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Typing of DNA Extracted from Cigarette Butts for Individual Indentification

Kyong-Kyue Yoon, D.D.S,, Kyung-Jin Shin, D.D.S., Chong-Youl Kim, D.D.S., MS.D.,, Ph.D.
Department of Oral Diagnosis, Dental College, Yonser University
Juck-Jun Hwang, M.D., Ph.D.
Department of Legal Medicine, Korea University College of Medicine

Cigarette butts from 5 smokers were gathered and then, placed in room temperature
for 1, 3, 5, 7, 15 days. The possible use of the cigarette butts for individual inden-
tification was evaluated in sex determination, amplification of DI1S80 locus,
polymorphisms of HLA-DQAI] gene from the extracted DNA.,

1. DNA extraction was possible in cigarette butts left in room temperature for 15
days, so it can be applicable to individual identification by polymerase chain reaction
(PCR).

2. Amplification of X-Y homologous amelogenin gene by PCR made it possible to
identify the sex in saliva stains (cigarette butts).

3. Amplification of DI1S80 locus can be acquired from adding the bovine serum
albimine and hot start PCR procedures from forensic samples such as saliva stains
(cigarette butts), so the AMP-FLPs examining is possible.

4, Genotype could be determined simply and rapidly using AmplitypeTMHLA—DQa
forensic kit in examining the HLA-DQAI gene.

From the investigation, DNA extraction, sex determination, amplification of D1S80
locus, polymorphisms of HLA-DQA1l gene were successfully done even though the
cigarette butts were left for 15 days at room temperature. Therefore cigarette butts
are highly reliable and applicable as molecular biological samples for individual

identification.
Key Words : Cigarette butt, DNA, PCR, X-Y homologous
amelogenin gene, D1880, HLA-DQA1
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1, A sel Bof dgte] & yle & =)o) -
5‘-‘/} 71%-& Bk Alx oAl olslE = A =3l
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whz] C’}' 2 =) E A2} (genetic marker)
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polymorphisms,

cus probe)s} wzlo)ekA (single-locus probe) &
o}-f-3}e] &  glov, B AgtE L) 9
g AMAEE RFLPsw Alge] faidlz ez &
A el A e}8- A2 3R ok AL E e 3l
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ol ahA] G 9~50709 AN GF 19 2 sk
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o] &34 2] (hypervariable minisatellite lo-
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o] 43 DNA v} A A Al = 4]
ng ©]3}¢] DNARE S83) 53 F3Ake] 14
2 & 4 ¢)erm 2 Southern-hybridization® 2]
et Bedd 4 e AR ez 549
o}, EFaanken 2 §AAEA ) 238 o2st
2] oo} Aol 3] il o] HAA o Fy
A A% 5 glc) 19859 SaikiE*L human A
globulin DNA®] &%} 74} H¥74 NdF
(sickle cell anemia)e] AF% Zwtol} HE=2 24
slo] A A gtell A oA Alwe] 54 9 & F3AE
2 g o] gate] FFol shpsiie HIE
sleick olldt FFAAN-SHL Rl gHLokd
A4xo] $2 VNTRsE vellle 54 43
vy &, Ayl FEH Ho|upyA
(amplified fragment length polymorphisms, ©]
5} AMP-FLPs)-& H 2% 21ehaiA] A8& <= )
2w, HLA-DQAL 4349} 7o) 7l =t} o}
2 $AAE FEele] 2 PGS BAY
3)A sle] RFLPs 47 =e] o] AA 2
ko 25 g A Al e] ZsshA =

