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Simple Quantification and DNA Profiling from
Degraded Low Copy Number DNA Samples
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DNA quantification is important to ensure the consistency and the reliability in the interpretation of
degraded low copy number DNA typing. We applied the simple PCR quantification method using fluo-
rescently labeled primers for the amplification of mtDNA and amelogenin gene in 50 year old skeletal
remains (e.g. bone and tooth). K562 DNA was serially diluted and used as a standard for concentration
marker to gauge the amount of DNA from PCR versus the peak area. The quantities of DNA extracted
from bones and teeth did not show significant difference in the analyses both using mtDNA and amelo-
genin gene as an amplification target.

To test the efficiency of DNA profiling of degraded low copy number DNA samples, mtDNA PCR
quality evaluation and DNA typing for 16 autosomal STR and 9 Y chromosomal STR loci were per-
formed and the correlation between DNA quantities and PCR amplification efficiencies of the samples
was analyzed. The DNA quantities assayed by the simple method suggested in the present study could
be good indicator for mtDNA and STR analysis. As the allele drop-out was observed in less than 0.050ng
DNA samples, at least 0.100ng of DNA is required to produce informative STR profiles. Also, STRs with
less than 200bp amplification sizes produce efficient DNA profiles in most cases. Therefore, the develop-
ment of mini-STRs with less than 200bp amplification sizes is expected to improve DNA typing in
degraded low copy number DNA. Y-STRs are easy to detect allele drop-out or drop-in, and accordingly
the efficiency test of Y-STRs as well as autosomal STRs for profiling of degraded low copy number DNA
samples is thought to be important.
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1) DNA

K562 DNA 0.020, 0.010, 0.004,

0.002, 0.001 ng/ul

DNA PCR

. PCR 1 ul template DNA, 1ul 10

x Gold STR buffer(Promega, Madison, WI), 1.5 U
AmpliTag Gold DNA Polymerase (Applied

Biosystems, Foster City, CA) 0.2 uM
F16190 primer FAM R16410
primer (Table 1)
10 ul . PCR PTC-200
DNA engine(MJ Research, Waltham, MA)
, 95°C 11 94°C 1,
56°C 1 ,72°C 1 28
60°C 30 .
PCR ABI PRISM 310
Genetic Analyzer(Applied Biosystems, Foster City,
CA) , GeneScan
software 3.1(Applied Biosystems, Foster City, CA)
peak
2) Agarose gel DNA

0.010, 0.001 ng/ul K562 DNA, :
DNA PCR
. PCR 5 ul template DNA, 3ul 10
x PCR buffer(Applied Biosystems, Foster City,
CA), 200uM dNTP, 25 U AmpliTag Gold DNA
Polymerase, 200 ng/ul BSA, 02uM Fl16144
R16410 primer (Table 1)
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95°C 20 , 56°C 20 , 72°C 30
35 , 72°C 7
. 40
, PCR 2%
agarose gel band intensity

3) Amelogenin DNA

K562 DNA 0.100, 0.040, 0.020,
0.010, 0004 ng/ul
DNA PCR
. PCR 1 ul template DNA, 1 ul 10

x Gold STR buffer(Promega, Madison, WI), 1.5 U
AmpliTag Gold DNA Polymerase (Applied
Biosystems, Foster City, CA) 0.2 uM
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Table 2. Quantity of Mitochondrial and Nuclear DNA
Relative to K562 Standard DNA (1 ng/ul)

