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Preliminary program of part of day 1

* Phylogenomic approaches
— Overview of available methods
* Hybridization-based targeted enrichment
— What itis (intro to method, obtained datasets)
— Enrichment probe development (input datasets, important steps)
— Wet-lab procedure
— Effect of material preservation on Hyb-Seq success
* RADseq vs. Hyb-Seq
— Pros and cons

— hyRAD - a compromise

* Universal vs. group-specific probes
— Angiosperm probes
— Comparisons of probe sets



Basic introduction to lllumina
high-throughput sequencing
technology



Next generation sequencing (NGS)

* first generation - Sanger sequencing

* second generation - parallel sequencing of many molecules
(PCR amplified)

* further generations - single molecule sequencing



Next generation sequencing (NGS)

* massive (many sequences, up to hundreds millions per run)

¢ parallel (simultaneous sequencing)

* several commercial platforms

* pyrosequencing (Roche/454) - Gs FLX, GS Junior

* long reads (500-700 bp)
* high error rate in poly-stretches
* low number of sequences

* |llumina (Solexa) - GA I, MiSeq, NextSeq, HiSeq
* short reads (75-300 bp)
* high-throughput

* ABI SOLID, PacBio, lon Torrent, Oxford Nanopore...



General NGS approach

library preparation
* random shearing of genomic DNA to the fragments
* sequencing adaptor ligation
spatial separation of individual fragments
two , basic” sequencing options
* sequencing of clonally amplified fragments
e emulsion PCR (emPCR)
* solid-phase amplification
* single molecule sequencing

immobilization to the surface

sequencing and data acquisition
* pyrosequencing (Roche/454)
e cyclic reversible termination (CRT) (lllumina/Solexa)
e sequencing by ligation (SOLiD)

data analysis (analysis of image data, quality control, ...)



lllumina technology

* library preparation
* TrueSeq (sonication for DNA fragmentation)
* Nextera (enzymatic fragmentation - transposase)

* solid-phase amplification (bridge PCR)

* sequencing
* cyclic reversible termination (CRT)
* single-end or pair-end sequencing
* 2x25, 2x75, 2x150, 2x250, 2x300...



Solid-phase amplification
(= bridge PCR)

Bridge amplification

Metzker 2010



Cyclic reversible termination

incorporate wash, four- cleave dye and
all four colour imaging terminating
nucleotides, groups, wash
each label

with a

different dye

Top: CATCGT
Bottom: CCCCcC
Metzker 2010



[llumina BaseSpace

https://basespace.illumina.com

data from sequencer are send to the cluster
* general quality filtering of clusters
* demultiplexing
information about your runs and projects
* sample sheet
* read quality overview
* number of reads total and per each sample
samples download
* FASTQ files (2 per sample if PE)
data analysis
* many free as well as paid applications



Phylogenomic approaches



Phylogenomics

Using whole-genome sequences or a large
portion of the genome to build a phylogeny,
using high-throughput sequencing

* whole chloroplast sequences

* hundreds or thousands of genes

Gene tree - individual evolutionary history of
a gene

Species tree - ‘true’ species evolution
Gene tree/species tree discordance?!



Common phylogenomic datasets

Targeted amplicon,
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Comparison of phylogenomic approaches
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High-throughput sequencing in phylogenetics - potential or not?

Separating the wheat from the chaff: mitigating the effects
of noise in a plastome phylogenomic data set from Pinus L.

(Pinaceae)
Matthew Parksl™, Richard CronnZ and Aaron Listonl

* Corresponding author: Matthew Parks
parksma@science.oregonstate.edu

i Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR
97331-2902, USA

2 Pacific Northwest Research Station, USDA Forest Service, Corvallis, OR 97331, USA

For all author emails, please log on.

BMC Evolutionary Biology 2012, 12:100 doi:10.1186/1471-2148-12-100

Potential to greatly increase the amount of
phylogenetically informative signal in molecular
datasets

v Author Affiliations

Opens the era of real incongruence

Trends
| Genetics]

Volume 22, ssue 4, April 2006, Pages 225-231

Phylogenomics: the beginning of incongruence?

Olivier Jeffroy, Henner Brinkmann, Frédéric Delsuc, Hervé Philippe &

FPRESS

Cell

Post-molecular systematics and the

future of phylogenetics

R. Alexander Pyron

Department of Biological Sciences, The George Washington University, 2023 G St NW, Washington, DC 20052, USA

384 Trends in Ecology & Evolution, July 2015, Vol. 30, No. 7

Even massive amounts of sequence data
do not always result in strongly resolved
phylogenies




Even high-throughput sequencing data resolve phylogenies
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Hybridization-based target
enrichment



Plant phylogenetics: the advent of HTS from a historical perspective
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What are genome skim data?

Mainly this portion is ,,skimmed*

nucleargenome résequencing

——

reference-guideg assembly

Straub et al. (2012) Am. J. Bot.



Plant phylogenetics: the advent of HTS from a historical perspective
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Hyb-Seq (combination of target enrichment and genome
skimming): general workflow

Custom probe design

Genomic library preparation
(5 ng - 1 ug DNA,

Bait synthesis
partly degraded DNA also works)

(usually outsourced to company)

Hybridization of baits to genomic library

In this step target  (100-500 ng DNA of genomic library,
enrichment is tested with a minimum of 9 ng per sample in
combined with a 24plex reaction)

genome skimming.
Sequencing of enriched targets (e.g., nuclear exons)

and off-target sequences (mainly plastome and
nrDNA cistron)

Data analysis

e.g., Cronn et al. (2012) Am. J. Bot.; Lemmon et al. (2012) Syst. Biol.; Weitemier et al. (2014), Appl. Plant Sci.



Comparison Hyb-Seq with genome skimming
(for the same accession of an Oxalis obtusa)

Hyb-Seq

Genome
skimming

# on-target,
quality-filtered
reads after
duplicate
removal

408,559 (57%)

659,726 (8%)

# plastid reads
after duplicate
removal

183,972 (26%)

1,114,157 (14%)

Mean
sequencing
depth of LCN
genes

14

Mean
sequencing
depth of
plastome

166
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Read depth - chloroplast
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Hyb-Seq studies often do not
make use of plastid data

Table 1. Recent phylogenetic or population genetic studies that used hybrid-enrichment methods, including plastid-oriented studies.

Studies Iﬂrgclin]![ |.1n|:|.' nubear rl.:#_in.rn:-: bt that utilized 'p-|=m|i|;| SCQUENCes Fonerd am h:,.'-l.::lls,:h are denobed |'|:|.' an asterisk (®) i Rel, Taxa

refers o the number of reference taxa included i a probe design. # Sp. Copy Assessment indicates how many species the study

included in their assessment of copy nember for cach bocus included in the probe kit developed.
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Hyb-Seq (combination of target enrichment and genome
skimming): general workflow

Custom probe design

Genomic library preparation
(5 ng - 1 ug DNA,

Bait synthesis
partly degraded DNA also works)

(usually outsourced to company)

Hybridization of baits to genomic library

In this step target  (100-500 ng DNA of genomic library,
enrichment is tested with a minimum of 9 ng per sample in
combined with a 24plex reaction)

genome skimming.
Sequencing of enriched targets (e.g., nuclear exons)

and off-target sequences (mainly plastome and
nrDNA cistron)

Data analysis

e.g., Cronn et al. (2012) Am. J. Bot.; Lemmon et al. (2012) Syst. Biol.; Weitemier et al. (2014), Appl. Plant Sci.



Hyb-Seq probe design

Probe design:
* Exons of low-copy nuclear genes

* [ntronic regions

Bait synthesis:

* RNA baits

Alternatives (without bait synthesis):
* DNA or cDNA (in hyRAD)

* PCR products

Commonly used in animal phylogenomics:

What are UCEs?