Abarel Al DNAC|A] VNTRs o} A& e}
W= §A89 = oF 1,500 82 2AEY 2 3 4
o) 3ol &) SalA] e o] SEE FA9=
pre3(D7S22)%), MS32(D188)%, pMS51(D1189
7)) apolipoprotein B(ApoB)®, pYNZ22(D17
S30)1, pMCT118(D1S880)" 19, type II collagen
(CL2A1)* 9 Zolc}, g Fuloll A B50)
Zarz2e] HLA-DQAL DIS80, COL2A19) &
AL A st o, 52 D1Ss0A-H 213
AAE A% PCRYS &7 diale], AE5S &
DIS80 f-4 a4l f314 ohaA 4 Axke] oA
A 7ol thated, 0] 502 ghatqlel 4] D1S80
AA9 e A gD Qe 8o A
o vsle], A EML COL2A1 4121919 vigdal
2hg- A2 Wl =8 Bk a) gl
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g3l HLA-DQAL 371 ¢l739) 61 o 4 A
2] HLA complex calss II gene 5 HLA a-chain
& sl FAAY 24 VNTRs#HE @e) A
qlulth 2 grjAde] o & iy dAEe] &A%k
t} o] HLA-DQAL -#-AA}-& sequencing §lo] %t
Asgta w2A AN 4 J=F Amplitype™
HLA-DQ« Forensic Kit (Perkin Elmer Cetus
Co.)7} A zk=] o] glo] HiejghA] A gla]del gol
Ah8-s 5L gl em®, 75508 @419 HLA-DQa
o] A3 ¥l wof 5’&?‘5} AT-E Bugk vl gloh

MelAEe] Fagh g F8Q AEe AL F
Hell FukE, FAE, 7‘1°P9} e qla)e] &)t
A &A1 22 H3F-43 4 (multifactorial in-
heritance)ell o} &t AlZEA A FAo] vk o
2 AEE 3 glevt AEgEr) di ezl
vk Bx-G-A g A nlel FE A A) ol
71&8 FZe] 7155k Heleh A Y 994
o BelAe] & ®3E AM8-3te] Southern-
hybridization¥] 22 FZ FJA}s}lgl o), false-
nagative® WAl 5 gl Wyl Ao .
vt T x| o) WA 7ol WiFA-E W= ame-
logenin gened FW7} v}2A ¥ 7pxlo] w3
Aem® ®, o] fAsAE FHYENEY LR
ZZ3H pgol A9 DNACAE AY o]
7hsaba, a4 ggh yhel el

el o]t efelul E-l oA 2] DNA #3128 7
Aol A A7E A8 B WalshE*®-& RFLPs
732}, Ohhashi%*”, Kloosterman$®’-2- 11880
42124)¢] AMP-FLPs, Schneider%-! ), Plesley
¥ro HLA-DQA %432 t}8 A, Hochmei-
ster 172 HLA-DQA1 DI1S80 43342 }¥
A& oAahe] Wlel sz Al Ee] Mgt E
Ne-S Bargk v glovt, Sl Ae obx Bl
= v} gle}k 53 A1zt 7 el w2 DNAR-# A
o] A A% digt A7 FU A o}F R
2 v} gio) oeka] B dFoAle A|ZEE
| FxeRE $5% DNAE S¢aEo-34
2 o] -&3lo] AL Ao, HLA-DQAL 41
Zhe] iy Al Wat olz} D1S80 -4 2} ol A &
AMP-FLPs& 7 Absle] Wlo|shd Q1A ¥l
o] 4-4-& Absle AL gl
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1. Efofu} EHI|BEZFE{S| DNA F&

2 A& she SAE Y FALR e gl
Aslo] Aol 4] W&k b 1, 3,5, 7, 1564 0] 7
5 ol t}-53 o] DNAE F&319vh

el EE F 7k 2 qlEel I o] el
Fojglvhal A zbE = e (filter) o] ¥ 2/3 &
4 AYE obE e ulEES N F o
Fo] BH-E ol 7}2, A& 3mm ©|3}e] AR
A Agdalelvt, o] Fo] H-E-& *ol Eppendorf
tubeol] ¥ & 14mle 35} 2F5S E I 4°Co)
Al eF 1217} ok E£Fe] & obF 10cc FA 2
Folo} H-faE Hsksdvh FHALS AMEE
Eppendorf tubeel] 2o} 14,000 r.p.m.ol| A 2F 10

