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Abstract

Quantitation and qualification of DNA is crucial for DNA profiling in forensic cases. In this report, we have evaluated the appli-
cation of the 2100 Bioanalyzer to these initial steps of DNA analysis. On the basis of electropherograms, sizing and quantitation
of DNA isolated from reference material and real biological traces was performed. The concentration values obtained using the
2100 Bioanalyzer were compared to Quantifiler results. We concluded that the 2100 Bioanalyzer can be used to analyse a large

amount of nondegraded genomic DNA. However, this system is not suitable for analysis of forensic samples.
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1. Introduction

Determination of quantity and quality of DNA pres-
ent in samples subjected to genetic examinations is
very important for the selection of appropriate condi-
tions of amplification and genotyping reactions. Com-
mercial kits applied to STR profiling are very sensitive
to excess of template DNA — in order to obtain reliable
results each reaction should contain not more than
0.5-2 ng [11]. Determination of the most appropriate
concentration of template DNA often enables one to
avoid unnecessary repetitions of PCR reactions and
thus decreases the total cost of genetic analysis of bio-
logical traces. Many different methods have been ap-
plied to quantitative and qualitative analysis of nucleic
acids: spectrophotometric measurements, electropho-
retic methods with staining, hybridization techniques
and quantitative PCR. A comparative analysis of ad-
vantages and disadvantages associated with particular
methods can be found in Nielsen et al. and Nicklas et

al. [11, 12]. At present, the quantitative real-time PCR
method (RT PCR) is considered to be the most accu-
rate method of evaluation of DNA concentration. Due
to the fact that this method is based on the same princi-
ples as the later stages of STR genotyping, it is very in-
formative in terms of quantity and quality of amplified
DNA. In contrast to most other methods, RT PCR
method is species specific and thus is free of falsely el-
evated results caused by the presence of nucleic acids
originating from other species as well as other interfer-
ing compounds [11, 12]. Moreover, analysis of RT
PCR data is fully automated and this practically elimi-
nates differences in interpretation of results that could
be caused by the subjectivity of examiners. Addition-
ally, application of internal control to each reaction
supplies information on potential inhibitors that can
affect PCR reaction. Quantitative real-time PCR has
been found to be an accurate, reliable and repeatable
method [8]. In consequence, commercial products have
appeared on the market based on RT PCR which have
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been confirmed to be useful for quantitative DNA anal-
ysis of biological traces by numerous forensic genetics
laboratories [1, 6, 8, 17].

Technological progress has been accompanied by
automation of systems of electrophoretic separation of
biomolecules that have enabled determination of their
size and concentration faster and more accurately. One
of the directions of development in this field is creat-
ing techniques based on chip capillary electrophoresis.
The history of the development of this technique and
its application has been reviewed by Dolnik et al. [3,
4]. One of the first commercially available systems
based on the technology of chip separation of nucleic
acids is the 2100 Bioanalyzer (Agilent, Palo Alto,
MA). There are already many applications of this ap-
paratus in analysis of DNA, RNA and proteins [2, 5, 7,
9,10, 13, 15, 16]. Appropriate kits and chips have been
designed for examination of various types of mole-
cules that differ in size. Many studies have focused on
validation of particular kits for analysis of relatively
short fragments of nucleic acids, for example PCR
products, products of restriction enzyme digestion of
plasmids and RNA transcripts [9, 10, 13, 15, 18].
These studies have confirmed that chip electrophoresis
can be applied to these examinations and that it per-
forms as well as previous methods. Two unquestion-
able advantages of chip electrophoresis are: speed of
analysis of a relatively high number of samples simul-
taneously (in the case of 2100 Bioanalyzer, 12 samples
per half an hour) and the lower price of analysis of
a sample compared to commercial kits used for per-
sonal identification. The largest DNA fragments that
can be examined using the Agilent 2100 system do not
exceed several thousand base pairs. The Agilent DNA
12000 LabChip kit has been designed for determina-
tion of size and concentration of double stranded DNA
fragments in the range from 1000 to 12000 base pairs.
Since the size of DNA molecules obtained using the
standard organic extraction method is in the range
from 10000-15000 bp [14], and using the DNA 1Q
System extraction method (Promega Corporation,
Madison, WI) is in the range of 60-10000 bp (data
from the manufacturer), in this work we have evalu-
ated the usefulness of the chip electrophoresis system
for initial analysis of DNA that is the subject of foren-
sic examinations. DNA fragment sizes and their con-
centration were examined in samples extracted from
liquid blood, buccal swabs and real biological traces.
Results of quantitative analysis obtained with chip
electrophoresis were compared to results obtained with
the Quantifiler Human Identification Kit (Applied Bio-
systems, Foster City, CA).

