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Abstract

The Plant and F ungal T rees of Life (P AFTOL) p roject aims to generate multigene phylogenies

rep resenting all genera of the plant and fungal kingdoms. F o r plants, a set of 353 lo ci that (1)

o ccur in a wide range of seed plants and (2) have only one single cop y in most genomes have b een

selected. W e use high throughput �next generation� sequencing, combined with ta rget capture, to

obtain sequencing data enriched fo r our ta rget lo ci, and use a p ro cess inspired b y the HybPip er

pip eline [1] to recover the sequences b y applying de novo assembly fo r each lo cus individually .

P AFTOL data a re continuously generated, requiring frequent running of analysis pip elines. In

addition to newly generated data, w e also include sequences from va rious existing sources,

including GenBank and the Thousand Plants (1KP) p roject [2]. W e have develop ed a soft w a re

framew o rk (currently dubb ed �pafto ols�) to p rovide the extensibilit y , �exibilit y and rep ro ducibilit y

that enables us to meet these requirements using a small high p erfo rmance computing (HPC)

cluster. This framew o rk is implemented in Python and mak es substantial use of BioPython [3] as

w ell as numerous bioinfo rmatics to ols. Some asp ects of our framew o rk a re of mo re general

interest, as they address requirements that apply to resources fo r computing multigene phylogenies

in general, as recently outlined in [4].

P AFTOL ta rgets the plant and fungal kingdoms in their entiret y , and therefo re divergence b et w een

a sequenced lo cus and its closest kno wn o rtholog ma y b e quite considerable. Our framew o rk

supp o rts using the BW A read mapp er [5] and the tblastn BLAST to ol [6] fo r identifying reads

o riginating from our lo ci of interest, and pa rameterising these fo r identifying diverged sequences.

W e also noticed that de Bruijn graph based de novo assemblers such as SP A des [7] a re not ideal

fo r assembling individual lo ci, and therefo re explo re alternatives to de Bruijn graph based assembly .
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PhyloSynth

F ramew o rk fo r phylogeny generation that is

�
integrated,

�
up to date,

�
op en,

�
rep ro ducible,

�
sustainable.
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Overview: Analysis Steps

Angiosp erm353 enriched NGS reads

asso ciate to ta rgets e.g. bwa , tblastn

assemble ta rgets individually , e.g. spades

compute MSA fo r each ta rget

gene trees

summa ry tree

mo re info: Lisa P ok o rny's talk
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Finding �On-T a rget� Reads

�
�NGS� mapping , e.g. bwa

�
nucleotide o riented only

�
pa rameterised fo r re-sequencing, limited sensitivit y

�
can b e imp roved b y adjusting pa rameters

�
minimum seed length ( -k )

�
alignment sco re threshold ( -T )

�
fast

�
BLAST

�
p rotein co ding �a w a re�: tblastn

�
mo re sensitive with diverged sequences

�
slo w � need to use reads as database

% paftools hybpiperBwa �bwaMinSeedLength 15 � bwaScoreThreshold 20 ...
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T a rget Lo cus Assembly

�
De Bruijn graph based assembly

�
scalable, feasible fo r genome assembly

�
sensitive to miscalled bases

�
p roblem of cho osing k (oligomer length)

�
Overlap based assembly

�
less scalable, feasible fo r lo cus assembly

�
mo re robust, mo re �exible

Comp eau, P evzner & T esler, Nature Computational Biology 29 (2011): 987�991, Fig. 3b,

Leggett et al , PLoS One 8 (2013): e60058, Fig. 1B
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T a rget Assembly: Examples

SP A des assembly succeeds :

SP A des assembly fails :
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T o w a rds Sepa rating T ree Structure

and Presentation

((s4:1,((s1:1,s2:1):1,s3:1):1):1,(((s5:1,s6:1):1,s7:1):1):1);
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T o w a rds Sepa rating T ree Structure

and Presentation

((s4:1,((s1:1,s2:1):1,s3:1):1):1,(((s5:1,s6:1):1,s7:1):1):1);

s4

s1 s2

s3

s5 s6

s7
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T o w a rds Sepa rating T ree Structure

and Presentation

((s4:1,((s1:1,s2:1):1,s3:1):1):1,(((s5:1,s6:1):1,s7:1):1):1);
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s1|x|n"F a g a l e s "

s2|x|n"C u c u r b i t a l e s "

s3|x|n"R o s a l e s "

s4|x|n"F a b a l e s "
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s7|x|n"C e l a s t r a l e s "
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T o w a rds Sepa rating T ree Structure

and Presentation

((s4:1,((s1:1,s2:1):1,s3:1):1):1,(((s5:1,s6:1):1,s7:1):1):1);
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A ttributes

s1|x|n"o a k s " ; s " F a g a l e s "

s2|x|n"s q u a s h " ; s " C u c u r b i t a l e s "

s3|x|n"r o s e s " ; s " R o s a l e s "

s4|x|n"b e a n s " ; s " F a b a l e s "

s5|x|n"w o o d sorrel"; s " O x a l i d a l e s "

s6|x|n"v i o l e t s " ; s " M a l p h i g i a l e s "

s7|x|s"C e l a s t r a l e s "
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T o w a rds Sepa rating T ree Structure

and Presentation

((s4:1,((s1:1,s2:1):1,s3:1):1):1,(((s5:1,s6:1):1,s7:1):1):1);
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s1|x|n"F a g a l e s " ; c 0 . 5 , 0 . 3 , 0

s2|x|n"C u c u r b i t a l e s " ; c 0 . 0 , 1 . 0 , 0 . 0

s3|x|n"R o s a l e s " ; c 1 . 0 , 0 . 0 , 0 . 0

s4|x|n"F a b a l e s " ; b 1 . 0 , 1 . 0 , 0 . 5

s5|x|n"O x a l i d a l e s "

s6|x|n"M a l p h i g i a l e s " ; c 0 . 4 , 0 . 0 , 0 . 8

s7|x|n"C e l a s t r a l e s "
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Conclusion: P ersp ectives fo r

PhyloSynth

�
Develop a coherent framew o rk

�
class lib ra ries, not a collection of scripts

�
phylosynth Python pack age?

�
Sepa rate content from p resentation

�
compute on content only inside framew o rk

�
generate p resentation at interfaces to framew o rk

�
Identify k ey requirements

�
build comp onents where necessa ry

�
selectively adopt and adapt existing to ols

�
have comp onents do one thing w ell
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P AFTOL Jobs!

�
1 � bioinfo rmatician

�
2 � phylogenomics

�
deadline: 16 Sept 2018

�
sea rch fo r vacancies at

https://www.kew.org/
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Thank Y ou

fo r y our attention and pa rticipation


