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Abstract

The entry into force of DPR n. 87 of 7" April 2016 relating to the DNA Data Bank requires an implementation upgrade of the Forensic Genetics
analysis to ensure the quality of results by the control of the pre-analytical and analytical processes. The decree provides the opportunity to define
the operational guidance elements, shared by Italian laboratories in the Forensic Genetics field, aimed at ensuring the quality of data and at producing
useful genetic profiles: for this reason, the laboratories who want to contribute to the Bank of DNA data need accreditation in accordance with ISO/
IEC 17025. This document represents a brief technical document of the Italian Society of Human Genetics in the aim of supporting laboratories
seeking accreditation as well as the Italian National Accreditation Body appointed by the State to perform accreditation activity (ACCREDIA).
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Introduction
the pre-analytical and analytical processes. The decree provides the

opportunity to define the operational guidance elements, shared by
Italian laboratories in the Forensic Genetics field, aimed at ensuring

The entry into force of DPR n. 87 of 7th April 2016 relating to the
DNA Data Bank requires an implementation upgrade of the Forensic
Genetics analysis to ensure the quality of results by the control of
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the quality of data and at producing useful genetic profiles: for this
reason, the laboratories who want to contribute to the Bank of
DNA data need accreditation in accordance with ISO/IEC 17025. In
Italy few laboratories have been accredited so far. For this reason,
the SIGU Working Group on Forensic Genetics perspective is to
promote the accreditation path of Forensic Genetics laboratories.
This document represents a brief technical document of the Italian
Society of Human Genetics in the aim of supporting laboratories
seeking accreditation as well as the Italian National Accreditation
Body appointed by the State to perform accreditation activity
(ACCREDIA).

Acceptance and Management of Reference/Evidence
Samples

a) (Criteria 1: All pre-analytical procedures (sample
collection methods, inspection methods and evidence
conservation, etc.), analytical procedures (methods of
extraction, quantification, typing etc.) and post-analytical
procedures (data interpretation) must be documented.

b) Criteria 2: All the files, worksheets, raw data, photographs,
etc. related to a single procedure must be saved as directed by
the judicial authorities. The DNA extracts must be available for
the judicial authority, who are responsible for the authorization
of their destruction, storage or return.

c) Criteria 3: [t is necessary that the laboratory ensures and
maintains the integrity of the chain of custody of any evidence.
The procedure is to write a record of acceptance documenting
the origin of the reference/evidence samples together with the
identity of the person who delivers those items to the laboratory

[1].

d) Criteria 4: It is necessary that the laboratory establishes
eligibility criteria with respect to conservation, storage and
transport of reference/evidence samples.

Laboratory Structure and Staff

a) (Criteria 5: Only authorized persons are permitted access
to the sample conservation and analysis locations.

b) Criteria 6: It is necessary to have a database containing
the genetic profiles of people who have access to the lab for
exclusion purposes. The database must be kept in accordance
with any current regulations concerning the protection of
privacy.

c) Criteria 7: The laboratory has to document the
competence, training and experience of its staff. The Quality
Manual has to include the minimum requirements for the staff
(Degree in Biology / Biotechnology / Medicine; Postgraduate
courses in Forensic Genetics; professional experience gained in
forensic genetics laboratories).

Analytical Workflow

a)  Criteria 8: All the results of the analyses used to determine
the nature of the biological specimens (generic diagnoses) must
be saved through image capture [2,3].

b) Criteria 9: It is preferable that the generic diagnosis
includes negative and positive controls.

c) Criteria 10: It is preferable to have an automatic reader
able to print a clear real-time stamped report, with accurate,
test result quantification [4].

d) Criteria 11: In order to monitor the process and ensure
the absence of contamination during the extraction of DNA,
reagent blanks (extraction controls) must be used.

e) Criteria 12: It is preferable to use automated DNA
extraction systems [2].

f)  Criteria 13: It is preferable to use Real-Time technology
for nucleic acid quantification from evidence samples. It
is preferable to carry out DNA quantification for reference
samples, except in the case of direct methods.

g) Criteria 14: The reagent blank (extraction control) must
be quantified [5].
h) Criteria 15: It is necessary to use commercial

amplification kits validated for forensic use [2].

i)  Criteria 16: It is necessary to carry out at least one
negative, and one positive control, for each amplification run

[6].
j)  Criteria 17: It is necessary to perform the amplification

of the reagent blank (extraction control) [5].

k) Criteria 18: It is necessary to analyze samples and the
allelic ladder in the same electrophoresis run.

1)  Criteria 19: The reference and evidence samples must be
analyzed in two separate and distinct test runs.