2. Materials and methods

The study material consisted of 65 samples of ge-
nomic DNA: 10 samples of DNA extracted from blood
with the standard organic method, 11 DNA samples
extracted from buccal swabs using the commercial kit
DNA IQ, 11 DNA samples extracted from buccal swabs
using the organic method, and 33 DNA samples ex-
tracted from biological traces (11 bloodstains, 10 se-
men stains and 12 cigarette stubs) using the organic
method. For the organic DNA extraction method,
a mixture of phenol-chloroform was applied. The
final stage of the procedure was purification and con-
centration of DNA extract using Microcon 100 col-
umns (Milliopore, Bedford, MA). In the case of semen,
spermatozoa were additionally subjected to lysis in
the presence of sarcosyl, proteinase K and DTT and
the procedure was followed by extraction of two frac-
tions i.e. containing sperm cells and containing fe-
male epithelial cells using the phenol-chloroform method
as mentioned above. DNA extraction using the DNA
1Q kit was carried out in accordance with the manufac-
turer’s recommendations. RT PCR with Quantifiler kit
was used as a reference method of evaluation of DNA
concentration in all examined samples. Reactions were
setup according to the manufacturer’s instructions and
performed on ABI PRISM 7000 Sequence Detection
(Applied Biosystems). Analyzed samples were sub-
jected to electrophoretic separation on the Agilent
2100 Bioanalyzer using the Agilent DNA 12000
LabChip kit according to the procedure recommended
by the manufacturer. Statistical parameters: average
DNA concentration, variance, standard deviation (SD)
and coefficient of variance (CV%) were calculated us-
ing MsOffice 2007 Excel computer software.

3. Results and discussion
3.1. Evaluation of fragment size and DNA quality

The organic DNA extraction method gives DNA
fragments ranging in size from 10 to15 kbp [14]. Un-
degraded DNA is visible on an electropherogram as an
extended peak located just before an upper marker or
partially overlapping with an upper marker area
(Figure la, 1b). In turn, a picture showing many short
peaks (Figure 1c¢) is characteristic for degraded sam-
ples. As was mentioned in the introduction, DNA ex-
traction performed with the DNA IQ kit generates
DNA fragments ranging in size more widely compared
to the organic DNA extraction method — DNA frag-
ments are spread along the whole size range and there-
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Fig. 1. Qualitative assessment of genomic DNA samples iso-
lated from blood with the organic extraction method: a, b —
electropherograms of undegraded DNA samples, ¢ —
electropherogram of degraded DNA sample; LM — lower
marker, UM — upper marker.

fore there are no visible peaks on the electrophero-
gram. Inspection of the gel view reveals only smooth
bands indicating the presence of DNA.

3.2. Repeatability of electrophoresis

In order to evaluate the repeatability of the method,
10 samples of genomic DNA extracted from blood
with the organic method were subjected to electropho-
resis in three repetitions. For each sample, the average
value from three measurements (of DNA concentra-
tion), and the variance, standard deviation (SD) and
coefficient of variance (CV%) were calculated. Re-

sults are shown in Table 1. Values of coefficient of
variance vary from 2.5% to 37.7%; in the case of most
samples, the value of CV% is less than 25%. The ob-
tained data are similar to values of CV% which have
been calculated for repeatability of electrophoresis in
the case of restriction fragments analysed with the
same kit (CV ranged from 4-31% depending on the
procedure of sample loading) [13] and values given by
the manufacturer (25%). These relatively high devia-
tions may result from the low precision of manual
loading of samples on the plate (both examined sam-
ples and marker). Panaro et al. [13] have shown that
the procedure of sample preparation and sample load-
ing affects repeatability of the results. Moreover, the
extent of deviations for results of quantitative analysis
of genomic DNA originating from the same samples
may also be significantly affected by the necessity of
manual description of peaks. Software which automat-
ically defines explicit, sharp peaks, needs user inter-
vention in the case of an extended genomic DNA peak.
Size determination of electrophoresed DNA fragments
seems to be repeatable to a high degree. Because of the
fact that DNA examined in these experiments was
a mixture of fragments of various sizes, which had been
incompletely separated, accurate size determination was
impossible. However, as can be seen from Figure 2, the
position of the peak that reflects the analyzed DNA is
very similar. This result is concordant with results ob-
tained by Panaro et al. [13], who examined repeatabil-
ity of measurements of restriction fragments and noted
a value of coefficient of variance at the level of 1%.

3.3. Evaluation of genomic DNA concentration
extracted with the organic method
and the DNA IQ system from various
biological samples

The 2100 Bioanalyzer was used to determine DNA
concentration in 32 DNA samples extracted from ref-
erence material (blood and buccal swabs) and 33 DNA
samples extracted from real biological traces (blood-
stains, semen stains, cigarette stubs). The DNA con-
centration in all analyzed samples was determined
using the Quantifiler kit. A comparison of the results
of quantitative analysis using both the methods tested
is given in Tables IIA and IIB, respectively.

