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* Housekeeping

 Why trim? A brief history

* [rimming becomes a contentious topic
e ClipKIT implements a novel approach
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Raw course materials are available via GitHub

— O JLSteenwyk Q

(] Overview L] Repositories 41 M1 Projects &) Packages Y Stars 16

Pinned

& Public :: & Public

a multiple sequence alignment-trimming algorithm for a UNIX shell toolkit for processing and analyzing multiple
accurate phylogenomic inference sequence alignments and phylogenies

@Python W45 % 3 @Python w46 %6

H Public : l,_:_l Public

a versatile toolkit for processing and analyzing diverse types a tree splitting and pruning algorithm for retrieving single-
of sequence data copy orthologs from gene family trees

@Python w20 %8 @ Python 518 %1

JaCOb L. Steenwyk & Public :: & Public
JLSteenwyk

a broadly applicable tool for automated gene identification colorblind friendly color palettes and ggplot2 graphic system
and retrieval extensions for publication-quality scientific figures

Omics & Software Eng <" & | HHMI @Python W23 %1 OrR W31 %5

Awardee of the LSRF & Berkeley Science
Fellow at UC-Berkeley & & | Previous

HHMI Gilliam Fellow at Vanderbilt+"
342 contributions in the last year Contribution settings

Edit profile
Jan Feb Mar Apr May Jun Sep Oct Nov De

A 64 followers - 21 following Mon

Wed
University of California, Berkeley
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Raw course materials are available via GitHub

— O JLSteenwyk /| 2024_phylogenomics_workshop Q

<> Code () Issues 9 Pullrequests (») Actions [] Projects [IJ Wiki () Security |~ Insights {3 Settings

) 2024_phylogenomics_workshop ' public ®Unwatch 1 v~ % Fork 0

- 1Branch © 0 Tags About

2024 workshop on phylogenomics,

@ﬁ’ JLSteenwyk formatting changes to trimming rmd 5ecd9ab - 2 days ago \*) 19 Commits organized by Evomics

BB gene_trees_challenge implemented comments from Karin and Gemma 2 days ago &

BB partitioning_and_concatenation implemented comments from Karin and Gemma 2 days ago Readme

Activity

trimming formatting changes to trimming rmd 2 days ago 0 stars

.DS_Store updated with new presentation 3 days ago 1 watching
0 forks

20120115-IMG_0297.webp updated README 3 days ago

README.md updated partitioning and concatenation using ... 3 days ago Releases

Trimming.key implemented comments from Karin and Gemma 2 days ago No releases published

alignment_information_content.txt updated partitioning and concatenation using ... 3 days ago

N _ _ Packages
gene_trees_challenge.key updated partitioning and concatenation using ... 3 days ago

No packages published

0O 0O 0O 0O 0O 0 0 ¢’

partioning_and_concatenation.key updated with new presentation 3 days ago
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| recommend using links available on the website

EVOLUTION AND GENOMICS

Intensive and immersive training opportunities

Week 1:

DATE

Jan 21

Jan 22

Jan 23

Jan 24

Jan 25

21-27 January, 2024

DAY TIME
Sunday ;_i )
Monday ?2 )
Monday 1;1 )
Monday ;_2 )
Tuesday ?2 )
Tuesday 1;’ )
Tuesday ;2 )
Wednesday ?z )
Wednesday 1471 )
Wednesday ;_3 )
Thursday (1)2 )

