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A B S T R A C T

Jujuy, a province from Northwestern Argentina, has a population with a great input of the Native American gene
pool together with European and African contributions. For forensic purposes, a frequency population database
was built by selecting 500 nonrelated individuals from Jujuy province and genotyping them with 21 autosomal
STRs from the kit GlobalFiler™. The genetic profiles were incorporated in GENis (software developed in
Argentina for storage and comparison of DNA profiles) to corroborate the lack of matches under high stringency.
After this confirmation, we performed a searching strategy with low stringency, often used to find parent-child
relationships. As a result, four (4) adventitious matches were found. One hundred (100) populations were si-
mulated; with 500 random genetic profiles each one, using Jujuy allele frequencies. The coincidences for these
populations were on average 2.07 (95% CI: 1.77–2.36) and there were no significant differences between Jujuy
and the simulated populations. It is known that the number of adventitious matches increases when you go down
with search stringency in DNA databases. Thus, care should be taken when searching for first-degree relation-
ships, even with a high number of markers. LR calculations and complementary studies (such as extra autosomal
markers, Y chromosome, and mitochondrial DNA) should be performed in this kind of search.

1. Introduction

Jujuy is an Andean province from Northwestern Argentina. It has a
population with a great input of the native South American gene pool,
together with European and African contributions [1,2]. For forensic
purposes, a frequency population database was built by selecting 500
nonrelated individuals from Jujuy province and by genotyping them
with 21 autosomal STRs. To corroborate the presence of repeated in-
dividuals, the genetic profiles were incorporated into GENis (http://
www.fundacionsadosky.org.ar/genis), an open-source software devel-
oped in Argentina for storage and comparison of DNA profiles. Like
CODIS, GENis follows the ENFSI (European Network of Forensic Sci-
ence Institutes) recommendations for DNA database management [9]
and provides optimized strategies for profile matching tasks. After the

confirmation that no matches were found in high stringency, we per-
formed a searching strategy with low stringency, often used to find
parent-child relationships. As opposed to what was expected, four (4)
adventitious matches were found. To investigate if this result was
caused by a specific genetic characteristic of the Jujuy population (e. g.,
endogamy), we performed a simulation-based approach to test the
hypothesis that adventitious matches arose at random.

2. Material and methods

DNA from 500 buccal swab samples were extracted with DNA IQ™
Casework Pro Kit for Maxwell® 16 (Promega). Samples were genotyped
for 21 autosomal STR with GlobalFiler™ PCR Amplification kit (Applied
Biosystems). The bias from Hardy-Weinberg equilibrium (HWE) from
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the Jujuy province database was estimated by means of the exact test in
Arlequin 3.5 [3] and allele frequencies were estimated in GenAlEx
6.502 [4,5]. Forensic population parameters were estimated with the
software PowerStats v 1.2 [6]. One hundred (100) populations were
simulated with the forensim package [7] for R [8]. For each one of them,
the observed Jujuy province allele frequencies were used to simulate
500 random genetic profiles. Low stringency matching profiles were
then sought using GENis. The results were recorded and its distribution
was described. Finally, this distribution was compared with the ob-
served value obtained in the Jujuy province database. The strength
evaluation of a first-degree familial relationship between low-strin-
gency matching profiles was assessed using LR statistics. The LRs were
calculated with the software Familias version 3.2.6 [10].

3. Results and discussion

There were no deviations from HWE in the Jujuy population after
Bonferroni correction (p-value 0.00238). The forensic parameters de-
monstrated that these 21 STR have a good performance for parentage
testing and forensic casework.

Low values of likelihood ratios (LRs), for parent-child relationships,
were obtained for the matches of the Jujuy population (A=512,
B= 302, C=905 and D=13,496). There were inconsistencies (ex-
clusions) in all matches when more STRs were assayed, including Y

STRs in three of the four matches. This proved that the coincidences
were adventitious in the Jujuy population.

The adventitious matches for the simulated populations were on
average 2.07 (mean 95% CI: 1.77–2.36), even though 4 matches were
found in 12 populations, 5 matches in 5 and there were 2 populations
with 6 matches. As there were no significant differences between Jujuy
and the simulated populations (p > 0.05) (Fig. 1A), the cause of ad-
ventitious matches due to a specific Jujuy population characteristic was
disregarded. The LRs of 207 matches obtained from the 100 simulated
populations, ranged mostly from 4 to 100,000, but there was one value
above 2,000,000 (Fig. 1B). It is known that the number of adventitious
matches increases when you go down with search stringency in DNA
databases, but analyzing a high number of autosomal STRs (21), the 4
matches in the Jujuy population were unexpected. Thus, care should be
taken with first-degree relationships searches, even with a high number
of markers. LR calculations and complementary studies (like more au-
tosomal markers, the Y chromosome, and mitochondrial DNA) should
be performed in this kind of search.

4. Conclusions

DNA databases are one of the most powerful tools in the in-
vestigation of crimes, linking DNA profiles from crime-related biolo-
gical trace material to each other and to the possible donors. They are
vital for the resolution of serial crimes. Adventitious matches could
arise when forensic genetic databases became larger, when the number
of loci are insufficient, and also when you go down with search strin-
gency. This may occur with the searching strategy called “familial
searching”, allowed in some countries, where a search for matches with
possible relatives of the donor of a crime scene associated DNA profile
can be conducted [9]. Here we described a case study from a forensic
database from Argentina. The next step is to shed light on the prediction
of the number of adventitious coincidences in a low stringency search
strategy.
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Fig. 1. (A) Histogram based on the number of matches found by GENis under
low stringency search from simulated populations and the number of coin-
cidences from the Jujuy database. (B) Box-and-whisker plot showing the range
of variation of LRs of adventitious matches from simulated populations. The
box delimits the 25th and 75th quartiles, the horizontal bar indicates the
median, and the whiskers extend to the most extreme data points. Red arrows
indicate the values of log LR found in the Jujuy database (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article).
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