AR g B SN S we] 3 v R] ]
phosphate buffered saline(PBS) 470 ul, 10% so-
dium dodecyl sulfate(SDS) 25 ul, proteinase
K(20mg/ml) 5 ulg »}8lo] 56°Coll 4] 2417} o]
A Hara o) o) A5 Tris-HCl(pH 8.0) & %3}
~]7] phenol/ chloroform /iscamylalcohol (25 : 24
11)& 500 ukE ol & EE F of 5ERE YAE-
)%t )& AlZdl.& micropippet® W], A 28
Epprndorf tubeel] &7t H-e]5 AF3-9 el phe-
nol/ chloroform /isoamylalcoholSr ©}A] geol
A & AFE9)-S )l A S & 33] wkEE)
stk

o] A)Roll 2ull H-u]2] 100% ethanol, 1/10 H
2] 3M9] sodium acetate® g v}& —20°C
ol A 1A]ZF e]a} Bdd o} 3087F Al 8}
o] Alzol-g- wulm, AHAEBH 400 uls] 70%
ethanolS 93 & &&lsle] 1087 LA Ee3)
2] 3 55°C heat blockol| 4] A zx3}
Ark. Azg B 50ue] TE buffer(10mM
Tris-HC], ImM EDTA, pH 8.0)- 7}8}e] DNA
E £841A 260nm x}Ae] F-3A] (spectropho-
totometer) & 555 &4 3}4c}.

YR o R AS-51r] 98] Td ULz E 200
UIB] gl g ol&rhE Arle] wHle R DNAE
23 & 200u/9] TE bufferel 4-sjA]7] 3 Y
w] o2 DNA 358 &4 shg]u}.

'?‘ }‘o}%c&] =

rﬂt -l)

2. A‘ig 7-IA|.

A g 94 Sullivan®®® (1993)¢] 2]
AAlE primers(5"—CCCTGGGCTCTGTAAA
GAATAGTG 3% 5 —ATCAGAGCTTAAAC
TGGGAAGCTG-3)-8 o]8-3le} Ericomp™ A
2Eoll A o534 o] PCRE 3slgdvh. 2t
PCR &3 &= of 10nge] AH & 272
2 A3l S8k i, o] oA &% DNA
10mM Tris-HCl(pH 8.8), 50mM KC], 1.5mM
MgCle, z}2; 0.2uM$9) primer, Z+2z} 200 uM <]
ANTP 28] 3 1 unit®] DynaZyme DNA poly-
merase(FINNZYMES 0Y)7} £§ =] 9loH
#E 45L& S0ullglch BE ARy A ET
Fhol] QA 95°C el A 5871 7}‘%1‘{} B 95°Cel A} 1
i, 60° C°V1 1'7‘. 72°Coll A} -2 R o] Folxl F
4039 &% B 72°Cel A 10%3— HH§A S
F7A o2 T‘ﬁ‘:}

ZEZy Zzte] PCR AMEE-2 BioRad Mini
Trans-Blot Celle] 4] 1mm —rﬂﬂ—»] 12% polyac-
rylamide gel-&- T-5¢] 5ul¥ loading3l¢iv}. Gel
#} F2] ghE-4-9 (buffer) ©. 2 90mM Tris-Bo-
rate, 2mM EDTA-E A}-£38}03, 100bp laddere}
A 150Ve] dA & Asglela} 1417 gk A7)
23l 3 ethidium bromide(0.5ug /ml) 2 o) s}
o] F-elg u§ 953te] AL AA sk