Interpretation Step

a) Criteria 20: It is necessary that the laboratory has
defined, within its internal method, the acceptability criteria
for negative and positive controls, reagent blank extraction and
the allelic ladder [6-10].

b) Criteria 21: It is necessary that the laboratory has
experimentally determined the analytical threshold (AT) [6,11].

c) Criteria 22: It is necessary to use a probabilistic bio-
statistical method [12-14].

d) Criteria 23: It is necessary that the laboratory has
experimentally defined the stochastic threshold (ST) required
for the interpretation of single profiles [15].

e) Criteria 24: It is necessary that the laboratory has
experimentally defined the value threshold LOQ (RFU), if the
method of interpretation requires it [16].

f)  Criteria 25: It is necessary that the all genetic profiles are
compared through bio-statistical calculation to obtain the LR
value (single and mixed profiles) [17,18].

g) Criteria 26: In mixture profiles, itis necessary to calculate
the LR value for each contributor separately [17-19].
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h) Criteria 27: It is preferable that laboratories define
the analytical characteristics of the profiles that require a
confirmation by repetition of the amplification process [15, 20].

i)  Criteria 28: It is necessary for the laboratory to
participate in at least one annual proficiency testing (PT) [7].

Technical Report

a) Criteria 29: It is preferable to include electropherograms
of all analyzed samples, including controls.

b) Criteria 30: It is preferable to include any available
reader reports or images for the interpretation of the generic
diagnostic results [4].

c) Criteria 31: [t is necessary to provide the quantification
results and it is preferable to include the associated instrument
reports.

d) Criteria 32: It is necessary to include the results of
biostatistical calculations and it is preferable to include the
associated biostatistical software reports [19].

e) Criteria 33: It is necessary that the technical report
declares the existence of, and conformity to, an accredited
quality management system [21].

Glossary

Necessary: essential/mandatory criteria to guarantee the
suitability of a process or a test.

Preferable: recommended criteria to ensure the best quality of
a process or a test.

Proficiency Testing: Proficiency testing determines the
performance of individual laboratories for specific tests or
measurements and is used to monitor laboratories’ continuing
performance.

Biological Samples: samples with known biological origins
(e.g. buccal swab, sampling of peripheral blood).

Evidence Samples: items of any kind, presumably related to a
criminal event and to be subjected to forensic genetic analysis.

LR: The Likelihood Ratio: the relationship between two
mutually exclusive and exhaustive hypotheses. The numerator (Hp)
represents the hypothesis to be proven (e.g. The analyzed subject
is the one who has contributed to the trace) and the denominator
(Hd) represents the opposite scenario (e.g. A person unknown has
contributed to the trace). The numerator hypothesis is more likely
if the LR value is >1, while the denominator hypothesis is more
likely if the LR value is <1; if, instead, the LR value is 1, the analysis
is to be considered inconclusive [15].

Probabilistic Method: it is the method that considers the
probability of occurrence of stochastic effects (drop-in and drop-
out). In case of non-identity between genotypes, this approach
provides the hypothesis Hp, a value not necessarily equal to 0, as
expected from the binary method, but a value between 0 and 1 [8].

Analytical Threshold: threshold value expressed in Relative
Fluorescence Units (RFU), below which the highlighted signals
are considered “background noise”, above which the highlighted
signals are considered in the interpretation.

Stochastic Threshold: threshold value expressed in
Relative Fluorescence Units (RFU), above which you can exclude
the stochastic phenomenon of “drop-out” associated with a

homozygous allele.

LOQ: the threshold value measured in terms of Relative
Fluorescence (RFU Unit), above which it is possible to ensure a
direct correlation between the amount of DNA introduced into the
PCR and intensity of the electrophoretic signals, in terms of RFU.

Units of Relative Fluorescence (RFU): relative measure of
an allele in an electropherogram; it is directly proportional to the
amount of amplicon present in the sample. The scale of the RFU is
shown on the y-axis of an electropherogram.

Generic Diagnosis: analysis useful in evaluating the biological
nature of the trace.

Raw Data: it is the data resulting from electrophoresis
containing all the running parameters used in electrophoretic
analysis.

Negative Control: sample devoid of biological material, but
containing the reagents employed in the various test phases; it is
used for the contamination monitoring.

Positive Control: biological sample of known genotypic
profile; It is used for the confirmation of the proper functioning of
analytical reagents.

Allelic Ladder: sample, containing the most common STR
alleles present in the population. It is used to correlate the size
(expressed in base pairs) of the amplification product with a unique
reference system identical for all laboratories.
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