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DNA Source Selection for Downstream Applications Based
on DNA Quality Indicators Analysis

Gema Lucena-Aguilar!? Ana Marfa Sanchez-Lépez,? Cristina Barberan-Aceituno;
José Antonio Carrillo-Avila,? José Antonio Lépez-Guerrero®* and Rocio Aguilar-Quesada’*?

High-quality human DNA samples and associated information of individuals are necessary for biomedical
research. Biobanks act as a support infrastructure for the scientific community by providing a large number of
high-quality biological samples for specific downstream applications. For this purpose, biobank methods for
sample preparation must ensure the usefulness and long-term functionality of the products obtained. Quality
indicators are the tool to measure these parameters, the purity and integrity determination being those spe-
cifically used for DNA. This study analyzes the quality indicators in DNA samples derived from 118 frozen
human tissues in optimal cutting temperature (OCT) reactive, 68 formalin-fixed paraffin-embedded (FFPE)
tissues, 119 frozen blood samples, and 26 saliva samples. The results obtained for DNA quality are discussed in
association with the usefulness for downstream applications and availability of the DNA source in the target
study. In brief, if any material is valid, blood is the most approachable option of prospective collection of
samples providing high-quality DNA. However, if diseased tissue is a requisite or samples are available, the
recommended source of DNA would be frozen tissue. These conclusions will determine the best source of
DNA, according to the planned downstream application. Furthermore our results support the conclusion that a
complete procedure of DNA quantification and qualification is necessary to guarantee the appropriate man-

agement of the samples, avoiding low confidence results, high costs, and a waste of samples.

Introduction

DNA BANK has been defined as an unlimited source of
stable genomic DNA, which offers the possibility to
researchers of carrying out genetic analysis and of testing
new hypotheses about pathophysiology and prognostic/diag-
nostic factors for diseases, even years after the withdrawal of
the sample.! DNA banks constitute an important repository of
samples, which are collected, processed, and stored in ac-
cordance with rigorous quality criteria. The value of DNA
banks is optimized by collecting data and samples under
formal standard operating procedures, and the accurate and
precise assessment of disease status, biomarkers, physio-
logical processes, and social and environmental factors.?
Before using DNA samples in analytical techniques, the
quality and usability must be determined through DNA
quality indicators, which include DNA purity and integrity.
The ratio of absorbance at 260 and 280 nm is used to assess
DNA purity.® A ratio of ~1.8 is generally accepted as
“pure”” for DNA.* If the ratio is appreciably lower (<1.6),
it may indicate the presence of proteins, phenol, or other

contaminants that absorb strongly at or near 280 nm. To the
contrary, since absorbance readings cannot discriminate
between DNA and RNA, the presence of RNA can lead to
the ratio increasing and this possibility must be considered
to avoid DNA over quantification.” The 260/230 ratio is
widely used as a secondary measure of DNA purity.®’
Expected 260/230 values for “‘pure’” DNA are commonly
within the range between 2.0 and 2.2. If the ratio is ap-
preciably lower than expected, it may indicate the presence
of contaminants that absorb at 230 nm such as proteins,8
guanidine HCL (used for DNA isolations), EDTA, carbo-
hydrates, lipids, salts, or phenol.” The 260/230 ratio is
considered a questionable DNA quality indicator because
of the instability of this value when a saline elution buffer
is used to dissolve the DNA. It is due to the higher increase
of salt concentration than DNA concentration in the sam-
ple. Consequently, out of two DNA samples with the same
purity, the less concentrated sample will show lower 260/
230 ratio because of salts absorbance at 230 nm.

It has been reported that DNA absorption depends on the
solvent used. Acidic solutions will under represent the 260/
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280 ratio by 0.2-0.3, whereas a basic solution will over
represent the ratio by 0.2-0.3. Therefore, if comparing the
260/280 ratio for different DNA samples, it is important to
ensure that the pH and ionic strength of the elution buffers
used are the same.'® Moreover, absorbance at 260 nm and
the 260/280 values are reproducible when low-salt buffer is
used as the elution buffer, but not water.

