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I. INTRODUCTION

Individual identification is necessary in many
social, forensic and medical circumstance. Recent
advances in molecular genetic technology have
led to its application to individual identification
%525 This has prompted the investigation of
various human tissues as potential sources of
genetic evidentiary material. Genetic characteri-
zation of individuals for identity testing 1is
increasingly being performed at the deoxyribo-
nucleic acid(DNA) level®¥#™

The polymerase chain reaction(PCRY*™®% ig
the method of amplifying small quantities of
relatively short target sequences of DNA using

sequence-specific oligonucleotide primers and
thermostable Tag. DNA polymerase. PCR does
not require native high molecular weight DNA in
order to amplify target sequences. It is possible
to amplify if the target sequence itself is intact.
Thus, PCR can amplify partially degraded and/or
denatured DNA.

Genetic markers known as STR(or microsate-
llites)™ are ideal for use in linkage mapping and
DNA fingerprinting. The STR systems are pre-
sented according to their chromosomal location,
repeat unit, product size, primer sequences and
fluorophore tagsm. The markers - short seque-
nces{1-5bp) that are repeated in a tandem
fashion - are abundant, highly polymorphic and
uniformly distributed throughout the human
genome™.

DNA analysis has been used for such forensic
purposes as individual identification. Sex determ-
ination of DNA samples has been performed by
amplification of sex chromosomal genes, such as
Y chromosomal repetitive DYZ1 sequencezz) in
the distal Y chromosome long arm, centromeric
a ~satellite repeats of X and Y chromosomes,
and the X-Y homologous amelogenin gene‘w'w.
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Recently, forensic studies using the teeth have
been described and applied it to individual
identification” ™™ Teeth are good material for
DNA analysis, since the dental hard tissue
physically encloses the pulp, offering an anatomic
configuration of great durabilityl2‘30‘75'77'&;'92'%).
Most DNA analysis of the teeth made use of
pulp. DNA analysis of endodontic treated teeth is
not reported. The most characteristic feature of
dentin is the closely packed dentinal tubules that
traverse its entire thickness and occupied for part
or all of their length by odontoblastic process.
The bodies of the odontoblasts are arranged in a
layer on the pulpal surface of the dentin®®,

Theoretically, if the odontoblastic layer on the
pulpal surface of the dentin is removed, it is
impossible to find nucleus after the teeth has
undergone endodontic therapy. So dentin does not
contain genomic DNA. But it is in existence the
possibility that blood permeates into the dentin
by endodontic therapy and trauma. Therefore
DNA in blood can be detected from the dentin
layer.

The purpose of this investigation is to evaluate
the possibility of individual identification after
detection of DNA in the dentin of endodontic
treated teeth. The authors performed to amplified
fragment length polymorphisms(Amp-FLPs) by
PCR from dentin of the endodontic treated teeth
and detected of X-Y homologous amelogenin
gene for sex determination and STR locus F13
A01, LPL detection.

O0. MATERIALS AND METHODS
1. Subjects
The 40 endodontic treated teeth were selected
for this study. The teeth were unrelated with one

another(male:21, female:19). The ages ranged
from 20 to 70 years.
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2. DNA extraction

The crown and root apex of all samples were
removed. The roots of teeth were used. Adherent
bone, periodontal ligaments, gingiva, blood com-
ponent, calculus, nycotin, pigments and cemen-
tum of root surface were removed using high
speed dental bar. The teeth were rinsed with
distilled water and sectioned along the vertical
axis and seperated with surgical chisel. The
filling materials in pulp chamber and root canal,
pulpal wall were removed.

The teeth were crushed with a hammer until
resulting fragments were O0.lmm or less in
diameter. The dentin powder was placed in 15mL
eppendorf tube and dispersed 100-200¢4 distilled
water. The samples were submitted to a con-
ventional DNA extraction method including an
overnight incubation at 55°C in nucleolysis buffer
(05% S.DS., 10mM Trs. Cl, 0.0M EDTA, pH
8.0), and proteinase K. Each sample was spun at
10,000 rpm in a centrifuge for 10 minutes to
further punify the DNA and discarded the
supernatant. Added ethanol precipitated(5M NaCl
and 100% ethanol), washed in 70% ethanol, dried,
overnighted incuvation at 37°C for 24 hours, and
resuspended in distilled water. The concentration
of genomic DNA was determined at 260 nm and
280 nm with UV visible spectrophotometer.
Purity of samples were determined by evaluating
the Auso/Aszs Tatios.

