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ABGD Study Guide: Mastering Automatic Barcode Gap Discovery for
Species Delimitation

In the rapidly evolving field of molecular taxonomy, researchers constantly seek reliable, reproducible methods to
delineate species from genetic data. Among the most widely used tools is ABGD—  Automatic  Barcode  Gap
Discovery — a fast, user-friendly algorithm that partitions DNA barcode sequences into candidate species based on
genetic distances. Whether you are a seasoned phylogeneticist or a curious student exploring biodiversity, this
comprehensive study guide will walk you through every aspect of ABGD, from its conceptual foundations to
practical implementation and advanced troubleshooting.

What Is ABGD?

ABGD is a computational method designed to identify species boundaries using DNA barcode sequences. It
operates on the premise that a clear “barcode gap” often exists between intraspecific and interspecific genetic
divergences. By detecting this gap, ABGD partitions a dataset into groups that likely correspond to distinct species.

Key features of ABGD:

¢ Fast, non-parametric algorithm that requires no phylogenetic tree reconstruction.
* Works with a single genetic marker (commonly COI for animals, ITS for fungi, rbcL for plants).
e QOutputs species hypotheses in a simple tabular format, facilitating downstream analyses.

Why Use ABGD?

ABGD offers several advantages that make it a staple in barcoding projects:

1. Speed and scalability — ABGD can handle thousands of sequences in minutes, making it ideal for large
biodiversity surveys.

2. Minimal user intervention — The algorithm automatically searches for the barcode gap, reducing the need for
manual parameter tuning.

3. Compatibility — It accepts standard FASTA files and outputs results in plain text, which can be imported into
R, Python, or spreadsheet software.

4. Reproducibility — As a deterministic algorithm, ABGD produces the same species partitions given identical
input and parameters.

The ABGD Algorithm Explained

Understanding the inner workings of ABGD helps users make informed choices about parameters and interpret
results accurately. The algorithm proceeds through the following stages:

1. Distance Matrix Calculation

ABGD starts by computing pairwise genetic distances among all sequences. Users can select from various
distance models, such as:

¢ Poisson — assumes equal rates of substitution.



» Jukes—Cantor — corrects for multiple hits under a simple substitution model.
e K2P (Kimura 2-Parameter) — distinguishes between transition and transversion rates.

The choice of model depends on the marker and taxonomic group under study. For COI barcodes, the K2P model
is commonly recommended.

2. Partitioning Based on the Barcode Gap

Using the distance matrix, ABGD identifies a threshold that separates intraspecific from interspecific distances. It
does this by scanning the distribution of distances for a “gap” — a region with few or no pairwise distances. The
algorithm then assigns sequences to groups such that all pairwise distances within a group fall below the threshold,
while distances between groups exceed it.

3. Recursive Partitioning (Optional)

ABGD can perform iterative refinement. After an initial partition, it re-applies the gap detection within each group to
uncover subgroups, allowing for finer resolution when necessary. Users can control the number of recursion steps
via the --niterations parameter.

Preparing Your Data for ABGD

Quality input data is critical for reliable species delimitation. Follow these best practices to ensure your sequences
are ready for ABGD:

1. Sequence Alignment

Align your sequences using tools such as MUSCLE, MAFFT, or Clustal Omega. Even though ABGD uses
distances rather than phylogenetic trees, a proper alignment helps avoid misaligned regions that could inflate
distances.

2. Removing Ambiguous Sites

Mask or remove positions with ambiguous nucleotides (e.g., N) or gaps that could skew distance calculations.
Some users prefer to trim terminal gaps using trimal or similar utilities.

3. Format Conversion

ABGD accepts standard FASTA files. If your data is in a different format (e.g., GenBank, CSV), convert it using
bioinformatics scripts or online converters. Ensure that sequence identifiers are unique and descriptive.

4. Checking for Contamination

Screen your dataset for potential contaminants or pseudogenes (e.g., NUMTs in COI data). Tools like BLAST or
MEGA can help identify outliers that may distort the barcode gap.

Running ABGD: Step-by-Step Guide

ABGD is available as a web server and a standalone command-line tool. The following instructions cover both
options.

