paper Rug Fiber
LMG (leucomalachite green) + + + + + + +
Guaiac (composition for Gum guaiac) + + + + + + +

*Rug : a coating rubber floor. +, positive; -, negative

Table 3. Detection-sensitivity of blood preliminary test reagents

Dilutions

1x 10" 10 10° 10 10° 10°
Reagents
LMG (leucomaachite green) +++ +++ ++ + + + +
Guaiac (composition for Gum guaiac) +++ +++ ++ + + + -

+ : reaction intengity (positive). -, negative, %, trace

LMG ol M= dEo] X3eA] & FHAAl, Al ek AS e ARE YEETh LMGHS
A A (E g od), B (I E)ANA YJANS HA Indomethacin, FeCls, CuSos, Na&O,, iodine SolA $1%
om &ro] AL HAS B3k Ao Al 4 A, LCV(leucocrystal violet), fuschin acid oA ¢4
75 HelTHTable 4). o] A3E B ItHTable 5). Amido blackol] thgh A] lioi

.‘_4_4

A= ARSI AJOF 2R o] Mol FUgt AR F
L, sletEde 9% Hol A B A E7Fe] AnE Bt
Ard@Ael A SATHE R AFEshE o7t 88t
B4 2 ZEEFE o83 & Axol9 4 AlF ol A 2 o] g
< Table 50 YERNQITE Guaiac 3HE A 2P FeCls, ofx 2 7l 25%el| A= Ak, T S A
CuSOs, iodine FollA 144, sodium peroxide(NaOy), ol E 2% $49 A9E Biloy, dusiAL 34
fuschin acid sollA 915749 A3s BHoY, s St 739 Guaiac 3= AR 5, Gl A 194,

Table 4. Effect of various detergents

Detergent  Tap water Tap water Kitchen Laundry Laundry Bathroom Ligid
Reagents (10% (5%10) detergent detergent detergent detergent detergent
(powder) (lysis) (NaOCl)

LMG

Detergent olny - - + + + .

Blood with detregent + + + + + - +
Guaiac

Detergent olny - - - - - + -

Blood with detergent + + + + + + +

+, positive; -, negative
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Table 5. Effect of various chemicals

Resgerts chemicals g Abgcio mét”r?;n FeO Luminol NaO, FeCls CuSos lodine LCV* F‘::Ei”
LMG
Chemica olny - * + + - + + + + - -
Blood with chemical + + + + + - -
Guaiac
Chemica olny - * - - - - + + + - -
Blood with chemical + * + + + - + + -
*LCV : Leucocrystal violet. +, postive; -, negative; +, trace
Table 6. Effect of storage temperature on the stability of bloodstain
Temperature Days -20C 4T RT* 37C 56T
Tests 7 14 7 14 7 14 7 14 7 14
LMG + + + + + + + + + +
Guaiac + + + + + + + + + +
* RT : room temperature. +, podtive; -, negative
Table 7. Heat stability of bloodstain
s Boailing time (min) 5 10 15 20
LMG + + + +
Guaiac + + + +
+, postive; -, negative
LMG AleFe] 49 HAl, aljFoA] S19AdS Bl on, o sli= Al S aureus, P. aeruginosa, E. coliol] 283t
human blood test kit(FOB kit) test 23} 2419 23S U} 749-(Table 8) =570 A LMG A9k} Guaiac &35 A<}
Btk ER ol Algtsel 9e) Ak 5 xed  WF obrad JPS wA ek AR AN,
e gHshE 397 won 100TelA 3081t =
2] 5 7HA AloF BEel] ] AE9 Aol 549 4. GEH|HALE Guaiac EEE Al2k0| DNAO 0O
ANE Hof o] A 22 AJHo A= peroxide & e g
AEAS Fstal ol BAR 98y A3E Hle DNAE %2 § 2% agarose 717]%95 7} real-time PCR
v z2|E A= peroxide 2 EH o] BT 1hy] 5] = DNAE AF8IS vl Guaac EF&E AlFS A
of FAHo= | Arh(Data not shown). g5 A27) et Lo A2 Hla ok 10% A% 3
o] Zhasglont, ol PORY gloj A Tk Aol
3. EEofd|HA} Al2ke| oMM = Holx| %3tov(Fig 3), DNA profilingsll gloiA = 4

NS 1000 3]Aste] TS S2(-20T, 47T, 2,
37T, 56C)oll A 1579} 25731 B33t 4 9(Table 6), 96T
o Al 5, 104, 153, 2047t #91 Z-9-(Table 7), F-3jo
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Table 8. Effect of bacteria on the stability of blood stain

Bacteria

Tests Saphylococcus aureus Pseudomonas aeruginosa Escherichia coli

LMG

bacteria olny - - -

bloodstain with bacteria + + +
Guaiac

bacteria olny - - -

bloodstain with bacteria + + +
+, positive; -, negative

S A B C D

Fig. 3. Agarose gel electrophoresis and redl-time quantitative PCR results of DNA isolated from bloodstain. A, B : bloodstain with

Guaiac, C, D : bloodstain only.
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Fig. 4. DNA profiling after automated DNA preparation. DNA sample from bloodstains were analyzed on an ABI prism™ 3730
Genetic anadyzer and GeneMapper Softwear. A : bloodstain with Guaiac, B : bloodstain only.
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