3. X-Y homologous amelogenin gene dete-
ction.

The PCR mixture contained follows; 50u4
reaction containing 2-440 template DNA, buffer
(100mM Tris-HCi(pH 9.0), 500mM KCl, 1.0%
Triton) (POSCO), 1.5mM MgCls, 0.2 #M primers
(5'-CCCTGGGCTCTGTAAAGAATAGTG-3' and
5'-ATCAGAGCTTAAACTGGGAAGCTG-3') ac-
cording to Sullivan et al&)), 200 #M dNTPs and



1.5 unit of Taq. DNA polymerase. The PCR was
performed under condition of 95C for 10 sec, 1
cycles; 94T for 60 sec, 60T for 60 sec, 72°C for
60 sec, 33 cycles: 72T for 10 min, 1 cycles in
PCR thermocycler(480 model, Perkin Elmer
Cetus).

The PCR products(108) were loaded onto 12%
natual polyacrylamide gel, Imm thickness using
vertical electrophoresis unit(GIBCO BRL Ins.).
Electrophoresis was carried out at 80V for 3
hours in TBE buffer(90mM Tris-Borate, 2mM
EDTA). The gel was subsequently stained with
Ethidium Bromide(0.5¢g/mé).

4 STR locus F13A01, LPL Detection.

The PCR mixture contained follows: 2bul
reaction containing 25-30ng template DNA, 10X
Tag. DNA povmerase buffer(500mM KCl, 100mM
Tris- HCl[pH 90 at 25C), 1% Triton® X-100,
15mM MgCls, 2mM dNTPs, Promega™), 1uM¢]
F13A01 locus specific primer(5’-GAGGTTGCAC
TCCAGCCTTTGCAA-3' ; AAAG strand, 5'-T
TCTGAATCATCCCAGAGCCACA-3" ; CTTT
strand) or LPL locus specific primer(GZ-14 =
ATCTGACCAAGGATAGTGGGATATA, GZ-15
= CCTGGGT AACTGAGCGAGACTGTGTO),
0.01 urut of Taq. DNA polymerase/ul(Promegak).

The PCR conditions of F13A01 locus were 96C
for 2 min, 1 cycle; 94C for 60 sec, 64C for 60
sec, 70T for 90 sec, 10 cycles; 90T for 60 sec, 64
T for 60 sec, 70T for 90 sec, 20 cycles.

The PCR conditions of LPL locus were 96T
for 2 min, 1 cycle; 4T for 60 sec, 60T for 60
sec, 70T for 90 sec, 10 cycles; 90C for 60 sec, 60
T for 60 sec, 70T for 90 sec, 20 cycles, 60C for
30 min, 1 cycle.

The PCR products(2.5u4) were loaded onto 4%
denaturing polyacrylamide gel (acrylamide
bis-acylamide = 19 : 1) containing M urea
(Promega®) after mixed 250 of 2X loading
solution(10mM NaOH, 95% formamide, 0.05%

bromophenol blue, 0.05% xylene cyanol FF,
Promega™).

Electrophoresis was carried out at 40W for 1
hour 30 min.

The silver stainingm’ procedure were as
follows:

Step Solution Time
a. fixing fix/stop solution 20 min
b. washing deionized H:O 2 min X3
¢. staining staining solution 30 min
d. washing deionized Hx0 10 sec
e. developing developer solution 5 min

(4-10C)
f. stoping fix/stop solution 5 min
g. waghing deionized HxO 2 min
h. dry
M. RESULTS

1. Concentration of DNA by Spectrophoto-
meter

DNA could be found in 19 samples out of 40.
The DNA concentration of samples was esti-
mated 87-69.6 ng/ul and purity was 0.29-1.10
(Table 1).