For most of the samples, DNA concentration de-
termined with the Quantifiler kit was higher than mea-
sured with the 2100 Bioanalyzer apparatus. Significant
differences (of several to several hundred times) were
associated with samples which, according to the refer-
ence method, contained more than several dozen ng/ul.
Lowered results obtained with the 2100 Bioanalyzer
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TABLE I. VALIDATION OF REPRODUCIBILITY OF DNA QUANTIFICATION

Sample Chip 1 Chip 2 Chip 3 Average Variance SD CV(%)
B 1 3.11 3.36 3.11 3.193 0.014 0.118 3.7
B 2 5.99 5.99 12.52 8.167 9.476 3.078 37.7
B3 3.14 2.58 2.07 2.597 0.191 0.437 16.8
B 4 10.98 9.97 10.86 10.603 0.203 0.451 4.2
B 5 6.56 6.66 5.83 6.350 0.137 0.370 5.8
B 6 2.92 2.47 3.57 2.987 0.204 0.452 15.1
B 7 5.17 5.00 4.87 5.013 0.015 0.123 2.5
B 8 1.60 2.19 2.69 2.160 0.198 0.445 20.6
B9 1.13 0.93 1.49 1.183 0.054 0.232 19.6
B 10 1.61 1.51 1.93 1.683 0.032 0.179 10.6

Abbreviations of terms: B — blood, SD — standard deviation, CV% — coefficient of variance.

could be caused by a too high amount of DNA in the
examined samples. The manufacturer recommends that
the apparatus should be used for determination of con-
centrations within the range of 0.5-50 ng/pl; measur-
ing of higher amounts can be unreliable. In the case of
sample K 1 (Table IIB), the DNA concentration deter-
mined with the 2100 Bioanalyzer was higher than the
result obtained using the Quantifiler kit. This result
can be explained by the presence of inhibitors in the
analysed sample, which negatively affected PCR effi-
ciency (this was confirmed by the result for [PC, where
CT equalled 35.12), but had no influence on quantita-
tive analysis using the electrophoretic method. A higher
concordance between the 2100 Bioanalyzer system
and the Quantifiler kit was found for samples which,
according to the reference method, had a concentration
of approximately several to twenty ng/ul. Only two
samples: WP_22 (Table IIA) and NAS 7 (Table 1IB)
showed a slightly higher concentration when mea-
sured with the 2100 Bioanalyzer (4-times and 2-times,
respectively), and this could have been caused by
a pipetting error or insufficient sample mixing. In gen-
eral, concentration values measured with the Quantifiler
method were higher than after electrophoretic separa-
tion on the 2100 Bioanalyzer apparatus for correspond-
ing samples. It is worth considering results of deter-
mination of DNA concentration in samples extracted
with the DNA 1Q kit (Table IIA). Using 2100 Bio-
analyzer apparatus, no DNA was determined in these
samples, although results obtained with the Quantifiler
kit indicated that the amount of DNA is within the de-
tection range of this apparatus. This can be explained
by the fact that isolation with the DNA 1Q method gen-
erates DNA fragments which are very different in size

(60-10000 bp). During electrophoretic separation, no
single and wide peak is observed as in the case of DNA
extracted with the organic extraction method, and frag-
ments can be spread throughout the entire separation
distance. Finally, assuming generally low extraction
efficiency (0.5-2.5 ng/pl: data from the manufacturer)
in the electropherogram view, there is no single peak
which exceeds cut-off value, which is necessary for
the detection system to measure fluorescence and on
this basis detect DNA. Example peak images from both
isolation methods are shown in Figures 3a and 3b. Very
high DNA concentration in a sample may lead to dis-
turbances of electrophoretic separation, which, in con-
sequence, lead to incorrect determination of both quanti-
ty and size of analyzed DNA fragments (Figures 4a, 4b).

