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Genome Subsampling

Hyb-Seq: Combining Target Enrichment and Genome Skimming for Plant

Phylogenomics

Mixed

Author(s): Kevin Weitemier, Shannon C. K. Straub, Richard C. Cronn, Mark Fishbein, Roswitha

Schmickl, Angela McDonnell, and Aaron Liston H yb_Seq
Source: Applications in Plant Sciences, 2(9)

Published By: Botanical Society of America

https://doi.org/10.3732/apps.1400042

URL: http://www .bioone.org/doi/full/10.3732/apps.1400042




Genome Subsampling

Rutieat Genome
— — — — —

Fragmented, ncomplete assembly

Nuctear reads - ——— ——— -
of the muciear genome \
Genome Assembly
Phylogenomics
Low past 30Kun seguncing Asseroied separately yiog
Tavonomic 0
S EE——

/

Organetar Genome

——— o —
-
—
—— e Contiguous, complete assembly of
- ——— the organeiiar genome TRPLSC 1851 No. of Pages 4
-

Orgunedar reads

Trends in Plant Science

Hyb-Seq for Flowering
Plant Systematics

Steven Dodsworth @,127*

Lisa Pokorny, "7

Matthew G. Johnson,*>7

Jan T. Kim," Olivier Maurin,"'
Norman J. Wickett,>¢

Felix Forest,' and William J. Baker'

Fig. 1. Dodsworth, Pokorny, Johnson et al. 2019. Trends Plant Sci. 24(10): 887-891

Mixed
Hyb-Seq




Hvb-Seq Workflow

DNA extraction

Comercial kits vs.
in-house protocols

Hybridization

Target enrichment with
probe set

)
@7,
\ %47
L il Z ‘1
v‘\{’,wf,f'v

f >
|
i

Genomic Library
Preparation

Dual indexing for
multiplexing

HTS

Multiplexed sequencing




Total DNA mmmm)

250bp

— Dual indexed genomic libraries

Genome
skimming




Total DNA o)

RNA bait

250bp

—

Enriched

g libraries
B

Dual indexed genomic libraries




Total DNA o)

RNA bait

80%

250bp

—

Enriched

Dual indexed genomic libraries

skimming




Advantages & Disadvantages

Phylogenomics Genomic Initial Ultimate Initial Ultimate Low-copy
approach resources bioinformatic bioinformatic laboratory cost per nuclear genes
required investment investment cost sample retrieved
Genome skimming No None Medium Low Medium No/Limited
RAD-Seq MOy UL i High High Low No/SNPs
helpful
No, but
RNA-Seq helpful Low High Low High Yes-thousands
Hyb-Seq Varies® High® Medium Low® Medium Yes-variable

4nitial costs include the one-time or limited purchase of expensive consumables (e.g., biotinylated baits or
adapter sequences). Boxes are highlighted from unfavourable (red) to favourable (green) under each column.
PIf designing new kit(s) genome or transcriptome resources are required, otherwise readily available kits exist for
different groups of plants as well as angiosperms as a whole (Angiosperms-353) and are much cheaper than
designing a new custom bait set.

Table 1. Dodsworth, Pokorny, Johnson et al. 2019. Trends Plant Sci. 24(10): 887-891
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The Open Green Genomes Initiative (OGG, a Joint Genome Institute community
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Economic Resources

TABLE 1. Comparison of consumable costs between conventional and low-cost methods in the target capture workflow. See text for full explanation of methods and
alternatives and for equipment cost considerations.?

Cost-saving Usual technique price (per  Cost-saving technique  Estimated fold-cost
Hyb-Seq procedure Usual technique technique sample) price (per sample) savings
DNA extraction QIAGEN DNeasy 96 CTAB $3.11 $0.29 10.72
Quality control TapeStation Qubit + gel $3.21 $1.30 247
Fragmentation Sonicator Fragmentase $6.76 $1.41 4.79
Library prep NEBNext Ultra Il DNA full NEB half volume $29.20 $14.60 2.00
volume
Purification AMPure beads Homebrew beads $2.26 $0.08 2825
myBaits 24-plex 24-plex + dilute $2.16 $0.56 3.86
myBaits
Sequencing MiSeq 2 x 300 bp (96-plex) HiSeq X (384-plex) $18.50 $4.42 4.19
Overall $65.20 $22.66 2.88

Prices (in US. dollars) are approximate and may vary by institution.

Table 1. Hale et al. 2019. Apps. Plant Sci. 8(4): e1337.




Economic Resources

Duke University
One Thousand Plant Transcriptomes (1KP, Alberta,
Musea Ventures, BGI, etc))

RIB-CSIC
AFFLORA & BAYESNEXT (State Research Agency, AEl)
BOREOTROP (Community of Madrid)

RBGK

Global Tree Seed Bank (CTSB) Programme (Garfield
Weston Foundation)

Plant and Fungal Trees of Life (PAFTOL) Programme
(Calleva & GW Foundations)

CBGP UPM-INIA/CSIC
Severo Ochoa Excellence Program (AEI)

IBB CSIC-MCNB
GIANTS & CANTHAROMICS (AEI)




Probe Set Design

Custom Kits Universal Rits
Euphorbiaceae43] Angiosperms353
Dioscoreaceae303 ProkaryoKit
Cortinariaceael93 Etc.

Etc.




[ e halsamifera

wommnmmoee (@NENSIS

Euphorbiaceae431

Classification: order Malpighiales
(Eudicot), ~7.5K species (~300 genera)

Importance: rubber (latex), cassava
(edible tuber), castor oil, etc. T Vi

Available resources: ,
2 Euphorbia transcriptomes \@ 1KP

1 Ricinus communis genome N segi [
) Markeriiier & Plaza DB

Daicel AI’BOI’ Biosciences BaBaits Bridging the micro- and macroevolutionary levels in
phylogenomics: Hyb-Seq solves relationships from populations

Resumng kit: to species and above
431 ~single copy nuclear orthologs

. Tamara Villaverde'* (), Lisa 1"l.alr4‘.|rny2“,SannaOlsson3 , Mario Rincén-Barrado' ,Marl:hewG._lohnson"'s
N7OO Kb p m atr |X Elliot M. Gardner® , Norman J. Wickett>”, Julia Molero®, Ricarda Riina'" () and Isabel Sanmartin'"

*Real Jardin Botdnico (RB-CSIC), Plaza de Musillo 2, 28014 Madrid, Spain; *Comparative Plant and Fungal Biology Deparement, Royal Boranic Gardens, Kew, Richmond, TW9 3DS, UK;

~20K 120-mer tiled probes (variable it ofFore By sn e INIA Fore R Cane (NIA.CTEOR

University, 2901 Main St, Lubbock, TX 79409-43131, USA; *Department of Plant Science and Conse

tl | | n g ) ZX y T Sx) “The Morton Arboretum, 4100 Illinois 53, Lisle, IL 60532 USA; “Program in Plant Biology and Cons
N 1

“Laborator: de Botanica, Deparament de Biologia, Sanitat i Medi Ambicar, Facultar de Farmicia, Universitat de Barcelona, 08028 Barcelona, Spain

2, de la Coruia km. 7.5, 28040 Madrid, Spain; “Department of Biological Sciences, Texas Tech

n, Chicago Botanical Garden, 1000 Lake Cook Road, Glencoc, IL 60022, USA;

‘ech Drive, Evanston, IL 60208 USA;
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Dioscoreaceae303

Classification: order Dioscoreales
(Monocot), ~300 species (~4 genera)

Importance: yams (edible tuber),

steroidal saponins (contraceptives), etc.

Available resources: @ 1KP

3 Dioscorea &1 Tacca transcriptomes
1 Oryza sativa &1 Xerophyta viscosa
) Markeriiier & Plaza DB

Daicel Arbor Biosciences BBaits

Resulting kit:

260 ~single copy nuclear orthologs
43 genes of agronomic interest
~447 Kbp matrix

~17K120-mer 3x tiled probes

.o — [@XJ
¥ 9¢ Applications
lin Plant Sciences § MI‘J

A customized nuclear target enrichment approach for
developing a phylogenomic baseline for Dioscorea yams
(Dioscoreaceae)

Marybel Soto Gomez'** . Lisa Pokomy’ + Michael B. Kantar* , Félix Forest? o llia J. Leitchy? , Barbara Gravendeel**
Paul Wilkin' Sean W. Graham' Land Juan Viruel'

APPLICATION ARTICLERTZZS
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Cortinariaceael93

. , Tinnean 68 BIOLOGICAL &@55*’ |
Classification: order Agaricales SOCTETY A=K Journali .. \ ‘

( B as | d | 'e) mycota ) , ~3 K S pec | es ('] g eny S) Biological Journal of the Linnean Society, 2016, 117, 11-32. With 6 figures.