o2

wHER|2] PCR EF % AMP-FLPs

DI1S80 #Axx412] AMP-FLPs 42 ¢3|
Kasai%® (1990) o] o] AA1% primers(5-GA
AACTGGCCTCCAAACACTGCCCGCCG-3'3
5.GTCTTGTTGGACATGCACGTGCCCCTT
GC-3)% ol4sle] Ericomp™ Alaslell A t}
7 ko] PCRE Fd8kdrt 2 PCR E3hEole
¢} 10nge] DNA A&, 10mM Tris-HCl(pH 8.8)
50mM KCl, 1.5mM MgClz, 0.5ug/ul®] bovine
gserumn albumine(BSA), 27z} 0.2uM<2] primer,
242y 200uMe] dNTP 2|5l lunite] DynaZy-
me DNA polymerase(FINNZYMES OY)~>} %
Felo} glem #F &3 S0ullich E A
B 95°Coll A 18, 65°ColjA] 18-, 72°CollA] 2%-
o2 o] Folxl & 3239 w3t & 72°Col A
1071 A1 75 F71A 22 9l 3 T3l
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%A t}&3) 7Fo] hot startE S8 sk, Dy-
nazyme DNA polymerase WH& #)2]% PCR &
FHE-E 95°Cel) 4] 587} 7'l = 258 80°CR
& DynaZyme DNA polymerased Joi& ¥
U A] &g A A7 o

ZZ5 Zzte] PCR A5 BioRad Mini
Trans-Blot Cellel A 2mm 72} 6% polyacry-
lamide gel® WS 10 ul¥ loading3}ledt}. Gel
# A=) ¢k3-4-9 (bufer) -2 90mM Tris-Bo-
rate, 2mM EDTAE A}4-3}e], 100bp ladders}
A 150Ve] dA 3k R qtelA] 454 59t 7]
%38 & gthidium bromide(0.5ug /ml) Z <4 &}
o] AMP-FLPsE A4 3hlch.

4. HLA-DQA1 FXAtS| PCR £ % RUALY
PERS

HLA-DQAl $-#1%}¢] PCR &% % Z2E5 4]
5o A4z 44 Amplltype ™ HLA-DQ
a Forensic Kit (Perkin Elmer Cetus Co.)& ©]
4-3le] Perkin Elmer Cetus GeneAmp PCR
9600™ Al swlellA] T}&-3) 2] alaleic). <
20 nge] DNA 2| 8.9} 2 X Premixes¢} 8mM Mg
Clog 742} 35ul¥ 34 9L 3 =it &
A 95°Cel|l 4] 587} 7148 F 95°CellA] 1%, 60°C
oA 30%& 2] 72°Col|l A 30EE o] FolAl &%=
3-8 353 A&l & 72°Col A 1083k wk-&-A]%4t
& Fo] a4l

=25 HLA-DQAl $%#l2] PCR AMEE&

1%(w/v) agarose geloll 4] 40mM Tris-Acetate,
1mM EDTA bufferZ A}-4-5}o] 100bp ladder<}
|7 A7 %% & ethidium bromide(0.5ug /
ml) 2 ¢J45le] DNA v 9] £FoJ 5.5 3als)
At

HLA-DQA1l 9% $Ax-E 714 F 9= se-
quence-specific oligonucleotide ¥ 3% (probe)o]
=% v3e]E =H(nylon strip)® Amplitype
DNA tray®] 7} &l @i, £493} 49 (hybridi-
zation solution) 3.3ml, enzyme conjugate(hor-
seradish peroxidase) 27 ulg 7}3}3L 7] 95°C
oA 587 WA A% PCR AME (PCR product)
70 ul gL 3 55°Coll 4] 2087} &4 318 8819
t}. A& &9 (washing solution) 22 EA1ss b

ol&uhg 27t Mol F AELR L9 o2 55°C

kﬂ

Zenh-gol] olal] £BR Ash HE

of] A 1287} s1e] 3 thA] A Gel &2 Aol 4] 5
Bl MelZ) 0.1M citrate buffer(pH 5.0) 10
mlE 58-7F MelE F 0.1M citrate buffer(pH
5.0) 10ml, chromogen{(3, 3°, 5, 5-tetramethy!-
benzidine) 05ml, 2825 H20:2 5ull E3 24
L9 10mlE Weol AL A] 10~208-3F FE 2
2 B3E uztx 4-&A1gHeh SFTR 4 strip
& HojFe] WARLS-E& FA|AZ THE HLA-
DQAl 442124218 e Amplitype™ HLA-
DQa Forensic Kit oA A2 v o2 ZAA s}
Ak