4. Concluding remarks

— The 2100 Bioanalyzer system with the Agilent
DNA 12000 LabChip may be successfully applied
to quantitative analysis of genomic DNA, but only
in samples with a limited DNA concentration range
and is not appropriate for accurate determination of
DNA concentration in samples containing degra-
ded DNA and very high amounts of DNA;

— The 2100 Bioanalyzer can be used for overall eval-
uation of DNA fragment size in samples containing
relatively high DNA amounts of good quality;

— The 2100 Bioanalyzer can be applied to initial
analysis of DNA samples extracted from reference
material. The obtained results are sufficient for
making a decision as to whether the subsequent
stage of analysis should be PCR amplification of

Problems of Forensic Sciences 2010, vol. LXXXI, 91-100
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TABLE IIA. RESULTS OF DNA QUANTIFICATION
WITH THE 2100 BIOANALYZER

AND QUANTIFILER KIT

Sample Extraction Bioanalyzer = Quantifiler

Reference  method 2100

material Concentration Concentration

[ng/pl] [ng/ul]

B 1 Organic 3.19 32.34
B2 Organic 8.17 234.64
B3 Organic 2.6 136.61
B 4 Organic 10.6 137.09
B 5 Organic 6.35 70.62
B 6 Organic 2.99 33.69
B 7 Organic 5.01 28.52
B 8 Organic 2.16 11.28
B9 Organic 1.18 12.62
B 10 Organic 1.68 8.44
BS 1 IQ 0 9.98
BS 2 IQ 0 48.44
BS 3 1Q 0 78.1
BS 4 1Q 0 21.05
BS 5 1Q 0 14.83
BS 6 1Q 0 26.65
BS 7 1Q 0 23.36
BS 8 1Q 0 6.43
BS 9 1Q 0 4.63
BS 10 IQ 0 6.95
BS 11 IQ 0 2.8
BS 12 Organic 61.98 490.52
BS 13 Organic 13.36 240.61
BS 14  Organic 55.99 137.51
BS 15 Organic 7.01 74.15
BS 16 Organic 55.12 305.68
BS 17 Organic 1.73 353.47
BS 18 Organic 1.1 323.26
BS 19 Organic 15.44 122.92
BS 20 Organic 35.31 641.44
BS 21 Organic 6.78 87.06
BS 22 Organic 2391 507.52

Abbreviations of terms: B — blood; BS — buccal swab; 1Q —
DNA IQ extraction method.

TABLE IIB. RESULTS OF DNA QUANTIFICATION
WITH THE 2100 BIOANALYZER

AND QUANTIFILER KIT
Sample Extraction  Bioanalyzer = Quantifiler
Biological method 2100
trace Concentration Concentration
[ng/pl] [ng/pl]
B 1 Organic 2.98 0.622
B2 Organic 0 0.938
B3 Organic 2.42 13.08
B 4 Organic 1.61 10.17
B S Organic 0 4.45
B 6 Organic 0 1.22
B 7 Organic 0 9.27
B 8 Organic 0 0.589
B 9 Organic 2 14.92
B 10 Organic 269.88 2693.95
B 11 Organic 1.47 5.15
S1 Differential 526.67 2365.13
S2 Differential 83.3 696.7
S3 Differential 0 8.47
S 4 Differential 0 0.00742
S5 Differential 0 0.417
S 6 Differential 0 0.0359
S 7 Differential 66.84 38.61
S 8 Differential 0 6.23
S 9 Differential 37.66 214.04
S 10 Differential 10.77 398.09
BE 1 Organic 0 597
BE 2 Organic 0 3.06
BE 3 Organic 0 6.42
BE 4 Organic 0 2.31
BE 5 Organic 0 4.6
BE 6 Organic 3.94 25.58
BE 7 Organic 0 1.69
BE 8 Organic 4.4 18.06
BE 9 Organic 0 6.27
BE 10  Organic 0 1.86
BE 11 Organic 0 2.69
BE 12 Organic 2.39 12.29

Abbreviations of terms: B —blood stain; S —semen; BE —butt end.

Problems of Forensic Sciences 2010, vol. LXXXI, 91-100
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Fig. 2a, b and c. Reproducibility of electrophoretic analysis.
Electrophoregrams of DNA sample with the lowest CV%
value; LM — lower marker, UM — upper marker.
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Fig. 2d. Reproducibility of electrophoretic analysis. Electro-
phoregram of DNA sample with the highest CV% value;
LM — lower marker, UM — upper marker.

[Ful
LM

160 e
140

120

Um

100

80

50

DNA

40

20

0 -

-20 T T T T T T T T

30 40 50 60 70 0 90 100 [s]
[Ful
LM

140 f
120

100 Ut

20 DNA

50

40

20

MIESEIEE

-20 T T T

[
=
.
=]
w
&l
o
=
-l
=)
=1
&l
o
=l
= -
&l

[s]

Fig. 2e and f. Reproducibility of electrophoretic analysis.
Electrophoregrams of DNA sample with the highest CV%
value; LM — lower marker, UM — upper marker.
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kit (b); LM — lower marker, UM — upper marker.
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Fig. 4. Aberrations in electrophoresis due to high concentra-
tion of DNA (¢ > 2000 ng/ul, measured with the Quantifiler).
4a — DNA isolated from bloodstain, b — DNA isolated from
semen; LM — lower marker, UM — upper marker.

