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Ray Ming T

Xiang Jia Min
Nancy Chen,

Stephen R Do
Mark Yandell,

Genome of the long-living sacred lotus (Nelumbo
nucifera Gaertn.)

Michael C Schatz, Michael Campbell, Jingping Li, John E Bowers, Haibao Tang, Eric Lyons, Aan A Ferguson, Giuseppe Narzisi,

David R Nelson, Crysten E Blaby-Haas, Andrea R Gschwend, Yuannian Jiao, Joshua P Der, Fanchang Zeng, Jennifer Han

Sharon A Robi

e oo cyanobacterial symbioses

Jane Shen-Mill

Robert VanBuren T, Yanling Liu T, Mei Yang T, Yuepeng Han, Lei-Ting Li, Qiong Zhang, Min-Jeong Kim,

. Karen A Hudson, Ratnesh Singh, Aleel K Grennan, Steven J Karpowicz, Jennifer R Watling, Kikukatsu Ito

Fern genomes elucidate land plant evolution and

J

Fay-Wei Li®2*, Paul Brouwer’, Lorenzo Carretero-Paulet**, Shifeng Cheng®, Jan de Vries®’,
Pierre-Marc Delaux®, Ariana Eily’, Nils Koppers®, Li-Yaung Kuo ", Zheng Li", Mathew Simenc®,

5-

lan Small ©®, Eric Wafula™, Stephany Angarita®, Michael S. Barker ©™, Andrea Brautigam ©,
Claude dePamphilis*, Sven Gould ©', Prashant S. Hosmani', Yao-Moan Huang", Bruno Huettel'?,
Yoichiro Kato®, Xin Liu®¢, Steven Maere ©*%, Rose McDowell”, Lukas A. Mueller',

Klaas G. J. Nierop?, Stefan A. Rensing ©%, Tanner Robison /%%, Carl J. Rothfels ©'%, Erin M. Sigel**,
Yue Song?, Prakash R. Timilsena™, Yves Van de Peer ©*525, Hongli Wang®, Per K. |. Wilhelmsson 7,
Paul G. Wolf2, Xun Xu¢, Joshua P. Der ©, Henriette Schluepmann’, Gane K.-S. Wong ©¢%¢

= The Amborella Genome and the Evolution of
Flowering Plants

Amborella Genome Project™!

PU&'('B)H(*+#,-

Ecological genomics of tropical trees: how local
population size and allelic diversity of resistance genes
relate to immune responses, cosusceptibility to
pathogens, and negative density dependence

J. H. MARDEN,*t
J. P. DER,f1 C. W. DEPAMPHI

S. A. MANGAN,}§ M. P. PETERSON,*t E. WAFULA,* H. W. FESCEMYER,*
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parasite adaptation

Michael P. Timko?, John 1. Yoder', James H. Westwood®, and Claude W. dePamphilis*®<%"*

Horizontal gene transfer is more frequent with
increased heterotrophy and contributes to

Zhenzhen Yang*®*“", Yeting Zhang™“*'2, Eric K. Wafula®, Loren A. Honaas**?, Paula E. Ralph®, Sam Jones™",
Christopher R. Clarke®, Siming Liu’, Chun Su?, Huiting Zhang®*, Naomi S. Altman", Stephan C. Schuster",
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A genome triplication associated with early
diversification of the core eudicots

Yuannian Jiao, Jim Leebens-Mack, Saravanaraj Ayyampalayam, John E Bowers, Michael R McKain, Joel McNeal, Megan Rolf,
Daniel R Ruzicka, Eric Wafula, Norman J Wickett, Xiaolei Wu, Yong Zhang, Jun Wang, Yeting Zhang, Eric J Carpenter,

Michael K Deyh
Gane Ka-Shu W

PlantTribes: a gene and gene family resource for

comparative genomics in plants

P. Kerr Wall', Jim Leebens-Mack'?, Kai F. Miiller'®, Dawn Field*,

Naomi S. Altman® and Claude W. dePamphilis'*

1"4S 98 ( 9%))$*+,-,+./0

olos, Toni M Kt

0051 ANcestral polyploidy in seed plants and

angiosperms

Yuannian Jiao, Norman J. Wickett, Saravanaraj Ayyampalayam, André S. Chanderbali, Lena
Landherr, Paula E. Ralph, Lynn P. Tomsho, ¥i Hu, Haiying Liang, Pamela S. Soltis, Douglas E. Soltis,
Sandra W. Clifton, Scott E. Schlarbaum, Stephan C. Schuster, Hong Ma, Jim Leebens-Mack & Claude
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Comparative Transcriptome Analyses Reveal Core Parasitism