Reliable measurement of DNA concentration is also im-
portant for many molecular biology applications. DNA con-
centration is generally calculated using Lambert—Beer law
from spectrophotometric analysis of the absorption at 260 nm
(A260)."" A260 between 0.1 and 1.0 corresponds to repro-
ducible and reliable values, and highly concentrated DNA
samples should be diluted. The measurement of DNA con-
centration at a lower range can be strongly affected by light
scattering on dust particles present in the sample. This method
for measuring concentration is relatively nonsensitive as 0.1
corresponds to 5 ng/uL of double-stranded DNA (dsDNA).

Normal handling of laboratory microtubes causes leaching
of light-absorbing chemicals into biological samples such as
DNA, which may affect spectrophotometric measurements as
already described.'? These chemicals strongly absorb UV
light at 260 nm, interfering with DNA quantification, with the
magnitude of the increase in absorbance dependent upon both
exposure time and heating history.

Previous disadvantages derived from spectrophotometric
analysis make the additional quantification of DNA advan-
tageous. Electrophoresis on agarose gel accompanied by
densitometry analysis of band intensity and later comparing
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TABLE 1. DNA PuriTy 260/280 RATIO
260/280 ratio

Source of DNA

Frozen tissue OCT 1.85%+0.05 (100.0%)

FFPE tissue 1.98+0.03 (98.5%)
Frozen blood 1.87+0.05 (100.0%)
Saliva 1.79£0.06 (100.0%)

Absorbance at 260 and 280nm was measured for each DNA
sample isolated from frozen tissue in OCT, FFPE tissue, frozen
blood, and saliva, and the purity of the DNA was calculated using
260/280 ratio. The average 260/280 ratio and standard deviation for
each type of source of DNA are shown. Since an optimum value for
260/280 ratio for pure DNA is 1.8, the percentage of samples for
each group with a purity ratio between 1.6 and 2.0 was determined
(in parentheses). Only for FFPE tissue, we found a single DNA
sample with a 260/280 ratio out of range (2.1).

FFPE, formalin-fixed paraffin-embedded; OCT, optimal cutting
temperature.

with a DNA standard curve allows DNA quantity estima-
tion. At the same time, this procedure evaluates DNA in-
tegrity as well as the identification of high contamination by
RNA. Genomic DNA appears as a unique well-defined high
molecular weight (HMW) band higher than 20 kb, and DNA
degradation is shown as a faint smeared band.

A more sensitive and accurate assay for detecting genomic
DNA concentration can be performed using an intercalating
dsDNA fluorophore such as PicoGreen®. This assay allows
the detection of 25 pg/mL dsDNA in the presence of common
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DNA purity 260/230 ratio. Absorbance at 260 and 230 nm was measured for each DNA sample isolated from

frozen tissue in OCT (A), FFPE tissue (B), frozen blood (C), and saliva (D), and 260/230 ratio obtained was represented
versus its corresponding DNA concentration based on spectrophotometric measurement. The trendline for each group of
samples is shown. FFPE, formalin-fixed paraffin-embedded; OCT, optimal cutting temperature.
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FIG. 2. DNA integrity observa-
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tion by electrophoresis in agarose
gel. DNA samples were analyzed by
loading 50 ng of DNA on a 0.8%
agarose gel. The Lambda-pUC Mix
Marker 4 (MW) was also separated
as size reference. Four representative
samples of DNA for frozen tissue in
OCT (A), FFPE tissue (B), frozen
blood (C), and saliva (D) are shown.

DNA contaminants.”> In addition, PicoGreen minimizes
ssDNA and RNA fluorescence contribution, and genomic DNA
integrity can be estimated because the measurement is strongly
affected by DNA fragmentation. 14,15 Therefore, similar results
for DNA quantification of the same sample by PicoGreen and
spectrophotometry suggest high integrity for DNA.

In contrast, a confounding issue for both spectrophoto-
metric and fluorimetric measurements is the high variation in
DNA concentration estimation within and between labora-
tories.'® Improvements in the consistency of measurement of
DNA are essential for implementing ambitious multicenter
experimental designs, for compliance with quality assurance
recommendations and requirements, and for cutting-edge
technologies such as next generation sequencing. A stan-
dardized and cost-effective workflow for the qualification of
DNA preparations has been proposed,'’ particularly when
DNA sample integrity is low such as in formalin-fixed
paraffin-embedded (FFPE) tissues.