Importance: ectomycorrhizal fungi
Available resources: Tales from the crypt: genome mining from fungarium
4 Cortinarius assemblies ( A BySS) specimens improves resolution of the mushroom tree

] - of life
208 Agaricales single-copy orthologs
BRYN T. M. DENTINGER"?*{, ESTER GAYA't, HEATH O'BRIEN?, LAURA M. SUZ?,
genes (S COG S) & exonerate ROBERT LACHLAN*, JORGE R. DIAZ-VALDERRAMA®, RACHEL A. KOCH® and

. . . . M. CATHERINE AIME®
Daicel Arbor Biosciences Baits

Resulting kit:
188 nuclear SCOGCs

Fungal Diversity
https://doi.org/10.1007/513225-022-00499-9

RPBI ! RP 82, MCM 7: GP D, & TEFI Taming thg beast: a revised classification of Cortinariaceae based
~67.5 Kbp matrix on genomic data
~2O K T 2O -mer 2X tl | ed p ro b es Kare Liimatainen' @ - Jan T. Kim?© - Lisa Pokorny'>® - Paul M. Kirk*® - Bryn Dentinger®® - Tuula Niskanen'®

Received: 20 October 2021 / Accepted: 20 January 2022
©The Author(s) 2022
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Classification: flowering plants, ~ 370K
spp. (APG VI: 416 fams. & 64 orders)

Importance: agronomic, edible, timber,
pulp, fiber, meds, ornamental, fuel, etc.

Available resources:

655 transcriptomes @ 1KP

20 genomes

Hamming dist., k-medoids clustering
Daicel Arbor Biosciences lBaits

Resulting kit:

353 nuclear SCOGs

~260,8 Kbp matrix

~75,2K 120-mer 3x tiled probes
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National Library of Medicine

National Center for Biotechnology Information

Database of Clusters of Orthologous Genes (Cobs)

COG DATABASE  COG CATEGORIES PATHWAYS

CONTACT

COGs stands for Clusters of Ortr Genes. The

ProkarioKit

pdated: March, 2022

WEB SERVICES COG PROJECT

was [nitially created In 1997 (Tatusov et al., PMID: 8381173)

followed by several updates, most recently in 2014 (Galperin et al., PMID: 25428385). The current update includes complete
genomes of 1,187 bacteria and 122 archaea that map info 1,234 genera. The new fealures include ~250 updated COG

anr viith fi

and PDB links, where avallable; new COGs for proteins Involved in CRISPR-Cas

immunity, sporulation, and pnotosymhesls and the lists of COGs grouped by pathways and functional systems.

o

Qrganism name (Aciduli
Pathway (Arginine bios!
091
Protein name: (prot WP_
Gene Tag: {gens tag:Hat

undum_boonei_T469)

Statistics
- - Taxonomic :
COGs Genomic loci Categories Organims
4,877 3,456,089 37 1,309

Search
Protein IDs COG symbols
3,213,255 3828

Toward Automatic Reconstruction ;
of a Highly Resolved Tree of Life s '_” “f;‘f?:‘if:.‘“z:ntt"r‘::;.‘.

s requined 30
Francesca . Clecarolli,’**** Tobsas Dosrks,™* Christian von Mering,” Christaphar 1. Creevay,”
Berend Snel,’ Peer Bork™"t

e have develoged a0 autematable precedure for rezonstructing the tree of Life with branch
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Clustering Algorithms
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Distribution
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Number of clusters

Biological Sequence Clustering
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Figs. 3 & 7. Wei Z-G. et al. 2023. Comparison of Methods for Biological Sequence Clustering. IEEE/ACM Trans. Comput. Biol. Bioinform. 20(5): 2874-2888.




Tree-Based Clustering

@PLOS|ONE

RESEARCH ARTICLE
TreeCluster: Clustering biological sequences
using phylogenetic trees

Metin Balaban", Niema Moshiric>!, Uyen Mai?, Xingfan Jia®, Siavash Mirarab®*

A) Ultrametric tree Ty

A

Fig 1. When the phylogenetic tree is ultrametric, clustering is trivial. For a threshold e, cut the tree at { height (A). When the tree is not
ultrametric, it is not obvious how to cluster leaves (B). In both cases, a set of cut edges defines a clustering,

https.//doi.org/10.1371/journal.pone.0221068.g001
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| Preview | Code  Rame Rw @& 2 v

FastQC

FastQC is a program designed to spot potential problems in high througput sequencing datasets. It runs a set of
analyses on one or more raw sequence files in fastq or bam format and produces a report which summarises the
results.
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MultiQC
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126 lines {98 lnc} - 5.42 KB

Preview | Code  Blame Rw D & 2 v =

O multige

Aggregate hicinformatics results across many samples into a single report

Find documentation and example reports at http:/fmultige.info

vi.19 | ROt 1R-SGitaintarmats

MultiQC is a tool to create a single regort with interactive plots for multiple bioinformatics analyses across many
samples.

Reports are generated by scanning given directories for recognised ieg files. These are parsed and a single HTML
report is generated summarising the statistics for all logs found. MultiQC reports can describe multiple analysis
steps and large numbers of samples within a single plat, and multiple analysis toals making it ideal for routine fast
quality contral.

A very large number of Bioinformatics tools are supported by MultiQC. Please see the MultiQC website for a
complete list. MultiQC can also easily parse data from custom scripts, if correctly formatted / configured - 2
feature called Custom Content.




trimmomatic
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Genome analysis Advance Access publication April 1, 2014

Trimmomatic: a flexible trimmer for lllumina sequence data

Anthony M. Bolger'2, Marc Lohse' and Bjoem Usadel®**

'Department Metabolic Networks, Max Planck Institute of Molecular Plant Physiology, Am Muhlenberg 1, 14476
Golm,?Institut fiir Biologie |, RWTH Aachen, Worringer Weg 3, 52074 Aachen and ®institute of Bio- and Geosclences:
Plant Sciences, Forschungszentrum Jllich, Leo-Brandt-StraBe, 52425 Jtlich, Germany

Associate Editor: Inanc Birol
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PHYLUCE

Bioinformatics, 32{5), 2016, 786788

doi: 10,1083 vicinfpematics bvds

Advance Access Publicatian Date: 2 November 2015
Applications Nate OXFORD

Phylogenetics

PHYLUCE is a software package for the analysis
of conserved genomic loci
Brant C. Faircloth
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Characterization of ancient and modern genomes by
SNP detection and phylogenomic and metagenomic
analysis using PALEOMIX
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SECAPR—a bioinformatics pipeline for ,
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CAPIUS

bioRxlv preprint dol: https://dol.org/10.1101/2023.10.27 564367 ; this verslon posted November 1, 2023. The copyright holder for this
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A novel phylog ics pipeline reveals

pip

pattern of reticulate evolution in
Cucurbitales

Running Title: CAPTUS: a novel pipeline for phylog

Edgardo M. Ortiz'", Alina Héwener'?, Gentaro Shigita', Mustafa Raza', Olivier Maurin®,

Alexandre Zuntini®, Félix Forest’, William J. Baker' & Hanno Schacfer’
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MAFET

@ 2002 Oxford University Press Nucleic Acids Research, 2002, Vol, 30 No. 14 3059-3066

MAFFT: a novel method for rapid multiple sequence
alignment based on fast Fourier transform

Kazutaka Katoh, Kazuharu Misawa', Kei-ichi Kuma and Takashi Miyata*

A sequence 1 B
12 3 45 sequence 1
1 ‘ I' ' =)
‘;‘ 2 o ™Y
g3 3 |Sha—
c
-] [}
B8 3
4 =3 - b
%4 @ R
5 ol

Figure 2. (A) An example of the segment-level DP; (B) Reducing the arca
for DP on a homology matrix.
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MUSCLE

1792-1797 Nucleic Acids Research, 2004, Vol, 32, No. 5
DOI: 10.1093/mar/gkh340)

MUSCLE: multiple sequence alignment with high
accuracy and high throughput
Robert C. Edgar*

1.1 k-mer 1.2 1.3 progressive
counting \J I ’ UPGMA alignment
- N p § N
! RN v
unaligned
sequences k-mer distance TREE1 =
matrix D1 2.1 compute
%ids from MSA1
—— & A : | Kimura distance
——= == . — | matrix D2
2.3 progressive 29 UPGMA =
MSA2 alignment TREE2
M No,
e ——— delete
- —
[ r‘ —_— ¥ i fiea
——— 33re-align  gp ¥ Yes,

K< 3.2 compute  profiles 3.4 P = save

\7\ subtree profiles score better:

3.1 delete repeat

edge from TREE2 T
giving 2 subtrees




Stép 2 {spanning tree):

PASTA

JOURNAL OF COMPUTATIONAL BIOLOGY
Volume 22, Number 5, 2015

i Mary Ann Liehert, Inc.

