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GAP Webinar and Workshop series

Webinars

Conflict in multi-gene datasets: Why it happens and what to do about it
Dr Alexander Schmidt-Lebuhn, CSIRO

20t May, but recording is available online

Detection and phasing of hybrids in target capture datasets
Dr Lars Nauheimer, Australian Tropical Herbarium

email: lars.nauheimer@jcu.edu.au

recording will be available online
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https://www.youtube.com/watch?v=1bw81q898z8
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GAP Webinar and Workshop series

Workshops (5t — 8t july)
Australasian Systematic Botany Society

Annual Conference 2021

ASBS
2021
vintaally

12th-16t July

1) Assembly of raw reads using HybPiper

2) Paralogy resolution using Yang and Smith

3) Detection and phasing of hybrids using HybPhaser

Expressions of interest to participate close this Sunday June 13t!!1l  https://asbs2021.bablglobal.com/workshop/
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Hybridization
Crossing of two species (or genetically divergent populations)

Hybrid

Offspring of a hybridization event, containing genetic material from
both parental lineages

Allele
Variant of a gene

Haplotype
Group of alleles / part of the genome that is inherited from a parent

) .



Hybridization

* Homoploid hybridization ( ) v
[ ® X )
2n=2 (
* More frequent
* Backcrossing likely

* Polyploid hybridization e = X ((-» o (- ‘

2n=4
* Reproductive isolation from parent
populations through chromosome

numbers

GDI =

Paun et al. 2009



Hybrid speciation

* Most hybridizations do not lead to
speciation

» Speciation often requires
reproductive isolation to avoid
backcrossing (ingression)

* Introgression can lead to exchange
of alleles between species
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Abbott et al. 2013
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Polyploidy / Whole Genome Dupl

Important driver in evolution
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Ications

‘slinky of life’

® Diploid
@ Polyploid

Diploidized polyploid
(novel diploid)

Diploidization

Genome downsizing
Genome rearrangement
Expression level change
Neo/subfunctionalization

Methylation repatterning
TE expansion/contraction

Novel genetic
material b
(allopolyploidy)

Ancestral diploid

Soltis et al. 2016



Polyploidy / Whole Genome duplication

 Allopolyploidy (hybrid) '@ - ¥ v
2n=4 x x

e Autopolyploidy

2n=4 ® o x e o - ® ® o ®

Diploids (76%)

Allopolyploids (11%)

_ *data from 47 genera / 4003 species
Autopolyploids (13%) Barker et al. 2016

Polyploids can retain gene copies for a long time that persist as paralogs!



Genome evolution is complex

ploi Diploidized polyploid
Introgression ® Polyploid (novel diploid)

m‘x‘pz
X X

Recombination B1-2

B2-1 B2-2 ovel genetic
‘ ‘ @ ﬁ opolyploi dy)

estral diploid
Time P!

Hybrid speciation Introgression Polyploid-/Diploidisation

+ Autopolyploidy - paralogous genes

+ Deep coalescence (incomplete lineage sorting) - allele sorting different to speciation



Hybrids in phylogenetics



The combination of genetic information from divergent lineages
can lead to conflicting phylogenetic signal.

=> poor clade support, false reconstructions

Results depend on the methodology!
Assembly

 How are the sequences recovered?
* |Is the divergent signal mixed up, separated, removed and noticed at all?

Handling of sequences / dataset
* Are loci concatenated? Plastid / nuclear? Are phased sequences linked?

Phylogenetic analyses
e Bifurcating phylogeny? Network analysis?