Within this context, the Andalusian Public Health System
Biobank has developed a normalized DNA extraction and
quality control procedure valid for all types of DNA samples
with the aim to fit the requirements of the researchers. DNA
qualification includes DNA purity and integrity determina-
tion. In addition, we propose to integrate the results obtained
for DNA qualification within the biobank DNA distribution
process for research by considering the downstream appli-
cation of requested samples.

Materials and Methods

Human biological samples and DNA preparation

Handling of human biological samples was carried out ac-
cording to the national legal framework (Law on Biomedicine

TABLE 2. DNA INTEGRITY ANALYSIS
BY AGAROSE GEL ELECTROPHORESIS

Source of DNA HMW band/smear ratio

Frozen tissue OCT
FFPE tissue
Frozen blood
Saliva

4.08+1.38 (97.7%)
0.66+0.23 (0.0%)
4.03+1.19 (100.0%)
1.31+0.23 (96.1%)

The extracted DNA samples from frozen tissue in OCT, FFPE
tissue, frozen blood, and saliva were evaluated by loading 50 ng of
DNA on a 0.8% agarose gel electrophoresis. Densitometry analysis
was performed to gauge the ratio between the HMW band higher
than 20 kb and the smear. The average ratio and standard deviation
for each type of source of DNA are shown. The percentage of
samples for each group with presence of a HMW band was also
determined (in parentheses).

HMW, high molecular weight.

Research [July 2007]). The samples used were collected after
informed consent of the donors and immediately anonymized.
Local scientific and ethics committees approved the proce-
dures performed in this work (32120017 project code). The
samples used were (A) 118 frozen tissues in optimal cutting
temperature (OCT) reactive (Tissue-Tek., Cat. No 4583), (B)
68 FFPE tissues, (C) 119 frozen EDTA blood samples and
(D) 26 saliva samples collected in Oragene® system (DNA
Genotek, Inc.; Cat. No. OG-250). The collection of samples
was performed according to international recommendations
and manufacturer’s instructions.

For DNA isolation from high sample volumes, the
paramagnetic beads based instrument Chemagic MSMI
(PerkinElmer, Inc.) was used for each biospecimen. In brief,
Chemagic DNA Blood Kit special (PerkinElmer, Inc.; Cat. No.
CMG-703-1) was used for tissue sections but with Proteinase K
for tissue (PerkinElmer, Inc.; Cat. No. 834) and Lysis Buffer 1
for tissue (PerkinElmer, Inc.; Cat. No. 805). DNA samples
obtained from FFPE tissues were additionally cleaned with
QIAamp DNA Mini Kit (Qiagen; Cat. No. 51304). Between 10
and 18 twenty micrometer sections for frozen tissues OCT and
between 7 and 10 ten micrometer sections for FFPE tissues
were used (the exact number of sections varied with the area
occupied by the tissue after hematoxylin staining). Chemagic
DNA Blood Kit special (PerkinElmer, Inc.; Cat. No. CMG-
703-1) was used for 5 mL of blood whose plasma fraction was
replaced by PBS buffer. Finally, Chemagic DNA Saliva Kit
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FIG. 3. PicoGreen®/A260 yield ratio. PicoGreen DNA
quantification and DNA quantification using Lambert—Beer
law from 260 nm absorbance were performed for each DNA
sample isolated from frozen tissue in OCT (A), FFPE tissue
(B), frozen blood (C), and saliva (D). Absolute yields in
micrograms of DNA obtained for both methods were cal-
culated. The average ratio and standard deviation of the ratio
between absolute yield using PicoGreen and spectropho-
tometry for each type of source are represented.
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FIG.4. DNA performance for real-time PCR assay. Fifteen randomized DNA samples isolated from frozen tissue in OCT (A),
FFPE tissue (B), frozen blood (C), and saliva (D) were amplified by real-time PCR for the GAPDH (left) and RPLPO (right) genes.
The average Cr value and standard deviation for each type of source were calculated. PCR, polymerase chain reaction.

special (PerkinElmer, Inc.; Cat. No. CMG-1035) was used for
2mL of saliva collected in Oragene system (DNA Genotek,
Inc.; Cat. No. OG-250). The corresponding Tris-HCI elution
buffers available in the kits were used.