Pp. 377-386

DOL: 10.108%/cub.2014.0156

PASTA: Ultra-Large Multiple Sequence Alignment
for Nucleotide and Amino-Acid Sequences

SIAVASH MIRARAR! NAM NGUYEN! SHENG GUO, LI-SAN WANG.
JUNHYONG KIM,' and TANDY WARNOW'?

Step 1 (decomposition):

2Ot X PR R

Step 4 (pairwise merge): | Step 5 (transitivity merge):
=C

Merging compatible MSAs using transitivity:
‘A

2.3

Nguyen et al. Genome Biology (2015) 16:124 v 3
DOI 10.1186/513059-015-0688-;
s 1 Genome Biology
METHOD Open Access

Ultra-large alignments using RS
phylogeny-aware profiles

Nam-phuong D. Nguyen', Siavash Mirarab?, Keerthana Kumar? and Tandy Warnow'3#"

Unaligned sequences (input)
Remaining sequences
juery set
> (query set)

Randomly selected
backbone

Alignment of query sequences
Ensemble of HMMs to the best scoring modet

v

Backbone alignment and tree

Kb Final merged alignment of all sequences
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AMAS

AMAS: a fast tool for alignment

manipulation and computing of summary

statistics

Marek L. Borowiec

A: concatenation

AMAS concat -i FILE 1.fas FILE 2.fas -f fasta -d dna --concat-out CONCATENATED_FILE.fas

CONCATENATED FILE.fas parti

B: format conversion

AMAS convert -i FILE_l.fas FILE_2.fas -f fasta -d dna --out-format phylip

FILE_1 FILE_2.f.

Function AMAS FASconCAT-G
Input formats fasta phylipnexus  clustal fasta phylip nexus
Concatenation yes yes

Splitting or site extraction yes yes

Summary statistics yes yes

Replicate alignments yes no

Taxon removal yes no

Translation no yes

RY coding no yes
Consensus sequences no yes

NCBlI interactions no no

Tree manipulations no no

FILE 1.fas-out.phy  FILE 2.fas-out.phy

Phyutility
fasta nexus
yes

ves (gaps only)

PhyKIT

Phylogenetics

PhyKIT: a broadly applicable UNIX shell toolkit for
processing and analyzing phylogenomic data
Jacob L. Steenwyk**, Thomas J. Buida III?, Abigail L. Labella?, Yuanning Li*, Xing-

Xing Shen3, & Antonis Rokas**

Subsample
complete
matrix for
50% of
top-scoring
genes for
individual
metrics.

| Alignment length

y
using the complete
data matrix

eny
for each subsan
data matrix

all species-le

Collect and compare
evel
phylogenies

all species-
phylogenics

i

\ Colleet and compare

<




phyutility

APPLICATIONS NOTE 515 iossiontomeceiimets

Phylogenetics

Phyutility: a phyloinformatics tool for trees, alignments and

molecular data
Stephen A. Smith'* and Casey W. Dunn®

3 Tree Functions

31 REroabing . .. o5 s won wie o
3.1.1 Examples . .. .. ...
32 Proanimg oo s @ R s 9
321 Examples ........
3.3 Typeconversion ........
3.3.1 Examples . o . o
34 Consensus . . ... .. .. ...
34.1 Examples . .. .. ...
3.5 Leafstability . ... ...
35.1 Examples ..., .....
3.6 Branch Attachment Frequency
3.6.1 Examples . .......
ST Treecsupport - oo @i W oy G
3.7.1 Examples . .......
3.8 Thinning trees . . .. .. ...
381 Examples ........

4 Data matrix functions

4.1 Concatenate , . ., ... ....
411 Examples . ......
4.2 GenBank Parsing . . . ... ..
1.2.1 Examples . ... ....
1.3 Trimming sites . .. ... ...
1.3.1 Examples . .......
1.4 Searching NCBI. . .......
1.4.1 Examples ... .....
1.5 Fetching Sequences from NCBI
1.5.1 Examples ... ... ..

FASconCAT-

Kikek s | ey fronbiers n Zockigy 1174, 13401 | FRCNTEAE IN 200L0GY
T ey ecthe ool 0gy Sz atet! V1L ‘ &—

METHODOLOGY Open Access

FASconCAT-G: extensive functions for multiple
sequence alignment preparations concerning
phylogenetic studies

Patrick Kiick!* and Gary € Lonao?

IN MSA Infiles (FASTA, CLUSTAL, PHYLIP)
FASconCAT-G
SEQ RENAMING

SEQ TRANSLATION
CONSENSUS SEQ

SEQ RECODING
SITE EXCLUSION

SEQ CONCATENATION

SITE EXTRACTION

Y (W

Converted Outfiles (FASTA, PHYLIP, NEXUS)

Supermatrix (FASTA, PHYLIP, NEXUS}

Parsimony Informative Sites
(FASTA, PHYLIP, NEXUS)

=) Base Compasition / Supermatrix
) Information

T Secondary Structure
| information

=) Gene Partition Outfiles
~—, (RAXML / Mr.BAYES) ouT




trimAl

APPLICATIONS NOTE “ & iionieimiesmoca

ClipRIT

PLOS BIOLOGY

Phylogenetics

trimAl: a tool for automated alignment trimming in large-scale
phylogenetic analyses
Salvador Capella-Gutiérrez, José M. Silla-Martinez and Toni Gabaldén*

trimal -in examplel -out outputl -htmlout outputl.html -gt 1

Selected Residue / Sequence
Deleted Residue / Sequence

10 20 30 40 50 60
B seseeeend GLGKV- - - TVY - GIVL.GTKS - DQFSNAVVAL - - - - - FPANGLQIHMMGIT
Bl - FAYTAPD- - - LLLIGFLLKTVA-T- FG- - DTWF- - - - - QLWQGLDLNKMPVF
=5 S DPAVL- - - - FV- - IMLGTIT - K- FS- - SEWF- - - - - FANLGLEINMMVIT
Sp26  AAAAAAAA----ALL---TYL-GLFLGTDY- - - - - EN- - - FAAAAANAWLGLETNMMAQT
Sp33  ---ee--ee- PTIL- - - NIA- GLHMETDI - N- FS- - LAWF - - - - - QANGGLEINKQAIL
| ASGAI- - - LTL - GIYLFTLC- AVIS- - VSWY - - - - - LANLGLETNMMALT

trimal -in examplel -out output3 -htmlout output3.html -gt 0.8 -st 0.001 -cons 6@

Selected Residue / Sequence
Deleted Residue / Sequence

10 20 30 40 50 60
B cessesonnd GLGKV- - - IVY - GIVLGTKS - DOFSNAVVAL - - - - - FPANGLQIHMMGIT
=5 S FAYTAPD- - - LLLIGFLLKTVA-T - FG- - DTWF- - - - - QLNQGLDLNKMPVF
§p10  --------e- DPAVL - - - ~FV- - IMLGTIT- K- FS- - SEWF- - - - - FANLGLEINMMVIT
Sp26  AAAAAAAA-- - -ALL- - -TYL-GLFLGTDY- - - - - EN- - - FAAAAANAWLGLEINMMAQT
N, PTIL - - - NIA- GLHMETDI - N- FS- - LAWF - - - - - QANGGLEINKQATL
| ASGAT - - - LTL - GIYLFTLC- AVIS- - VSWY - - - - - LANLGLEINMMATT

Dimension 2 {21.8%)