L
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Sanger sequencing

e Often plastid data only (maternally inherited)
* ITS (nuclear rRNA-array) and plastid data

* Few single copy nuclear markers

* Phasing of sequences with PCR and cloning

e Hybridisation has often been ignored or not noticed
e Conflicting between nuclear and plastid phylogenies — chloroplast capture

* Few studies revealed origin of hybrids through phasing of nuclear loci



Hybrids in Phylogenetics

Phasing of alleles from nuclear gene can reveal parental clades/lineages
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Hybrids in Phylogenomics

Target Capture Sequencing

ATTACTCG+NGGCTATA
ATTACTCG+HNGGCTATA
ATTACTCG+NGGCTATA
ATTACTCG+NGGCTATA
ATTACTCG+NGGCTATA
ATTACTCG+NGGCTATA
TTACTCG+NGGCTATA

1 -G_GG-GI BCTCl
1

1
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1:11101:2809:1086 1 TTACTCG+AGGCTAAA
1

¢

<

¢
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111101:21127:1048 1:

* Hundreds of nuclear genes
* Based on transcriptome data (exons

:111101:25356:1086 ATTACTCG+AGGCTATA
:1:11101:13218:1087
:1:11101:11046:1096 1:N:0:ATTACTCG+AGGCTATA
:1:11101:17525:1102
:1:11101:9590:1103 1:

11101:17212:1109
11101:16351:1110
11101:10779:1112
11101:23826:1127
11101:4063:1127 1
11101:24087:1128
11101:23800:1129

TTACTCG+AGGCTATA
ATTACTCG+AGGCTATA
TTACTCG+AGGCTATA
TTACTCG+AGGCTATA
TTACTCG+AGGCTATA
IATTACTCGH+AGGCTATA
ATTACTCGHAGGCTATA
ATTACTCG+AGGCTATA
TTACTCG+AGGCTATA

11101:23396:1132 TTACTCG+AGGCTATA
¢1:11101:17929:1133 1:N.0:ATTACTCG+AGGCTATA
€1:11101:8929:1136 1:N:D:ATTACTCGHAGGCTATA
€1:11101:23333:1138 1:N:0:ATTACTCG+AGGCTATA

11101:14816:1139 TTACTCG+AGGCTATA

11101:11171:1144 TTACTCG+AGGCTATA

. ° 11101:17472:1151 TTACTCG+AGGCTATA

11101:12140:1154 TTACTCG+AGGCTATA

. I I | u m I n a S h O rt re a d S e u e n CI n nEeail TGOt
¢1:11101:7535:1160 1:N:O:ATTACTCG+HAGGCTATA

11101:10053:1161 TTACTCG+AGGCTATA

11101:21713:1161 TTACTCG+AGGCTATA
¢1:11101:16636:1161 1:N.0:ATTACTCG+AGGCTATA

G

ATTACTCG+AGGCTATA TTTTCTAAGCETAC TAT T TARAC TARCETGO!
ATTACTCG+AGGCTATA G G T G ORI G G G GG Gl G G GRS G G e G G R
TTACTCG+AGGCTATA I G G TR G T G M T G G BTl G M G G G Tl G Tl G I G B G ¢
TTACTCGH+AGGCTATA GTCIT GHEAT CIRAR TAAT C AR TA GIEA I TAGEARAT S GRC CRARCAAGCTGTH
TTACTCG+AGGCTATA ___GGCG_G-E
TTACTCGHAGGCTATA TTTTTGTTTCT T TCACCTATERATCTTG
TTACTCG+AGGCTATA IG_G-G_G-GI_
TTACTCG+AGGCTATA _C—C—_G

TTACTCG+AGGCTATA TGTTTCTAT TAACCTIACC TG TC AT CRMGT T T T CRATREG CRAT

TTACTCG+AGGCTATA G G G I G B G D G GECHTCH GO G NGOG
TTACTCG+AGGCTATA ey el oy (efefefalel Tel piel oifelefel  lel {ef GEG(
TTACTCGH+AGGCTATA T G ECTET GITRETG G G G T G I G T, G £ G CET G ECHC C TR G
TTACTCG+AGGCTATA IGMGG_GG-G-GG_GIGIGG-_C-CI
TTACTCG+AGGCTATA TACTCATATTGTT TATAMGCCTTETAAT S TEAT TCTTCGCTATGGATCTTT
ATTACTCG+AGGCTATA G G G IR T IS T T G T G BT T G BT
ATTACTCG+AGGCTATA -GGGIGG-G_GGGIGG-_ TCTCCATG GITTGHE(
ATFACTCGMGG[TATA TGS G G ST G TR G G G BT G I G T G I G