Quantification and DNA purity determination
by spectrophotometry

Absorbance at 260, 280, and 230 nm for 2 pL. of each DNA
sample was measured in duplicate using the Nanoquant plate
on the Infinite F200 instrument (Tecan Trading AG). The
corresponding elution buffer was used as the blank. An ad-
ditional measurement at 340 nm for each sample was auto-
matically made by the instrument to bypass the absorbance
values due to Nanoquant plate contaminants. The machine
was calibrated and cleaned according to the recommended
manufacturer’s instructions.

Concentration of DNA from 260nm absorbance was
calculated by the instrument according to the Lambert—Beer
law. The 260/280 ratio was used as the purity indicator of
the DNA samples. Since an optimum value for 260/280 ratio
for pure DNA is 1.8, the percentage of samples for each
group with a purity ratio between 1.6 and 2.0 (1.8 £0.2) was
additionally determined. The purity from the 260/230 ratio
was also estimated for each DNA sample and it was re-
presented versus DNA concentration.

DNA integrity analysis by electrophoresis

To observe DNA integrity, 50ng of each DNA sample
based on spectrophotometric measurement was analyzed by
electrophoresis on a 0.8% agarose gel stained with GelRed
(Biotium; Cat. No. 41003). The Lambda-pUC Mix Marker 4

(Fermentas Life Sciences; Cat. No. SM0291) was also sepa-
rated as a size reference. Densitometry analysis was per-
formed by setting a square area for the HMW band higher than
20 kb and the smear. The ratio between the densities of HMW
band and smear areas was calculated for each DNA lane. The
percentage of samples for each group with the presence of a
HMW band was additionally determined.

Quantification and integrity estimation of DNA
samples by PicoGreen

Quant-iT™ PicoGreen dsDNA Assay Kit (Life Technol-
ogies; Cat. No. P7589) was used to quantify DNA by fluo-
rescence. Lambda DNA contained in the kit was used to
create a six-point standard curve from 3.125 to 100 ng/mL.
DNA samples with a concentration determined by 260 nm
absorbance higher than 100 ng/mL were diluted and later
corrected through the dilution factor. Two microliters of
each DNA and standard curve dilution were aliquoted into a
CORNING 96 Flat Black plate (Corning, Inc.; Cat. No.
3650). 1x Tris-EDTA (TE) buffer was used as negative
control. PicoGreen reagent was diluted 1:200 in Ix TE
buffer and 198 pLL was added to each well. Samples were
mixed and incubated 15 minutes in darkness before their
fluorescence was measured with the Infinite F200 instrument
(Tecan Trading AG).

To estimate DNA integrity, the ratio between extraction
yields in micrograms calculated using PicoGreen and spec-
trophotometry was determined. For tissue sections, yield was
normalized for different samples using the nuclear area in
square millimeters examined through hematoxylin staining. In
brief, nuclei were counted in the microscope and the area

FIG. 5. DNA quality for PCR

ACVR2B
5049bp

ZFX
1137bp

AF4
400bp

GAPDH
87bp

analysis. Fifteen randomized DNA
samples isolated from frozen tissue in
OCT (A), FFPE tissue (B), frozen
blood (C), and saliva (D) were am-
plified by PCR for the ACVR2B, ZFX,
AF4, and GAPDH genes. PCR prod-
ucts of 5049, 1137, 400, and 87 bp,
respectively, were analyzed by aga-
rose gel electrophoresis. Four repre-
sentative samples for each group are
shown.
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TABLE 3. DNA QUALITY AND USABILITY INDICATORS

HMW

260/280 260/230 band/smear PicoGreen®/A260
Source of DNA purity ratio purity ratio ratio yield ratio Real-time PCR PCR
Frozen tissue OCT +++ +++ +++ +++ 4+ +H+
FFPE tissue ++ ++ + + ++ +
Frozen blood +H+ +H+ ++ ++ +++ ++
Saliva +++ ++ ++ +++ +++ ++

DNA purity and integrity results obtained for DNA samples isolated from frozen tissue in OCT, FFPE tissue, frozen blood, and saliva
were compared and scored. Usefulness of the DNA samples for real-time PCR and PCR assays was also scored and included.
+++, very satisfactory; ++, acceptable; +, questionable. PCR, polymerase chain reaction.

occupied in square millimeters was estimated using a graticule.
The total micrograms of DNA obtained for each sample was
divided by the estimated area.

