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Pace of WGS in Plants

Kersey. 2019. Plant genome sequences: past, present, future. Curr. Opin. Plant Biol. 48: 1–8.
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Seq Platforms & Costs

Fig. 1. Reuter et al. 2015. Mol. Cell 58: 586–597 & genomegov/sequencingcosts



Seq Platforms & Performance

https://twitter.com/geertvangeest/status/1725463615421956343
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Genome Skimming
RRS (RAD-seq, GBS)

Genome Subsampling

Anonymous

Fig. 1. Campbell et al. 2018. Would an RRS by any other name sound as RAD? Methods in Ecology and Evolution 9(9): 1920–1927.
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RNA-seq
Target Capture Seq 

(TCS)
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Fig. 5. Metzker. 2010. Nat. Rev. Genet. 11: 31–46Fig. 1c. Stark et al. 2019. Nat. Rev. Genet. 20: 631–656
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Genome Subsampling

Mixed
Hyb-Seq



Genome Subsampling

Mixed
Hyb-Seq

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



Hyb-Seq Workflow
DNA extraction

Comercial kits vs. 
in-house protocols 

Genomic Library 
Preparation
Dual indexing for 
multiplexing

HTS
Multiplexed sequencing

Hybridization
Target enrichment with 

probe set



250bp



250bp



80% 20%

250bp



Advantages & Disadvantages

Table 1. Dodsworth, Pokorny, Johnson et al. 2019. Trends Plant Sci. 24(10): 887–891
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Resources needed
Genomic
Transcriptomes, ESTs, 
Genomes, Orthology DBs



Transcriptomes

Fig. 1b. OTPTI. 2019. Nature 574: 679–685.



Genomes



www.genome.jp/kegg/ko.htmlhttps://www.orthodb.org/

http://eggnog5.embl.de/ https://omabrowser.org/

orthology.phylomedb.org/

OMA

Ensembl
http://www.ensembl.org/

MetaPhOrs

EggNOG

OrthoDB KO (KEGG)

Orthology Databases

https://questfororthologs.org/orthology_databases

https://fungidb.org/bioinformatics.psb.ugent.be/
plaza/
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Orthology Databases

Fig. 3. De Smet et al. 2013. PNAS 110: 2898–2903

bioinformatics.psb.ugent.be/
plaza/

PLAZA



Resources needed
Genomic
Transcriptomes, ESTs, 
Genomes, Orthology DBs

Human
Wet & Dry Labs

Computational
Hardware & Software

Economic
For testing, production & 
optimization



Resources needed

Computational
Hardware & Software



Hardware



Software



Software



Resources needed
Genomic
Transcriptomes, ESTs, 
Genomes, Orthology DBs

Human
Wet & Dry Labs

Computational
Hardware & Software

Economic
For testing, production & 
optimization



Resources needed

Economic
For testing, production & 
optimization



Economic Resources

Table 1. Hale et al. 2019. Apps. Plant Sci. 8(4): e11337.



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

RJB-CSIC
AFFLORA & BAYESNEXT (State Research Agency, AEI)
BOREOTROP (Community of Madrid)

RBGK
Global Tree Seed Bank (GTSB) 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

Universal Kits
Angiosperms353

ProkaryoKit
Etc.

Custom Kits
Euphorbiaceae431
Dioscoreaceae303
Cortinariaceae193

Etc.



Euphorbiaceae431
Classification: order Malpighiales 
(Eudicot), ~7.5K species (~300 genera)
Importance: rubber (latex), cassava 
(edible tuber), castor oil, etc.  
Available resources:
2 Euphorbia transcriptomes
1 Ricinus communis genome
MarkerMin & Plaza DB
Daicel Arbor Biosciences myBaits
Resulting kit:
431 ~single copy nuclear orthologs
~700 Kbp matrix
~20K 120-mer tiled probes (variable 
tiling: T 2x y G 1,5x)

balsamifera

adenensis

sepium



Euphorbiaceae431
balsamifera

adenensis

sepium



Dioscoreaceae303
Classification: order Dioscoreales 
(Monocot), ~300 species (~4 genera)
Importance: yams (edible tuber), 
steroidal saponins (contraceptives), etc.  
Available resources:
3 Dioscorea & 1 Tacca transcriptomes 
1 Oryza sativa & 1 Xerophyta viscosa 
MarkerMin & Plaza DB
Daicel Arbor Biosciences myBaits
Resulting kit:
260 ~single copy nuclear orthologs 
43 genes of agronomic interest
~442 Kbp matrix 
~17K 120-mer 3x tiled probes