STR markers (in the case of high amounts of DNA),
or whether it is necessary to perform RT PCR (in
the case of no detection of DNA based on chip elec-
trophoresis data);

— The 2100 Bioanalyzer is not suitable for evaluation
of DNA concentration in biological traces where
concentration and quality of DNA is difficult to as-
sess (predict).
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OCENA PRZYDATNOSCI SYSTEMU AGILENT 2100 BIOANALYZER
W ANALIZIE DNA NA POTRZEBY GENETYKI SADOWEJ

1. Wstep

Oznaczenie ilosci i jakosci DNA obecnego w eks-
traktach poddawanych badaniom genetycznym ma klu-
czowe znaczenie dla dobrania wilasciwych warunkoéw
reakcji amplifikacji i genotypowania. Komercyjne ze-
stawy uzywane do profilowania STR sa bardzo wrazliwe
na zbyt wysokie st¢zenie matrycowego DNA — by uzys-
ka¢ wiarygodne wyniki, do reakcji nalezy doda¢ go nie
wigcej niz 0,5-2 ng [11]. Odpowiednio dobrana ilo$¢ ma-
trycy DNA czgsto zapobiega niepotrzebnym powtorkom
reakcji PCR, co znacznie obniza koszty analizy gene-
tycznej §ladow biologicznych.

Do ilosciowej i jakoSciowej analizy kwaséw nuklei-
nowych wykorzystywano wiele réznych metod: pomiary
spektrofotometryczne, rozdziaty elektroforetyczne z bar-
wieniem, techniki hybrydyzacyjne i ilosciowy PCR. Po-
réwnania wad i zalet poszczegélnych rodzajow analiz
dokonali Nielsen i in. oraz Nicklas i in. [11, 12].

Obecnie za najbardziej doktadna metode do pomiaru
stezenia DNA uwaza si¢ ilosciowy PCR w czasie rze-
czywistym (RT PCR, ang. Real-Time PCR). Ze wzgledu
na fakt, iz jest on oparty na tych samych zasadach, co
prowadzone w dalszych etapach analizy genotypowanie
STR, technika ta dostarcza szczegoélnie cennych infor-
macji na temat ilosci i jakosci amplifikowanego DNA.
W przeciwienstwie do wigkszosci innych metod, RT PCR
charakteryzuje si¢ specyficznoscia gatunkowa, nie dajac
fatszywie zawyzonych wynikow spowodowanych obec-
no$cia domieszki obcych kwasow nukleinowych czy in-
nych interferujacych zwiazkéw [11, 12]. Ponadto analiza
danych RT PCR jest catkowicie zautomatyzowana, co
praktycznie niweluje zréoznicowanie rezultatoéw badan wy-
nikajace z subiektywnych ocen badaczy. Dodatkowo sto-
sowanie kontroli wewngtrznej reakcji dostarcza infor-
macji na temat obecnosci inhibitorow reakcji PCR. Ilos-
ciowy PCR w czasie rzeczywistym zostal uznany za
metodg doktadna, wiarygodna i powtarzalna [8]. W zwiaz-
ku z tym na rynku pojawity si¢ komercyjne produkty wy-
korzystujace metodg RT PCR, ktorych przydatnos¢ do
iloSciowej analizy DNA ze §ladow biologicznych zostata
oszacowana przez liczne laboratoria genetyki sadowe;j [1,
6,8, 17].

Wraz z postgpem technologicznym nastapita automa-
tyzacja systemow rozdziatu elektroforetycznego biocza-
steczek pozwalajacego okresli¢ ich wielkos$¢ i stgzenie
szybciej 1 precyzyjniej. Jednym z elementow tego roz-
woju jest pojawienie si¢ technik opartych na elektrofo-
rezie kapilarnej w tzw. mikrochipach (ang. chip capillary
electrophoresis). Przegladu historii rozwoju tej techniki

oraz jej zastosowan dokonat Dolnik i in. [3, 4]. Jednym
z pierwszych komercyjnie dostgpnych systemow wyko-
rzystujacych technologi¢ rozdziatu kwaséw nukleinowy-
ch oparta na chipach jest 2100 Bioanalyzer (Agilent, Palo
Alto, MA). Znalazl on szereg zastosowan w analizie
DNA, RNA ibiatek [2,5,7,9,10, 13, 15, 16]. Do analizy
réznego rodzaju czasteczek o roéznej wielkosci zapro-
jektowano odpowiednie zestawy odczynnikow i ptytek
chipowych. Wielu badaczy przeprowadzito walidacjg po-
szczegblnych zestawow do analizy stosunkowo krotkich
fragmentow kwasoéw nukleinowych, takich jak produkty
PCR, produkty trawienia plazmidow enzymami restryk-
cyjnymi czy transkryptow RNA [9 10, 13, 15, 18]. Stwier-
dzili oni, ze elektroforeza chipowa sprawdza si¢ w tego
typu analizach nie gorzej od wczesniej wykorzystywa-
nych metod. Niewatpliwa zaleta elektroforezy chipowe;j
jest szybkos$¢ analizy stosunkowo wielu probek (w przy-
padku aparatu 2100 Bioanalyzer — 12 probek w ciagu p6t
godziny) i nizsza cena analizy jednej probki w porow-
naniu do komercyjnych testow stosowanych w identyfi-
kacji osobniczej.