AT

1. SHIlB=Z5E] FEHE DNAY &

5] elefelr F23 DNA ofe& 14~37
ng/ul 2w, FddAA dojAl whllFaE 1,
3,5, 7, 154U2F Al A] wkx|g} F 7} Al B2 5E
DNAE 323 A3 #24 10ngel A #3. 180ng
A 9 37~100ngs) DNAV} 4541, 3
A, 5dA] o] 7} Al Fol A B o] AR} o
oul o] sl DNA7} 325 ¢l v} (Table 1).

Table 1. DNA concentrations extracted from
each sample of cigarette butts.
Saliva® Days®

Sample 1 3 5 7 15

1 20 40 35 63 50 25

2 37 80 180 125 130 30

3 25 40 150 80 15 60

4 23 10 25 70 25 40

5 14 20 100 185 20 30

Average 238 380 980 1006 480 37.0

a:ng/1ul saliva
b:ng/1cigarette butt

2. A ZA}

599 AJRE 1, 3, 5, 7, 1597 Al-2el] Hbxgk
2571 9] shulF-22 58 &3 DNA A|5.E o4
3o X-Y homologous amelogenin geneS- 314,
2|26l 4] 106bp
9} 112bp #:71¢] PCR AHEES Hr|d 5oz 3
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gk o] @

A3 = glgieh &b o) ko2 ARSR
A el A F53 7t2he] DNAE S3aankg
2 3 3 o AAEES 12% polyacrylamide gell
A A7)d %3k A FAle 112bps) 106 bp =27
2] DNA w 2787}, oz 106bp #7198 =
DNA wube] #Asgich welr] o] & dl&T-3t
2572 A\ &E ulwd A3} 25 G S #3lg
4= 9) 8] t}(Fig. 1a, b).

olo

3.D1S80 W"IOI AMP -FLPs Z4AH

7} el Bz 2 e =24 DNA A &§ i
kg o HEslo] 17945 A9 AR 19 £
248 -& Ml8/1\/118 A8 2% M24/M18, AlE. 3

£ M31/M16, A8 4= M32/M30, 18]l A5
5= M30/MI8ZEA A8 18 Alelslie B5F o
%} 2] 812} (heterozygote) T} (Table 2, Fig. 2a).

Table 2. Typing of D1880 locus amplified from
each sample of cigarette butts.

Sample Genotype Remark
1 M18/M18 Homozygote
2 M24/M18 Heterozygote
3 M31/M16 Heterozygote
4 M32/M30 Heterozygote
5 M30/M18 Heterozygote
g3 7 A|8E 1, 3,57 1597 A&

np2| gt
= DlSSOTrX%z]./] NY-GAAE a0
2 223 Ax) 15¢0] A3l /\]ioﬂ/qE; x9la]

ol A] 2 vﬁfﬁﬂx}@« galdt 4 alelrh(Fig.
2b).
4. HLA-DQA1 SREIXIe| fMAIE 2444

)2t zo 4] 3o}z DNA AJEE o] 43}
HLA-DQAl #A4A& FgELIEoR S35
73} 257 9] A|E BTl 4] 242bpe] PCR AlE9]
725 ¢t} (Fig. 3). Amplitype™ HLA-DQa Fo-
rensic Kit2] &4 strip< ©)-435le] PCR Al€%
o fAE e AT A AR 1 12/38, 4

2= 12/48, A8 3& 11/1.28, A8 4=
3/38, A8 5= 1.3/48 024 A8 45 A) 25}
TE 2% olgAzAE #EEcH(Table 3.
Fig. 4a).