As their name implies, ultraconserved elements (UCES)
are highly conserved regions of organismal genomes
shared among evolutionary distant taxa - for instance,
birds share many UCES with humans. UCES were first
described in a wonderful manuseript by Gil Bejerano et al
(2004) from David Haussler's group and subsequently
identified in several classes of organisms outside the
group of original taxa (Siepel et al. 2005) used to identify
these genomic elements. The 27-way vertebrate genome
alignment (Miller et al. 2007) identified additional regions
of high conservation.

How do | identify UCEs?

You can identify UCES in organismal genome sequences
by aligning several genomes to each other, scanning the
resulting genome alignments for areas of very high
(95-100%) sequence conservation, and filtering on
user-defined criteria, such as length (e.g., Bejerano et al
2004). If you want to use these regions as genetic
markers, itis best to remove UCES that appear to be
duplicates of one another which we loosely define as being
in more than one spot within each genome that you
aligned. The resulting loci are the highly conserved that
e target for use as molecular markers.

Why are UCEs useful?

We have discovered (see Citations) that we can collect
data from UGES and the DNA adjacent to UCE locations
(flanking DNA), and that these data are useful for
reconstructing the evolutionary history and
population-level refationships of many organisms. Because
UCES are conserved across disparate taxa, UCES are also
universal genetic markers in the sense that the locations
(or loci) that we can target in humans are identical. in
many cases, 1o he loci that we can target in ducks or
snakes or lizards.

How do | collect UCE data?

From the resulting set of UCEs shared among a taxonomic
group, we design sequence capture (AKA solution hybrid
selection sensu Gnirke et al. 2009) probes that are similar
in sequence to the UCE loci we are targeting. These probe
sets differ in number and composition, depending on the
types of questions we are asking and the taxa with which
we are working. Once we design a probe set, we follow
sequence capture protocols to enrich DNA libraries for the
target UCEs, usually in multiplex. Following enrichment, we
sequence the DNA enriched for UGES using massively
parallel sequencing.

.//www.umaconservediorg/

at do UCEs do?

That's an extremely good question, and one to which we
do not entirely know the answer (Dermitzakis et al. 2005).
UCES have been associated with gene reguiation
(Pennachio et al. 2006) and development (Sandelin et al
2004, Woolfe et al. 2004) and we generally assume that
UCES must be important by the very nature of their
near-universal conservation across extremely divergent
taxa. However, gene knockouts of UCE loci in mice:
resulted in viable, fertile offspring (Ahituv et al. 2007),
suggesting that their role in the biology of the genome may
be cryptic

How do | analyze UCE data?

The most complex part of using UCES to understand
evolutionary relationships, population structure, and
population relationships is analyzing the DNA sequence
data. We have created several software packages and
we're working on tutorials to help get you started. Many of
the steps, at this point, require that you are comfortable
working with computer software on the command line. We
encourage everyone interested to get the software and
contribute to the effort of documenting, improving, and
extending our computer code.




Hyb-Seq (target enrichment) starts with the probe design

Appl Plant Sci. 2014 Feb; 2(2): apps.1300085. PMCID: PMC4103509
Publiched onling 2014 Feb 6. doi: 10.3732/apps. 1300085

A target enrichment method for gathering phylogenetic information from

hundreds of loci: An example from the Cc'mpv:):i:.itae1

Jennifer R_Mandel 2% Rebecca B Dikow,® Vicki A_Funk,* Rishi R_Masalia,® S _Evan Staton & Alex Kozik 7 Richard
W Michelmore,” Loren H. Rieseberg,B and John M. Burke®

Appl Plant Sci. 2014 Sep; 2(3): apps. 1400042, PMCID: PMC4162857
Published onling 2014 Aug 29. doi 10.3732/apps. 1400042

Hyb-Seq: Combining target enrichment and genome skimming for plant
phylogenomics’

Kevin Weitemier. 27 Shannon C. K. Straub, 27 Richard C. Cronn,? Mark Fishbein,* Roswitha Schmickl,® Angela
McDonnell,* and Aaron Liston®®

Mol Phylogenet Evol. 2015 Apr;85:76-87. doi: 10.1016/jympev.2015.01.015. Epub 2015 Feb 14.

Resolving phylogenetic relationships of the recently radiated carnivorous plant genus Sarracenia using target
enrichment.

Stephens JD', Rogers WL2 Heyduk K2, Cruse-Sanders JM* Determann RO%, Glenn TC8, Malmberg RL.

AJB Advance Article published on June 18, 2015, as 10.3732/ajb.1500031.
The latest version is at http:/fwww.amjbot.org/cgi/doil10.3732/ajb.1500031

= RESEARCH ARTICLE
& frontiers 4y CPIGINAL RESEARCH
in Plant Science iy o

SPECIES TREE ESTIMATION OF DIPLOID HELIANTHUS

Using targeted enrichment Of nuclear [‘iSTERACEAE} USING TARGET ENH'CHMENT]

genes 1_:0 m_crease phylogenetlc_ Jessica D. Stepuens?, Wik L. Rocers, Chase M. Masow, Lisa A. Donovan,
resolution in the neotropical rain AND RussiLL L. MALMBERG

forest genus Inga (Leguminosae:

Ml mOSOideae) Diepartment of Plant Biology, University of Georgia, Athens, Georgia 30602 United States

Jamas A. Nicholls *, R. Toby Pennington?, Erik J. M. Koenen®, Colin E. Hughes?,
Jack Hearn', Lynsey Bunnefeld”, Kyle G. Dexter’, Graham N. Stone " and
Catherine A. Kidner®**

From transcriptomes/genomes, gene expression studies, the literature, or a combination of these sources.



A probe design for a non-model plant group as example
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rschmickl edited this page 3 days ago - 21 revisions

Sondovac is a script to create orthologous low-copy nuclear probes from transcriptome » Pages
and genome skim data for target enrichment.

When using Sondovac, please cite Schmickl et al. 2016: Phylogenetic marker development
for target enrichment from transcriptome and genome skim data: the pipeline and its
application in southern African Oxalis (Oxalidaceae) in Molecular Ecology Resources; DOI:
10.1111/1755-0998 12487

See basic information
Check documentation

Download |atest release

.

Download sample data

Sondovac is written primarily in BASH, so that it is portable among operating systems (any Report problem, ask question

UNIX-based operating system - Linux, Mac OS X and more - is equipped with BASH, and it can be
installed into Windows), although only selected Linux distributions and Mac OS X are fully tested

and/or have some feature
request

Read paper introducing
and supported. Sondovaé

How to obtain Sondovac Cone tie wiki locally

https://github.com/V-Z/s01 @-
* (GitHub repository contains only basic scripts, not all files needed to run Sondovac - get the
- N ¥ Clone in Desktop
latest release containing also all needed binaries and 3rd party software.
o Currently, the latest release is v0.99-rc.
s (et separate package with sample data.

« See documentation for information about installation and usage of Sondovac.

Notes

* |n case of problems, requests, questions, feel free to open new issue.
« Sondovac is currently tested on major Linux distributions and Mac OS X (see README or

manual for details). Anyway, you can run it on any UNIX-based operating system.



Workflow of Sondovac

Probe design

Paired-end genome
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Similarity-, kargth-filtered ( |'I
probe sequences [

f

mitochondrial ongin
/ Paired-end genome skim

sequence similarity with
the plasiome reference

Final probe sequences

Plastome reference

Combenation of
paired-end reads

-




Input files for Sondovac: 1) transcriptome
The 1KP initiative as source for plant transcriptomes

sitstex 1000 Plants

HOME

CONTACT INFO Home

GREEN PLANTS

MEDIA

SUB-PROJECTS The 1000 plants (oneKP or 1KP) initiative is an international multi-disciplinary consortium generating large-scale gene sequencing data for over 1000 species

of plants. Major supporters include Albarta Enterprise and Advanced Education, Musea Ventures (Somekh Family Foundation), Beijing Genomics Institute in
Shenzhen (BGI-Shenzhen), Alberta Innavates Technology Futures (AITF-ICORE Strategic Chair), iPlant Tree-of-Life (iPTol) Grand Challenge, and WestGrid
Compute-Calcul. Sample collection was determined by a series of overlapping sub-projects with scientific objectives that could be addressed by sequencing
multiple plant species (see links to left). As more collaborators joined 1KP, however, the objectives evolved and are now exemplified by the diverse collection

AGRICULTURE

AMNGIOSPERMS

BIOCHEMISTRY

ETREMOPHITES of papers described in the links below.