Dioscoreaceae303



Cortinariaceae193
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 myBaits
Resulting kit:
188 nuclear SCOGs
RPB1, RPB2, MCM7, GPD, & TEF1
~67.5 Kbp matrix 
~20K 120-mer 2x tiled probes



Cortinariaceae193



Angiosperms353
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
20 genomes
Hamming dist., k-medoids clustering
Daicel Arbor Biosciences myBaits
Resulting kit:
353 nuclear SCOGs
~260,8 Kbp matrix 
~75,2K  120-mer 3x tiled probes



Angiosperms353



Angiosperms353



Angiosperms353



Angiosperms353



Angiosperms353



ProkarioKit
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Biological Sequence Clustering

MMseqs2
Linear Time Clustering

CD-HIT
Greedy Incremental Clustering

https://github.com/soedinglab/mmseqs2/wiki#linear-time-clustering-using-mmseqs-linclusthttps://github.com/soedinglab/mmseqs2/wiki#clustering-modes



Biological Sequence Clustering

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
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Wet Lab 
Workflow
Generating TCS data



Wet Lab Workflow
DNA Extraction (modified CTAB) & Purification 

(cleaning w/ magnetic beads)

Tissue 
Template

Purified DNA 
Template

Dioscorea tomentosa, 1796



Wet Lab Workflow
DNA Extraction (modified CTAB) & Purification 

(cleaning w/ magnetic beads)

Genomic Library Preparation (commercially 
available kits for dual-indexed sequencing)
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Dual-indexed 
Genomic Libraries
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(cleaning w/ magnetic beads)
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Wet Lab Workflow
DNA Extraction (modified CTAB) & Purification 

(cleaning w/ magnetic beads)

Genomic Library Preparation (commercially 
available kits for dual-indexed sequencing)

Hybridization (biotinylated probes), Capture 
(streptavidin-coated beads) & Enrichment (PCR)

High-Throughput Sequencing (HTS, multiplexed 
enriched dual-indexed libraries)
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Genomic Libraries

Raw 
Reads



Dry Lab 
Pipeline
Processing TCS data



Dry Lab Pipeline

Cut
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Raw 
Reads

Target 
sequences



Dry Lab Pipeline

FastQC | MultiQC & Trimmomatic | fastp

BLAST | BWA | DIAMOND

SPAdes | exon(intron)erate

Raw 
Reads

Target 
sequences
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Dry Lab Pipeline

Wash
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Target 
Sequences

Aligned 
Matrices



Dry Lab Pipeline

MAFFT | MUSCLE | PASTA | UPP

AMAS | PhyKIT | trimAl | ClipKIT

TreeShrink | PhylteR

Target 
Sequences

Aligned 
Matrices
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Dry Lab Pipeline
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Dry Lab Pipeline
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Dry Lab Pipeline

FastTree | IQ-TREE2 | RAxML-NG | PhyML

Newick utils | Gotree/Goalign

ASTRAL III & PRO | TREE-QMC | treespace

Aligned 
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Trees

Gene 
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Understanding the 
eco-evolutionary 

processes that have 
shaped the traits 

leading to its origin 
and maintenance

Explaining 
the fate of 

diversity



Understanding 
eco-evolutionary 

processes
Taking into account 

intrinsic factors…



…and extrinsic factors 
that, in turn, can 

be abiotic…

Understanding 
eco-evolutionary 

processes



…o bióticos

Understanding 
eco-evolutionary 

processes
…or biotic



The information 
stored in 

genomes is a 
record of past 

events…

Understanding 
eco-evolutionary 

processes



…also registered 
in the fossil 

record

Understanding 
eco-evolutionary 

processes



Angiosperms353
A universal tool for flowering plant systematics



Angiosperms353
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
20 genomes
Hamming dist., k-medoids clustering
Daicel Arbor Biosciences myBaits
Resulting kit:
353 nuclear SCOGs
~260,8 Kbp matrix 
~75,2K  120-mer 3x tiled probes



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.  

