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Summary

Genomic data for any taxa can now be obtained on even modest research budgets, but translation of
these data into meaningful results for conservation remains a challenge. Traditional analyses rely upon
the construction of a physical map of a reference genome, which remains a costly and time-consuming
endeavor. We propose that conservation biologists can best exploit short-read genomic sequence (SRS)
data from nonmodel organisms by adopting a reference-free perspective—also termed assembly and
alignment-free. Using reference-free techniques, sequence differences among samples (e.g., individuals,
species) are directly discovered without any prior genomic knowledge.

One reference-free technique is to compare genomic sequences truncated to a short length k, k-mers
(fig. 1). Frequencies of k-mers shared among samples can be used for phylogenetic reconstruction with
distance and parsimony methods (fig. 2), and to give estimates of genomic variation (fig. 3). k-mers that
unify groups of samples can be identified (see inset fig. 1), and localized de-novo assembly of candidate
markers can be performed (fig. 5). We recently tested this method on simulated SRS data from 104
assemble chloroplast genomes (see Current Work).

A second reference-free technique is to assemble de novo SRS data into contigs (fig. 1). The contigs are
aligned among samples into clusters and polymorphisms are identified as candidate markers (fig. 5).
Population genetic parameters can then be estimated (fig. 4).

Reference-free techniques have the potential to expand the taxonomic scope and utility of
breakthroughs in DNA sequencing technology. Taking a reference-free perspective allows for rapid
discovery of genetically based parameters and variation in the context of many questions in conservation
biology.



k-mers (fig. 1)
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Assembly/Alignment-Free Phylogenetics (fig. 2)
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Genomic Variation (fig. 3)

estimates based on variation in k-mer frequencies (fig. 2)
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Population Genetics (fig. 4)
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Definitions
18

sliding window — a bioinformatic technique where a fixed length is slid along a DNA sequence at a fixed steps in order to tabulate k-
mers or calculate summary statistics. To tabulate k-mers the window length is k.

k-mer frequencies — the relative abundances of unique k-mers in a genomic data set (e.g., a SRS data set). Also called a feature
frequency profile.

sequence cluster — a set of overlapping sequences (e.g., k-mers, SRS) from multiple genomes or multiple reads of a genome that are
from homologous genomic regions and are thus alignable. Also called a super island.

de-novo assembly — the assembly of reads from the sequence clusters of one chromosome without the use of a reference sequence.

contig — a completely sequenced fragment from one chromosome assembled from a sequence cluster. The term is also sometimes
used to mean sequence cluster.

masked sequence — a sequence (e.g., a k-mer) within a larger sequence (e.g., a SRS) that is not used when performing bioinformatic
analyses such as assembly and alignment of contigs.

genome coverage — the average number of reads per nucleotide in a genome. Coverage affects k-mer frequencies, the ability to
cluster sequences, and estimates of population genetic parameters based on SRS data.

genome enabled taxa — taxa that are closely related to a species whose genome has been well studied, assembled and mapped.

genomic/genetic markers — sequences of DNA that differentiate and group genomes (e.g., single nucleotide polymorphism). From a
reference-free perspective, the chromosomal location of markers does not, at least initially, need to be identified.

sequence homoplasy — the convergence of DNA to similar sequences through mutation either with or without selection. Homoplasy
may cause errors in reference-free analyses when the analyses rely on the assumption of sequence orthology (i.e., sequences
derived from a common ancestor and not due to duplication events).

sequence paralogy — similar sequences either within or among genomes derived from a duplication event. Relative k-mer frequencies
can be strongly dependent on duplications.

Reference-Free Software

(working list)

Phylogenetics Genomic Variation Population genetics Marker Identification
KR (Haubold et al. 2008)  kmer_count (Cannon et al. in prep) mIRho (Haubold et al. 2010) DIAL (Ratan et al. 2010)
ade4 R package (Pavoine 2007) kmer_count (Cannon et al. in prep)

shustring (Haubold et al. 2005)



Marker Identification (fig. 5)
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test for homology

GCTTAATGAAGATIGCCCCACCAACGCTCCAAAAAACATCATATATGTATTA
TCTCTAGGGGGGGCCCCACCAACGCTCCAAAAAACATCATIGGGCATATGG

(2 example methods)
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