WORKSHOPS LEARNING PEOPLE APPLY
PRESENTER TOPIC
Everyone Reception

Anna Karnkowska

Workshop Team: Gemma Martinez-
Redondo & Karin Steffen

Everyone

Rosa Fernandez

Workshop Team: Marina Marcet-Houben
& Jacob L Steenwyk

Workshop Team: Michat & Eduard

Marina Marcet-Houben

Workshop Team: Marina Marcet-Houben
& Jacob L Steenwyk

Workshop Team: Jacob L Steenwyk &
Karin Steffen

Olivier Gascuel

Introduction & Orientation, City Information

Lab introduction & Unix

Scientific speed networking

Introduction to Phylogenomics

Alignment and Multiple Sequence Alignment
Trimming

Tree Visualization & Tree Challenge

Introduction to Phylogenetics, and Orthology and
Paralogy

Orthology and Paralogy Prediction lab & Gene
trees challenge

Partitioning and Concatenation Laboratory
workshop & data workshop

State-of-the-art methods and software used in
phylogenomic inference

INFORMATION

LOCATION

Hotel Zlaty
Andel

Town Theatre

House of
Prelate

Krumlov mill

Town Theatre

House of
Prelate

House of
Prelate

Town Theatre

House of
Prelate

House of
Prelate

Town Theatre

Karin Steffen
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https://scholar.google.se/citations?hl=en&user=CuClhA4AAAAJ

Facilitating phylogenomic workflows and beyond

A

Data
acquisition
& preparation

B

Ortholog
identification

Multiple
sequence
alignment

& trimming

Inferring
organismal
history

Evaluate
support

Rep. 1

Rep. 2

Rep. 3

€O 8O w® U®

Coding and/or Protein Sequences

v

Orthology Inference

RS
&b
|

v

Predetermined Orthologs

Aligned and Trimmed Orthologs

24 PadPalPat
Supermatrix Single-Locus Trees
~ N
= 7
Organismal phylogeny
==X
—|=|—
<] 87 M| ==
==X
" Gene support frequencies Phylogenomic
Bootstrapping and concordance factors subsampling

Sub. 1

Sub. 2

Sub. 3
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Facilitating phylogenomic workflows and beyond

A

Data
acquisition
& preparation

B
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identification

Multiple
sequence
alignment

& trimming

Inferring
organismal
history
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support

€O 8O w® U®

Coding and/or Protein Sequences

v v
"'
Orthology Inference Predetermined Orthologs
|

Aligned and Trimmed Orthologs

Supermatrix Single-Locus Trees
~ N
= 7
Organismal phylogeny
Rep. 1 =|=|—|><]| suw.
Rep. 2 >—< =|=|—|><]Sub.2
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Gene support frequencies Phylogenomic
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Variation in conservation

Highly conserved

Highly variable

Komagataella_pastori
Komagataella populi
Ogataea polymorpha
Ogataea henricii
Ogataea pini
Ambrosiozyma monospo
Ambrosiozyma vanderk
Ambrosiozyma ambrosi
Ambrosiozyma oregone
Ambrosiozyma philent
Kregervanrija delfte
Kregervanrija fluxuu
Pichia membranifacie
Pichia terricola
Brettanomyces custer
Brettanomyces anomal
Brettanomyces bruxel
Wickerhamiella versa
Starmerella apicola
Starmerella bombicol

sel=0
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Sites in alignments may be “unfit”
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Sites in alignments may be “unfit”

Highly divergent sites in alignments can be caused by:
1) Erroneously inferred site homology and
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Sites in alignments may be “unfit”

Highly divergent sites in alignments can be caused by:
1) Erroneously inferred site homology and
2) Saturation of multiple substitutions
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Sites in alignments may be “unfit”

Highly divergent sites in alignments can be caused by:
1) Erroneously inferred site homology and
2) Saturation of multiple substitutions

For over 30 years, it has been common practice in molecular

phylogenetic to remove these sites because they are thought to

lack phylogenetic signal

(Lake, 1991, Molecular Biology and Evolution)

0 @JLSteenwyk
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Other sources of error

Biological
 Difficult to align regions may be structurally
disordered and evolve under relaxed selection
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Other sources of error

Biological
 Difficult to align regions may be structurally
disordered and evolve under relaxed selection

Analytical

* Errors in
* Genome assembly,
 Gene annotation, &
* Alignment errors
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Trimming becomes controversial in 2015

Current Methods for Automated Filtering of Multiple

Sequence Alignments Frequently Worsen Single-Gene
Phylogenetic Inference &

Ge Tan, Matthieu Muffato, Christian Ledergerber, Javier Herrero, Nick Goldman, Manuel Gil,
Christophe Dessimoz ™  Author Notes