Genes and Suggest Gene Duplication and Repurposing as
Sources of Structural Novelty 3

Zhenzhen Yang, Eric K. Wafula, Loren A. Honaas, Huiting Zhang, Malay Das, Monica Fernandez-Aparicio,

Kan Huang, Pradeepa C.G. Bandaranayake, Biao Wu, Joshua P. Der, Christopher R. Clarke, Paula E. Ralph,

Lena Landherr, Naomi S. Altman, Michael P. Timko, John I. Yoder, James H. Westwood,
Claude W. dePamphilis =

W. dePam

genome duplications

Jocelyn C. Hall°, Matthieu Blanchette', Thomas E. Bureau®, Stephen I. Wright?, Claude

The butterfly plant arms-race escalated by gene and

Patrick P. Edger™<", Hanna M. Heidel-Fischer", Michaé| Bekaert®, Jadranka Rota', Gernot Gléckner®", Adrian E. Platts',
David G. Heckel®, Joshua P. Der, Eric K. Wafula/, Michelle Tang®, Johannes A. Hofberger', Ann Smithson™",

dePamphilis/, M. Eric Schranz!,
Michael 5. Barker”, Gavin C. Conant", Niklas Wahlberg', Heiko Vogel, J. Chris Pires™*?, and Christopher W. Wheat'?

Functional genomics of a generalist parasitic
plant: Laser microdissection of host-parasite
interface reveals host-specific patterns

of parasite gene expression

Loren A Honaas', Eric K Wafula?, Zhenzhen Yang', Joshua P Der', Norman J Wickett'2%, Naomi S Altman?| Westwood %, Claude W. dePamphilis ' & &
Christopher G Taylor*, John | Yoder®, Michael P Timko®, James H Westwood’ and Claude W dePamphilis'

Orobanchaceae Reveal Surprising

Conservation of Chlorophyll Synthesis

Norman J. Wickett ' 5 2 &, Loren A. Honaas ', Eric K. Wafula !, Malay Das % &, Kan
Huang ?, Biao Wu ¢, Lena Landherr !, Michael P. Timko *, John Yoder *, James H

Transcriptomes of the Parasitic Plant Family
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PlantTribes Scaffolds Download (Galaxy Version 1.1.0)
Data table entry unique ID

26Gv2.0
Description of the data

26 genome land plants (Embryopyta) gene family scaffold

Value is optional

URL for downloading scaffolds
http://bigdata.bx.psu.edu/PlantTribes_scaffolds/data/26Gv2.0.tar.bz2

Must be same version as configs

URL for downloading configs
http://bigdata.bx.psu.edu/PlantTribes_scaffolds/configs/26Cv2.0.tar.gz

Must be same version as scaffolds

4%+ #8&&)*0((0.*.($#3)&5(+"H$$% &

w Options

" HSYO%68, ()< & - +). %601*2"34'&/-5-6*7781)-%

1""#-$%%("!.&+689%)/0*9#!'1'-%01*2"34'&/-

Update PlantTribes scaffold with a new genome (Galaxy Version 1.0.0.0)
Gene family scaffold

26Gv2.0

Proteins fasta file

ElN @& | O 1: Cuscuta_campestris.faa

" (9 ("Yo--. +H%*)*0(/-Y%6, ) *+(
$9%-(,1.(*.2(0.*%3.

Coding sequences fasta file

SN & | D 1: Cuscuta_campestris.faa

Species name
Cuscuta campestris

Species code
Cusca_v1.0

Species family
Convolvulaceae

Species order
Solanales

Species group
Asterids

Species clade
Core Eudicots

Species code for rooting order

Cusca
The new species above will be placed immediately after this species code in the rooting order configuration file

Job Resource Parameters

Use default job resource parameters

6/'#,)*0(4%+ #8&.'((0.*.($#3) &5 (+"#$$% &'
2),1(#(*.2(+.78.*"."(0.*%3.

w Options


http://bigdata.bx.psu.edu/PlantTribes_scaffolds/
https://github.com/dePamphilis/PlantTribes
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AssemblyPostProcessor post-processes de novo transcriptome assembly (Galaxy Version 0.8.0) w Options History o~ # m

Transcriptome assembly fasta file

[ O [ @ O 1: assembly.fasta

Coding regions prediction method
TransDecoder
Options configuration
Advanced
Perform targeted gene assembly?
No
Strand-specific assembly?
No
Remove duplicate sequences?
Yes
Minimum sequence length

200

Job Resource Parameters

Use default job resource parameters

I"#$%&%68) 684352 %+ #)&&*+,-.