METHODS AND RESOURCES

ClipKIT: A multiple sequence alignment
trimming software for accurate phylogenomic
inference

Jacob L. Steenwyk'*, Thomas J. Buida, 2%, Yuanning LI, Xing-Xing Shen®,
Antonis Rokas '

B
Empirical Datasets Simulated Datasets
BMGE 0.3 i 4- | Not
2] . ' No trim L LM .
. i
e ClipKIT: g ®BMGE |
i trimAl: = !
trimAl; sp‘: 1 & o '
Gblocks @ BMGE 3 i
i (VPR BMCEQT| & ;
ClipKIT: ke [ § !
o |4 St
-1 4 " < ! ipKIT: ke
lipKIT: ke @ OFf--cc--=—c-ccecicoccd o WD T
. b £ g . ,.Seree Plot +_ClipKIT: g
P ' a b BMGEOT | "ClipKIT: kcg
28 ¢ Eu ® | ©CiKiTk
3 [CIipKIT: k & | ClipKIT: kg
:;' Clp T q =20 | trimAl: go
o | ClioKIT: k i rimAL Sp @iimAl s
3 Dionsieos y Noisy ; % ; Dlmegsfzne @ !
-5.0 2.5 0.0 25 -7.5 -5.0

T
25 0.0
Dimension 1 (59.2%) Dimension 1 {(60.3%)




max_overlap

o

¥ master - bioinfo-utils [ docs [ advice { scripts / max_overlap.R (2

@ keblat add files vl upload

| Code | Blame

iat for ¢

1 # max_averlap age calculation

Q 6ot fil

= @
-5 yesrs ago D) History

rRw D& 2 v [0

aplure coverage of largel seguences

because otheruise the praduct of thr

which combinations of qenas w

ally aprionall. | will prabahly not have any

cript, which shauld be lacated in the

3 # duthar: Shee, Zhi Qiang

4 ¢ Conditians of w GPLVE

5 ¢ max_overlap — Lhis scripl celculates a sel of Lhree slalistics to eslinaste

6 ¢ I used it o ideat sanoles with iow coverage thel nay affecl downstrean

7 # Statistic 1: represented oreportion of species/genes Tor which secuenc
L4 c 2 ness = proportion of target seguence obtained for &
g5 tic 3: = how evenly the sequence lengths are distributed acri
s % conpletenress x evennessi®(1/3} «— cube rost

it # Tneoretically, 1 prefer tais aparsach because 1t provides a netter icea af

] # fmpirically, this approacn has NOT been tested.

E] # 14 yau find any augs, please madify accorcingly ane let ne knaw (

4

15 # Input file is the tab-delin txt output of the get seq lengths.py HybPiper s

6 ¢ Dulpul File Ls 8 csv and will be written Lu sane directory unless stherwise specified.

v workdir == '/hone/zhi/zq/Schefl Tlera/Hyb?iper specify working cirectory

18 InfTile <- “seq lengths.txt' ¥ specify Laput Tile pane

2 outfile = ‘max_overlap,csv' ¥ specilfy output file name

=

optrimAl

? ¥ master - bioinfo-utils / docs { advice  scripts / optrimAltxt (5 Q Go tofile t

via upload 298dBEL - B yearsago  {0) History

@ keblat s fles

148 lines {114 lacl - 7.43 K

Code | Blame raw @ & 2 -

1 ¥ opTritAl package

Z # Author: Shee, Zni Olang

3 # Cond:ticns of use: GPLY3

4 # There are two scripts here - PASTA_taster.sh and optrimAl.R

[ =

e #1/bin/hash

9 & PASTA taster.sh - run this first

18

11 ¥ This scripl lests if Lhe pasta is gluten-fres.

12 ¥ JK. This is a wragper around colrindl thal geaerales Lrimed aligurents using trinAl 1.2 (Capella-Gutierrez
13 ¥ It calls the optrimdl script, whi hen returns all @lignment fTiles Iriwned to en optlvun threshold cefined
14 ¥ Allgnrents that Lose more than a set cap of data (default 38% Lin the script) after optimal trimning are not
15 ¥ Theoretically, I prefer this approach because it considers the anount of nissing data in each data set and &
16 # Enpirically, this approach has NOT been tested,

17 # If you find any bugs, please modify accordingly and let me know (totslily optionall. I will provabdly not have
18

15 # This script produces ALOT of output.

» # Alignment files (r.g. +.aln) returned ta the working directory are the catimall

# averlast.txt lists the aliganents where data 1noss exceeded the cap.

# dldns.prg are graphs showing the arpaoction of parsincay infarmative characters and data luss at each trimai
& dldps.cse are the raw gata fron which the grashs are proguced.
& sunnarys.txt sre the sumery statistics produced by #%S,

25 ¥ Directaries naved with the specified Lrinming Lhreshold values {e.g. 8.1) should be deleted imedistely once




TreeShrink

Mai and Mirarab BMC Genornics 2018, 19{Suppl 55272

hittps//doi.0rg/10.1186/512864-018-4620-2 BM C GenomiCS

CrossMark

TreeShrink: fast and accurate detection of ®
outlier long branches in collections of
phylogenetic trees

Uyen Mai' and Siavash Mirarab?”

From RECOMB-CG - 2017 ; The Fifteenth RECOMB Comparative Genomics Satellite Conference
Barcelona, Spain. 04-06 October 2017

PhvylteR

PhylteR: Efficient Identification of Outlier Sequences in
Phylogenomic Datasets

Aurore Comte,"*" Théo Tricou,*' Eric Tannier,** Julien Joseph,® Aurélie Siberchicot,®
Simon Penel @, Rémi Allio ®,” Frédéric Delsuc ®,° Stéphane Dray,” and Damien M. de Vienne ©**
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Drv Lab Pipeline

Target
Sequences
MAFFT | MUSCLE | PASTA | UPP
AMAS | PhyKIT | trimAl | ClipKIT
TreeShrink | PhylteR
Aligned

Matrices




Drv Lab Pipeline

Aligned
Matrices
Brick
Mortar
Masonry
Species

Trees




Drv Lab Pipeline

FastTree | IQ-TREE2 | RAXML-NG | PhyML

Newick utils | Gotree/Goalign

ASTRAL Il & PRO | TREE-QMC | treespace

Aligned
Matrices

Gene
Trees

Species
Trees




IQ-TREE?2

IQ-TREE 2: New Models and Efficient Methods for Phylogenetic
Inference in the Genomic Era

Bui Quang Minh @ ,*'” Heiko A. Schmidt,® Olga Chernomor,” Dominik Schrempf,** Michael D.
Woodhams,” Amdt von Haeseler,> and Robert Lanfear'?

P
>

{A, C}1{B, D}

ZEIAN
DR
LYy VP

N
4d % 4

N7

{A,B}I{C, D} {A,D}I{B, C}

RAxML-NG

Bioinformatics, 2013, 1-3
doi 10.108X/bioinformatics/bz3os

Advence Access Publication Date: 9 May 2019
Apphcation Note

Phylogenetics
RAXML-NG: a fast, scalable and user-friendly

tool for maximum likelihood phylogenetic
inference

Alexey M. Kozlov ©'**, Diego Darriba &', Tomas Flouri', Benoit Morel’
and Alexandros Stamatakis'?

Initial tree topology Prune i Regraft

4 A

i Select one subtree |
Initial tree topology :  from each side of the Interchange
i inner branch e




PhyML FastTree2

@© The Author(s) 2010. Published by Oxford University Press, on behalf of the Society of Systematic Biologists. All rights reserved.
For Permissions, p journal

DOI:10.1093 /sysbio/syq010

Advance Access publication on March 29, 2010

OPEN @ ACCESS Freely available online “PlLoSone

FastTree 2 — Approximately Maximum-Likelihood Trees
New Algorithms and Methods to Estimate Maximum-Likelihood Phylogenies: Assessing for Large Alignmen
the Performance of PhyML 3.0 or Large 9 ents
Morgan N. Price’*, Paramvir S. Dehal™?, Adam P. Arkin"**
STEPHANE GUINDON'?, JEAN-FRANCOIS DUFAYARD!, VINCENT LEFORT!, MARIA ANISIMOVA!34,
WiM HORDIK"®, AND OLIVIER GASCUEL!*

250 1,250 5,000 78,132

(]

Method a.a. a.a. a.a. nt.