-GIGIG-G-G__GI CCATY
GG A G G I G SOl G GO0 G T CHET GO GOAT GG G MCCMCEn

€1:11101:5113:1166
€1:11101:6353:1167 1:
11101:20208:1170
11101:26804:1170
11101:21527:1173
11101:22683:1176
11101:11072:1179

* 2-10 Million reads per sample
* ~125-250bp length

:1:11101:20418:1203 1:N:
11101:26329:1208
11101:5591:1209 1
11101:9767:1209

* Single-end / paired-end i

€:1:11101:8655:1232 1 T TG TIAT C CIRAGAC I TAGRGAT CIATT G AT GGG G T TR T GTIRC TT TGRTAT
€1:11101:13128:1236 1:N:0:ATTACTCG+AGGCTATA T G TR G B0 G GEREE GG Gl G GG G G GIE G G IMEEE GG Gl
4:1:11101:22650:1240 1:N.G:ATTACTCG+AGGCTATA CTCTARCTGCTCTRCARTCTCGCCTTCCTTTGRATCTAT GRTCTERCTCCCCL
C111101:15712:1241 TNOATTACTCGH+AGGCTATA TTCECACTATCTGCATCRACRCETCT CCCAGCTRATCRCCTTCORTGTCGET]

* Reads from all alleles / haplotypes



Hybrids in Target Capture Sequencing

Opportunities
* Nuclear genes (high numbers)
e All variants can be recovered!

Challenges

* Assembly of short reads into alleles

* Phased alleles need to be linked across genes / exons
* Analysis of TC data often intransparent




De novo assembly

* Sequence reads are matched to each other
* => contig

Reference based assembly

» Sequence reads are mapped to a reference
* => consensus sequence

Most pipelines use a combination of de novo and mapping!

(first mapping reads of a single locus to de novo assemble only on-target
reads)



Target Capture — Assembly of hybrids

What happens when divergent reads are included?

Diploid non-hybrid Diploid hybrid / polyploid ‘hybrid’

RX 15 AKX

I S N S S T [—] [e—
T 1T 1T T o — — ) — —
T T 1 1 1 e 1  —

I ) e N S S I S |
Sequence T 1 1T AN SN S SR E— —
1T 1T 1 1 T s [ | ——
reads 11T 1T T — ] [—
—1Tr1T1T T T | T 1 | I . S

[ I N B Y [ | ][ 11 e | —

[ [ I (SR Y I (e — e | —
[ I Y N S — I ) N ] [



Target Capture — Assembly of hybrids

Homozygous locus Xx
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Target Capture — Assembly of hybrids

Heterozygous locus Xx
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heterozygous site / SNP (single nucleotide polymorphism)



Target Capture — Assembly of hybrids

Reference mapping

Heterozygous locus - hybrid

1%5- 13:5 3|15 E-JI"S 4%5 dII’S- 5|25
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Allele divergence: 21 het. sites/613bp = 3.4%
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Heterozygous locus - hybrid
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Target Capture — Assembly of hybrids

Reference mapping




Target Capture — Assembly of hybrids

Reference mapping

Heterozygous locus - hybrid

ru 275 3.|15 3'1"5 4%5 d':'S- 5|25
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Target Capture — Assembly of hybrids

Allele 1
Allele 2 | Ao @ I |
I | | AICCA ][ 161 ]
[ 1 T AT | | | | | |
Sequence | A | | 7] | | | |
reads | | [ | | G | | |
L 1A e | | | I
| A [ C | | | [T | | | | |
N el ?2 e