2. Detection of X-Y homologous ameloge-
nin gene.

X-~Y homologous amelogenin gene was detec-
ted for sex determination. Male and female sam-
ples have two bands(106 bp and 112 bp), one
band(106 bp) respectively. It was observed 5
cases out of 21 in male, 7 cases out of 19 in
female(Table 2).
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Table 1. DNA concentrations extracted from the endodontic treated teeth

Sample DNA Sample DNA DNA
NoI.J Sex. | DNA conentrations(ngy/ut) Purity NoI.) Sex concntrations(ng/ ) Purity
1 M 478 110 21 F 39.1 0.90
2 M 69.6 1.07 22 F 87 0.40
3 M 0 0 23 M 8.7 6.70
4 F 0 0 24 F 0 0
5 F 0 0 25 F 0 0
6 M 26.1 0.75 26 F 130 0.38
7 M 26.1 0.75 27 F 8.7 0.29
8 M 0 0 28 M 0 0
9 F 0 0 29 M 0 0
10 F 0 0 30 F 0 0
11 M 174 057 31 F 13.0 0.50
12 F 30.4 0.70 32 M 130 0.60
13 M 0 0 33 F 0 0
14 M 0 0 3A M 0 0
15 M 0 0 35 M 0 0
16 F 52.1 0.80 36 F 304 0.60
17 M 26.0 0.75 37 F 174 0.60
18 M 21.7 0.50 38 F 217 0.60
19 M 0 0 39 M 0 0
20 M 0 0 40 F 0 0

o 112bp

"\ 106 bp

Figure 1. Results of the detection of X-Y homologous amelogenin gene by PCR from the endodontic
treated teeth
Lane 1 : size marker Psi 1,
Lane 2 @ female control. Lane 3 : male control,
Lane 4, 7, 8, 9 : male teseth, Lane 5, 6 : female teeth.
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Table 2. Results of the detaction of X-Y
homologous amelogenin gene by
PCR from the endodontic treated

Table 3. Alleles & genotypes of F13A01 locus
from the endodontic treated teeth

Allel Number of Genotype Number
e | alleles observed observed
3.2 5 32 - 32 1
4 3 32 -4 2
5 2 32-5 1
6 2 32-6 0
7 0 4 -4 0
8 0 4- 5 1
9 0 4- 6 0
10 0 55 0
11 0 5-6 0
12 0 6- 6 1
13 0
14 0
15 0 homozygote 2
16 0 heterozygote
all 12 total sample 6

teeth
Sampl Sex | Detection Sampl Sex | Detection
e No. e No.

1 M - 21 F +
2 M - 22 F

3 M - 23 M ++
4 F 24 F +t
5 F ++ 25 F ++
6 M - 26 F

7 M ++ 27 F -
8 M - 28 M -
9 F - 29 M -
10 F - 30 F -
11 M - 31 F -
12 F - 32 M -
13 M - 33 F -
14 M - 34 M -
15 M - 35 M -
16 F - 36 F ++
17 M - 37 F ++
18 M + 33 F ++
19 M ++ 39 M -
20 M ++ 40 F -

+ A faint band was observed

++ 1 A distinct band was observed

- ¢ No specific band was observed

3. Detection of STR locus F13A01, LPL

The F13A01 locus was observed in 6 samples
out of 40 and 4 alleles were 3.2, 4, 5, 6 and 5
genotypes were 3.2-32, 3.2-4, 32-5, 4-5, 6-6
(Table 3). The LPL locus was observed in 7
samples cut of 40 and 3 alleles were 10, 11, 12 and
3 genotypes were 10~10, 10-12, 11-12(Table 4).

Table 4. Alleles & genotypes of LPL locus
from the endodontic treated teeth

Allel Number of Genotype Number
e | alleles observed observed
7 0 10-10 3
8 0 10-11 0
9 0 10-12 2
10 8 11-11 0
1 2 11-12 2
12 4 12-12 0
13 0 homozygote 3
14 0 heterozygote 4

14 total sample 7
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phisms are used in forensic science. Particularly
the "DNA fingerprint”‘ig) technique, which was
first described by Jeffreys et al. ¥ is very
useful for individual identification. This is
because the resulting Southern- blot profile
consists of a complex set of large and highly
variable DNA fragments and has extraordinary
individualizing power. The DNA fingerprint
technique has also been used in paternity
determination, based on the fact that each
fragment shown by this technique is segregated
in Mendelian fashion. '

However, RFLPs analysis fails to detect a
large fraction of mutations and polymorphisms
and has other limitations such as sensitivity,
analysis time or the impossibility of typing highly
degraded samples.

The introduction of the PCR™*® has raised the
possibility that variable number of tandem
repeats(VNTRs) and other DNA polymorphisms
might be analyzed without these difficulties.