Mitochondrial DNA  Nuclear DNA

HEX amelogenein—F Sample
. i Bone Tooth Bone Tooth
amelogenin—R primer (Table 1)
10 ul PCR S01 0.004 0.008 0.078 0.219
u ] ’ S02 0.002 0.012 0.017 0.087
PTC—-200 DNA engine(MJ Research, Waltham, S03 0.007 0.001 0.010 0.002
MA) ,95°C 11 94° S04 0.008 0.004 0.005 0.028
c 1 . 56°C 1 . 72°C 1 S05 0.006 0.012 0.080 0.041
’ o S06 0.008 0000  0.015  0.000
35 6°C 30 S07 0006 0010 0041  0.101
S08 0.003 0.003 0.001 0.000
S09 0.006 0.014 0.030 0.001
4) mtDNA  nDNA S10 0.012 0.006 0.026 0.009
S11 0.005 0.007 0.010 0.023
mIONA  nDNA S12 0.003 0012 0051  0.140
, K562 DNA S13 0.003 0.017 0.032 0.065
GeneScan peak S14 0.001 0.006 0.003 0.015
K562 DNA standard curve S15 0.009 0.012 0.134 0.015
curve Mean 0.006 0.008 0.036 0.050
mtDNA nDNA p—value (T-test) 0.124 0.382
Correlation 0.343
Table 1. Primer Sequences Used in Quantification of DNA
Primer Sequence
F16144 5 -TGA CCA CCT GTA GTA CAT AA-3
F16190 5 -CCC CAT GCT TAC AAG CAA GT-3
R16410 5 -FAM-GAG GAT GGT GGT CAA GGG AC-3
Amelogenin-F 5 -HEX-CCC TGG GCT CTG TAA AGA ATA GTG-3
Amelogenin-R 5 -ATC AGA GCT TAA ACT GGG AAG CTG-¥
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Fig. 1. An agarose gel electrophoresis of mtDNA PCR products.
a. Band intensity was contrasted among samples according to DNA concentration after 35 PCR cycles. b.
After 40 PCR cycles, all PCR products were enough to analysis mtDNA sequences.
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Penta E(40.0%) , FGA 300
bp STR PCR
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PCR ,
DYS389-1, DYS393, DYS391 751% PCR
180bp
PCR STR
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PCR (Table 5). PCR
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230 bp STR 46.5%, 230 bp
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8 Y-STR 7 STR
28 9 (32.1%) 7.7
STR , DNA 0.075
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(35.7%) 52 STR . ,
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20 STR , 180 bp
STR 4 18
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Table 3. Powerplex 16 STR Profiling Results by Loci

and Allele Size

Loci Range (bp) Number %
Amelogenin 106, 112 28 93.3
D351358 115-147 26 86.7
THO1 156—195 23 76.7
D21811 203-259 23 76.7
D18S51 290—366 15 50.0
Penta E 379-474 12 40.0
D5S818 119-155 26 86.8
D13S317 176—208 23 76.7
D78820 215-247 21 70.0
D16S539 264—-304 20 66.8
CSF1PO 321-357 14 46.7
Penta D 376—449 16 534
vWA 123-171 25 834
D8S1179 203-247 22 73.4
TPOX 262-290 16 53.4
FGA 322—-444 20 66.7
Mean 11.0 80.2

< 200bp loci (n=6) 5.0 83.9
Size group 200—260 bp loci (n=3) 2.2 73.4
> 260 bp loci (n="7) 3.8 53.9

Table 4. Powerplex 16 STR Profiling Results by Range

of Amplified Loci

Range of Amp. loci

0—8 loci 9—12 loci13—16 loci

Sample number

9 (30.1%) 5 (16.7%)16 (53.3%)

Mean sample Conc.  0.003 0.022 0.071

(ngful)

Mean No. of Amp. loci
All loci (n=16) 4.0 10.8 15.0
< 200 bp loci n=6) 2.9 6.0 59
200-260 bp loci (n=3) 0.7 2.6 29
> 260 bp loci (n=7) 0.4 2.2 6.2
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Table 5. Y-chromosomal STR Profiling Results by Loci
and Allele Size

Loci Range (bp) Number %

DYS392 104—122 22 78.6
DYS389-1 150—170 21 75.1
DYS19 186—202 9 322
DYS389-11 266—286 10 35.8
DYS393 120-132 21 75.1
DYS391 151-167 21 75.1
DYS390 204—224 17 60.8
DYS385 245-301 18 64.3
Mean 5.0 62.1

< 180 bp loci (n=4) 3.1 76.0
Size group 180—230 bp loci (n=2) 0.9 46.5
> 230 bp loci (n=2) 1.0 50.0

Table 6. Y-chromosomal STR Profiling Results by
Range of Amplified Loci

Range of Amp. loci 0—4 loci 5-6 loci 7-8 loci

Sample number 9 (32.1%) 10 (35.7%)9 (32.1%)

Mean sample Conc. 0.004 0.038 0.075

(ng/ul)

Mean No. of Amp. loci
All loci (n=8) 2.0 5.2 7.7
< 180 bp loci (n=4) 1.8 3.3 4.0
180—230 bp loci (n=2)0.1 0.8 1.9
> 230 bp loci (n=2) 0.1 1.1 1.8
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