4 N & N & N\
Original tree NNIL NNI RAXML 7 (JTT+CAT, SPRs) 90.5% 884% 88.4% -

PhyML 3.0 UTT+T, SPRs) 899% - - -
A A N

FastTree 2.0.0 (JTT+CAT or JC+CAT) 86.9% 83.7% 84.3% 92.1%
74 & N% PhyML 3.0 (JTT+I"y, no SPRs) 86.0% - - -

Prune B away

FastME 2.06 (log-corrected distances, SPRs) 80.5% 788% 77.0% -

FastTree 2.0.0, no ML NNIs 80.4% 783% 76.6% 91.4%
BIONJ (ML distances) 77.7% 737% 73.1% -
Parsimony (RAxML) 76.8% 765% 694% -
Neighbor joining (log-corrected distances) 76.0% 72.6% 71.6% 66.1%
Clearcut {log-corrected distances) 755% 723% 71.5% 58.1%




Newick Utils

Vol. 26 no. 13 2010, 1669-1670
AP P L’ CATI ONS N o TE ’ doi:’;%. 1083/bi0il:)fgr;.lsatics/btq243

Phylogenetics Advance Access publication May 13, 2010

The Newick utilities: high-throughput phylogenetic tree
processing in the UNix shell
Thomas Junier’-2* and Evgeny M. Zdobnov'23

Table 1. Selected Newick utilities programs and their functions

Program Function

Extracts clades (subtrees), specified by labels
Extracts branch lengths in various ways (from root,
from parent, as matrix, etc.)

nw_clade
nw_distance

nw_display Draws trees as ASCII or SVG (suitable for further
editing for presentations or publications), several
options

nw_match Reports matches of a tree in a larger tree

nw_order Orders tree nodes, without altering topology

nw_rename
nw_reroot
nw_trim
nw_topology

Changes node labels

Reroots trees on an outgroup, specified by labels
Trims a tree at a specified depth

Retains topological information

Gotreel/Goalign

Published online 11 August 2021

NAR Genomics and Bioinformatics, 2021, Vol. 3, No. 3 1
https:lldoi.orgl10.1093 [nargabllqab075

Gotree/Goalign: toolkit and Go API to facilitate the
development of phylogenetic workflows

Frédéric Lemoine “''2" and Olivier Gascuel '

Table 1. Subset of commands implemented in Gotree/Goalign

Goalign
Command

reformat

rename

clean

codonalign
concat

mask

translate

extract

build seqboot
compute distance
stats

Description

Converts between Nexus, Clustal, Fasta and
Phylip

Modifies or cleans sequence names
Removes sites/sequences

Aligns by codons using a protein alignment
Concatenates several alignments

Masks parts of the alignment

Translates input alignment in amino-acids
Extracts subsequences from input alignments
Builds bootstrap alignments

Computes distance matrix

Computes statistics about input alignments

Gotree
Command

Description

reformat

prune

collapse

reroot

compare trees
compute support
stats

matrix

upload itol

Converts between Newick, Nexus and
PhyloXML

Removes user-defined tips

Collapses branches

Reroots trees

Compares tree topologies (bipartitions)
Computes branch supports (30) and (31)
Compules statistics about input trees
Computes patristic distance matrix
Uploads a tree to iTOL (9)




ASTRAL-III

Zhang et al. BMC Bioinformatics 2018, 19(Suppl 6):153

https:/doi.org/10.1186/512859-018-2129-y B M C B | [e} | nfo m at| cs

ASTRAL-III: polynomial time species tree &~
reconstruction from partially resolved gene
trees

Chao Zhang?, Maryam Rabiee?, Erfan Sayyari' and Siavash Mirarab'"

ASTRAL-Pro

ASTRAL-Pro: Quartet-Based Species-Tree Inference despite
Paralogy

Chao Zhang ' Celine Scornavacca,” Erin K Molloy,> and Siavash Mirarab (@**

Accurate Species Tree EstimatoR (ASTER¥)

N'A
2N

A family of optimatization algorithms for species tree inference:

1. ASTRAL
2. ASTRAL-Pro

3. Weighted ASTRAL
4. CASTER-site

5. CASTER-pair
6. WASTER-site
7.SISTER

8. MONSTER




Percent RF Error

A Quartet Score x 1000

TREE-QMC

Improving quartet graph construction for scalable and
accurate species tree estimation from gene trees

Running Title: TREE-QMC

Yunheng Han'? and Erin K. Molloy**

o A Species tree scale 0.5x i B Specieg jree scale 1x - C Species tree scale 2x
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*%
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treespace
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MOLECULAR ECOLOGY
WiLEY

TREESPACE: Statistical exploration of landscapes of phylogenetic
trees

RESOURCE ARTICLE

Thibaut Jombart™* % | Michelle Kendall** | Jacob Almagro-Garcia® | Caroline Colijn?
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DiscoVista

Moleeular Phylogeneties and Evolution 122 (2018) 110-115

Contents lists available at ScienceDirect

Molecular Phylogenetics and Evolution

journal homepage: www elsevier.com/locate/ympev

Short Communication

DiscoVista: Interpretable visualizations of gene tree discordance )

Erfan Sayyari®, James B. Whitfield", Siavash Mirarab™*
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AstralPlane

AstralPlane

R Package For Preparing, Running, Analyzing and Plotting from the Species Tree Program ASTRAL-III

This R package is meant lo facilitate ASTRAL-Il analyses and provide easy R plotting. The package helps prepare
analyses from a folder of gene trees, runs astral from R, and creates a new S4 object type "AstralPlane” for easily
analyzing the output from ASTRAL-IIl. The packageprovides several different types of plots, from pie charts on
phylogenetic trees representing the quartet frequencies to plotting the gene tree frequencies as far plots.




TreePL

APPLICATIONS NOTE

Vol. 28 no. 20 2012, pages 2689-2690
doi: 10.1093/bloinformatics/btsd92

Phylogenetics

for large phylogenies

Stephen A. Smith'* and Brian C. O’Meara®

Advance Access publication August 20, 2012

treePL: divergence time estimation using penalized likelihood

treePL
Step 1 Step 3 Step6 Step 7
Generate =i G Build trectl, [;zll BS .
icnerate M ¢ BS
best ML tree replicates configuration replicates k>
file replicates
Preferred ML tool
Preferred tool
If “tiny branch” e —
; Stepd LA Step 5 Siep 33
ahoss € Adjust
Priming Cross-  peespf  AGUSL
validation (\Pll""sﬂ“(i"
Best ML tree and BS replicates If “might want™
with multiplied BL messages

Copyright Kévin J. L. Maurin. Creative Commons Attribution License (CC BY 4.0).

An empirical guide for producing a dated phylogeny with treePL in a

maximum likelihood framework

Kévin J. L. Maurin

RelTime

Theoretical Foundation of the RelTime Method for Estimating

Divergence Times from Variable Evolutionary Rates

Koichiro Tamura,"? Qiqing Tao,* and Sudhir Kumar****

[ M11: Node Calibration Editor - mtCONA.meg

File Edt  Sewch  Yiew  Calbration He

s
YE &0
CONSTRAINTS
CALIBRATIONS
[ chimpanzee-bonobo-spit
[ chimpanzee-gorilla-spint e
4 orangutan-sum.
[ %] chimpanzee-homo sapi

DETAILS FOR SELECTED CAUBRATION
TAXON A

chimpanzee
TAXON B

homo sapiens

CALBRATION NAME
chimpanzee-homo sapiens-split

MRCA NODE LABEL
homo_sapiens-chimp
C1LOWER

6.03

ClUPPER =
7.01

more >>

4 selected, 4 valid, 0 invalid

o X

: Ilﬁ OEG- ‘._————————‘{ Calibration button

chimpanzee
Exponentisl Destribution ':’
Undorm Distnbution:
Min Time Only
Max Tirme Only
! bonobo

L homo sapiens
| | -

Frved Tume
Ficed Rate

e 95% C1: 6,03 - 7.01

[ED M11: Calibration Parsmeters X
LOG NORMAL DISTRIBUTION

OFFSET MEAN STD DEVIATION

480 3] [0S0 S [0 =

6 62 64 65 68
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So many genes, so little time: A practical
approach to divergence-time estimation in
the genomic era

Srephen A Smith'*, Josaph ¥/, Brown™, Joseph ¥, Walker'<
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Phylogenomic Subsampling and the Search for Phylogenetically
Reliable Loci
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Explaining
the fate of
diversity

Understanding the
eco-evolutionary
processes that have
shaped the traits
leading to its origin
and maintenance
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Taking into account
intrinsic factors...
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eco-evolutionary
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...and extrinsic factors
that, in turn, can
be abiotic...
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record of past
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A universal tool for flowering plant systematics
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Angiosp

Classification: flowering plants, ~ 370K
spp. (APG VI: 416 fams. & 64 orders)

Importance: agronomic, edible, timber,
pulp, fiber, meds, ornamental, fuel, etc.