Using the ABGD Web Server

1. Visit the ABGD website: https://wwwabi.snv.jussieu.fr/abgd/abgd.html.

2. Upload your FASTA file via the “Upload” button.

3. Select the appropriate distance model (e.g., K2P for COl).

4. Adjust the Prior P range if desired; the default range (0.001-0.1) works for most datasets.



5. Choose the number of recursion steps (default is O for a single partition).

6. Click “Start ABGD” to submit the job.

7. When the job completes, download the result files: ABGD.txt (species partition list) and ABGD_dist.txt
(distance matrix).
Using the Standalone ABGD Command-Line Tool

1. Download the latest ABGD binary from the project’s GitHub repository.
2. Unpack the archive and navigate to the directory containing the executable.
3. Run ABGD with a command similar to the following:

Jabgd -i input.fasta -d K2P -p 0.001,0.1 -r 0
Where:

 -i specifies the input FASTA file.

« -d sets the distance model.

¢ -p defines the prior P range.

e -r sets the number of recursion steps.

After execution, ABGD will generate output files in the current directory.

Interpreting ABGD Output

The primary output file, ABGD.txt, lists each sequence and its assigned species partition. A typical entry looks like
this:

Sequence_ID Partition

ABCD 001 1
ABCD 002 1
ABCD 003 2

Key points to consider when interpreting results:

e Partition Numbers — Lower numbers correspond to the first partition identified; higher numbers represent
subsequent partitions from recursive steps.

e Cluster Size — Very small clusters (e.g., singletons) may indicate sequencing errors or rare taxa; verify these
manually.

« Distance Threshold — ABGD reports the cutoff value used; compare it against known intraspecific divergence
ranges for your taxon.

Visualizing Species Boundaries

While ABGD provides numeric partitions, visualizing the barcode gap can aid interpretation. Use tools like R with
the ggplot2 package to plot the distribution of pairwise distances, highlighting the identified threshold.

Troubleshooting Common Issues

« No Clear Barcode Gap — If ABGD fails to find a distinct gap, consider expanding the prior P range or using a
different distance model.



e Over-Splitting — Excessive partitions may result from high intraspecific divergence or contamination. Re-
examine your dataset for errors.

¢ Under-Splitting — Few partitions may indicate low genetic variability or insufficient sampling. Increasing the
sample size can help.

e Long Execution Times — For very large datasets (>10,000 sequences), run ABGD on a high-performance
computing cluster or use the web server’s “batch” mode.

ABGD vs. Other Species Delimitation Methods

ABGD is often compared to other approaches such as:

* GMYC (Generalized Mixed Yule Coalescent) — Requires a fully resolved ultrametric tree and is
computationally intensive.

e PTP (Poisson Tree Processes) — Also tree-dependent and sensitive to phylogenetic errors.

e BOLD BINs (Barcode Index Numbers) — Uses a clustering algorithm similar to ABGD but relies on the BOLD
database’s proprietary methods.

ABGD'’s main strengths are its speed, minimal assumptions, and independence from tree reconstruction. However,
for taxa with complex evolutionary histories (e.g., hybridization), combining ABGD with tree-based methods can
provide complementary insights.

Case Studies: Real-World Applications of ABGD

1. Delimiting Cryptic Species in Freshwater Fishes

Researchers studying the genus Poeciliopsisused ABGD on COI sequences from 500 individuals. The algorithm
identified 12 distinct partitions, revealing several cryptic species previously unrecognized by morphology.

2. Assessing Invasive Plant Diversity

A survey of invasive Ambrosiaspecies across North America applied ABGD to ITS data. The results matched
known species boundaries and uncovered a new lineage potentially representing an undiscovered invasive strain.

3. Monitoring Parasite Biodiversity in Aquatic Systems

Using mitochondrial cox1sequences from parasitic trematodes, ABGD helped delineate 30 species-level clusters.
Subsequent ecological analysis linked specific clusters to distinct host species, informing disease management
strategies.

Tips for Maximizing ABGD Effectiveness

1. Use High-Quality Sequences — Poor-quality or incomplete sequences can artificially inflate distances.

2. Choose the Right Marker — COl is standard for animals, but other markers may be more appropriate for
plants or fungi.

3. Validate with Morphology — Whenever possible, corroborate ABGD partitions with morphological or
ecological data.

4. Document Parameters — Record the distance model, prior P range, and recursion steps to ensure
reproducibility.

5. Combine Methods — Pair ABGD with tree-based approaches (GMYC, PTP) for robust species hypotheses.
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