RADcamp Monterrey, 2026

Bioinformatics Lecture 1
Introduction to RAD-seq and the command terminal



Objectives of this workshop

1. Understand and describe the structure and format of RAD-seq data.
2. Assemble RAD-seq data sets using ipyrad to produce files for analyses.
3. Learn about evolutionary analyses using RAD-seq data.

4. Learn new bioinformatic skills: bash, linux, Python, jupyter.



RADCamp Latin America 2026 Part |l
(Bioinformatics) - Day 1 (AM)

Overview of the morning activities:

« RADCamp Part Il Learning Objectives

Lecture: Intro to RADSeq (Brief)

Exercise 0: HPC system access & setup (Isaac)

Exercise 1: Intro to FASTQC format and quality control (Isaac)
Coffee Break (10:30-10:50)

Lecture: ipyrad history, philosophy and workflow (Deren)
Exercise 2: ipyrad CLI assembly of simulated data

Exercise 3: Assemble mystery data

Break for Lunch (12:45-1:30)
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If you are new to the project, begin with What Is ipyrad2?. It provides the project overview and
directs you to the most useful next steps.

Find What You Need

« Installation — install ipyrad2 and verify your environment.
« Files and Data Types — understand supported inputs, outputs, and workflow entry points.

« Assembly Quick Guide — follow the assembly workflow from input data to assembled outputs.

« Writing Outputs — filter and export data for external tools.
« Recipes — find focused examples for specific tasks.

« Analysis Guide — choose and run downstream analyses.



Comparative genomics

It's an exciting time to be working in evolutionary genomics!
Genomic technologies are revolutionizing the study of ecology and evolution.
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Comparative genomics

Methods for efficiently sequencing entire genomes, or subsets of genomes.
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Comparative genomics

By sampling thousands of genomic loci we can fit complex models of evolution to infer

phylogeny, demography, introgression, selection, and more.
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Comparative genomics

This has revolutionized our understand of evolution, revealing new insights into

historical biogeography, admixture, speciation and selection.
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What is RAD-seq (and its variants)?

RAD-seq is a method for subsampling a reduced represenation of a genome by
selecting and sequencing genomic fragments near restriction enzyme recognition sites.
The goal is to efficiently obtain orthologous genomic regions/loci across many samples
to identify genetic variation, without the need to sequence entire genomes.
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A brief history of RAD-seq

RAD-seq was first developed in 2007 by Miller et al., which introduced the concept for
identifying a large and consistent set of genetic markers for which a SNP microarray

could be designed.

Methods

Rapid and cost-effective polymorphism identification
and genotyping using restriction site associated DNA

(RAD) markers

Michael R. Miller," Joseph P. Dunham,? Angel Amores,* William A. Cresko,?

and Eric A. Johnson'*

'Institute for Molecular Biology, University of Oregon, Eugene, Oregon 97403, USA; 2Center for Ecology & Evolutionary Biology,
University of Oregon, Eugene, Oregon 97403, USA; Institute of Neuroscience, University of Oregon, Eugene, Oregon 97403, USA



A brief history of RAD-seq

A breakthrough came in 2008 when Baird et al. designed RAD-seq markers for Illumina

sequencing. They applied RAD-seq to a crossing population of 96 sticklebacks using
>13K SNPs to identify variants associated with armored plating.
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Rapid SNP Discovery and Genetic Mapping Using
Sequenced RAD Markers

Nathan A. Baird'®, Paul D. Etter'”, Tressa S. Atwood?, Mark C. Currey®, Anthony L. Shiver', Zachary A.
Lewis', Eric U. Selker, William A. Cresko?, Eric A. Johnson'*

11Institute of Molecular Biology, University of Oregon, Eugene, Oregon, United States of America, 2 Floragenex, Eugene, Oregon, United States of America, 3The Center
for Ecology and Evolutionary Biology, University of Oregon, Eugene, Oregon, United States of America
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A brief history of RAD-seq

In 2010 Emerson et al. applied RAD-sequencing to identify variants in natural
populations of a mosquito to reconstruct recent phylogeography. This was the first
application of RAD-seq to study natural variation, as opposed to genotyping crosses.
They also introduced the stacks software tool to assemble RAD data.
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A brief history of RAD-seq

In 2011 and 2012, respectively, the GBS and ddRAD variants of RAD-seq were

introduced, providing new approaches to generating RAD-seq libraries were cheaper

and more efficient.