De novo assembly

. T A =— G ]
correct | Phased alleles

[B\ srrnanns C — T |

or
wrong | Lo < T . Chimeric sequences

Reference mapping

Ambiguity code | W ™ K | Sequence with ambiguities
Majority rule | A A GEn  Chimeric sequence




De novo assembly of hybrids

AR | [

* Can potentially recover chimeric contigs = —me

] [G

[ | (A

T] |

 How multiple contigs are treated depends on the

workflow/assembler. |

* e.g. HybPiper uses the longest contig or the one closest to the
target

* Read-backed phasing (actively looking for haplotypes)
can improve results especially with paired-end reads and
sufficient coverage

* No information on divergence in data or whether a
contig can be chimeric



Reference mapping of hybrids

* Can not phase alleles!

AR | [ ] [G | [ |

* Majority rule consensus generates chimeric sequence

| T I[A

| [CA | |

[ T] | I |

* Ambiguity coded consensus provides means of
‘removing’ / ‘disarming’ conflicting signal

 Ambiguity coded consensus sequences contain
information on the divergence between reads

=> Recording of all SNPs per gene provides information on
divergence in the dataset!



Assembly workflows (e.g., HybPiper, PHYLLUCE, SECAPR, custom...)
* Read selection per gene
* De novo assembly of reads

Allele phasing workflows

Kates et al. 2018, Andermann et al. 2019, Tiley et al. 2021
* De novo assembly with read backed phasing

* Only phased largest block (exon in gene)

* Phased alleles were not linked across haplotypes

* Mixed results



A different approach to phasing!

Phasing reads instead of alleles!

Mapping reads to multiple references simultaneously and
separating reads into different read files.

Sequence reads
from a hybrid

L 1L 1L 1L

Mapping simultaneously to

Phased divergent reads
multiple references

into new read files
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A different approach to phasing!

What if we do not know who the parents are?

1. Map reads to multiple references covering all available clades!
2. Record to which clades the reads match.

Hybrids should have reads matching to the clades of their parents

Standard assembly and
phylogenetic analysis
for reference selection

Mapping sequence reads

Analyse proportions of reads mapped to each reference
to references from all clades

best match with one (unambiguous)
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Some advantages:

* Read phasing before the assembly
* Avoids linking of heterozygous sites
* Avoids linking of phased alleles

* Works with any amount of divergence (*depends on references)
* Works with higher level ploidy

Some disadvantages:
* Requires a phylogenetic framework to find suitable references
* There might be no suitable references available



HybPhaser



Workflow for detection and phasing of hybrid accessions in target capture datasets
Utilizes mapping of reads to multiple references (simultaneously)
* Assess clade association of samples

* Phase read files

+ Analysis of SNPs in consensus sequences to detect hybrids and remove paralogs

Builds on the assembly pipeline HybPiper

Command line (bash) and R-scripts

Uses freely available tools (Samtools, BBMap, ...)

Linux



Simple Workflow

e.g. HybPiper e.g. MAFFT,
IQTREE
Contigs Alignments,

Phylogenies



HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser Workflow

e.g. MAFFT,
IQTREE

Alignments,
Framework
phylogeny
for reference
selection

HybPhaser

Relevant
references
for hybrid
phasing

HybPhaser

Phased
accessions
(read files)

HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser

Combined
dataset

e.g. MAFFT,
IQTREE

Alignments,

Phylogenies

of combined
dataset



Phylogenetic study

* Reconstruction of relationships in a closely related clade, e.g. a
genus, subgenus, tribe, family

» Relatively complete sampling ( e.g., all major clades, most species)
* Might contain hybrids or allopolyploids

Dataset
e Target capture sequencing (e.g. Angiosperm353 baits)
* Nuclear loci
* Input: sequence reads and target sequence file



HybPhaser Workflow

HybPiper



Assembly with HybPiper : ;%Q

’71 ¢ &

Assembly pipeline from Johnson et al. (2016)

Reads 1:

. Spades

 Contigs for each exon (de novo) ooty — — —
* Concatenated exons to genes Sonte . i W y—
* Optionally include introns |

Senmncs

Supercontig — — J— -

Improved version HybPiper-RBGV by Chris Jackson
featured in the workshops!

e Containerized, bug fixes, more features
=> Workshop for TC
assembly using HybPiper!!!




HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser Workflow




Assessment of SNPs across the dataset provides valuable insights:

* Detect hybrid accessions

* Estimate how close or distant related the parent of a putative hybrid

* Detect and remove paralogous genes



Allele Divergence (AD): % of SNPs

Non-hybrid
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Allele divergence - % of SNPs

e Hybrids should have high AD across all genes

* amount correlates with the divergence between parents

=> compare AD between species

* Paralogs should have higher AD compared to normal genes
=> compare AD between genes



HybPhaser — SNPs assessment

Proportion of SNPs per sample 100 PR
to detect hybrids e

80 -
* Mean allele divergence
(% of SNPs) LH[%]

60 -

* Locus heterozygosity
(% of loci with SNPs)

40 1 ¥
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Allele divergence [%]



HybPhaser — SNPs assessment

Proportion of SNPs per sample 100

to detect hybrids

60 -
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* Mean allele divergence

(% of SNPs)
* Locus heterozygosity

(% of loci with SNPs)

Locus
heterozygosity
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Hybrids
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Introgression?
Good species with
high allele diversity?
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HybPhaser — SNPs assessment

Proportion of SNPs per gene to detect paralogs

average across all samples

Mean % SNPs across samples (n=96) for each locus (n=473)
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HybPhaser — SNPs assessment

Proportion of SNPs per gene to detect paralogs

Too many paralogs!

=> Workshop for paralogy resolution !!!

0.15 1 ]
0.14 8
0.12 4
0.10 010
: : s ‘
0.08 - g Wb
Ras | Py
0.06 - ’/ ‘S 1| S
0.05 ) 3 /
0.04 §
0.02
§ Expressions of interest to participate close this Sunday June 13th!!!
||I|||||||“ | https://asbs2021.bablglobal.com/workshop/
0.00 :
0004 |



https://asbs2021.bablglobal.com/workshop/

HybPhaser — Dataset optimisation

Prop. of locl vs
prop. of target length

Samples: prop. of 353 loci recovered Samples: prop. of target sequence length recovered

educing missing data o= 1 ]
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HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser Workflow

e.g. MAFFT,
IQTREE

Alignments,
Framework
phylogeny
for reference
selection




Input:
* Contigs or consensus sequences (with ambiguity codes)

* Cleaned from paralogs and reduced missing data

Quick recommendation for phylogenetics with TC data:
e Supermatrix and gene tree summary
* Bootstrap and concordance factors

 Networks are useful too



HybPhaser Workflow

HybPiper + e.g. MAFFT, HybPhaser

HybPhaser IQTREE

Contigs, Alignments, Relevant

Consensus seqs. Framework references
phylogeny for hybrid

Hybrid detection for reference phasing

Paralog removal selection

Reduction of
missing data



HybPhaser — Clade association

Selection of clade references Mapping of reads to all clade references simultaneously (BBSplit) Output

4=
Co A

best match with one (unambiguous)
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Output:
Proportions of reads that match unambiguously to a single reference!