DNA amplification by the PCR has become a
useful approach for typing VNTRs loci?. These
regions are analysed according to their length
using the Southemn blot hybridization method
which requires 0.1-1.0ug DNA. The development
of the PCR by Saiki et al™ requiring 1-10ng has
made it possible to analyse DNA from small
amounts of forensic sample. In the field of
forensic science, the so-called Amp*FLPsmO)
method has been developed, which involves allele
amplification followed by allele length analysis.
Loci, such as ApoB™, DI1785°, D17S30% or
DISBPTIMSTBENREE  pove been typed by
amplification of DNA by PCR.

Although the sensitivity of Amp-FLPs is
suitable for analysing forensic samples, most
VNTR locus alleles are too long to be analysed
as Amp-FLPs; for example, D1S8(MS32)8%V
on chromosome 1 consists of a tandem array of
29 bp repeat units, the array varying from 0.3 to
20 kb in length. Amp-FLPs from degraded DNA

samples may fail to obtain target bands™. With
the advent of PCR, STR marker polymorphisms
UB9 replaced VNTRs as the markers of choice.
It is estimated that the human genome contains
approximately 500,000 STRs(6,000 to 10,000
trimeric and tetrameric repeats)**®. These
abundant repeats may be detected using the PCR
and polyacrylamide gel electrophoresis. Loci, such
as THOI®®, CD4"®, CSFIPO, vWA, DIS53,
D21S11, MBP, F13A01®* F13B®, FES/FPS,
hTPO, HPRT, HMGI4, TRMI®, CRYGI,
CYP19® vWF®, LPL*, have been typed by
amplification of DNA by PCR.

The F13A01 locussg'ﬁ‘”, one of STR locus, is
[AAAGI, polymorphism and present within the
5" untranslated region of the human coagulation
factor XIII A subunit gene on chromosome
6p24-p25 and has 32, 4,5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16 alleles. These alleles vary in length
from 181 through 231 base pair. The LPL locus
is [TTTAI, polymorphism and human lipoprotein
lipasegene on chromosome 8p22 and has 7, 9, 10,
11, 12, 13, 14 alleles.

Sex determination of forensic DNA samples
has been performed by amplification of sex
chromosomal genes, such as Y chromosomal
repetitive DYZ1 sequencew in the distal Y
chromosome long arm, centromeric a -satellite
repeats of X and Y chromosomes, and the X-Y
homologous amelogenin genelzss'm). An advan-
tage of the DYZI locus analysis has been that its
repetitive nature increases the sensitivity of the
assay, reducing the need for template DNA.
However, this method lacks an internal control.
Therefore, the absence of amplified DYZ1
material could be interpreted as due to either the
female sex of the template DNA or amplification
failure. Additionally, autosomal homologues of
the DYZ1 family are co—amplified resulting in
nonspecific amplified fragments in female sam-
plesl'z‘g‘l&m‘“'mm@ , counterparts were detected at
the same time.
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The Y counterpart of the gene has a deletion
within one of the introns, making it possible to
differentiate between X and Y counterparts based
on the difference in size. This difference in the
size was attributed to that of an intron, and the
X-fragment acted as an internal control that
validated the analytical procedures.

Enamel is the most highly mineralized tissue,
consisting of 96% inorganic material and 4%
organic material and water. Dentin is chemically
composed of a approximately 70% inorganic
material and 20% organic material and 10%
water. The central portion of the pulp is
circumscribed by the specialized odontogenic
region composed of the dentin-forming cells, the
odontoblasts, the cell-free zone, and the cell-rich
zone™®.

The most characteristic feature of dentin is the
closely packed dentinal tubules that traverse its
entire thickness and contains the odontoblastic
process which once formed the dentin and now
maintain it.

Dentinal tubules are small, canal-like spaces
within the dentin filled with tissue fluid and
occupied for part or all of their length by
odontoblastic process. The processes are cytopla-
smic extensions of the odontoblasts. They extend
through the entire thickness of the dentin from
the dentinoenamel junction to the pulp and their
codfiguration indicates the course taken by the
odontoblast during dentinogenesis. The processes
are larger near the junction with the cell body of
the odontoblasts®®.

The dentinal tubules are tapered in outline,
measuring approximately 25um in diameter near
the pulp, 1.2¢m in the midportion of the dentin,
and 09um near the dentinoenamel junction. In
coronal dentin, there are approximately 20,000
tubules per square millimeter near the enamel
and 45,000 per square millimeter near the pulp.