OPEN @ ACCESS Freely available online “PLOS one

A Robust, Simple Genotyping-by-Sequencing (GBS)
Approach for High Diversity Species

Robert J. Elshire’, Jeffrey C. Glaubitz', Qi Sun?, Jesse A. Poland®, Ken Kawamoto', Edward S. Buckler'*,
Sharon E. Mitchell™
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Double Digest RADseq: An Inexpensive Method for
De Novo SNP Discovery and Genotyping in Model and
Non-Model Species

Brant K. Peterson*, Jesse N. Weber, Emily H. Kay, Heidi S. Fisher, Hopi E. Hoekstra
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A brief history of RAD-seq

In 2013 two paper by Eaton and Wagner, respectively, applied RAD-seq to study

phylogeny and introgression in multi-species datasets, showing that RAD-seq can be

applied to highly divergent samples.

Genome-wide RAD sequence data provide
unprecedented resolution of species boundaries and
relationships in the Lake Victoria cichlid adaptive
radiation

CATHERINE E. WAGNER,*f IRENE KELLER,*t SAMUEL WITTWER,*f OLIVER M. SELZ,*f

SALOME MWAIKO,*t LUCIE GREUTER,*t ARJUN SIVASUNDAR*t} and OLE SEEHAUSEN*t
*Department of Fish Ecology & Evolution, EAWAG Centre for Ecology, Evolution and Biogeochemistry, Seestrasse 79, 6047,

Kastanienbaum, Switzerland, Institute of Ecology and Evolution, Aquatic Ecology, University of Bern, Baltzerstrasse 6, 3012,

Bern, Switzerland

Inferring Phylogeny and Introgression using RADseq Data: An Example from Flowering
Plants (Pedicularis: Orobanchaceae)

DEREN A. R. EATON!2* AND RicHARD H. Reg!2

' Committee on Evolutionary Biology, University of Chicago, Chicago, IL 60637, USA; and *Botany Department, Field Musewm of Natural History, Chicago,
IL 60605, USA
*Correspondence to be sent to: Committee on Evolutionary Biology, University of Chicago, 1025 E. 57th Street, Chicago, IL 60637, USA;
E-mail: dacaton@uchicago.edu.



A brief history of RAD-seq

In 2013/2014 Eaton introduced pyrad as a software tool to de novo assemble RAD-seq
datasets, providing much improved assembly of phylogenetic-scale datasets compared
to the stacks approach.

Phylogenetics Advance Access publication March 5, 2014

Inferring Phylogeny and Introgression using RADseq Data: An Example from Flowering PyRAD: assembly of de novo RADseq loci for phylogenetic
Plants (Pedicularis: Orobanchaceae) analyses
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A brief history of RAD-seq

In 2016-2017 the Glen lab at UGA introduced the Adapterama series introducing a
new generation of cheaper and more efficient RAD-seq methods. aton introduced
pyrad as a software tool to de novo assemble RAD-seq datasets, providing much
improved assembly of phylogenetic-scale datasets compared to the stacks approach.

Adapterama III: Quadruple-indexed,
double/triple-enzyme RADseq libraries
(2RAD/3RAD)

Natalia J. Bayona-Vasquez'*", Travis C. Glenn'"**", Troy J. Kieran',

Todd W. Pierson'*, Sandra L. Hoffberg"”, Peter A. Scott"'’, Kerin E. Bentley""',
John W. Finger'*"*, Swarnali Louha’, Nicholas Troendle"", Pindaro
Diaz-Jaimes’, Rodney Mauricio® and Brant C. Faircloth’



What is RAD-seq (and its variants)?

Variant methods differ in their cost, complexity, and efficiency. We used the 3RAD

method, an inexpensive and efficient variant of RAD-seq.

Sequence flanked by two restriction enzyme cut sites
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Frequently asked questions

Why not just sequence the entire genome at low-coverage?

Low coverage whole genome sequencing (WGS) has had a resurgence in popularity as
the cost of sequencing has decreased, and new imputation methods have been
developed for genotyping very low coverage data.

However, many organisms have very large genomes which can make the cost
prohibitive. Also, the analysis of WGS data requires a good reference genome, and
imputation of low coverage data additionally requires a high quality/depth reference
panel, which is a large additional cost.

For biodiversity research on non-model organisms it is faster, easier, and usually
sufficient, to use RAD-seq rather than develop many other additional genetic

resources.



Frequently asked questions

Why is missing data a problem in RAD-seq?

Part of the efficiency of RAD-seq is accomplished through multiplexing samples, and
errors in this step can lead to variable coverage across samples. In addition, some
restriction fragments will be present in only some samples and not others. As a
consequence, assembled RAD data sets are often sparse, containing many loci that are

present in only a subset of samples, and fewer loci present in every single sample.