Systematic Biology, Volume 64, Issue 5, September 2015, Pages 778-791,
https://doi.org/10.1093/sysbio/syv033
Published: 01 June 2015 Article history v
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Methods examined; most remove divergent sites

Sites removed Reference
Gblocks Gap-rich and variable Talavera and Castresana (2007)
TrimAl Gap-rich and variable Capella-Gutierrez et al. (2009)
Noisy Homoplastic sites Dress et al. (2008)
Aliscore Random-like sites Kick et al. (2010)
BMGE High entropy sites Criscuolo and Ribaldo (2010)
Zorro Sites with low posterior Wu et al. (2012)
Guidance Sensitive to guide tree Penn et al. (2010

0 @JLSteenwyk




Testing the impact of trimming

1. Sequence 2. Alignment 3. Filtering 4. Tree building 5. Pruning 6. Tree evaluation

sampling

EE— _ - 50%
Orthologs TrimAl

R GBlocks —

—— Enriched - 100%

T — alignment : = : : :
Additional \ —
hOmOlogS NOisy —_— e— % e e—-

66%
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Sequence sampling using orthologs (& additional homologs)

1. Sequence
sampling

Orthologs

Additional
homologs
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Aligning sequences

1. Sequence 2. Alignment

sampling

Orthologs

=
- Enriched
T — alignment

Additional

homologs
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Trimming using diverse software

1. Sequence 2. Alignment 3. Filtering
sampling
Orthologs TrimAl
— GBlocks —
o Enriched
T — alignment :
Additional \ —
homologs Noisy —
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Inferring trees from trimmed MSAs

1. Sequence 2. Alignment 3. Filtering
sampling
Orthologs TrimAl
— GBlocks —
o Enriched
T — alignment :
Additional \ —
homologs Noisy —

4. Tree building
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Tree pruning to organisms with “incontestable” relationships

1. Sequence 2. Alignment 3. Filtering 4. Tree building 5. Pruning
sampling
Orthologs TrimAl
GBlocks
— Enriched
—— alignment : : : E

Additional \
homologs

Noisy
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Comparing inferred tree to “incontestable” tree

1. Sequence 2. Alignment 3. Filtering
sampling
Orthologs TrimAl
— GBlocks —
o Enriched
T — alignment :
Additional \ —
homologs Noisy —

4. Tree building

5. Pruning

6. Tree evaluation
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Testing the impact of trimming

Fungi

0.6

|

0.5
|

0.4

0.3

0.2

I l T |
0.05 0.10 0.15 0.20 0.25

False negative rate (fraction of true
branches that are absent or unresolved)

False positive rate (fraction of resolved branches that are incorrect)
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Testing the impact of trimming

Fungi
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Testing the impact of trimming

Fungi

0.6

|

0.5

0.4

0.3

0.99

0.2

False negative rate (fraction of true
branches that are absent or unresolved)

better

0.95

0.9

Min. support value
to consider a branch
as resolved

------------------

0.95

0.75
Gblocks

BMGE

TrimAI strict
TrimAl automated1

Guidance
Z0orro

0.75 Noisy

Unfiltered

T
0.05

False positive rate (fraction of resolved branches that are incorrect)

0.10

I T |
0.15 0.20 0.25
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Testing the impact of trimming

Fungi

Min. support value
to consider a branch
as resolved

0.95

0.6

|

0.5

0.75

socs|  ® (Gblocks is an aggressive trimmer

0.4

* trimAl (gappyout) conducts “lighter” trimming

0.3

BMGE

0.99\ | |
TrimAl strict |
0.95 TrimAl automated1

0.9 Zéar%dance

0.75 Noisy
better Unfiltered
| I : l

l
0.05 0.10 0.15 0.20 0.25

0.2

False negative rate (fraction of true
branches that are absent or unresolved)

False positive rate (fraction of resolved branches that are incorrect)
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Testing the impact of trimming

Fungi

0.6

|

0.5

0.4

0.3

0.2

Min. support value
to consider a branch
as resolved

False negative rate (fraction of true
branches that are absent or unresolved)