235+)3.#4%8567#
3*75%68#23*854'5%

9)-58)*8;#:5-*3*8#

=

)68#6%63*8<68)6'
4%8567#3*75%68#23*85459%6

9)-58)*8#)68#:5-*3*8#
A%8567#3*75%68#23*854'5%6&

v

search datasets

PlantTribes test data
12 shown

15.31 MB CAA N 4
12: transcripts.cds: Asse @ 4

mblyPostProcessor on d
ata 1l

sor on data 1

11: transcripts.cleaned.c
ds: AssemblyPostProces

10: transcripts.cleaned.n
r.cds: AssemblyPostProc
essor on data 1

9: transcripts.cleaned.nr.
pep: AssemblyPostProce

ssor on data 1

8: transcripts.cleaned.pe

p: AssemblyPostProcess
orondatal

7: transcripts.pep: Asse
mblyPostProcessor on d

atal




Transcriptome assembly fasta file

Oléa | O

1: assembly.fasta

Coding regions prediction method

TransDecoder

Options configuration
Advanced
Perform targeted gene assembly?
Yes
Targeted gene families
D& o

Gene family scaffold

6: targetOrthos.ids

22Gv1.1

Protein clustering method
OrthoMCL

Trim alignments

0.1

Strand-specific assembly?
No
Remove duplicate sequences?
Yes
Minimum sequence length
200
Job Resource Parameters

Use default job resource parameters

"#3%0

1)23**4#3*

AssemblyPostProcessor post-processes de novo transcriptome assembly (Galaxy Version 0.8.0)

I"#$%&Y68)5&9278' %o+ #)&&*+,-.

N23F* AH3I*EHHE)+ T - H)&&*,-.

&&*+,-.#/0
#6)+7-#)&&*+,-.

« Options

827+)2.#9%4753#

=

2*37%58#82*4797%5

V-TAY*AH)SAHBT-+2* 4

v

9%4753#2*37%5&#82*479'71%5&

)-TA)*AH)5AHBT-+2* A

v

9%A4753#2*37%5&H#82* 479 %65

)#9%--*9'7%5#% 6488280 9* & &*4

\4

History

search datasets

PlantTribes test data
19 shown

15.86 MB

19: transcripts.cds: Asse
mblyPostProcessor on d
ata 6 and data 1

18: transcripts.cleaned.c
ds: AssemblyPostProces
sor on data 6 and data 1

@ ¢

17: transcripts.cleaned.n
r.cds: AssemblyPostProc

essor on data 6 and data 1

16: transcripts.cleaned.n
r.pep: AssemblyPostProc
essor on data 6 and data 1

@ ¢4

@ ¢

15: transcripts.cleaned.p
ep: AssemblyPostProces
sor on data 6 and data 1

@ ¢

14: transcripts.pep: Asse
mblyPostProcessor on d
ata 6 and data 1

@ ¢

1)23**4#3*5#6)+7-.#)&8&*+,-T*&

13: Targeted gene famili
es: AssemblyPostProcess
or on data 6 and data 1

@ ¢
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Il Complete [l Fragmented "' Missing

Phelipanche_aegyptiaca (Build I)
Phelipanche_aegyptiaca (Build Il)
Striga_hermonthica (Build )
Striga_hermonthica (Build Ii)
Triphysaria_versicolor (Build 1)

Triphysaria_versicolor (Build Il)

% of 1,440 universal land plants single-copy orthologs

IHBO& " () HB( - (8-l (OHI+$#(,+1#2.(3,,0,( 4
34#$%8())%)*  )-$'854
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RESEARCH ARTICLE

Selecting Superior De Novo Transcriptome
Assemblies: Lessons Learned by Leveraging
the Best Plant Genome