Because of many cell body and odontoblastic
process in the dentin near the pulp, nuclear DNA
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can be found. But in the endodontic treated teeth,
the dentin near the pulp was removed, so it
should be considered that dentin did not contain
nuclear DNA,

However, blood and pulp component can
permeate into the dentinal tubules by endodontic
therapy or trauma. Thus, there is possiblility to
detect of DNA in dentin.

In this study, DNA could be found from 19
dentin out of 40. The DNA concentration of
samples was estimated from 8.7ng/ué to 69.6 ng/
pb(Table 1) and purity was from 029 to
1.10(Table 2). It suggested that the nuclear DNA
infiltrated dentin.

Sex determination by X-Y homologous
amelogenin gene was possible in 12 samples out
of 40. The 106 bp and 112 bp band were observed
in 5 male samples out of 21 and the 106 bp in the
7 female samples out of 19.

The F13A0l locus was observed in the 6
samples out of 40 and observed alleles were 3.2,
4 5, 6 and the most frequently observed allele
was 3.2. The observed genotypes were 3.2-3.2,
3.2-4, 3.2-5, 4-5, 6-6 and the most frequently
observed genotype was 3.2-4. The LPL locus
was observed in the 7 samples out of 40 and
observed alleles were 10, 11, 12 and the most
frequently observed allele was 10. The observed
genotypes were 10-10, 10~12, 11-12 and the most
frequently observed genotype was 10-10.
Although DNA was extracted from the sample, it
failed to reveal STR gene from some of them.
Perhaps it is expressed that teeth did contain
degraded DNA or RNA or other protein.

This study demonstrated the possibility that
endodontic treated teeth were suitable for DNA
extraction, sex determination, amplification of
STR locus F13A01, LPL. However, additional
assays of more variable VNTR, STR locus is
needed in the future. Isolation of maximum DNA
before assay is also impotant in forensic samples.
Thus, the variable method must be studied to



isolate maximum DNA from endodontic treated
teeth.

V. CONCLUSIONS

Author isolated the human DNA from 40
endodontic treated teeth, performed AmpFLPs by
PCR and electrophoresed for detection of STR
locus F13A01, LPL gene and X-Y homologous
amelogenin gene.

The following results were obtained.

1) DNA extraction was possible in 19 endodontic
treated teeth out of 40.

2) Sex determination was possible in 12 endo-
dontic treated teeth out of 40 by detection of
X-Y homologous amelogenin gene

3) FI3A01 locus was detected in 6 endodontic
treated teeth out of 40, observed 4 alleles(3.2,
4, 5, 6) and 5 genotypes(3.2-3.2, 3.2-4, 3.2-5,
4-5, 6-6).

4) LPL locus was detected in 7 endodontic
treated teeth out of 40, observed 3 alleles(10,
11, 12) and 3 genotypes(10-10, 10-12, 11-12).

From the above results, DNA extraction, sex
determination, amplification of STR locus F13A
01, LPL gene were possible in the endodontic
treated teeth and it was suggested that endodo-
ntic treated teeth were useful and applicatable as
molecular biological samples for individual
identification.
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ZH28H xolitolAd A Amelogenin Gene ¥ Short Tandem
Repeat(STR) F24 3% F13A01, LPLo| thah £4

zAYEE AFe FRANG - PARBS 2, deA Tt d74

2398 3 %

Aol Ay Ao 3L BE 8 HASY fAA HAAAA 7HesHl st 8.3 H X 33
A golth YRE 2o} o] &3 AT & DNAVE EE A golM g T2 AFYde T5T &
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g DNALT gle Aoz AR 2 Fd EA8le 8 DNAZE ol Fatd doldlz A%
& shAdol sl AAl SHA B} Ho gl FEAE A He A% Ut} B dFAAE o8
3 AolFAHE THARE B2 FFA oA Mo E45e AL HEHeA AFE &Y
gtnat sttt

40789 2B 8E Hololdod DNAE F&3tn FFELNEE o &3l FIHAGY
(Amp-FLPs)2 A A13t3 X-Y homologous amelogenin gene® STR A #$] F13A01, LPLE # 43}
oq g 2 498 4t

1. 40702] 2#A8Y Xo}x 1979 - DNA 25U

2. X-Y homologous amelogenin gene A4 2.2 40748 & 5d X ool 21748 FAkx| o135 574,
19709] AR o} 7] 5 BT 127] AopolA AH AL 7hedtch

3. F13A01 32 40708 2FX8E 2 ol5F 6719 X ololl A AAHR o, 4719 dfHKFAZ 2 574
o] FAAEE BFAL
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