samples LH AD Refl \Ref2| Ref3 | Ref4 | Ref5 | Ref6 |Ref7 | Ref8 |Ref9 |Ref10| Ref11 Ref12|Ref13|Ref14|Ref15|Ref16
Sample-01 09%| 200%| 05 |07 | 02| 02 | 02 | 04 |04 07 |103| 04| 04 |05 |03 | 06| 05 | 6.8
Sample-02 09%| 212%| 08 |10 02| 03 | 02 | 06 |05| 05 |07 49| 05 |05 | 03 | 06 | 05 | 66
Sample-03 29%| 014%(| 11 |12 | 03| 04 | 03 | 08 |06 | 06 |09 |124| 06 |04 | 03 | 03 | 02 | 02
Sample-04 o0%| 030%(| 05 |07 | 02| 02 | 02 | 04 |04| 03 |05|04| 05 |12 [111]| 09 | 10| 16
Sample-05 100%| 155%| 04 |06 | 02| 02 | 01 04 (03| 03 (04)02)| 04 ([110| 09| 06 | 61 | 0.7
Sample-06 45%| 027%| 04 |O7 | 01| 02 | 02 | 03 |04| 03 |0O5| 03| 04 |08 |172| 06 | 04 | 02
Sample-07 99%| 220%(| 144 |07 | 02| 02 | 02 | 03 |03 | 03 |04| 04| 03 {04 | 02| 05| 04| 70
Sample-08 f9%| 051%(| 05 |07 | 02| 02 | 02 | 04 |04 | 03 |05 04| 05 |12 [101| 08 | 08 | 14
Sample-09 28%| 012%(| 05 |07 | 02| 02 | 01 03 |03 |03 (05|03 03 (06|04 )| 09| 07| 99
Sample-10 09%| 1.22%(| 08 |11 |141| 20 | 16 | 06 |06 | 05 |07 |07 | 08 |05 |03 | 03 | 02| 02
Sample-11 92%| 109%(| 10 |12 19| 22 | 86 | 07 |06 | 06 |08 | 07| 08 |05 |03 | 03 | 02] 02
Sample-12 100%| 153%| 04 |06 | 02 | 02 | 01 03 (04| 03 (04| 02| 04 [112| 04 | 06 | 68 | 06
Sample-13 09%| 106%(| 12 |13| 03| 04 | 03 | 34 |07 | 07 |10 87| 07 |05 |04 | 04 | 01 ]| 02
Sample-14 25%| 010%| 05 |08 | 02| 02 | 02 | 04 |04 | 03 |06| 04| 06 |09 |12 | 21 28 | 34
Sample-15 89%| 086%| 12 |15 05| 07 | 04 | 09 |08 | 15 |16 | 27 | 11 06 | 06 | 04 | 03 | 03
Sample-16 22%| 0.35%| 10 |14 | 05| 07 | 05 |10 |07| 14 |15 26| 10 |07 |06 | 04 | 03 | 03
Sample-17 26%| 011%| 04 |07 | 02| 02 | 02 | 04 |04 | 03 |05| 04 |253 | 04 | 02 | 02 | 01 | 0.1




HybPhaser Workflow

HybPiper + e.g. MAFFT, HybPhaser HybPhaser

HybPhaser IQTREE

Contigs, Alignments, Relevant Phased

Consensus segs. Framework references accessions
phylogeny for hybrid (read files)

Hybrid detection for reference phasing

Paralog removal selection

Reduction of
missing data



Input

Selected clade references

A__-
C: 11 |

Sequence reads

Mapping of sequence reads to
only the relevant references

match only to A + match multiple

A I .
[ ] X ] [A ] [ ] [ I ] OO0TT1T  0Im
—/ [ A | I [ I [ | 00000 0mm
[ ] [A I [ ] [ ] [ ] 00000 o@mm
E [ I G | I [ | 0 OBOO ©oEm

\ | a0 I [ | 0O OB000 000m

[ | LG I [ ] Oaa I

+ match multiple

CI \ [ [ —
\ || o ] | ] | ] | | 000000 mmo
\ I 1 | | ] | ] | | O0O0OO00 000D
| I ] ] | | ] | | 000D 000m

| \ | ] | | | ] | | OO0 0O 0mm
/] /] | Y 0O OO0 00

| [ ] OO0 000

Generating new read files
that contain phased reads

Phqseq acFes§ion 1

Phased accession




HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser Workflow

e.g. MAFFT,
IQTREE

Alignments,
Framework
phylogeny
for reference
selection

HybPhaser

Relevant
references
for hybrid
phasing

HybPhaser

Phased
accessions
(read files)

HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data




HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser Workflow

e.g. MAFFT,
IQTREE

Alignments,
Framework
phylogeny
for reference
selection

HybPhaser

Relevant
references
for hybrid
phasing

HybPhaser

Phased
accessions
(read files)

HybPiper +
HybPhaser

Contigs,
Consensus seqs.