Available resources:

655 transcriptomes @ 1KP

20 genomes

Hamming dist., k-medoids clustering
Daicel Arbor Biosciences lBaits

Resulting kit:
353 nuclear SCOGs

~260,8 Kbp matrix
~75,2K 120-mer 3x tiled probes

erms353

Syt 45606, 2019
o7 ar(s) 2098, Published by Oxfoed University Press an behalf of the Society of Systematic Biologists rmm.\nu;wn Access article distributed under the terms of the Creative
Attribution License (httpr// crentivecommens,org /Ticenses /by /4.0/), which permi in any medium, provided

DOL10.X0%3/ sysbio,
Advance Access pul

A Universal Probe Set for Targeted Sequencing of 353 Nuclear Genes from Any Flowering
Plant Designed Using k-Medoids Clustering

n Dh.m\-r 10, 2018

MATTHEW G. Jornson2#, Lisa POKORNY?, STEVEN Dopsworti®#, LAURA R. BoTiGUE>-3, ROBYN S. COWAN?, ALISON
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Flowering plants (Angiospermae)

APG VI classification (2016): ~370K species, ~13.6 genera, 416 families, & 64 orders
Importance: 90% terrestrial spp., nutrition, fuels, lumber, meds, cultural, etc.
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Fig. 2. Palazzesi et al. (2022). Bot. J. Linn. Soc. 200(2): 143-164.
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Angiosperms353

Commelinales: ~885 spp. (70 gen., 5 fams))
Interest: ornamental (kangaroo paws,
spiderworts), invasive (water hyacinth)

Publications: Am. J. Bot.

Cyperaceae (Poales): ~5,6K spp. (~90 gen))
Interest: edible (chufa), pulp (papyrus)
Publications: Front. Plant Sci., Bot. J. Linn.
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Tackling Rapid Radiations With
Targeted Sequencing
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Resolving generic limits in Cyperaceae tribe
Abildgaardieae using targeted sequencing
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A comprehensive phylogenomic study of the monocot order
Commelinales, with a new classification of Commelinaceae
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Targeted sequencing supports morphology and embryo
features in resolving the classification of Cyperaceae tribe
Fuireneae s.l.
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Angiosperms353

Myrtales: ~13K spp. (~380 gen. 9 fams)
Interest. edible (fodder), edible
(oomegranate, guava, cloves), ornamental

(fuchsia, evening primroses), pulp
(eucalypts), essential oils (sundrops)
Publications: Am. J. Bot.
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INVITED SPECIAL ARTICLE

A nuclear phylogenomic study of the angiosperm order
Myrtales, exploring the potential and limitations of the
universal Angiosperms353 probe set




Angiosperms353

Cornales: ~600 spp. (~50 gen,, 6 fams))
Interest: ornamental (hortensias, mock-
oranges, dogwoods), lumber (tupelos)

Articles: Am. J. Bot.
Centianales: ~22,5K spp. (11K gen., 5 fams))
Interest: drinks (coffee), food (soursop),
meds (quinine, strychnine, vincristine),
ornamental (gardenia, oleander), dyes.
Articles: Am. J. Bot.
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INVITED SPECIAL ARTICLE

Comprehending Cornales: phylogenetic reconstruction of
the order using the Angiosperms353 probe set

Shawn K. Thomas'* (20, Xiang Liu'*, Zhi-Yuan Du", Yibo Dong™, Amanda Cummings', Lisa Pokorny™, Qui-Yun Uenny) Xiang*® ), and
James H. Leebens-Mack'* &
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xplaring Angiosperms353; a Universal Toolkit for Flowering Plant P

Settling a family feud: a high-level phylogenomic framework
for the Gentianales based on 353 nuclear genes and partial
plastomes
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Niroshini Epitawalage', David J. Goyder
Alexandre R. Zuntini' =, Félix Forest!

e &0, Kent Kainulainen* '/ Ofivier Maurin' %27, Grace E. Brewer', Aaron P. Davis' 42/, "
s Tatyana Livshultz’, Claes Persson’ ', Lisa Pokorny'* ', Shannon C. K. Straub’ ', Lena Struwe* &7,
+and William J. Baker'* (2




Flowering Plant Quipu

Gymnosperms
ANA
grade
Alismatids
Pandanid /
grade Lilliids
Campanulids Garryid ) / ,
grade Magnoliids | fif /i / 4 MONOCOTS
Lamiales /
Ericornids F?'T‘,ia"ae / =
“Gentianids Petrosaviidae™
L picots  Commelinids
GUNNERIDAE - Ranunculid
ASTERIDS 3 grade
= ROSIDS \\ -
2 Caryophyllales % MESANGIOSPERMAE knot
Malvids Z : % PENTAPETALAE knot
Dilleniid
grade
Geranids
Malpighiids ‘ \
. . o Myrtids .
Fig. 8. Loop-and-branch-type khipu. Urton. 2014. Antiquity. Fabids




oy
°0w Applicoﬁons %
| in Plant Sciences E‘jm ]

INVITED SPECIAL ARTICLE

Populat

On the potential of Angiosperms353 for population

genomic studies

Madeline Stimp’ / , Lindsary D, Williarms'

 Haley Hole'

<and Matthew G. Johnson™
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Are Palmer’s Elm-Leaf Gold d and the h Elm-Leaf Gold d Real? The
Angiosperms353 Kit Provides Within-Species Signal in Solidago ulmifolia s. 1.

James B. Beck,** Morgan L. Markley,' Mackenzie G. Zielke,' Justin R. Thomas, Haley ). Hale,*
Lindsay D. Williams*, and Matthew G. Johnson®

'Department of Biological Sciences, Wichita State University, Wichita, Kansas 67260, USA
?Botanical Research Institute of Texas, Fort Worth, Texas 76107, USA
*NatureCITE, Springfield, Missouri 65803, USA
‘Department of Biological Sciences, Texas Tech University, Lubbock, Texas 79409, USA
*Author for 7 du)

Communicating Editor: Ashley B. Morris
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we use a dataset obtained exclusively from herbarium spocimens to evaluate
the status of Solidago ulmifalia var, paimeri, a morphologically subtle taxon potentially confined to Alabama, Arkansas, Mississippi, and Mis-
souri, A multivariate analysis of both discrete and continuous morphological data revealed no clear distinction between S, ulmifolia var. prl-
meri and Solidago ulmifolia var. ubmifolia. Solidag nlvm,ﬂ\'m var. palmeri's status was also assessed with a phylogenamic and SNP clustering
analysis of data generated with the “Angiosperms353” probe kit. Neither analysis supported Sofidago ulmifolia var. pelmeri as a distinet taxon,
and we suggest tha this name should be discarded m status of Selidago delicatula (formerly known as Safidago wbmifolia var. microphylls) was

d. Both and of S. delicatuls and we suggest maintaining this spe-
cles at its curent rank. These results highlight the umuy of the Angiosperms353 probe it, both with herbariu isue and at owes taxonomic
levels. Indeed, this is the first study to utilize this kit to identify genetic groups within a species.