Najwigksze fragmenty DNA, jakie mozna analizowaé
z wykorzystaniem systemu Agilent 2100, nie przekracza-
ja kilkunastu tysigcy par zasad. Zestaw Agilent DNA
12000 LabChip zostal zaprojektowany do oznaczania
wielkosci i stezenia fragmentéw dwuniciowego DNA
w zakresie od 1000 do 12000 pz. Poniewaz wielkos¢
czasteczek DNA uzyskiwanych podczas izolacji klasycz-
na metoda organiczng miesci si¢ w zakresie 10000—
15000 pz [14], a za pomoca zestawu DNA 1Q System
(Promega Corporation, Madison, WI) w zakresie 60—
10000 pz (dane producenta), w ramach niniejszej pracy
dokonano oceny przydatnosci systemu do elektroforezy
chipowej do wstgpnej analizy DNA badanego dla potrzeb
sadowych. Oznaczano wielko$¢ fragmentéw i stezenie
DNA wyizolowanego z krwi peinej, wymazow z wew-
netrznej Scianki policzka i rzeczywistych §ladow biolo-
gicznych. Wyniki analizy ilo$ciowej uzyskane podczas
elektroforezy chipowej porownano z wynikami otrzyma-
nymi za pomocg zestawu Quantifiler Human Identifica-
tion Kit (Applied Biosystems, Foster City, CA).

2. Material i metody

Materiat do badan stanowito 65 probek DNA geno-
mowego: 10 probek DNA izolowanego z krwi klasyczna
metoda organiczng, po 11 probek DNA izolowanego
z wymazow policzkowych, odpowiednio komercyjnym
zestawem DNA 1Q oraz metoda organiczng, 33 probki
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DNA pochodzace ze $ladow biologicznych w postaci
11 plam krwi, 10 plam nasienia i 12 niedopatkow papie-
rosowych, z ktorych material wyizolowano metoda orga-
niczna.

Izolacjc DNA metoda organiczna przeprowadzono
z wykorzystaniem mieszaniny fenol-chloroform. Konco-
wym etapem procesu bylo oczyszczanie i zaggszczanie
preparatu DNA na kolumienkach Microcon 100 (Mil-
liopore, Bedford, MA). W przypadku nasienia komorki
plemnikowe poddano dodatkowe;j lizie w obecnosci sarko-
zylu, proteinazy K i DTT, nastgpnie obie frakcje: plemni-
kowa i nabtonkowa eckstrahowano metoda fenol-chloro-
form jak wyzej. Izolacja DNA za pomoca zestawu DNA 1Q
zostata przeprowadzona zgodnie z zaleceniami producenta.

Jako metodg referencyjna do oceny stezenia wszyst-
kich badanych probek DNA wykorzystano technikg¢ RT
PCR z zastosowaniem komercyjnego zestawu Quantifi-
ler. Reakcjg przygotowano zgodnie z zaleceniami pro-
ducenta i wykonano, uzywajac aparatu ABI PRISM 7000
Sequence Detection (Applied Biosystems).

Badane probki poddano rozdziatowi elektroforetycz-
nemu, stosujac aparat Agilent 2100 Bioanalyzer oraz ze-
staw Agilent DNA 12000 LabChip zgodnie z procedura
zalecana przez producenta. Parametry statystyczne: $red-
nia pomiardw stgzenia DNA, wariancjg¢, odchylenie stan-
dardowe (SD) i wspotczynnik zmiennosci (CV%) obli-
czono, poshugujac si¢ oprogramowaniem Excel z pakietu
MS Office 2007.