GREEN ALGAE

MEDICINES

NON-FLOWERING Many companion papers have already been published and a final capstone paper is planned for 2014,
SITEMAP

Catalog of manuscripts in progress.

Description of final capstone paper.

Limited access to the sequence is provided, in advance of publication, through a BLAST search portal.

BLAST access into transcriptomes

Table of sequenced plant samples.




Transcriptomes from the 1KP initiative as a
source for phylogenies

Plant phylogeny based on transcriptomes from 1KP was recently published!!

b
Core rosids (286) Core rosids
/ L saxifragales (27)  Saxifragales
A0 NN\ N e Vitales ﬁ4)
AN 0000 Santalales (€)
Asterids™ . e x
c id 4 Asterids (277) Asterids
Saxifragales ela) [Rekle
Berberidopsidales (2)
Caryophyllales (62) ~ Caryophyllales
Gunnera and Dillenia
Buxus and Trochodendron
Proteales (7)
Ranunculales (21) Ranunculids
Ceratophyilum demersum
Magnoliids (25) and Chloranthales (3)
g Liliales and Asparagales (53)
( Eudicots ) Commelinids (42)  Monocots
C aryophy||a|es : @ Elli%snsg‘rﬁgls?ﬁa]md Pandanales (6)
Flowering plants ) ‘:CW “SLE'T"”?'?”'E‘BS)
. Austrobaileyalos
(_Seedplants_) Outgroup Nymphaedles?)  ANA grade
--------------- . el ) Rhodophytes i
LR 3 Glaucophytes e 1 Gymncaeiies
P T Cycads ang Ginkgo (5)
i Polypodiidae (63)
M iidae (3]
” oSF?é‘J[oiiigée s Ferns
Magnoliids Chlorophyte E @
algae grade <—1 Lycophytes (22) Lycophytes
Streptophyte <] Mosscsi
~—— Liverworts (22) Bryophytes
algae grade L Homwons%w; rvorti
<___] Zygnematophyceae (37)
Bryophytes Goleochastales () g

Monocots

Klebsormidiales (3) i
Spirotaenia minuta algae
L Chiorokybus atmophyticus
L A viride

Lycophytes
Prasinococcales (3) Chlorophyte
Chlorophyta (114)
N ) S, algae grade
Glaucophytes (4) Glaucophytes
<__] Red algae (29) Rhodophy‘les

Gymnosperms

<] Ouigroups (33) Outgroup
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Still, this does not mean that there is THE plant phylogeny ...

a Early Archaeplastida diversification

b Early embryophyte diversification

€ Gymnosperms

A C (Plastid)
0.5 Other Other
04 Gnetales Gnetales
: Pinaceae Other Pinidae
0.3 - Other Pinidae Pinaceae
02 B (Concatenation) Reject
’ Other Other
0.1 Gnetales Gnetales
|:| Pinaceae Other Pinidae
8.0 A B C Other Pinidae Pinaceae
f Early fern diversification
A C
0.5 Other Other
04 Polypodiidae Polypodiidae
) Marattiales Ophio. + Psilotales
0.3 o Ophio. + Psilotales Marattiales
B (Concatenation) Plastid
0.2
Other Other
0.1 Polypodiidae Marattiales
Marattiales Poly.podiidae
0.0 B C Ophio. + Psilotales Equisetales
Ophio. + Psilotales
ASTRAL Concatenation
Other Other
Trebouxiophyceae Trebouxiophyceae
Bryopsidales Chlorophyceae

Chlorophyceae
Trent + Clado
Other Ulvophyceae

Other Ulvophyceae
Trent + Clado
Bryopsidales

0.97
70.05

A (Concatenation) Cc A (Plastid) [+]
0.6 Chromista Chromista 0.5 Other Other
Red algae Red algae 04 Vascular plants Vascular plants
04 Glaucophytes Glaucophytes : Hornworts Hornworts
) Green plants Green plants oadl | Mosses + liverworts Mosses + liverworts
B Reject 02 B (Concatenation) Reject
0.2 Chromista Chromista i Other Other
Red algae Red algae 0.1 Vascular plants Vascular plants
0.0 Green plants Glaucophytes 00 Mosses + liverworts Hornworts
“ A BC Glaucophytes Green plants ~ A B C Hornworts Mosses + liverworts
d Early angiosperm diversification e Early Viridiplantae diversification
A (Plastid, concatenation) C A C (Concatenation)
0.6 Other Other 0.5 Other Other
Amborella Amborella 0.4 Chlorophytes 0.14— Chlorophytes
04 Waterlilies Waterlilies ' Streptophytes Streptophytes
) Other angiosperms Other angiosperms 0.3 M 0.67 = Prasinococcales Prasinococcales
B Reject 02 B (Plastid) Cannot reject
0.2 Other Other ' Other Other
Amborella Amborella 0.1 0.20~ Chlorophytes Chlorophytes
0.0 Other angiosperms Other angiosperms 0.0 Prasinococcales Streptophytes
“"A B C Waterlilies Waterlilies “"A B C Streptophytes Prasinococcales
¢ Sister group to land plants h TuC clade
05 i i 0.6 0.5 0.6
ASTRAL, concatenation, plastid
0.4 ﬂ Other 0.4
|_| Charales 0.4 — 0.4
03 Coleochaetales =l 03
02 Land plants 0.2
Spirotaenia sp. 02 0.2
0.1 Zygnematophyceae 0.1
0.0 D 0.0 0.0 0.0
| 1] m I ]
i Early core eudicot diversification ASTRAL Concatenation
Other
Gunnera —
Dillenia

Caryophyllales

05
0.4
03
02
0.1
0.0 |

<

Berberidopsidales
Asterids
Santalales

Vitales
Saxifragales

Core rosids

Plastid
Other Other
Gunnera Gunnera
Berberidopsidales Santalales
Asterids Berberidopsidales
Caryophyllales Caryophyllales
Dillenia Asterids
Santalales Dillenia
Vitales Vitales
Saxifragales Saxifragales
Core rosids Core rosids
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Input files for Sondovac: 1) transcriptome
The 1KP initiative as source for plant transcriptomes

Transcripts in FASTA

=1
CAGCATCATGTACACCAACAACAAGGCAATTCTTACCAAATTCAAACTGCCATACCTCAAACGAGTTTTCAGGGAGCAAACATTGCATATGCTGGCCCAGATCAAATTTTCCCTOGATCTTCTAAGTTCTCTGGAGAAACGCAACCAGTACTCCAAACACCTGGTTTTAGTGCTCC
TTTTGCTAATCCAGCTCCCTACATGACTTCTGCARATCCGTTTTATCCGCCCAACCCACAGGCAGCTRGCTTCTATCCTCAGTATGTCAGTGGACCATATCCTCTGAATTCAAATGTCGTTCCGCCGTTTATTGCTGGCTATCCTCCTCAAAATCCTTTTCCACTGTTTCCACTGE
TTGAAGGAAATCCTAGCACAAACACARATGTCCGGATTCCGGGGGTTCCAGCTGGTGOAAAT CTGGGACTTGGAGCTGATATGCAGCATTATAATAAGGT TTACGGACAGTTTGGCTATGTACAACAACCTTCTTTTACTGATCCTATTTATATGCAGTACTATCAACAGCCTTTC
GAGGCATATAACATTTCACCTCAGTTTGATCCTTCAGCTCCGAGAAGTACTGTTTTCGGGAGC CAGTATAGTACCCTTGACCCTCGGAAAGCATCTGTCAATGCTGTTCCCATGOATGATCAGAAATACCAGCAGCAGAGTACTGETAGAGGCATAATGACAAGTCATTACTTTGE
TCAAGAAAACCTGGGCATGTTGACACAATATTCGTCTTCACCGCTCCCGAGTCCAATATTACCAGCATCACCAGCTGGLGGEATGGGAGGGAGAAATGAGGTGAGGTTTCCGGTAGGTTCTGGTAGGTACACAGGTGTTTACTCC