el 1, 3, 5, 7, 159 7F A2l A] WA 7} gl
oA %% DNAS HLA-DQAl #4133
£ 25 FAd skl Fig. 4b).

of A A =7} bl A &1 Abehe] AR} Iwbe]el A 5
23 4 gl DNAQ & 25x 10 ng o2 &
A p e, okel el A WetE e A%

7 WM

1 2 3 4 5 6

1 2 3 4 5 6 7W

Fig. 1. A poiyacrylamide gel electrophoresis of PCR
products of X —Y homologous amelogenin gene.

A. DNA bands amplified from 5 days elapsed-ciga-
rette butts.

Lane 1:male control

Lane 2:female control

Lane 3~7:sample 1t0 5

VM :100bp ladder

B. DNA bands amplified from sample 2 of cigarette
butts.

Lane 1:male control

Lane 2:female control

Lane 3~7:1, 3, 5, 7, and 15 days elapsed-samples
VM :100bp ladder



Table 3. Typing of HLA-DQA1 gene amplified
from each sample of cigarette butts.

Sample Genotype Remark
1 1.2/13 Heterozygote
2 1.2/4 Heterozygote
3 1.11.2 Heterozygote
4 3/3 Homozygote
5 1.3/4 Heterozygote
1 2 3 4 5 W

Fig. 2. A polyacrylamide gel elecfrophoresis of PCR
products of D1580 locus.

A. Alleles of D1S80 amplified from 3 days elapsed-
cigarette buits.

Lane 1~5:sample 1 to 5

VM :100 bp ladder

B. Alleles of D1880 amplified from sample 3 of ciga-
rette butts.

Lane 1:whole saliva of sample 3

Lane 2~6:1, 3, 5, 7, and 15 days elapsed-sample
VM :100bp ladder

= A E2H GAYAFT) olul A o] 7} u el
%3 4 glE DNASKS F7-d ol &ed 2,
000~36,0007] A=} A=A Lol A} 92L& <Folet
A2y, 2 gl 1~5 ulell 3= = oFolgdch
(Table 1). etk %% DNA2] o2 AHtrhct
vha abelrl sl ol AL Addgdel g
Holel AR & glakel Gl g MEIL =
A7), duke) ez whilE el $-E7l, dED F
=7} old #r) 2EIHS A AlamenE
Aoz APt A HE Ay Bopd W=
o)At w3le) ofAre AW R dgkort, 3UA
o} 5 A&l A Tl e ofo] AEH A2 A
o<r3hol| wlE sl Ak olje} gt DNA &
ZA)9] 71442l #}o]EHA phenol/ chroloform /
isoamylacohol® | g|dte] wldg A A3k
DNA®RHS 3523} 74, 100% ethanolZ DNA
2 AAA7)E BN Holl WA Ao A
24}, oleldt Aol F Fol7] dsAE & AY
N4 71 A DNA FE33F Huls
Chelex¥] 3} 22 71 71gt A o2 DNAS
2231 Ao ulgbsieky AzboH?,
Walsh599] 1ol A Atz oz 3993
o2 9kAg DNAS 4288 714 517] AsiA

Fig. 3. An electrophoresis of PCR products of HLA-
DQA1 gene amplified from sample 5 of cigarette
butts.

Lane 1:whole saliva of sample 5

Lane 2~6:1, 8, 5, 7, and 15 days elapsed-sample
VM :100bp ladder
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Fig. 4. Dot hybridization of PCR products of HLA-
DQA1 gene with sequence-specific oligonucleotide
probes.

A. Allels of HLA-DQA1
elapsed-cigarette butts.
Lane 1:cigarette control
Lane 2~6:sample 1 to 5
B. Alleles of HLA-DQA1 amplified from sample 3
cigarette butts.

Lane 1:whole saliva

Lane 2~6:1, 3, 5, 7, and 15 days elapsed-sample

amplified from 15 days
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