Real-time PCR assay

For the real-time polymerase chain reaction (PCR) assay,
50 ng of DNA from each sample was amplified for the GAPDH
and RPLPO genes (PCR products of 87 and 69 base pairs [bp],
respectively) in a LightCycler® 96 System (Hoffmann-La
Roche Ltd.) using the FastStart Essential DNA Green Master
kit (Hoffmann-La Roche Ltd.; Cat. No. 064027121001). A
negative control was included in each assay. For each sample,
duplicate determinations were made and the Ct value was
analyzed. The primer sequences for real-time PCR are shown
in Supplementary Table S1 (Supplementary Data are available
online at www.liebertpub.com/bio).

PCR amplification

For PCR analysis, 50 ng of DNA from each sample was
amplified for the ACVR2B, ZFX, AF4, and GAPDH genes.
Twenty-five microliters amplification reactions contained 1 U
Tag DNA polymerase (Qiagen; Cat. No. 201205); dNTPs
0.15 uM (Thermo Scientific; Cat. No. R0O151, R0161, R0141,
and RO171) for GAPDH and AF4, and 0.2 uM for ZFX and
ACVR2B; 0.4 uM of specific primers for GAPDH and AF4,
and 0.8 uM for ZFX and ACVR2B; Cl,Mg 1.5 mM (Qiagen;
Cat. No. 201205) for GAPDH, and 2.5 mM for AF4, ZFX, and
ACVR2B; and 0.5 ng/pL. BSA (Sigma-Aldrich Co.; Cat. No.
B2518-10 MG), only for the ACVR2B reaction. PCR products
of 5049, 1137, 400, and 87 bp, respectively, were analyzed by
agarose gel electrophoresis. The GeneRuler™ 100bp Plus
DNA Ladder and GeneRuler 1 kb Plus DNA Ladder (Thermo
Scientific; Cat. No. SM0321 and SM 1331, respectively) were
also separated as size references. The primer sequences for
PCR are shown in Supplementary Table S1.

Results

Quality indicators in DNA samples isolated from human
118 frozen tissues in OCT, 68 FFPE tissues, 119 frozen
blood samples, and 26 saliva samples were analyzed.

The 260/280 purity ratio was obtained for each DNA
sample, with the average value between 1.8 and 2.0 for all
the groups (Table 1). For DNA extracted from FFPE tissue
samples, only a single sample with a ratio out of range was
found, as it is represented by the percentage of samples for
each group with a purity ratio between 1.6 and 2.0. The 260/
230 purity ratio was also determined for each DNA sample

and represented versus its corresponding DNA concentra-
tion value (Fig. 1). The 260/230 ratio for high-concentration
DNA was ~2.0 for all groups (frozen tissue in OCT
[Fig. 1A], FFPE tissue [Fig. 1B], frozen blood [Fig. 1C], and
saliva [Fig. 1D]), whereas low-concentration DNA presented a
higher 260/230 ratio for frozen tissue and blood samples.

Next, we observed the integrity for DNA samples from
frozen tissue in OCT, FFPE tissue, frozen blood, and saliva
by electrophoresis on an agarose gel (Fig. 2), and we esti-
mated the ratio between the HMW band higher than 20kb
and the smear using densitometry analysis (Table 2). The
percentage of DNA samples with presence of the HMW band
was also determined. DNA integrity for all the groups of
samples was high as the percentage near 100% indicated,
except for DNA samples isolated from FFPE tissue, which
were observed as a smeared band and the HMW band was not
observed. Densitometric measurements supported the integ-
rity results as the HMW band/smear ratio was considerably
higher than 1.0 for frozen tissue and blood samples and lower
than 1.0 for FFPE tissues. The ratio for saliva samples was
1.31 because of the lower intensity of the HMW band.

When DNA integrity was estimated using the ratio be-
tween both absolute yields by PicoGreen and by spectro-
photometry, results corroborated the higher integrity for DNA
samples from frozen tissue, blood, and saliva with trend
values of 1.0, and the lower integrity for DNA from FFPE
tissue. However, the ratio for blood was lower than that we
expected from agarose gel results (Fig. 3).

To determine the usability of DNA samples for down-
stream applications, a real-time PCR assay for the GAPDH
and RPLPO genes was performed. Although all DNA sam-
ples amplified for both genes, the Ct value for FFPE tissue
was significantly higher (almost five cycles) (Fig. 4), sup-
porting the higher fragmentation of DNA.