0.95
0.75
Gblocks
BMGE
0.99 Aliscore
TrimAl strict
0.95 TrimAl automated1
0.9 Guidance
. ~Zorro
0.75 No'isy’
better Unfiltered
| | | | |
0.05 0.10 0.15 0.20 0.25

0.6

0.4

0.2

Eukaryotes

0.99
0.95
0.9

N

------------------

Min. support value

to consider a branch

»
-
ot

0.9

0.

as resolved

/5
Gblocks

TrimAI strict
TrimAl automated1
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Guidance

Noisy

‘/b ettee' 75 Unfiltered

I
0.02

0.06

0.8

0.7
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Bacteria

e
.
.
------
.
.
et
.
e
s

Min. support value
to consider a branch
as resolved

0.75
Gblocks

BMGE

\" Guidance
® TrimAl strict
0.75 TrimAl automated1

Zorro
Noisy
Unfiltered
‘/bez‘ter
| | | |
0.3 0.4 0.5 0.6

False positive rate (fraction of resolved branches that are incorrect)
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Take home message




Take home message

* Alignment trimming often resulted in lower phylogenetic signal in an
alignment
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Take home message

* Alignment trimming often resulted in lower phylogenetic signal in an
alignment
* The more aggressive the trimmer, the worse it performed
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Take home message

* Alignment trimming often resulted in lower phylogenetic signal in an

alignment
* The more aggressive the trimmer, the worse it performed

“*Although our results suggest that light filtering (up to 20% of alignment
positions) has little impact on tree accuracy and may save some computation
time, contrary to widespread practice, we do not generally recommend the
use of current alignment filtering methods for phylogenetic inference”
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Take home message

* Alignment trimming often resulted in lower phylogenetic signal in an

alignment
* The more aggressive the trimmer, the worse it performed

“Although our results suggest that light filtering (up to 20% of alignment
positions) has little impact on tree accuracy and may save some computation
time, contrary to widespread practice, we do not generally recommend the
use of current alignment filtering methods for phylogenetic inference”

This suggest current methods remove sites with phylogenetic signal
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What if we kept sites with phylogenetic signal?



ClipKiT

the alignment trimming toolkit

Jacob L. Steenwyk, Thomas J. Buida lll,
Yuanning Li, Xing-Xing Shen, Antonis Rokas

O JLSteenwyk @JLSteenwyk



ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
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ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
» ClipKIT has five modes:
- kpi (keeps only parsimony informative sites)
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ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
» ClipKIT has five modes:

- kpi (keeps only parsimony informative sites)

- kpic (keeps parsimony informative sites and constant sites)
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ClipKIT removes sites that aren’t parsimony informative

Untrimmed

>]1
A-GTAT
>2
A-G-AT
>3
A-G-TA
>4
AGA-TA
>5
ACa-T-
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Untrimmed

>]1
A-GTAT
>2
A-G-AT
>3
A-G-TA
>4
AGA-TA
>5
ACa-T-

Kpl

>]1
A-GTAT
>2
A-G-AT
>3
A-G-TA
>4
AGA-TA
>5
ACa-T-

ClipKIT removes sites that aren’t parsimony informative
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Untrimmed

>]1
A-GTAT
>2
A-G-AT
>3
A-G-TA
>4
AGA-TA
>5
ACa-T-

Kpl

>]1
A-GTAT
>2
A-G-AT
>3
A-G-TA
>4
AGA-TA
>5
ACa-T-

Kpic

>]1
A-GTAT
>2
A-G-AT
>3
A-G-TA
>4
AGA-TA
>5
ACa-T-

ClipKIT removes sites that aren’t parsimony informative
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ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
» ClipKIT has five modes:

- kpi (keeps only parsimony informative sites)

- kpic (keeps parsimony informative sites and constant sites)

- smart-gap (dynamic gappyness threshold determination)
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ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
» ClipKIT has five modes:

- kpi (keeps only parsimony informative sites)

- kpic (keeps parsimony informative sites and constant sites)