3. Wyniki i dyskusja
3.1. Ocena wielkosci fragmentow i jakosci DNA

W wyniku izolacji DNA metoda ekstrakcji organicz-
nej uzyskuje si¢ fragmenty DNA o wielkosci 10—15 kpz
[14]. Niezdegradowany DNA widoczny jest na elektrofo-
regramie w postaci rozciagnigtego piku znajdujacego si¢
tuz przed gornym markerem lub czg¢§ciowo nachodza-
cego na obszar piku goérnego markera (ryciny la, 1b).
Z kolei obraz o wielu niskich pikach (rycina 1c¢) jest cha-
rakterystyczny dla probek zdegradowanych. Jak wspo-
mniano we wstepie, w wyniku izolacji DNA z wykorzy-
staniem zestawu DNA IQ generowane sa fragmenty
mieszczace si¢ w znacznie wigkszym zakresie rozmiaréw
w poréwnaniu do izolacji metoda organiczna — fragmenty
te ,rozkladaja si¢” na calej dlugosci drogi rozdziatu,
w efekcie czego na elektroforegramie brak jest widocz-
nych pikow. Na obrazie Zzelu mozna jedynie zaobser-
wowac delikatne smugi §wiadczace o obecno$ci DNA.

3.2. Powtarzalno$¢ elektroforezy

W celu oceny powtarzalnosci metody wykonano roz-
dziat elektroforetyczny w trzech powtoérzeniach 10 pro-

bek DNA genomowego izolowanego z krwi na drodze
ekstrakcji organicznej. Dla kazdej probki obliczono war-
to$¢ $rednia pomiardw stezenia DNA, wariancjg, odchy-
lenie standardowe (SD) i wspotczynnik zmiennosci (CV%).
Wyniki obliczen przedstawiono w tabeli I. Wartosci wspot-
czynnika zmiennosci wahaja si¢ w granicach od 2,5% do
37,7%; w przypadku wigkszo$ci probek wartos¢ CV%
jest nizsza od 25%. Otrzymane dane sa podobne do wa-
rtosci CV% obliczonych w celu okreslenia powtarzal-
nosci elektroforezy dla fragmentow restrykcyjnych roz-
dzielanych z wykorzystaniem tego samego zestawu (CV
w zakresie 4-31% w zalezno$ci od procedury naktadania
probki) [13] oraz do warto$ci podanych przez producenta
(25%). Te do$¢ znaczne odchylenia moga wynikac z nie-
doktadnoséci podczas manualnego nanoszenia prob na
ptytke zaréwno probek badanych, jak i markera. Panaro
iin. [13] udowodnili wptyw sposobu przygotowania i na-
noszenia probek na powtarzalno$¢ wynikow. Ponadto nie
bez znaczenia dla odchylen wynikéw ilosciowej analizy
genomowego DNA pochodzacego z tych samych probek
jest konieczno$¢ manualnego przypisywania pikow.
Oprogramowanie, ktére automatycznie definiuje wyraz-
ne, ostre piki, w przypadku rozciagnigtego piku genomo-
wego DNA wymaga ingerencji uzytkownika.

Okreslenie rozmiaru rozdzielanych fragmentow DNA
wydaje si¢ w duzym stopniu powtarzalne. Ze wzglgdu na
fakt, ze badany w niniejszej pracy DNA stanowi miesza-
ning fragmentow o rdznej dtugosci, ktore nie ulegly cat-
kowitemu rozdziatowi, niemozliwe byto doktadne okres-
lenie wielkos$ci. Jednak jak widaé na rycinie 2, pozycja
piku odpowiadajaca badanemu DNA jest bardzo podob-
na. Pozostaje to w zgodzie z wynikami powtarzalno$ci
oznaczen wielkos$ci fragmentow restrykcyjnych dokona-
nych przez Panaro i in. [13], ktorzy uzyskali wspotczyn-
nik zmienno$ci na poziomie 1%.

3.3. Ocena stezenia genomowego DNA izolowanego
metodg organiczng i zestawem DNA 1Q
z r6znego materiatu biologicznego

Zapomoca systemu 2100 Bioanalyzer oznaczono stg-
zenie DNA w 32 ekstraktach wyizolowanych z materiatu
referencyjnego w postaci krwi i wymazow policzkowych
oraz w 33 ekstraktach wyizolowanych z rzeczywistych
sladow biologicznych (plamy krwi, nasienia, niedopatki
papierosow). Stezenie DNA we wszystkich badanych prob-
kach okreslono z wykorzystaniem zestawu Quantifiler.
Porownanie wynikow analizy ilo$ciowej obiema meto-
dami przedstawiaja odpowiednio tabela IIA i tabela IIB.