=4
TeTGAAGGTTTGTTATGGCTGGGTAAAATTGTCGTCATCTGCAAT TATATTGATTCTTCTAACACGTATGAGT TGCTAT T T TATCCAAGATAT CACCTTGATCAAAGCTCGCTGCTTTGTCOGAAACCATTGCTTGCAAAGCCGATGGTCATGGATGTATATCAAGATTATATACT
CACTTATCGTCCTT T TGATGTACACATTCTCCACGTAAAATTATCTGGGGAGT TGACGCCTTCTAGTACTCCAGATCTCCAGCTTTCTACAGTGCGGGAACTCTCAATCATGACTGCAAAGAGCCATCCTGCAGCAATGCGGTTTATCCCTGATCAAGTCCCCAGGGAGTCTACCT
GAAAACGGGTTCCTTCTTCATCAGACTTGTTGGT TCAAGAACCTACAAGGTGTTTAATAT TGAGAGGCAATGGAGAGCTTTCAGTTCTCGATTTAGATGATGGAAGGGAAAGGGAGCTTACAGATTCTGTTGAATTATTCTGGGTTACCTGTGGCCAACCAGAGGAGAAAACAAAT
GCTCCCGTTCCCTTCAT T GAAGATGTTTCATGGCTAGATTATGGCCACCGAGGAATGCAGGTTTGGTATCCATCTCCTGGTGT TRACTCTTTCAAGCAGGAAGATTTCTTACAGTTOGACCCAGAACTGGAATTTGATAGGGAGGTTTATCCTCTTGGGCTCCTTCCAAATGCTGE
TeTAGTTGGTGTTTCCCAAAGGTTATCT T T T TCAGCATGCACCGAGTTCCCATGTTTTGAGCCAACTCCTCAAGCACAAACTATCTTACATTGCTTACTTCGACACCTTCTACAGAGAAACAAAAATCAAGAGGCTCTACGATTGGCCCAACTATCTACTGAAAAGCCTCATTTTT
ATTGTATGGAATGGCTTCTTTTCACTGTAT T TGAGG CAGACATATCTAGGCAAAGTGCAAACAAGAAC CAGAATACAGCTTCTAACCCTRTTGCTAAATTCTCACTT T TGGACAAGACT TG TAATTTGCTCCGAAACTTTCCOGAATACCTCRATATTGTTGTGAGTGTTGCAAGA
ACGGATGCCCGACATTGGGCTGATTTGT TCTCTGCTGCTGGAAGATCCACTGAGTTATTTGAAGATTGCTTTCAACGAAGATGGTACCGCACTGCAGCCTGETATATTCTTGTGATAGCAAAACTTGAAGGGCCTGCTGTCAGTCAGTACTGTGCTTTACGTTTATTACAGGCTAC
TGACGAATCTTTATATGAGTCTGCAGGAGAGCTGGTGAGGTTT T TACT GAGATCTGGAAGGGAT TATGAACAAGCAT CTACGGAT TCGGACAAACTATCTCCTAGATTCTTGGGCTATTTTAT T TTTGGATCTAGTTACAAAAGACCATCCTTGGATAAGAACCCCTCAATGAAAG
AGAGTGGTCATATTGCGTCAGT GAAGAACATCT TAGAAAGT CATGCCAACTATCTAATGTCTGGGAAAGAACTCTCGAAGCTTGT TGCATTTGTCAAAGGCACTCAGTTTGAT T TAGT TGAATATCTTCAACGCGAAAGATATGGGTCAGCTCGCTTGGAAAATTTTGCTTCGGGA
GAGCTGATCGGAGAAAAGCT CCAAATGGGATTGCTGCAGAGCCGGT TAGATGCAGAAT TCCTGCTGTCTCATATGTGCTCTGT CAAGT TCAAAGAGT GGG T TGTAGTCCTAGCCACACTTTTGAGACGTTCTGAGGTCCTTTTTGATCTCTTCAGACATGATGTTCGTTTATGGAA
ATATAGCATTACATTGCAGTCTCACCCGTCATTTTCTGAGTACCACGATCTGCTATATGACTTGGAAGAGAAGCTTTCA

=3

CCAAATGAGTTGGTGGCTCCGGCAAT GGAGATAATCCAATTTAGTATGCT T TCAT TGGAAGACCTGACCAGCATGATAGCTTCCAAGTTGCGGGAATGCATATTTGT TGGRTGCGOAATTGAGTGRAAACAAGGGTGACAGTGTACACTCATGCAGAATATTAAAAGTTCTTGGAGA
TGCCGAGGGAATGCAGTATGAGGTTGCATGGRCTTGACAGGAATAAGAAAACAAGAGAAACTGCTGTGCTCTOTAAAAAAGATCTGATATGEAAAAAGCTGCCTTATACTCGGAGCATTTTGAAGTCTT T TATTCGAGAATCTACATACAGAAGTTTTCCTTGGGTGCTTCATGAAA
TAGCACGAAGACATGGTATCTCGAGGGAC CTTCCTOAAGAGTTACAAAGTAAGTTTTTCTACCAAGACGGAGTGCTGGTTGCTAAAAAGATTAAGAGGAAAAATAATCAGGACATAGGAGAATCTAGGAAGTCAAAACAAAAGAAAGAAGATTCTCAGAAACCTGAAGGATCCATG
AATGCTGCCAAAGATGAAGAGGAAGAAGC TATCAAGTATCCAATTGATGACCTGTTGGTGCAGCCTGRTTATGATGATCCAGT TTTCACTGAGCGTCCTTCTCCTTCAAAGGATTTCAGTATTCCAATGRATTGTGTTGGGGATCTTTTAATGGTCTGGRATTTTTGTACTTCTTT
CAAGCTACTACAATTGTCGTCATTTTCCT T TGAAGATTTTGARAATGCTATATGC CACAAGGACAGTAATTCCGTCCTAATT T TAGAGTCTCACTCGGCTCTTTTTCGGGTTCTCTTAAAAAACAACACTGAGTACAGATCCTTTGTAGCAAAAAGARAGAGAAAGCCAAAGATTA
TACTCAATTGGGCAGAATATCTGTGTGAT T TCT TAGAAGT COTAAACATTCCTGAATTATGCACTCATGCGGCTACTATTAGGCGAGGCCACTATGGCCTTOGTAGATATCAGTGCTAAAGTCGGTATCTTACGAGAATTGGTAAATCAAGTCCTGGAGACGAGTACTTTCAAGGTG
TTGGATGAACATATTGATCAGCGGCAAGCATTAGGAGCAACGAGAAGAGAAGAGGCATTGGRCAGAAGCTAAAAAGAAAAGAGAAGAGAAGGGACGGCTAAAGTCTGAATCTGGAATCAATGGAGTAAT TAGTGACCATCATTTGGACGAAGCTGAAGGGLACCAGCCTATGTTGEE
TGATAATCATATCCAAGAAGATGGAAGTGTGGAAGAGCAAAGAAATGGGGAAGTCATCTTGTCCCGAAAGAACCTGCARACAAAGAACAGAGAGATCAAACATTCACTCACTGGATGTAGCAAAGTTCGAGAAGCCAAACATGAATGGARAGGACTCGACAGAATTTGAAAATGATA
GAAACGATTCAGCATCTAACAAGAAATCTCAGAAGCAGATTGATGEEAAAAATCAACCAGTGGAGACAAGGAACAAAGATCAAAGAAGAGAGTATTATGAACGCGAGATGGAAAAATATTTTGTAAGCACCAATACCTTGGGAAAAGACAGAGACTATAATCGGTACTGGTGGTTT
COAGATCAGAGAGTGTTTGTTGAAAGT TATGACATGATGGRAGTGGGETTACTACAATACCAAGGAGGAGGTTGATGCGTACATGOGGTCCCTGAATATCAAAAGTGAGAGAGAGAGA