- smart-gap (dynamic gappyness threshold determination)

- gappy (removes sites with >90% gaps)
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ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
» ClipKIT has five modes:

- kpi (keeps only parsimony informative sites)

- kpic (keeps parsimony informative sites and constant sites)

- smart-gap (dynamic gappyness threshold determination)

- gappy (removes sites with >90% gaps)

- combinations of kpi/kpic and gappy-based trimming can be used

- e.g., kpic-smart-gap or kpi-gappy
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ClipKIT has several modes

» based on keeping parsimony informative sites and sites that aren’t gappy-rich
» ClipKIT has five modes:

- kpi (keeps only parsimony informative sites)

- kpic (keeps parsimony informative sites and constant sites)

- smart-gap (dynamic gappyness threshold determination)

- gappy (removes sites with >90% gaps)

- combinations of kpi/kpic and gappy-based trimming can be used

- e.g., kpic-smart-gap or kpi-gappy

» ClipKIT focuses on keeping sites rich in phylogenetic signal rather than
identifying and removing those that lack signal

0 @JLSteenwyk




Measuring accuracy between inferred & expected tree

Internal branches exist in one tree but not in

the other
H
Robinson-Foulds distance = 6
G 3 G

F

iy A

B
E E
H
B
D C D C
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Branch lengths estimates after trimming are typically accurate

substitution / site, control

100 ClipKIT: g ClipKIT: kcg ClipKIT: kg ClipKIT: k
' . p=1.0 . p=1.0 . p=1.0 . p=1.0
0.75
0.50
0.25
0.00
ClipKIT: ke trimAl: go trimAl: s BMGE 0.7
1.00- p=1.0 p=1.0 p=.99 p=.99
9
0.75
0.50
0.25
/
0.00 '
0.0 025 050 0.75 1.0
1 trimAl: sp BMGE Noisy
007 0= .99 0= .96 0= .26
0.75 - Count
2000

0.50 1500
0.25 1000

) 500

|
0.00 @

I

0.0 025 0.50 0.75

! | ! I [

1.00.0 0.25 0.50 0.75

I ! I I !

1.00.0 0.25 0.50 0.75

substitution / site, treatment

1.0

Best
>
Performance
>
Worst
>
Performance
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Branch lengths estimates after trimming are typically accurate

substitution / site, control

1.00 -

0.75

0.50

0.25

0.00

1.00 A

0.75

0.50

0.25

0.00

1.00 A

0.75

0.50

0.25

0.00

ClipKIT: g ClipKIT: keg ClipKIT: kg ClipKIT: k
. p=1.0 . p=1.0 . p=1.0 . p=1.0

ClipKIT: ke trimAl: go trimAl: s BMGE 0.7

p=1.0 p=1.0 P =.99 P =.99

O
0.0 0.25 0.50 0.75 1.0

trimAl: sp BMGE Noisy

p=.99 p=.96 p=.26

I I ! | I I I | | I I I I I I
0.0 025 050 0.75 1.00.0 025 0.50 0.75 1.00.0 0.25 0.50 0.75 1.0

substitution / site, treatment

Count

2000
1500
1000

500

*we also found ClipKIT
trimmed alignments that
were shorter than other
methods still outperformed

the other methods
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https://clipkit.genomelybio.com/

o
‘ 1 1 p K@I I I Home Help CLI Docs Other Software Contact

Mode
Choose FASTA(s)
smart-gap (default) v
Sequence Type
Auto detect v

ClipKIT: a multiple sequence alignment trimming software for accurate phylogenomic inference. N

Steenwyk et al. PLoS Biology. doi:




Thank you for your time and attention!

Rokas Lab

King Lab

Becca Arruda Megan Phillips
Chrisa Staikou Carla Goncalves
Alain Garcia De Las Bayonas Matthew Mead
Maxwell C. Coyle Marie-Claire Harrison
Josean Reyes-Rivera E. Anne Hatmaker
Michael Carver Charu Balamurugan
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Stay tuned for a silly quiz in the last 10 minutes!
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Fun quiz, no winners...except each and every one of you!
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