Loren A. Honaas', Eric K. Wafula', Norman J. Wickett'?, Joshua P. Der'™®,
Yeting Zhang'™, Patrick P. Edger®=, Naomi S. Altman?, J. Chris Pires?, James
H. Leebens-Mack®, Claude W. dePamphilis’*
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This tool is one of the PlantTribes collection of automated modular analysis pipelines for comparative and evolutionary
analyses of genome-scale gene families and transcriptomes. This tool post-processes de novo assembled transcripts
into putative coding sequences and their corresponding amino acid translations and optionally assigns transcripts to
circumscribed gene families ("orthogroups’)[2]. After transcripts have been assigned to gene families, overlapping

contigs can be identified and merged to reduce fragmentation in the de novo assembly

Required options

« Transcriptome assembly fasta file - either de novo or reference-guided transcriptome assembly fasta file

selected from your history.

« Coding regions prediction method - method for finding coding regions within transcripts. Available methods

are TransDecoder(3] and ESTScan[4].

« Scores matrices - scores matrices, based on a related species, are required when ESTScan is used to find coding
regions. Details of how to create species-specific scores matrices can be found on the ESTScan website

(http://estscan.sourceforge.net). Matrices of so

I"H$Y6& (&)*+

Other options

« Perform targeted gene assembly? - selecting ‘Yes' enables local assembly of one or more targeted gene families in a
specific scaffold. Scaffolds are defined in PlantTribes as clusters of paralogous/orthologous sequences from a specified set

of proteomes(5-7].

°

°

°

°

°

Targeted gene families - select a history item containing a list of targeted orthogroup identifiers corresponding to
the gene family classification from a specified scaffold. Gene family identifiers can be obtained from the function
annotation table "Orthogroup ID” field of .summary file) of scaffold data installed into Galaxy via the PlantTribes
Scaffolds Download Data Manager tool, and are also available in the PlantTribes “annotation” directory of the

scaffold data download.
Gene family scaffold - one of th

JantTri family scaffolds (installed into Galavy by the PlantTriby

Scaffolds Download Data Manager
Protein clustering method - gen:
to three sets of clusters - GFam(8)|
clusters) or OrthoMCL[10] (narrow
different clustering method as lon
Trim alignments - trim gene fam
assembled transcripts to remove

assigning scores to locally assemb
models. The default setting of 0.1
sequence alignment. This option i
Minimum alignment coverage -

sequence alignments. Selecting tr,
models is recommended. Details af

Strand-specific assembly? - select 'Yes'
transcripts from the minority strand (anti
Remove duplicate sequences? - select "
Minimum sequence length - set the mi

1. Wafula EK (None). Manuscript in preparation. [Link]

2. Honaas LA, Wafula EK, Wickett NJ, Der JP, Zhang Y, Edger PP, Altman NS, Pires JC, Leebens-Mack JH (2016). Selecting
superior de novo transcriptome assemblies: lessons learned by leveraging the best plant genome. In Plos one, 11 (1), pp.
£0146062.

3. Haas 8), Papanicolaou A, Yassour M, Grabherr M, Blood PD, Bowden J, Couger M8, Eccles D, Li B, Lieber M, MacManes
MD (2013). De novo transcript sequence reconstruction from RNA-seq using the Trinity platform for reference generation
and analysis. In Nature Protocols, 8 (), pp. 1494-1512.

4. 1seli C, Jongeneel CV, Bucher P (1999). ESTScan: a program for detecting, evaluating, and reconstructing potential
coding regions in EST sequences. In ISMB, 99, pp. 138-148. Lin

5. Huang X, Madan A (1999). CAP3: A DNA sequence assembly program. In Genome Research, 9 (9), pp. 868-877. [Link]

6. Eddy SR (2009). A new generation of homology search tools based on probabilistic inference. In Genome Inform, 23 (1),
pp. 205-211.

7. Katoh K, Standley DM (2013). MAFFT multiple sequence alignment software version 7: improvements in performance
and usability. In Molecular biology and evolution, 30 (4), pp. 772-780.

8. Sasidharan R, Nepusz T, Swarbreck D, Huala E, Paccanaro A (2012). GFam: a platform for automatic annotation of gene
families. In Nucleic Acids Research, , pp. gks631.