Dla wigkszo$ci probek stgzenie DNA oznaczone ze-
stawem Quantifiler bylo wyzsze niz okreslone za pomoca
aparatu 2100 Bioanalyzer. Znaczne réznice (rz¢du od kil-
ku do kilkuset razy) dotyczyly probek, dla ktorych steze-
nie okreslone za pomoca metody referencyjnej wynosito
powyzej kilkudziesigciu ng/pl. Zanizone wyniki uzys-
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kane za pomoca aparatu 2100 Bioanalyzer mogty by¢
spowodowane zbyt duzg ilo§cia DNA w badanych prob-
kach. Producent zaleca wykorzystanie sprzgtu do analizy
stezenia w zakresie 0,5-50 ng/ul; oznaczanie wigkszych
ilosci moze nie by¢ wiarygodne. W przypadku probki
K 1 (tabela IIB) stezenie DNA oznaczone za pomoca
aparatu 2100 Bioanalyzer bylo wyzsze niz wynik otrzy-
many przy uzyciu zestawu Quantifiler. Prawdopodobna
przyczyna bylta obecnos¢ w badanym ekstrakcie inhibito-
roéw, ktore hamowaty reakcjg PCR (potwierdza to wynik
reakcji IPC, wartos¢ CT réwna 35,12), natomiast nie
mialy wptywu na analizg iloSciowa metoda elektrofore-
tyczna. Najbardziej zblizone wartosci dla systemu 2100
Bioanalyzer i Quantifiler otrzymano dla probek, ktore,
wedlug metody referencyjnej, posiadaly stezenie rzedu
kilka-, kilkanascie ng/pl. Jedynie dwie probki: WP 22
(tabela ITA) i NAS 7 (tabela IIB) wykazaly w tescie
niewiele wyzsze stgzenie mierzone aparatem 2100 Bio-
analyzer (odpowiednio 4-krotnie i 2-krotnie), co moze
wynika¢ z btgdu pipetowania lub niedoktadnego wymie-
szania probek. Generalnie warto$ci st¢zenia otrzymane
w wyniku testu QF byly wyzsze dla danej probki niz po
rozdziale elektroforetycznym dokonanym aparatem 2100
Bioanalyzer.

Warto zwrdci¢ uwage na wyniki pomiaru stgzenia
DNA izolowanego zestawem DNA IQ (tabela I1A). Za
pomoca aparatu 2100 Bioanalyzer nie stwierdzono w prob-
kach analizowanych ta metoda obecnosci DNA, mimo iz
wyniki testu Quantifiler wskazywaty, ze w badanych eks-
traktach znajduje si¢ DNA w ilo$ci mieszczacej si¢ w za-
kresie detekcji aparatu. Moze to wynika¢ z faktu, ze
zestaw DNA IQ generuje fragmenty DNA o bardzo zrdz-
nicowanej wielkosci (60—10000 pz). Podczas rozdziatu
nie obserwuje si¢ wigc jednego szerokiego piku jak
w przypadku protokotu izolacji organicznej, a fragmenty
moga ,,roztozy¢ si¢” na calej dlugosci drogi rozdziatu.
W efekcie przy ogolnie niskiej wydajnosci izolacji
(0,5-2,5 ng/ul wg producenta) w obrazie elektroforetycz-
nym zaden pik nie przekracza linii odcigcia, ponad ktora
aparat zlicza sygnat fluorescencyjny, co stanowi przyczy-
n¢ braku odczytu stezenia. Przykladowy obraz pikow
z obu metod izolacji przedstawiaja ryciny 3a, 3b.

W przypadku, gdy stezenie DNA w probce jest bar-
dzo duze, moga pojawic si¢ zaburzenia w rozdziale elek-
troforetycznym, ktore w konsekwencji prowadza do nie-
prawidtowego oznaczenia zaré6wno ilosci, jak i rozmiaru
badanych fragmentow DNA (ryciny 4a, 4b).

4. Whnioski

— System 2100 Bioanalyzer w potaczeniu z zestawem
Agilent DNA 12000 LabChip z powodzeniem moze
by¢ wykorzystywany do analizy ilo§ciowej genomo-
wego DNA jedynie w ograniczonym zakresie st¢zen,

natomiast nie nadaje si¢ do doktadnej oceny steze-
nia ekstraktow zarowno zdegradowanego DNA, jak
i ekstraktow zawierajacych bardzo duze ilosci DNA;
System 2100 Bioanalyzer mozna wykorzysta¢ do ogol-
nej oceny wielkosci fragmentow DNA w probkach
o stosunkowo wysokim stgzeniu DNA dobrej jakosci;
za pomocg aparatu 2100 Bioanalyzer mozna wstepnie
analizowac probki DNA uzyskane z materiatu refe-
rencyjnego. Otrzymane wyniki umozliwiaja ewen-
tualne podjecie decyzji, czy kolejnym etapem analizy
bedzie od razu amplifikacja uktadow STR (w przy-
padku duzych ilosci DNA), czy nalezy przeprowadzi¢
analiz¢ RT PCR (w przypadku niewykrycia DNA
w elektroforezie chipowej);

System 2100 Bioanalyzer nie znajduje wigkszego za-
stosowania do oceny DNA ze $ladéw biologicznych,
ktoérych stezenie i jako$¢ trudna jest do przewidzenia.
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