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. 
Soc., & 2x J. Syst. Evol. 
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Angiosperms353
Myrtales: ~13K spp. (~380 gen. 9 fams.)
Interest:  edible (fodder), edible 
(pomegranate, guava, cloves), ornamental 
(fuchsia, evening primroses), pulp 
(eucalypts), essential oils (sundrops)
Publications: Am. J. Bot.
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Angiosperms353
Cornales: ~600 spp. (~50 gen., 6 fams.)
Interest: ornamental (hortensias, mock-
oranges, dogwoods), lumber (tupelos)
Articles: Am. J. Bot.
Gentianales: ~22,5K spp. (1,1K gen., 5 fams.)
Interest: drinks (coffee), food (soursop), 
meds (quinine, strychnine, vincristine), 
ornamental (gardenia, oleander), dyes.
Articles: Am. J. Bot.
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Flowering Plant Quipu
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Fig. 8. Loop-and-branch-type khipu. Urton. 2014. Antiquity. 
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Museomics
Herbariomics / Fungariomics

Integrating Natural History Collections into 
Biodiversity Research



Herbariomics / Fungariomics
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Anatomy of a Plant Radiation



Assembling the Richest Flora



Umbrella Tree Herbariomics



Umbrella Tree Herbariomics



Umbrella Tree Geogenomics



Jackfruit Herbariomics



Polyploidy in Plants



Ploidy Level Estimation

Haploid Diploid

Haploid Diploid



Ploidy Level from TCS Data 
1   / 1   = 1



Dioscoreaceae303
Classification: order Dioscoreales 
(Monocot), ~300 species (~4 genera)
Importance: yams (edible tuber), 
steroidal saponins (contraceptives), etc.  
Available resources:
3 Dioscorea & 1 Tacca transcriptomes 
1 Oryza sativa & 1 Xerophyta viscosa 
MarkerMin & Plaza DB
Daicel Arbor Biosciences myBaits
Resulting kit:
260 ~single copy nuclear orthologs 
43 genes of agronomic interest
~442 Kbp matrix 
~17K 120-mer 3x tiled probes



Ploidy Level in Yams

D. cretica
D. cretica



Ploidy Level in Yams



Fungariomics



Cortinariaceae193
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 myBaits
Resulting kit:
188 nuclear SCOGs
RPB1, RPB2, MCM7, GPD, & TEF1
~67.5 Kbp matrix 
~20K 120-mer 2x tiled probes





Cantharellales526
Classification: Agaricomycetes 
(Basidiomycota), ~630 spp. (~40 gen.)
Importance: ectomycorrhizal & edible
Available resources:
10 DOE-JGI genomes (1KFG)
PHYling & UFCG SCOGs
get_homologues, HybPiper, AMAS
Daicel Arbor Biosciences myBaits
Resulting kit:
523 nuclear SCOGs
RPB1&2, EF, & MCM7
~7.5 Mbp matrix 
~55K 120-mer 1x tiled probes



Cantharellales526



Genome Subsampling

01

An Introduction to TCS 
Approaches
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Custom & Universal Kits

Implementing TCS
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Wet Lab Workflow & 
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Future 
Perspectives

From Strains to Biomes

05



Biodiversity 
Prospection
Exploring the Known Unknowns and the 
Unknown Unknowns (Microbial Dark 
Matter)



Mesoevolutionary 
Approaches
Bridging Micro- and Macro-Evolutionary Scales

Fig. 1. Webb et al. 2002. Annu. Rev. Ecol. Syst. 33:475–505. 



Community 
Phylogenomics

Fig. 1. Jenkins & Ricklefs. 2011. Phil. Trans. R. Soc. B: 366, 2331–35

At the Intersection of Biogeography and Ecology
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