Input files for Sondovac: 2) genome skim data

Genome skim data in FASTQ

@MeR375:15:000000000-A3227:1:1101:18826:16595 1:N:08:1
TGAAGGAGTTGTTGGCACTAGAATTGTGGACTAATTCTTCNNNNCNNNCNNT CCCTGCNNNNNNNA CTTHNNNNNNMTATTGTC GCTTCCHNNCTCNCTTCTCN CTTCCCTCNCCTNTTC MCCGTTCCCCCTCGTNTTNCCCCNCCCTCCCCCAACCCTCCCTNTCC

TCCCCCCTCNNNTCTCCTTMNNNKMNNTCCCACCCNNNNNNNNMNCCNTCCCCCACCGTCCCNNNNNCNTCC
+

A, BRAFEI 3k,  Hrk33, , , ) )RR DRVI0)E D)D) D D) D)0 D DRI 0. " aRE) ) )0 ) eaaaaag) ) ) ) ) +0) anaaaaaaag) J2) ) 0. L)) o ansan)#)))

@MBR375:15: 00000000 0-A3227:1:1101:14736:16596 1:N:B:1

TACTAGTATGTTATGTGTTTATATTTATTCCTCTACTTGTNNNNTNMNCNNTTCCCGCNNNNNNNTAACCCCNNNNNNNT CTTCCCCTCCCCCTATHNNTTCCCCTTTTNCCTTTAACCCCNTTTNTCCCTCTNTCATTCCTTTTCCTNTCNGCCTNTTGTCCTCTACTAATCCTCNCTC
CCCTTTTCTHNNNTCTATT TNNNNMNNMCTACCTTCNNNNNNNNNNGTNTTCTAACTCTCTCCNNNNNCNCGTT

+

, o Be=res ARAAARE=>CCCAG=BEE/B,/ /0 /90, . O, | | #RES+REE+RET ++++-++ ERBRBAHR+++++ + SHRHRRER++++B—B—555++ ) S+-+28++3++4 T+ 2@ ++-++ Dok Dokttt Lokt dt Lo (L @ (a0 (=0 =00 C0000 0. . Dlar (-
(O OO0 (s (OO 0/ (Ol pemanaasas ({27 0000000000 s (2 (0O

The character 'I' represents the lowest quality while '~' is the highest. Here are the quality value characters in lefi-fo-right increasing order of quality (ASCII):

I"§S4e" () *+,-./0123456789: ;<=>2@ABCDEFCHIJRIMNOPQRSTUVWKYZ [\]* "abcdefghijklmnopgrstuvwxyz{ |}~

https://en.wikipedia.org/wiki/FASTQ_format/



Input files for Sondovac: 3) organellar genomes
NCBI organellar database as source

* www.ncbi.nlm.nih.gov/genome/browse/Treport=5 @ || Q Search B 9 3 4 O @
& NCBI  Resources (@ How To & Sign in to NCBI
Genome cerame+ | =
Genome Information by organism
[ Search by organism I l Clear I Download Reports from FTP site
Overview [14508 Eukaryotes [2557] | | Prokaryotes [96235] | | Viruses [5052] | Plasmids [6361] | Organelles [T615]
Download selected records
Items 1-100 of 7616 Page 1 of 77 MNexdt=  Last==
Group SubGroup Type
Organism/Name RefSeq INSDC Size (Kb) GC% Protein TRNA tRNA Other RNA Gene Pseudogene Release Date Modify Date
- All Eukaryota — + - Al Eukaryota — - All -

Abacion magnum Animals Other Animals mitochondrion NC_021832.1 15.180 23.40 13 2 22 - 5 - 201310808 2013/08/08

Abalistes stellaris Animals Fishes mitochendrion NC_011842.1 18.502 4442 12 2 22 - 12 - 2008/01/22 2008/02/06

‘Abbottina obtusirostris Animals Fishes mitochendrion MC_026200.1 KF727758 18.699 4406 12 2 22 - a7 - 2015/04/22 2015/08/02

Abbcttina rivularis Animals Fishes mitochandrion NC_023781.1 KF577979 18.597 4229 13 2 22 - 13 - 201410313 20140313

Abidama products Animals Insects mitochandrion NC_015799.1 GQ337955 15277 2285 13 2 22 - 13 - 2011407114 2014112115

Abies koreana Plants Land Plants chloroplast NC_026892.1 KP742350 121373 3825 74 4 35 - 13 - 2015/04/22 2015/04/22

Abisara fylloides Animals Insects mitochendrion NC_021746.1 HQ2E8089 15.301 18.83 12 2 22 - 12 - 20120718 2012/07/31

Abispa ephippium Animals Insects mitochendrion NC_011520.1 EU202588 18.953 19.29 12 2 26 - 12 - 2008/11/04 2008/11/19

Ablennes hians Animals Fishes mitochandrion NC_011180.1 AB373007 16.825 4174 13 2 22 - 13 - 2008/08/27 200812105

Abramis brama Animals Fishes mitochandrion NC_020356.1 AP009305 18.807 43.04 13 2 22 - 13 - 2013/02/25 2013/03/05

Abronis graminea Animals Reptiles mitochandrion NC_005958.1 AB080273 18.018 3970 13 2 22 - 13 - 2004/07/02 2010/02/01

Abromis inomata Animals Birds mitochondrion NC_024728.1 KFT42677 18.875 4852 13 2 22 - 12 - 2014/08/268 2014/08/28

Abrota ganga Animals Insects mitochendrion MC_024404.1 KF530538 15.3668 1879 12 2 22 - 12 - 2014/06/24 2014/07/02

Abudefduf vaigiensis Animals Fishes mitochondrion NG_005064.1 AP00GD18 16.703 45.41 13 2 22 - 13 - 2007/02/27 2007/02/28

Acacis ligulsts Plants Lend Plants chloroplast NC_026134.1 LNSEs849 158.724 3821 82 8 8 - 126 - 2015/01/05 20150113

Acanells eburnes Animals Other Animals mitochandrion NC_011016.2 EF872731 18.816 37.25 14 2 1 - 14 - 2008/08/23 2010/08/20

Acanthacorydalis orientalis Animals Insects mitochondrion NC_023482.1 KFE40564 15753 2333 13 2 22 - 12 - 201410213 2014/02/27

Acanthaluteres brownii Animals Fishes mitochendrion NC_011847.1 AP009212 18.441 47.29 12 2 22 - 12 - 2008/01/22 2008/02/06

Acanthamoeba castellanii Neff (ATCC 20010) Protists. Other Protists mitochendrion MNC_001837.1 U12386 41.591 29.40 40 2 15 - 57 - 1884/10/21 2015/10/01

Acanthaster brevispinus Animals Other Animals mitochandrion NC_007739.1 AB231478 18.254 4383 13 2 22 - 13 - 2008/02/08 2009/04/15

Acanthaster planci Animals Other Animals mitochandrion NC_007738.1 AB231475 18.234 4388 13 2 22 - 13 - 2008/02/08 2010/02/01

Acanthis flammea Animals Birds mitochondrion NC_027235.1 KR422698 18.820 45.49 13 2 22 - 37 - 2015/08/18 2015/08/24

‘Acanthocardia tuberculata Animals ‘Other Animals mitochendrion NC_008452.1 DQE32743 18.104 40.10 12 2 23 - 12 - 2008/10/05 20068/10/12

Acanthocheilonema viteae Animals MNC_016197.1 HQ188249 13724 26.46 12 2 22 - 12 - 2011411015 2012/08/14




Workflow of Sondovac

-

Bait synihesis, based

-
Hybridization between

Probe design on probe sequences ::::: genomic Sequencing Data analysis
2 powie 2, SAMwols, 3| Bowtie 2, SAMIoOlS, EC
Il'; bamastq bam2fas FLACR
.-'jl RrRemoval of reads of Removal of reads of Combination of
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Final probe sequences in FASTA