In fact, when different sized PCR products were amplified
(5049, 1137, and 400bp corresponding to ACVR2B, ZFX,
AF4 genes, respectively), DNA from FFPE tissue failed to
amplify the 400 bp product (Fig. 5). Only frozen tissue in
OCT and blood were able to amplify all the products.

Discussion

The development of molecular biology techniques has
accelerated research on genetic determinants of disease and
interactions between them and environmental, lifestyle, and/
or social factors. This progress would not have been possible
without high-quality DNA from a large number of individ-
uals. DNA qualification is an essential process to guarantee
the DNA suitability for downstream applications, as a wide
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variety of samples can be used for DNA isolation. Here we
analyzed the purity, integrity, and usability of DNA derived
from more prevalent human samples processed in our insti-
tution, as potential material for research in molecular testing:
frozen tissue in OCT, FFPE tissue, frozen blood, and saliva.

When histopathological samples are necessary for molecu-
lar studies, frozen tissues in OCT are the best option as a DNA
source. DNA samples from FFPE tissue are of questionable
integrity and usability, as the HMW band/smear ratio, Pico-
Green/A260 yield ratio, and PCR results indicate (Table 3).
Fortunately, initiatives as TuBaFrost project guarantee frozen
tissue availability.'® However, methods for using FFPE tissue
samples from diagnostic archives in molecular techniques have
been improved, offering a new alternative of precious samples
for research."’ Also, new technologies for tissue stabilization
such as the PAXgene Tissue System have been developed to
allow molecular analysis together with morphological fea-
tures.”® Thus, fixed tissues have emerged as important mate-
rials in future research when frozen tissue is not available.

Traditionally, and our results so support it (Table 3), blood
samples are the material of choice for research as the quality
of DNA extracted is high. However, prospective collection of
these samples involves an invasive procedure for donors. A
potential solution would be to rescue residual DNA samples
for research from clinical blood collected for genetic diag-
noses. In fact, residual clinical samples have been previously
used for other applications.?'*?

The use of saliva as an alternative source of DNA for a
variety of genetic studies has been explored even for other
species.”>>> The main advantage of saliva compared with
blood is the noninvasive collection of saliva, but a disad-
vantage is that nonhuman DNA isolated must be discarded.”®
In addition, our results of PicoGreen/A260 yield ratio suggest
that integrity of DNA from saliva is high, even more than for
DNA extracted from blood. However, these data were actu-
ally not expected, as results for integrity by electrophoresis
and PCR amplification for 5049 bp product showed (Table 3).
We hypothesize that the differences observed are random,
due to the variability obtained for PicoGreen measurements,
as observed by the large measurement standard deviations.
Integrity estimation by PicoGreen/A260 yield ratio must,
therefore, be carefully considered. An alternative explanation
is the over quantification isolated from blood samples of
DNA using the Lambert-Beer law from measurement of
260nm absorbance, because of RNA contamination, with
usability results not affected by RNA presence. This hy-
pothesis will be contrasted in the future with tools for
specific RNA quantification such as RiboGreen.® So,
quantification using a fluorescent assay is always re-
commended if precise concentration of high-quality DNA
is needed, especially for DNA from FFPE tissue.!” Similar
to Simbolo et al., we agree with the need for standardized
DNA qualification, which is effective for DNA isolated
from any material, regardless of the collection and pro-
cessing protocols. A validated procedure in biobanks must
be developed.

In summary, the human biological material of choice as a
source of DNA for research will depend on the usefulness
and availability of the original sample for the target study.
First, if any material is valid, blood is the most approachable
prospective option for providing high-quality DNA, since
frozen tissue availability depends on diagnostic interven-
tions. Saliva can also be chosen when noninvasive collec-
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tion is mandatory. We used the Oragene system for saliva
collection, but other collection systems must be validated
for quality and usability of extracted DNA. If diseased tissue
is a requisite or samples are available, the recommended
source of DNA would be frozen tissue.

When DNA samples from different sources are stored in
biobanks, staff must consider the downstream applications
before distribution of samples, allowing for the availability
of appropriate DNA such as DNA from frozen tissue in
OCT for restrictive technologies.
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