This problem is not unique to RAD-seq, but has received significant attention. It does
need to be accommodated in many downstream analyses. We will discuss methods for

this tomorrow in our analysis workshop.



Frequently asked questions

Can | detect selection, or perform GWAS using RAD-seq?

Yes, RAD-seq can be used for both of these goals (e.g., Nadeau et al. 2013). However,
the goal of your study are important determinants of whether or not RAD-seq is more
efficient than WGS. Detecting selection or trait associations is much better when

mapping RAD or WGS to a reference genome, as opposed to anonymous de novo loci.




Frequently asked questions

At what phylogenetic scale can | use RAD-seq?

RAD-seq data generated for distantly related samples are expected to share fewer
orthologous fragments in common, leading to increased missing data. At what scale is
RAD-seq no longer useful? It depends on many factors: rate of substitutions and
genome size change between samples; how many fragments, i.e., which enzymes are
used; the type of protocol (shearing vs digestion); and sequencing coverage.

However, RAD-seq has been successfully applied to phylogenetic questions spanning
>30 Mya (oaks; Eaton et al. 2015), >60 Mya (Viburnum; Eaton et al. 2017).

The efficiency of RAD vs. [others] depends on the scale and density of your taxon

sampling, and planned analyses.



RAD-seq as a clade-level genomic dataset

RAD-seq can be an efficient method for generating both population-scale and
phylogenetic-scale datasets simultaneously. This is especially useful for biodiversity

research on clades.

For example, you may obtain tens of thousands of loci with shared data among close
relatives, allowing for fine-scale inference of population structure, admixture,

phylogeography, and selection.

Among more distant clades perhaps only a few thousand loci are shared on average

among samples, but this still sufficient to infer phylogenetic relationships.



A brief introduction to the command line

Basic concepts: terminal and filesystems



A brief introduction to the command line

Lines starting with (#) are only comments, not executed

$ program -optionl -option2 target




A brief introduction to the command line

Lines starting with (#) are only comments, not executed

$ program -optionl -option2 target

Example, returned results of program shown in grey:.

/home/deren/




A brief introduction to the command line

Lines starting with (#) are only comments, not executed

$ program -optionl -option2 target

Example, returned results of program shown in grey:.

filel. txt file2. txt




A brief introduction to the command line

Lines starting with (#) are only comments, not executed

$ program -optionl -option2 target

Example, returned results of program shown in grey:.

-rw-rw-r-- 1 deren deren 2046 Nov 17 2021 filel.txt
-rw-rw-r-- 1 deren deren 1596 Sep 30 2020 file2.txt




A brief introduction to the command line

Lines starting with (#) are only comments, not executed

$ program -optionl -option2 target

Example, returned results of program shown in grey:.

-rw-rw-r-- 1 deren deren 2046 Dec 12 2023 big-file-1.txt
-rw-rw-r-- 1 deren deren 1596 Nov 22 2023 big-file-2.txt
-rw-rw-r-- 1 deren deren 1596 Nov 22 2023 big-file-3.txt




A quick introduction to the command line

Lines starting with (#) are only comments, not executed

$ program -optionl -option2 target

ipyrad is a program that works the same way:

$ ipyrad -p params-data.txt -s 123 -t 4 -c 16




Hierarchical File System

Always know where you are and where your files are.




Hierarchical File System

Always know where you are and where your files are.




Hierarchical File System

Always know where you are and where your files are.

/home/deren/data/sequences. fastq




Hierarchical File System

The program 'ls' (list) shows the contents at a path.

folder/




Print working directory (pwd)

Your location (current directory) starts from/ (the root) and is described by a nested

set of directory names leading to your location.

/home/deren/




Directories (folders)

You can make new directories and change your location.

$ mkdir genomics

$ cd genomics

$

/home/deren/genomics




Reading/viewing files

Viewing data is fundamental to data analysis, but can be challenging when data files are very large.

$ less very large file.txt

$ cat very large file.txt

$ zcat very large file.txt.gz

$ zcat very large file.txt.gz | grep "ATCCG"




Why is this important? HPC/Servers

1. It is efficient. 2. On a server it may be the only or simplest option.

$ (laptop) ssh username@university.hpc.edu

$ (remote) cd /user/deren/

$ (remote) mkdir genomics/

$ (remote) wget https://novogene.com/user/password/. ..

$ (remote) ipyrad -