AGCTATGCTTTTACTGTGGCTCT TCGAAGAGCTAATCTGAGTGTCATGAATCCTGETCCACTAATTACGCCACCAAAAAAGGAGAAGAGCTTACCATGETGGGATGAAATGAGAAATTACATTCATGGACACATCAGCTTATTCTTTGCTGAAACTAATTGGCATATTCTTGCGACTAC
TAATCCTTATKAAAAGCTTGACAAACTTCAAATTTTAACTGGATCTATGGAGATTCAGCAGTCGEACGGCCGTATTTATGTCTCTGCAAAGGATTTCAAGGTCTTACTGAGCAGTTTGGAGAGCTTACTAAATCGGCGCAACTTAAAACT
TTGAATGGTTGCACAGAAAAGCATCGTGACGATGGGTTTCTATTATCATCTGATTACTTCACAATAAGAAAGCAGGCTCCAAAGGCTGACCCAGCTAGATTATTGGCTTGGSAAGATGCYGGGAGGAAAAATAT COAGATGACATATGTCAGGTCTGAGTTTGAGCATGCAAGTGAGAG
TGATGAGCACACGAGATCAGATCCAAGTGAYGATGATGGATACAATGTGGTTATTGCTGACAATTGCCAGCGTGTTTTTATTTATGGMCTTAARCTTTTATGGMCTCTTGAAAACAGAGATGCTGTTTGGTCCTTTGTTGGTGGACTGTCCAAAGCATTTGCGCCCTCAAAACCCTCAC
CTTCGAGGCAATATGCACAAAAGAAATTAAATGAAGAGAA

GGTAGATTTCTGCTTGCTGCTGT TAGTGGECGTGTTTTAGCCCGGETCATTTCACTCAGTTCTTCAAGTTGGATACGACGTTATAGAACAAGCGCTTGECACAGAAAATGTTCAAATTCCTGAATGTGAACCTGAAATGACATGGAAACGTATGGAGTTCTCTGTTATGTTGGAGCATGT
TCAGGCTCATGTTGCTCCAACTGATGTTGATCCAGGTGCAGGAATCCAGTGGCTTCCGAAAATTCTTAGAAGCTCTCCAAAAGTGAAGCGCACTGETGCTCTTCTTGAAAGAGKS
AGGTGAAGCCTTTAAAAGAGCTCACTTTTAATTCACATAACATAACGGCAACAATGACATCTCGCCAGTTCCAGGTCATGCTAGATGTGTTGACTAATCTTCTGTTTGCACGECTCCCAAAG

=Assembly 180881 Contig B 121

AGAGAACTTATAAATGCACAAAAAT CTAAGRAGGCAGCCTCTGCATTATTAAGGGTGGCTCTTCAGAAAGCTGCTCAGCAACGAATCATGGAAAAGGAAAAGAACAAAAGTCCATCATATGCAATGCGTA CTCTGCAAATACACAAAGTTG GGAGCATGC AGATGGTAA
ATCC GCTGAGGCTGAGATAAATGACATG

GATTGCCGGAAAAAGCTATGTGGATTCTGTGATGGTCTCTTCCTYATATACCAGACAGCAGTMAGTGGGGAAGGCAGATTTAAAGTCTCTCCTGAGGACTCTCTTCATCTTGTTGAGGCATTGAG
=Assembly 18133 Contig 4 138

ATGGAGATGTA AGAATGCAAGTGGCCGE GACTCCCGACACATTCTCTTACAGTGTGATGATAAATTGCCTTGGTAAAGCTGGACACTTGCCTGCTGCGCAGAAAL CTTCGAGATGATTGATCATGGTTGTGTGCCTAATCTAGTCACATACAATATCATGATTGCTCT
VCAGGCCAAAGCAAGAAATTACCAAAGTGCCCTGCAAA ACCGTGACATGAAGAATGCAGGA AAACCAGACAAAGTGACTTACAGTATTGTGATGGAAGTRCTTGGGCATTGYGGTYAY CTWGATGAAGYMGAAGCGG ACCGAAATGAMGCAGAAYAACTGGGTCCLGE
ATGAGCCTGTGTACGGTC AGTAGA ATGGGGTAAAGCTGGTAAAGTTGAAAAAGCATGGGAATGGTA

TCGCCATATGATATGGGGTTCTGTCGTGAGCTTATGGCAATCTCAGGC CACCCAGCATATACATTCTTACTATCCATGCCAGCAGCGGGECCCGACGGTGAAAATGTCCGGGATCATGTCAGCAA CTTAGA GATGCACAGTGAGGACCGGGAGAGCAAAAGAGG AATTGA
TGCCGTGGTTGA CTTCACAAATCCGGGCTCAAGGAAGAAGCTAGCTCAG GGGAGGTGGCTGCACGGAAAAATG ATCCAGACGCTGTTAAAGAAAAAAGCTCATCCTATTGETTGATTAATCTTCACGTTATGTCGGATGGTACAGCTGTGACTGCACTCTCGAGAACAC
TAGCTT



Our pipeline for phylogenetic marker
development for target enrichment of low-copy
nuclear genes in southern African Oxalis

utilizing a transcriptome and genome skim data, resulted in
* ca. 5,000 exons 2120 bp

e >1,000 genes of 600-4,125 bp (mean 968 bp) length




The Curcuma bait design in numbers

Transcriptome

Curcuma longa

Genome skimming data

Curcuma ecomata

Reference genome to remove chloroplast reads
from the genome skimming data

Zingiber spectabile

Reference genome to remove mitochondrial reads
from the genome skimming data

Oryza sativa var. indica

# BLAT scores: transcriptome vs. transcriptome 33,667

# Unique BLAT scores: transcriptome vs. transcriptome 17,203

# of exons 2120 bp detected with a BLAT search 4,618
between the unique transcripts and the genome skimming data

# of genes 2960 bp 1,180

# of bp covered by genes of 2960 bp 1,571,800

Is one bait sequence sufficient for the family Zingiberaceae?
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Bait to genomic library hybridization efficient in case of <15% sequence divergence between baits and library
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Introduction to hybrid/target
enrichment/capture and Hyb-Seq

(wet lab)



Hyb-Seq (combination of target enrichment and genome
skimming): general workflow

Custom probe design

Genomic library preparation
(5 ng - 1 ug DNA,

Bait synthesis
partly degraded DNA also works)

(usually outsourced to company)

Hybridization of baits to genomic library

In this step target  (100-500 ng DNA of genomic library,
enrichment is tested with a minimum of 9 ng per sample in
combined with a 24plex reaction)

genome skimming.
Sequencing of enriched targets (e.g., nuclear exons)

and off-target sequences (mainly plastome and
nrDNA cistron)

Data analysis

e.g., Cronn et al. (2012) Am. J. Bot.; Lemmon et al. (2012) Syst. Biol.; Weitemier et al. (2014), Appl. Plant Sci.



Hyb-Seq wet lab overview

Genomic

DNA
, DNA extraction
prObe deSIgn Microarray @

| | Shearing,
TS Adapter ligation

PCR (optional)
@ Elution . .
T So— sonication

1l pcr
7
g Biotin-UTP transcription l

|- EE—E ]
e S
e S
U e .

bait design and synthesis

(MYcroarray MYbaits) library preparation
solution hybridization

Gnirke et al. (2009) Nature Biotechnol.

ution
| —
e —

(¢am|
"
o
F

lllumina MiSeq : . ‘
2%150 PE sequencing data analysis



Hyb-Seq wet lab overview in more detail

DNA extraction
Invitek Plant Mini Kit

sonication
Covaris S220
1,000 bp i

PCR enrichment
9-12 cycles

solution hybridization

MYcroarray MYbaits
biotin-streptavidin capture

library preparation
NEBNext Ultra Library Kit
gel size selection 400-700

sequencing
[llumina MiSeq, 2x150
BaseSpace demultiplexing

guantification
Qubit, BioAnalyser

libraries pooling
up to 24plex




Genomic library preparation (example)