Keywords—hyb-scq, North Americs, Ozark Mountains, Solidago delicatuls, S. ulmifolia var. palmeri, species delimitation.
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Museomics

Herbariomics / Fungariomics

Integrating Natural History Collections into
Biodiversity Research




Herbariomics /I Fungariomics

AY X“",‘g BIOLOGICAT

Journal oo

oo e we With 8 e,

Herbarium g ics: plastome seq bly from
a range of herbarium specimens using an Iterative
Organelle G A bly pipeli

FREEK T. BAKKER', DI LEI', JIAYING YU, SETARETT MOTIAMMADIN', ZITEN WET
SARA VAN DE KERKE', DBARBARA GRAVENDEEL*®?, MATHLIS NTEUWENHUTS',
MARTIIN STAATS'!, DAVID E. ALQUEZAR-PLANAS® snd RENS HOLMER'

A B c
2 e < )
x ] = :
2 % B 5 — %
2 S | —‘i % = Fresh
% | S I 3 = Herbarium
2 I =
g ] ]
e |3 n
3 g 3
2 .4 2

\\I_J}N m BIOLOGIIC;—\L

! Journal o

L1
sd

idogand oot of o Liusens S3eiwy, M6 117, 11-4. With 6 Sgomes,

Tales from the crypt: genome mining from fungarium
specimens improves resolution of the mushroom tree

of life

BRYN T. M. DENTINGER' "4, ESTER GAYA'{, HEATH O'BRIEN, LAURA M. 8UZ",
ROBERT LACHLAN, JORGE R. DIAZ-VALDERRAMA®, RACHEL A KOCH® and

M. CATHERINE AIME®

¥

Paired-end assembly
using ABYSS

Gene prediction with

augustus
|
¥
Homolog identification Homolog identification
using biastp using exonerate

Homolog selection by
paring alignment scores
from EMBOSS needle

Alignment with MAFFT

= —
‘ GBLOCKS processing

Partitioned RAXML of

concatenated dataset Single gene RAXML

253

[ Consensis ]




& rrontiers o
in Ecology ar
2
The Limits of Hyb-Seq for Herbarium
Specimens: Impact of Preservation
Techniques
Laura L. Forrest', Michelle L. Hart', Mark Hughes', Hannah P: Witson 7,
el i b
A
I
SIFLF B
AU [SER T
ENES AR
Alcohol and Ambient Hairdryer  Drying room Pickled RNA Later Silica
anjing room
B

Aicohol and
drving room

Pickled

Hairdryer  Drying room RNA Later

& trontiers

Herbariomics

]

The Effects of Herbarium Specimen
Characteristics on Short-Read NGS
Sequencing Success in Nearly 8000

Oid, D
anc Lower DNA Yields but

Vot B . D .y, ot b S,
s . Sot =, Parela 5. 5ok, et . T A ok

B
Predicted values of Prop.On Target
3
N
& §
s -
\ 5
4 l ’ g
. £
N
Herbariu soucs
B
Effec o ey on DNA ysd

t

"

Predicted values of Prop.On.Target

Graennass score (1 Mast Greon 105

Effect of family o0 Proportion on targat reads.

Seacimen Age

& trontiers

(mapped / total reads) ©

Genes retrieved above  Enrichment efficiency

50% of target length

Mean exon
covarage {X)

coverage {X)

hean intron

®

Factors Affecting Targeted
Sequencing of 353 Nuclear Genes
From Herbarium Specimens

. Spanning the Diversity

of Angiosperms

v.mum- sm..m.. Moo B’ R Comar, s m.wn.m
n Doduern’, Sara L Edwards’, WTL. Eserarc”, Neoshi Epitawal
STttt G Pk K’ Lot Poeng . L, P ot
X Banert

03
0.2
0.1
0.0

600

400
200

400 |

Material source

B Herbarium (old)
B Herbarium (recent)

B Silica gel-dried

[

¥

i

!
Siica
gelried

Herberlum  Herbarum
(oid) (recent)

Material source




Herbariomics
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INVITED SPECIAL ARTICLE

For the s d Resources: Low-Cost Methods in the Plant Sciences

cial (ssue; Conducting Batanical Re:

Strategies for reducing per-sample costs in target capture
sequencing for phylogenomics and population genomics in
plants

Haley Hale"
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consideration In large targated sequending projects is the per-sample cost, which can be
inflated when using of-the-shelf kits or reagents not purchased in bulk. Here, we discuss
methods to reduce per-sample costs In high-throughput targeted sequencing projects. We
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Anatomy of a Plant Radiation

} frontiers ORIGINAL RESEARCH

. N ~_: iblished: 20 Masch 2020
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Reconstructing the Complex
Evolutionary History of the
Papuasian Schefflera Radiation
Through Herbariomics

Zhi Qiang Shee'2, David G. Frodin't, Rodrigo Cdmara-Leret'3* and Lisa Pokorny’56*
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Umbrella Tree Hexrbariomics
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Umbrella Tree Herbariomics

Recorded Monthly
Temp (°C) Precip (mm)
500

0TUs
range
100 0 100 200 300 400 km 150‘
O . )
0 g

B Admiralty Isiands lowland rain forests b
B Biak-Numfoor rain forests » 101 OTU sampled
B Central Range montane rain forests (190 accessions)
[T Central Range sub-alpine grasslands Il Northern New Guinea lowland rain and freshwater swamp forests
[ Huon Peninsula montane rain forests B Northern New Guinea montane rain forests [ Trans Fly savanna and grassiands
[T Louisiade Archipelago rain forests [ Solomon Islands rain forests B Trobriand Istands rain forests
Il New Britain-New Ireland lowland rain forests B Southeastern Papuan rain forests I Vogelkop montane rain forests
I New Britain-New Ireland montane rain forests [l Southern New Guinea freshwater swamp forests I Vogelkop-Aru lowland rain forests
Il New Guinea mangroves I Southern New Guinea lowland rain forests I Yapen rain forests

Data from World Wildlife Fund, WorldClim & DG Frodin




Umbzella Tree Geogenomics
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Jackfruit Herbariomics
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Polyploidy in Plants

72 Solanum luberosum

-

36 Salanum lycopersicum
The wondrous cycles of polyploidy in plants’

Jonathan F. Wendel

12 ipomoea batatas
24 Coffea arabica

12 Ofea europaea

48 Glycine max
[0 sextuplication 48 Arachis hypogasa
) T @ trkation 24 Malus gomestica
W duplication 288 Brassica napus
48 Arabidopsis thaliana
12 Theabroma cacao
-
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Recombination
Unegual rates

Null
hypothesis
¢ 3
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—
32 Sorghum bicolor
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Ploidy Level Estimation

Bioinformatics, 33116), 2017, 2575-2576 Weil3 et al. BMC Bioinformatics (2018) 19:122
doi: 101098/ bioinformatics/btx204 https://doi.org/10.1186/512859-018-2128-2 BMC BiOinfO rmatics
Advance Access Publication Date: 5 April 2017
Applications Note

Genome analysis

nQuire: a statistical framework for ploidy ~®~*

g':"::?tg’i: ;Ls:::r"’c?::'::tgg ploidy with Next estimation using next generation sequencing

Renato Augusto Corréa dos Santos’, Gustavo Henrique Goldman? and

Clemens L. WeiB', Marina Pais?, Liliana M. Cano?3, Sophien Kamoun? and Hernén A. Burbano'"

Diego Mauricio Riano-Pachén™®* &
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Ploidy Level from TCS Data

ORIOMIAL RESEARCH

®

= Chapter 5
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A Target Capture-Based Method to

Estimate Ploidy From Herbarium

=
ool EE

A Bioinformatic Pipeline to Estimate Ploidy Level from
Target Capture Sequence Data Obtained from Herbarium
Specimens

Jusn Vinwl'*, Maria Consjero’, Oriane Hidalgo'?, Lisa Pokomy', Rabyn F. Powal',
Fidix Forast', Michasd B. Kantar®, Marybsl Soto Gamaz+s, Sean W, Granam+?,
Burbars Gravendee ™, Pawl Wikin' and Mg J, Leitch'

Juan Viruel, Oriane Hidalgo, Lisa Pokorny, Félix Forest,
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Dioscoreaceae303

Classification: order Dioscoreales
(Monocot), ~300 species (~4 genera)

Importance: yams (edible tuber),

steroidal saponins (contraceptives), etc.

Available resources: @ 1KP

S Dioscoreag &1 Tacca transcriptomes
1 Oryza sativa &1 Xerophyta viscosa
) Markeriiier & Plaza DB

Daicel Arbor Biosciences BBaits

Resulting kit:

260 ~single copy nuclear orthologs
43 genes of agronomic interest
~447 Kbp matrix

~17K120-mer 3x tiled probes

0% Aopiications T
@ Applications | LS 4
| in Plant Sciences ﬁi&ﬂ

A customized nuclear target enrichment approach for
developing a phylogenomic baseline for Dioscorea yams
(Dioscoreaceae)

Marybel Soto Gomez'+* , Lisa Pokomy® . Michael B Kantar! . Féfix Forest o Mlia J. Leitch? . Barbara Gravendeel**
Paul Wilkin' . Sean W. Graham'* L and Juan Virue!

