AN INEXPENSIVE METHYLATION-BASED ENRICHMENT
METHOD ENABLES GENOMIC-SCALE POPULATION-
LEVEL GENOTYPING OF ANIMALS FROM THEIR FECES
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Most of what we know about the
genetics of primate populations comes

from first-generation sequencing of
DNA from feces



Primate cells are present in their feces



Target DNA

Copy DNA

Read DNA



If this screen represents the human genome (3 billion base pairs) . . .

1 thousand base pairs (red)
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Most of what we are learning about the
genomics of primates is coming from

second-generation sequencing of
DNA



|solate DNA
In parallel

Copy DNA
In parallel

Read DNA
In parallel







[s the whole genome too much data?



If this screen represents the human genome (3 billion base pairs) . . .

10 million base pairs (blue)

K




Given the same budget . . .

1 sample 300 samples

3 billion base pairs 10 million base pairs
each



Reduced representation genome

double-digest RAD sequencing



ACTGACAATTAGTACT

TGACTGTTAATCATGA

Restriction enzyme



ddRADseq

Reduces genome to a subset of markers
based on two criteria:

+ flanked by both enzyme cut sites

+ specified length

Marker set can be tuned through choice e e
of enzymes and fragment length
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Kafue National Park, Zambia
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Exogenous sources of DNA
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GGenome-scale enrichment




fecal DNA enriched host DNA



Approaches

* PCR (not genome-scale)



Approaches

+ Targeted sequence capture (Perry et al. 2010;
Snyder-Mackler et al. 2016)
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paramagnetic bead

Targeted sequence capture



Approaches

+* CpG methylation capture (this study)
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15-16 sites per kilobase
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Typical CpG methylation densities
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Methods




Dataset

* Blood and feces from captive baboons (n=6)

+ P anubis, P. anubis x P. cynocephalus, P. anubis X P. ursinus

+ Feces from wild Zambian baboons (n=46)

+ P kindae, P. ursinus griseipes, P. kindae x P. ursinus griseipes, P.
kindae x P. cynocephalus

2006 (n=10)
2007 (n=15)
2014 (n=18)
2015 (n=3)
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l.abwork outline

“* Extractions (standard procedures)
* qPCR (standard procedures)
+ Enrich host DNA

* ddRADseq (standard procedures)
+  Sphl + MluCl; target = 300bp; Peterson et al. 2012

* Sequencing (standard procedures)
+ Illumina MiSeq, HiSeq 2500, HiSeq 4000
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Methyl-CpG enrichment

+ NEBNext Microbiome DNA Enrichment Kit (New England
Biolabs), following published protocol (Feehery et al. 2011)

+ Enrichment success evaluated by qPCR or [llumina
sequencing



Protocol tuning

After two rounds of pilot sequencing

+ Simulated fecal DNA by combining baboon gDNA with
E. coli DNA in controlled proportions

+ Performed 120 enrichment trials to evaluate protocol
modifications, with success measured by qPCR



Bioinformatics

+ Demultiplex samples (sabre) and trim adapters (ea-utils)
+* Map reads to baboon genome (papAnu2) with BWA-MEM
+ ]dentify variants (GATK UnifiedGenotyper)

“* Filter SNP’s (GATK VariantFiltration)

+ QD < 2.0, MQ < 40.0, FS > 60.0, HaplotypeScore > 13.0,
MQRankSum < -12.5, ReadPosRankSum < -8.0; indels excluded

“+ Calculate statistics (VCFtools; PLINK 1.07)



Results




Results

Mapping success
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Results

Potential capture biases



Number of RADtags with more than N reads

Number of reads (N) Number of reads (N

Cumulative coverage plots
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Discussion




Baits

Genome mapping rate

(optimized protocols only;
PCR duplicates included)

Enrichment cost
(per sample)

IPS/ASP 2016 talk

Snyder-Mackler et al. 2016

transcribed RNA

56.73% (from 2.80%)

$29

Tomorrow at 6:15pm
(room 327)

This study

methyl-binding domain

protein

32.49% (from 0.51%)

$0.70

Right now
(right here)



Pros

Fast and cheap (< 1 day of work)

Homogeneous protein bait
Bait preparation and hybridization are highly replicable

No issues with cross-taxon sequences

Long strands are captured without modification

Readily compatible with downstream library preparation
methods, including ddRADseq



(.ons

Not yet tested with whole genome sequencing
Not compatible with the mitochondrial genome

Potential for interference from non-bacterial, CpG-
methylated DNA

e.g., plant or animal prey, intestinal helminths, coprophagous
animals?



Concluding thoughts

* Polishing a turd
+ Primate DNA from feces is low-quantity
+ If the proportion is too low, it may not be worth the effort

+ If the absolute quantity is too low, expect dropout

* Our enrichment method is fast and effective with low
bias

+ With two options already, noninvasive population
genomics is a reality



ongoing work with

J. Phillips-Conroy, C. Jolly, et al.
ADMIXTURE ancestry (k = 2)
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