Ultra DMA Library Preparation Workflow for lllumina

== [NA == P5 Primr e NEBMT
= Uracil == P7 Prime Adapor
== famods (B2] @ usennmyme
Fragmenied DNA Input +| PCGR Enrichment g P7 e
5 — e
T — 5 5 =)
5 — 5 e
¥ — Ve —
E = e
l 5 \
pF =
End Repair, 5 Phosphorylalion and dA-Tailing
. ; ¥ —— G
b —, ] ; :
T e 5 E = 3
5 e— B — ¥ s —
5 A ¥l e 5
Adaplor Lipation with oplional NEBMext Adaptor R — o
B 7 : F3
6m e Q —_—
A I | ¥ —
5 5 1
] B — T
T . e 5
U Exgision 5 T
- 5-.:‘\“ 7 1l —— = _33
Q- B Y 1
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> 5 — "
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5 i,
3 — 5
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¥ e
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http://www.neb.com/



Size selection - with AMPure XP beads
(example)

By implementing a combination of good shearing with SPRI and “reverse” SPRI,
one can select a fairly tight size range with no gel:

Carboxylate-Modified
Polymer Coating

KEEP SUPERNATANT KEEP BEADS
0.65X SPRI 0250 bp 1.0X SPRI 100-250 bp
Fragments >250 bp on beads > Fragments >100 bp on beads >
Fragments <250 bp in supernatant DISCARD BEADS Fragments <100 bp in supernatant DISCARD
Polystrene Core “Reverse SPRI” SUPERNATANT
Magnetite

Results: i

5 5 & & i i — Before: 200bp Shearing DNA distribution
- - O S o &0 {/ |

|
\Aﬁer: 0.65X/1.0X Double-Sided SPRI

N\

404 =’:|' ¥

I lfll[ 2.5x
R N Il ox
0 o«

1S 50 100 150 200 300 400 500 700 1500

EEBROAD |lumina

INSTITUTE

5PRI size selection from Broad "boot camp™

http://core-genomics.blogspot.cz/2012/04/how-do-spri-beads-work.html



The perfect genomic libraries for Hyb-Seq

H2770_Schmickl_2014-05-12_12-06-28.xad
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Assay Class:
Data Path:
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Bait hybridization (exam
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Impact of preservation techniques on
target enrichment success
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Forrest et al. (2019) Frontiers Plant Sci.



DNA gquantity and quality does not affect read number
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L

DNA prep yield (ngful)

Figure 3. Reads generated per sample by DNA prep yield, DNA quality, and species. DIN is represented by size of marker, species by color of marker.

Forrest et al. (2019) Frontiers Plant Sci.



In aging specimens: accumulation of thymine
bases due to the deamination of cytosine
Increases with time, leading to an excess of C
to T substitutions toward both ends of the DNA
fragments.

However, sampling herbarium and fresh
material of the same individuals separated by
40-120 years did not find the types of
nucleotide misincorporation that are associated
with ancient DNA.



Enrichment efficiency using differently preserved material
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Figure 4. The effect of treatment on recovery of bait
sequence, coverage of baits and length of consensus
sequence called.

(A) Effect of treatment on percentage of reads mapping to
baits (blue) and to plastid sequence (red) using BWA.

(B) Read coverage per bait by treatment (x-axis) and by
species (color of bar).

Forrest et al. (2019) Frontiers Plant Sci.



SNP quality using differently preserved material
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Samples

Genomic DNA

Genes retrieved above Enrichment efficiency
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Silica-dried material is the best!!
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RADseq vs. Hyb-Seq



For which phylogenetic depth is Hyb-Seq optimal?

OPEN a ACCESS Freely available online

@' PLOS | one

A Phylogenomic Perspective on the Radiation of Ray-
Finned Fishes Based upon Targeted Sequencing of

Ultraconserved Elements (UCEs)

. * . s s - L]
Brant C. Faircloth’, Laurie Sorenson, Francesco Santini, Michael E. Alfaro*
Department of Ecobogy and Evalutionary Biology, University of Califomia Los Angeles, Los Angeles, Califomia, United States of America

Abstract

Ray-finned fishes constitute the dominant radiation of wertebrates with ower 32,000 species. Although molecular

phylogenetics has begun to disentangle major evolutionary relationships
no widely awvailable approach for efficiently collecting phylogenomic da
potential of massively parallel sequencing technologies for resolving maj
we provide a genomic perspective on longstanding questions regarding
fishes through targeted enrichment of ultraconserved nuclear DNA ele
workflow efficiently and economically generates data sets that are orde
traditional approaches and is well-suited to working with museum specin
supported phylogeny at both shallow and deep time-scales that support
Lepisosteus (Holostei} and reveals elopomorphs and then osteoglossomo
Qur approach additionally reveals that sequence capture of UCE regio
potential for resolving phylogenetic relationships within ray-finned fishe:
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Figure 1. Maximum likelihood phylogram of ray-finned fish relationships based upon UCE sequences. All nodes except for two
{indicated by arrows) supponed by bootstrap proportions and Bayesian posterior probabilities =0.99. Our analysis supports a monophyletic Holostei
and reveals the elopomorphs to be the eariest diverging lineage of teleosts. C1, C2, and C3 indicate clades within acanthemorphs consistent with
other recent molecular studies (see Discussion)

doi10.1371/ournal.pone 0065923.9001



For which phylogenetic depth is Hyb-Seq optimal?
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from a wide array of taxa, are palymorphic at shallow evolutionary timescales, and can be generated rapidly at low cost, — "z
they are an effective genetic marker for studies imvestigating evolutionary patterns and processes at shallow timescales.
[Birds; coalescent theory; isolation-with-migration; massively parallel sequencing; Neotropics; next-generation sequencing; ]
phylogeography: SNPs.] p—t -5
- i
Lz =
]

:
3
o
B
E
E
=
2
s
z
g
<
=
-]
E
b
E
£
H
"
4

BA2 GH CH €A

™
Schiffornis
furding

Ficure 1. MHP of the areas of endemism for lowland Nm:lnrpicul birds that we used to define FN.1Pu!uti.e1r|.-| for this .‘rlLI.d.}'. For C. lineatus, X.
migrubus, and Q. puqsuru}u, Inambari (SAT) and Ronddnia (SA2) were culla]:mwi as 54,

RcukE3.

™ = 3 3
- 4 3
P 3 B
— ; ;
- :Eéa
—3 s kg
L §§ -3 _E
™ —3§ » -3 ;é
:Hh
—% * 23
3
— % 5k
| 3 a4
{ - = dg
| 3 5%
E 9
| r® 5 24
e 2 3 =3
| -8
GE 3 [
=
=
£
£



RADseq or Hyb-Seq for phylogenies/phylogeographies?

a) b)
Sample 1 Sample 2  Sample 3 Sample 1 Sample 2  Sample 3
Enzyme digestion, Random
. size selection . fragmentation
Adapter/b de ligation,
Adapter/barcode i ?rco F?Cllga o
~I RS - ligation . - -  pooling,
B s = E
: Hybridization to
o Pooling, PCR, g N =
s 4 - lllumina sequencing - piotinyaied
AN probes
s = = = = —
= EET " = - ) Enrichment with
\ streptavidin beads
—
BaE_.J" o
Z PCR, lllumina

- sequencing

Harvey et al. (2016) Syst. Biol.



Genomic distributions of RADseq loci (blue dots
above the line) and UCEs (red dots below)
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Reduction of alleles in target capture and RADseq
datasets when using stringent sequence similarity
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Table 2.

Pros and cons:
RADseq or Hyb-Seq for phylogenies/phylogeographies?

Pros, Cons, and Applications of RAD-5eq and Sequence Capture Datasets.

Category

Marker distribution and
genomic context

Practical considerations

Assembly and erthology
identification

Variant-calling and
genctyping

Information content

Applications

RAD-5eq

Pro: Widely dispersed across genome

Can: Anonymous, evelutionary processes largely unknown

Fro: Less expensive, faster

Pro: Deep coverage, high read overlap

Pro: Fewer rare alleles may make errors easier to distinguish, phasing more
straightferward

Pro: More overall information

Genome scans, rapid and inexpensive analyses, analyses using species in clades

without genomic information, extremely shallow divergences and otherwise
intractable relationships.

