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Abstract ConGenR (available at http://www.uidaho.edu/
cnr/research-outreach/facilities/leecg/publications-and-soft
ware) is an R based conservation genetics script that
facilitates rapid determination of consensus genotypes
from replicated samples, determines overall (successful
amplifications/amplification attempted) and individual
sample level (proportion of samples with successful
amplifications at n loci) amplification success rates, and
quantifies genotyping error rates. ConGenR is intended for
use with codominant, multilocus microsatellite data gen-
erated primarily through noninvasive genetic sampling and
processed with a multi-tubes approach. ConGenR handles
input that can be easily exported from GENEMAPPER, a
program commonly used to score allele sizes. Amplifica-
tion success and genotyping error rates can be evaluated by
sample class (i.e., any identifiable and meaningful subdi-
vision of samples; e.g., sex, season, region, or sample
condition), offering insights into processes driving ampli-
fication success and genotyping error rates. Additionally,
amplification success and genotyping error rates are cal-
culated by locus, expediting the identification of prob-
lematic loci during pilot studies.
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Noninvasive genetic sampling is an appealing monitoring
strategy when working with species that are difficult to
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observe or capture and provides the opportunity to identify
individuals (Waits et al. 2001), estimate population
demographic parameters (Marucco et al. 2011), and eval-
uate genetic health without observing or handling indi-
viduals (Waits and Paetkau 2005; Beja-Pereira et al. 2009).
Noninvasive genetic samples are typically characterized by
low quantity and quality DNA, leading to low polymerase
chain reaction (PCR) success and the presence of geno-
typing errors, making it challenging to obtain reliable
genotypes (Pompanon et al. 2005; Waits and Paetkau 2005;
Broquet et al. 2006). A multi-tubes approach is frequently
used to establish reliable consensus genotypes and mini-
mize the influence of genotyping errors (Taberlet et al.
1996). Genotyping errors are typically classified as a false
allele (FA), where an allele is observed within a replicate
that is not present in the consensus or reference genotype,
or allelic dropout (ADO), where an allele present in the
consensus or reference genotype fails to amplify in a suc-
cessful PCR replicate (Broquet and Petit 2004). Prior to
initiating noninvasive genetic monitoring, pilot studies are
recommended to quantify PCR and genotyping error rates
(Bonin et al. 2004; Valiére et al. 2006), determine suffi-
cient sampling designs under observed rates (Rodgers and
JaneCka 2012; Lonsinger et al. 2015), and evaluate if errors
are sufficiently low to avoid substantial biases (Waits and
Leberg 2000; Luikart et al. 2010). Still, genotyping error is
often neglected or not reported (Pompanon et al. 2005).
The program GENEMAPPER (Applied Biosystems,
Foster City, CA, USA) is widely used for scoring alleles.
Efficiently handling results files generated by GENE-
MAPPER can be cumbersome; particularly when working
with noninvasive samples analyzed using a multi-tubes
approach to achieve reliable consensus genotypes (Taberlet
et al. 1996) and analyzed across a sufficient number of loci
for individual identification (Waits et al. 2001).
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GENEMAPPER results files include a row for each PCR
reaction-locus combination, leading to large files (e.g.,
1000 samples each analyzed in four replicates at 10
microsatellite loci would yield 40,000 rows of data; in
practice, >4 replicates are usually required for reliable
consensus genotypes and >10 loci may be necessary for
individual identification). Decreasing costs are making
noninvasive genetic sampling applicable to large scale
surveys (Beja-Pereira et al. 2009) and consequently, non-
invasive genetic monitoring projects collecting thousands
of samples have become common (e.g., Kendall et al.
2008; Brinkman et al. 2010). Thus, GENEMAPPER results
files can contain hundreds of thousands of lines, making
data handling, comparing replicates and determining con-
sensus genotypes, and calculating genotyping error rates
time-consuming and error-prone if completed manually.

Our goal was to develop a method to quickly handle result
files from GENEMAPPER and evaluate replicated genotype
data. To this end, ConGenR facilitates the rapid determi-
nation of consensus genotypes from replicated samples,
determines overall and individual sample level PCR success,
and calculates observed genotyping error rates (i.e., ADO
and FA rates). Additionally, ConGenR can be used to
compare multilocus consensus genotypes across samples,
identify samples that match at all or a specified number of
loci, and evaluate the spatial relationship between matches
and near matches. ConGenR is intended for use with
codominant, multilocus microsatellite data generated pri-
marily through noninvasive genetic sampling and processed
with a multi-tubes approach (Taberlet et al. 1996). ConGenR
is written in the R programming language (R Core Team
2015) and is designed to handle input in a format that can be
easily exported from GENEMAPPER or alternative data-
bases such as Microsoft Access (Microsoft, Redmond, WA,
USA). ConGenR allows users to efficiently compare overall
and individual sample level PCR success rates, as well as
genotyping error rates, by sample class (i.e., any identifiable
and meaningful subdivision of samples such as sex, season,
region, or sample condition). ConGenR also estimates PCR
success and genotyping error rates by locus, expediting the
identification of problematic loci during pilot studies.
Researchers interested in calculating genotyping error rates
by comparing low quality samples (e.g., noninvasive sam-
ples) to high quality reference samples (e.g., blood or tissue
samples) can do so by directly calling the genotyping error
function; this is particularly useful when conducting pilot
studies to evaluate genotyping error rates using noninvasive
samples collected from known individuals from which high
quality samples have been obtained.

To determine consensus genotypes, ConGenR employs
common protocols for replicated DNA samples (e.g.,
Frantz et al. 2003; Flagstad et al. 2004). Specifically,
ConGenR requires that each allele of heterozygous
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genotypes be observed >2 times, while single alleles must
be observed >3 times to confirm a homozygous genotype.
ConGenR calculates an overall assessment of PCR success
(the number of successful amplifications/the total number
of amplifications attempted) and an individual sample level
PCR success rate (the proportion of samples with suc-
cessful amplifications at n loci; n will most appropriately
be set to the number of loci required for individual iden-
tification [Waits et al. 2001]). ConGenR quantifies geno-
typing error rates by comparing each replicated genotype to
the consensus or reference genotype (Lampa et al. 2013)
and generally follows procedures detailed by Broquet and
Petit (2004), except ConGenR allows ADOs to be scored
for genotypes confirmed as homozygous, when the pres-
ence of the FA indicates a successful PCR amplification
but the confirmed allele fails to amplify. The ConGenR
script, including source code, a supporting user manual,
and example input files are available at http://www.uidaho.
edu/cnr/research-outreach/facilities/leecg/publications-and-
software.
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