APPLICATION ARTICLERES




Ploidy Level in Yams

) > ﬁ 11'

D. cretica

Ploidy estimations: W 2x 3x e Moex M sx M polyploid
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Ploidy Level in Yams

Annals of Botany 131: 635-654, 2023
hitps:/idoi.org/10.1093/a0bvmcad018, available online at www.academic.oup.com/aoh

* Cultivated

G ic, spatial and morph ic data for discrimination of four species in
the Mediterranean Tamus clade of yams (Dioscorea, Dioscoreaceae)

Miguel Campos'*, Emma Kelley', Barbara Gravendeel*’, Frédéric Médail®, J. M. Maarten Christenhusz',
Michael F. Fay'”, Pilar Cataldn**, Ilia J. Leitch', Félix Forest', Paul Wilkin' and Juan Viruel"""

'Royal Botanic Gardens, Kew, Richmond TW9 3DS, Ul

Department of Plant Biology and Ecology, University of Seville,
41012, Spain, *Universidad de Zaragoza-Escuela Politécnica Superior de Huesca, 22071, Huesca, Spain, ‘Naturalis
Biodiversity Center, Leiden 2333 CR, The Netherlands, *Radboud Institute for Biological and Environmental Sciences, RIBES
6500 GL, Nijmegen, The Netherlands, “Institut Méd éen de Biodiversité et d'Ecologie marine et continentale (IMBE),
Aix Marseille University, Avignon University, CNRS, IRD, Campus Aix, Technopole de I' Environnement Arbois-Méditerranée,

NRS,
F-13545 Aix-en-Provence cedex 4, France, ’School of Biological Sciences, University of Western Australia, Crawley, WA 6009,
Australia and *Grupo de Bioquimica, Biofisica y Biologia Computacional (BIFI, UNIZAR), Unidad Asociada al CSIC, Zaragoza
SO i

*For correspondence. E-mail j.viruel@kew.org, juanviruel @ gmail.com
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Fungariomics

Fungal Diversity
hitps:/doi.org/10.1007/513225-021-00476-8

Phylogenomic reconstruction addressing the Peltigeralean backbone
(Lecanoromycetes, Ascomycota)

Todd J. Widhelm' @ . Felix Grewe ' . Bernard Goffinet* . Mats Wedin® - Trevor Goward* - Luis F. Coca® -
Isabel Distefano’ - Alica Kosuthové® - H. Thorsten Lumbsch’

Peltigeraceae

Placynthiaceae

Coccocarpiaceae

IMA Fungus

RESEARCH Open Access

Using target enrichment sequencing to
study the higher-level phylogeny of the
largest lichen-forming fungi family:

Parmeliaceae (Ascomycota)
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m

Prmaii G

Pt G

r—r—




Cortinariaceael93

Classification: order Agaricales
(Basidiomycota), ~3K species (1 genus)

Importance: ectomycorrhizal fungi

Available resources:

4 Cortinarius assemblies (ABySS)
208 Agaricales single-copy orthologs
genes (SCOGs) & exonerate

Daicel Arbor Biosciences BBaits

Resulting kit:

188 nuclear SCOGCs

RPBI, RPB2, MCM7, GPD, & TEF]
~67.5 Kbp matrix

~20K 120-mer 2x tiled probes

Fungal Diversity
https://doi.org/10.1007/513225-022-00499-9

Taming the beast: a revised classification of Cortinariaceae based
on genomic data

Kare Liimatainen' - Jan T. Kim?(© - Lisa Pokorny ' . Paul M. Kirk*® - Bryn Dentinger’® - Tuula Niskanen'®

Received: 20 October 2021 / Accepted: 20 January 2022
© The Author(s) 2022




Table 3 Species diversity, distribution, and 'y of the sel ph I ch istics of the 10 genera of Cortinariaceae
Genus Generic  Estimated  Subgen/sec- Distribution Cystidia Stipitocarpic  Pileipellis Sequestrate  Appearance of the agaricoid basidiomata Rozitoid/
L e ey e ™ Npwwion Pokgma Toamonid oo o™
Cortinarius 11 >2000 11/130*% N+S X) SI/(P) Duplex X X X) X X X
(+simpl.)
Phlegmacium 3 >200 4/23 N(+S) PIS Duplex X X (X)
(+simpl.)
Thaxtero- 3 >200 6/22 (N+)S S/P Duplex X X X
gaster
Calonarius ~ — ~200 314 N P Simplex X X
Aureonarius  — ~25 213 (N+)S S Duplex X
Cystinarius ~ — ~10 212 N+S X S Duplex X (X)
Volvanarius - ~10 111 S (X) P Duplex X X
Hygronarius — ~10 22 (N+)S S Duplex X
Austrocorti-  — <5 171 S S Duplex X
narius
Mystinarius ~ — <5 11 N+S S Duplex X X

Cystinarius (NAS Hem)

Austrocortinarius (8 Hem
Saan *
FOrtmerius piss ey




Cantharellales526

GET_HOMOLOGUES: a versatile software package for pan-genome analysis
5 30 |+ docesr]

Classification: Agaricomycetes
(Basidiomycota), ~630 spp. (~40 gen.)

Importance: ectomycorrhizal & edible

Available resources:

10 DOE-JGI genomes (1IKFQ)
PHYling & UFCG SCOGs
get_homologues, HybPiper, AMAS
Daicel Arbor Biosciences BBaits

Resulting kit:

523 nuclear SCOGs

RPB1&2, EF, & MCM7

~7.5 Mbp matrix
~55K120-mer 1x tiled probes

Bruno Conts b ‘eead csic.es) and Pablo Vinuesa (vinuesa
). The original version, sultable for bacterial genomes, was described in:




Cantharellales526

Get genomes from Cross-reference Calculate Summary
1KFG repo @ JGI nuclear SCOGs sets Statistics w/ AMAS

FILTER multi-copy genes OUT

FILTER genes with excess missing data QUT

Identify nuclear SCOGs  Mine nuclear SCOGs Data Matrix
w/ PHYling & w/ HybPiper Quality Filtering FILTER uninformative genes OUT
get_homologes & Downsizing
FILTER length outliers OUT {0.8-2.4K nts)
Dacrymyces fe
A delicata
Ceratobasidium AG1 BARCODING ude usual barcodes: RPB18.2, EF y MCM7

Ceratobasidium sp. (str. 394)

Ceratobasidium sp. (str. 395)
Rhizoctonia solani ASM169000653v1 40-60K 120-mer probe kit with 1x tiling
Ceratobasidium sp. (str. 423) v ° 40-60K 120-mer probe kit with x tiling
Thanatephorus cucumeris

Rhizoctonia solani AG1
Rhizoctonia solani AG8

_{ [ Y SL botryosum J;‘ »
L st 7459405 nucleotides

¢ Tulasnella sp. (str. 419) Si Target data matrix size
& Tulasnella sp. (str. 418)
1 Tulasnella sp. (str. 330) 1 .
! Tulasnella sp. (str. 331) 54979 b = t R
1 Tulasnella inquilina =2 A 2 a' S
| Tulasnela sp. st 235 Probe set size
Tulasnella sp. (str. 238)
T sp. (str. 403)
[_ Tulasnella sp. (str. 427)
I y Tulasnella sp. (str. 424)

% Tulasnella sp. (str. 425 .
| 4 (sp, (sJ. 417) Single-copy orthologous genes (SCOGs)
Tulasnella calospora
Tulasnella sp. (str. 408)
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Niche Structure ASSEMBLAGES
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Fig.1. Webb et al. 2002. Annu. Rev. Ecol. Syst. 33:475-505.




Community
Phvlogenomics

At the Intersection of Biogeography and Ecology
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Fig. 1. Jenkins & Ricklefs. 2011. Phil. Trans. R. Soc. B: 366, 2331-35
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EVOMICS — Ill Workshop on Phylogenomics 31.1.2024

Thanks!

Questions?

pokorny@rjb.csic.es
@Calyptrochaeta

CREDITS: This presentation template was created by Slidesgo, and
includes icons by Flaticon, and infographics & images by Freepik

Lisa Pokorny

Royal Botanic Garden-Spanish National Research Council (RIB-CSIC)
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