Sequence capture

Fro: Can be tailored using new genomic information

Con: Purifying selection impacts allele frequencies
Pro: Works with low-quality and highly contaminated samples

Pro: Over-splitting less problematic

Pro: Fewer low-coverage rare alleles, no allele dropout

Pro: Mare infaermation per locus

Comparisons across species, calibrating parameter estimates, targeting loci of known utility

or interest, studies using poor-quality samples, studies requiring resolved gene trees,
deeper phylogenetic studies,

Harvey et al. (2016) Syst. Biol.



Combining the pros and cons of RADseq and Hyb-Seq:
hyRAD

A) Shotgun libraries preparation B) RAD-seq probes generation
(DNA to be captured) Confaminant (from high quality DNA)

or undesired loci

RAD-seq libraries preparation
E——— — — & size selection
P = Adaptors removal
& biotin labelling
DNA of interest D
. Probes sequencing

C) Hybridization-
capture

1) Hybridization

Lab-work procedure used

for hyRAD development \ /

1) Wash \L Final sequencing libraries

II) Capture on streptavidin beads

IV) Libraries enrichment

Suchan et al. (2016) Plos One >



Universal vs. group-specific probes



Group-specific versus universal probe sets:
a universal angiosperm probe set

ABCD1 target instance X and associated 120-mer probes

core rosids

— I I I I
I I I I I I
- Y
ABCD1 target instance Z and associated 120-mer probes .
I I I I I I
I I I I I —
eessssce ()
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I
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Sequence recovery for coding and non-coding regions
across 353 loci for 42 angiosperms

BN Exons Only
Il With Introns

Alvaradoa
Anigozanthos
Berzelia
Japonolirion
Metteniusa
Quintinia
Vahlia
Barbeya
Blandfordia
Brunellia
Butomus
Crossosoma
Duckesia
Gerrardina
Gonocaryum
Ruptiliocarpon
Tovaria
Trimenia
Upuna

Aralia
Comptonia
Croomia
Curatella
Cyphostemma
Dodonaea
Echinops
Forgesia
Fritillaria
Gilbertiodendron
Pteleocarpa
Wigandia
Acorus
Amborella
Berberidopsis
Ceratophyllum
Cyrilla
Dioscorea
Gunnera
Magnolia
Nepenthes
Nicotiana
Saxifraga

A

Johnson et al. (2019) Syst. Biol.
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Length and informativeness of angiosperm vs.
group-specific (here Cyperaceae) probes

Contig PIS
Angiosperms-353 Mean 751 D
(38 accessions) SD 438 65
Dataset 1 Min 87 0
Max 2102 439
Total 233,429 23,217
Cyperaceae-specific Mean 1,608 63
(9 accessions) SD 830 59
Dataset 2 Min 93 0
Max 7,527 479
Total 683,427 26,630
Angiosperms-353 Mean 717 25
(subset of 8 SD 411 28
accessions) Min 150 0
Dataset 3 Max 2,826 147
Total 221,564 7,613
Cyperaceae-specific Mean 1,471 50
(8 accessions) SD 818 51
Dataset 4 Min 162 0
Max 7,524 400

Larridon et al. (2020) Frontiers Plant Sci. Total 667,945 22,767



Length and informativeness of angiosperm vs.
group-specific (here Cyperaceae) probes

A

Parsimony Informative Sites

500

Targeted sequences enriched with 353 vs Cyperaceae kits

Group
Angiosperms-353-BLAST

100- Angiosparms-353-BWA

Cyperaceas

Alignment Length

Scatter plot of aligned contig length versus number of parsimony informative sites.

Larridon et al. (2020) Frontiers Plant Sci.



Species tree robustness using various datasets for
species tree building
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Figure 6 Phylogenetic reconstructions using ASTRAL of the
relationships in the C4 Cyperus clade inferred for all accessions
from aligned contigs of

(A) dataset 5,
probes,

.e., the loci targeted with the Angiosperms-353

(B) dataset 6,
kit,

.e., the loci targeted with the Cyperaceae-specific

(C) dataset 7, i.e., all targeted loci, and

(D) dataset 8, i.e., the overlapping loci targeted by both kits.

The trees show local posterior probability values and pie charts

visualizing quartet support values at the nodes (blue = agreeing
loci; red = disagreeing loci; gray = uninformative).

Larridon et al. (2020) Frontiers Plant Sci.



Another examples of group-specific versus universal probes

TABLE 1. Characteristics of target locus sets for probe design.

Total target Total target length Average target sequence Average target locus

Locus sets sequences’ Total target loci® (bp) length (bp) length (bp)
Taxon-specific 1880 708 GE0437 309 820
General 1034 344 431,226 419 1260

COsll 280 a7 74988 268 1119

APVO 55C 572 162 174,848 306 1079

PPR 174 112 179,755 1033 1605
Total 2906 1049 A10,028 348 963

“A target sequence is a single consansus sequence from reads mapped 10 a target locus, There may be multiple target sequences for a target locus if sequences do not overlap,
EA target locus is fram a single transcript (taxon-specihc approach) or a single gene (general approach)

TABLE 2, Average performance of locus sets in assembly for 44 Buddieja samples (excludes two Buddleja samples with failed sequencing) and four outgroup samples.®

Buddleja Qutgroup
Locus sets Mo. of sequences Total length No. of sequences Total length
Taxon-specific 1845 {28%)° 567,161 (984%)" 992 (53%) 287,344 (50%)
General 984 (9556) 421,307 [98%%) 733 (71%) 312,062 (725%)
COosl 264 (S4%) 72,207 [96%)° 184 (66%) 48,390 (55%)
APYVO 55C 549 (969%)° 170,224 (97%)" 425 (74%) 130,148 (74%)
PFR 171 (989" 178,876 (100%)" 124 (71%) 133,524 (74%)
Total 2829 (979%) GB8.408 (98%) 1724 (55%) 599,405 (59%}

*Shown are the average number of target sequences with assembled coding sequence and the average total length of assembled coding sequences. In parenthases ara the parcentages
of total target sequences wsad for probe design, Superscript letters show significant differences in averages at the 0.05 level among locus sets for Buddigo samples from Tukey multiple
comparison tests with blocking by sample.

TABLE 3. Characteristics of assembled sequence data sets used for phylogenetic analyses?

Total length:
Average sequence  Average locus  Average total length: aligned, Average %

Locus sets Total sequences® Total loci length (bp) length (bp) unaligned (bp) trimmed (bp) variable sites
laxon-specific 8O0 (43%) 511 {72%}) 336 526 268,710 {49%) 268,603 36079
General 400 (39%) 261 (76%) 605 G928 242,161 (56%) 242,359 30.55%

COsll B2 (29%) 501{75%) 346 567 28,332 (38%) 28380 27 968

APYVO 55C 217 (38%,) 128 (79%) 479 728 93,104 {53%;) 03,253 28 SEM

PPR 101 (58%) 83 (74%) 1194 1453 120,635 {67%) 120,726 35.17%%
Tatal 1200 (471%) 72 (74%) 425 661 510579 {51%) 510,962 34.20%

Seguences with missing data or paralogous sequences in any sample out of 44 Buddlgio samplas and two cutgroups used were removed from data sets, In parentheses are the

percentages of wotal target sequences uied for probe design, Superscript letters in the last calurmn show significant differences in sverages at the 005 level among locus sets from a Tukey
multiple comparison test.
A seguence is assembled to a single target seguence. There may be multiple target saquences for 2 target locus if target sequences do not overlap. Chau et al. (20 18) App| Plant Sci.



A target capture-based method to estimate ploidy from
herbarium specimens

Counts

Figure 1. Allelic frequency patterns found in

B
(A) diploid, in blue (Dioscorea sylvatica R104),
. (B) triploid, in orange (D. alata T38), and
:
° (C) tetraploid, in green (D. communis P06),
models using nQuire.
c 350

Counts

Viruel et al. (2019) Frontiers Plant Sci.
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