Hybrid detection
Paralog removal
Reduction of
missing data

HybPhaser

Combined
dataset
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HybPhaser — Resulting phylogenies

* Phased accessions group with parental lineages

Original Phased accessions included
*
fruncata x ventricosa * 'W|—b fii— 2
clipeata x ventricosa E P merrilllana—
okorensis x ventricosa sﬁESW ! 306‘”3‘3
izumiae x ventricosa N 36140 merr rlhana—Z
b ———menilian T = biak
To7e0] memlhsagg Z} oensis 'a s;buyanens:s -
—
o 33@|:mem iana 2 S NS B sibuy. e;v’ri;e;n s
—_ ——insignis L o e 1
75195 biak _ _ . 4756 byrkei x ventricosa—3
* sibuyanensis 2 L= T _:bur el X ventricosa—2
b I LS sibuyanensis 1 _~ 15758 burkei x ventricosa—1
1543 _x burkei 2 bokorensis x ventricosa
. 27/68 urkei _ 14:;2 ventricosa-
17767 * - v%ntncosa 3 3}%0 trunchaf éa‘?’}tﬂgﬁ?ﬁma
: + ——ventricosa
Hybrids LE ventricosa 1 2128 C,,pea,gef{,%% sa-3_
Clade references burkei x ventricosa, 1 Ll ———ventricosa-2
burkei x ventricosa 2. N —burker X ventricosa—1
- 13741 burkei x ventricosa 3 » =5 —burkei x ventricosa~2
BS 9/4 burkei x ventricosa-3

gCF / sCF



HybPhaser — Resulting phylogenies

* Improved clade support of relevant nodes

Original

truncata x ventricosa

*

clipeata x ventricosa
okorensis x ventricosa

izumiae x ventricosa
bellii 2

*

35/80) *

merrilliang 1

33/55

Hybrids
Clade references

BS
gCF / sCF

surigaoensis
33@|:mem jana 2

L * insignis
— i |

* sibuyanensis 2

el « [ sibuyanensis 1
B 157 « burkei 2
27168 burkei 1

. = v%ntricosa 3
*» ——ventricosa
16/40 ventricosa 1
burkei x ventricosa 1
burkei x ventricosa 2
burkei x ventricosa 3

Phased accessions included

36/77

*
» [7s———pe/fii- 2
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*
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1 6!?9
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&
3!45 5.r 0
2!28 3

21328 77
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w[—Vventricosa—2

7a6|  * —burker X ventricosa—1

a2 .:ur el X ventricosa—2
9/4 burkei x ventricosa-3




More information HybPhaser

More detailed information is available on GitHub

https://github.com/LarsNauheimer/HybPhaser

Publication is available as preprint on bioRxiy,
https://www.biorxiv.org/content/10.1101/2020.10.27.354589v2

and soon also in Applications for Plant Sciences

Please email me, if you have any questions!

Lars.Nauheimer@jcu.edu.au

0

GitHub

bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

Applicationsin
Plant Sciences
Official pubbeation of the Botarizal Sacisty ol fmeric



https://github.com/LarsNauheimer/HybPhaser
https://www.biorxiv.org/content/10.1101/2020.10.27.354589v2
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Thank you very much!!!

Don’t forget about to check out the workshops

(5t — 8th July) Australasian Systematic Botany Society

Annual Conference 2021

ASBS
2021
vintaally

12th-16t July

1) Assembly of raw reads using HybPiper

2) Paralogy resolution using Yang and Smith

3) Detection and phasing of hybrids using HybPhaser

Expressions of interest to participate close this Sunday June 13%!ll  https://asbs2021.bablglobal.com/workshop/
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