11. Capella-Gutierrez S, Silla-Martinez JM, Gabaldén T (2009). trimAl: a tool for automated alignment trimming in large-
scale phylogenetic analyses. In Bioinformatics,, 25 (15), pp. 19721973,

12. Gremme G, Steinbiss S, Kurtz $ (2013). GenomeTools: a comprehensive software library for efficient processing of
structured genome annotations, In JEEE/ACM on Biology and 10(3), pp. 645-
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GeneFamilyClassifier classifies gene

I"#$%%&'()*#%+,-./0
18&/8#23' )#4)3%%.2.43-.+/#

d orthol gene family clusters (Galaxy Version 0.8.0)

es into pre-c

Proteins fasta file

[} ‘ &[0 ||e transcripts.cleaned.nr.pep: AssemblyPod

Gene family scaffold
22Gvl.1
Protein clustering method
OrthoMCL
Protein classifier
Both blastp and hmmscan
Save hmmscan log?
No
Options configuration
Advanced
Super orthogroups configuration
No
Single copy orthogroups configuration
No
Orthogroups fasta configuration
Yes
Orthogroups coding sequences

Yes

I"#$ 9B ()*+, 9,&5.4-&5#9,+-&./%

w Options

) D

3H4+))&A- +H#+2H4)3%%.2. &5

Coding sequences fasta file

Glao

10: transcripts.cleaned.nr.cds: AssemblyPostPrd

Job Resource Parameters

Use default job resource parameters

I"#$ 9BH#HH#'()*+, 9,&5.4-&5#45%

v

6,-7+0,+89#9,+-&./#3/5#45%#23%-3

search datasets (%)

PlantTribes test data

History C O ED

21 shown
19.33 MB AL K
21: GeneFamilyClassifier @ 4 x

(gene family clusters) on
data 10 and data 9

20: GeneFamilyClassifier on dat o
a 10 and data 9

a list of datasets

)3%%.2.43-.+/# &-353-3
(3%-9#,8%8)-%
7"%43/4#,89%8)-%

(&%-#%A4+,./0#+,-7+0,+89#:;()3%-<#—

(&%-#%A4+,./0#+,-7+0,+89#; 7"<#

%&)&4-&5H#(&Yo-#%4+,./0#+,-7+0,+89

+,-7+0,+89#3//+-3-.+/#%8"3,*

— proteins.blastp.22Gv1.1

< Back to PlantTribes test data

GeneFamilyClassifier on data 10 and
data 9
a list of datasets

Add tags

@ ¢

proteins.blastp.22Gvl.l.best @ o
Orthos

proteins.both.22Gv1.1.bestO
rthos

@ ¢

proteins.both.22Gv1.1.bestO
rthos.summary

@ ¢

proteins.hmmscan.22Gvl.l @ g

proteins.hmmscan.22Gvl.l. @ g

— bestOrthos
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GeneFamilyClassifier classifies gene seq es into pre-c p d ortholog gene family clusters » Options GeneFamilyClassifier classifies gene into pre-c d ortholog gene family clusters (Galaxy Version 1.0.3.0) w Options ‘
(Galaxy Version 1.0.3.0) Proteins fasta file
Proteins fasta file B & | O 1437: assembly.fasta =]
Gene family scaffold
D @& O 1437: assembly.fasta - ‘ i
. 12Cvl.0 - ‘
Gene family scaffold
Protein clustering method
[ 126v1.0 - ‘ '
L | orthomel i ‘
Protein clustering method protelh lagiilar
‘ orthomcl - ‘ P . ‘
Protein classifier Options configuration
‘ blastp - ‘ | Advanced - ‘
Options configuration Super orthogroups configuration
‘ No - ‘
‘ Advanced M ‘

Super orthogroups configuration
[ves I"#$96896 () * %" #1+ "1 ($%! -
J$01"-(+234 &51-"$6++

| average e-value - ‘

Clustering distance measure

st <

T
\

Ot average e-value

| No '!

Single copy orthogroups configuration

‘Yes

Selection criterion !$'$,(3|4+|0+'|7 &I#8+l%()l*%m#! —
:Cus(om selection _4I+/$01"-(6++
.“

Custom selection

T ]1438 Arabidopsis_thaliana smat

“«

|

Job Resource Parameters

‘ Use default job resource parameters v ‘

Orthogroups fasta configuration

‘No M

Job Resource Parameters

Use default job resource parameters i




GeneFamilyClassifier classifies gene es into pre-

/081"(.$"2& #3*+),)
A("()*+#,&"H#5 OHT2&!(,(&8%.+"+('

gene family clusters (Galaxy Version 1.0.3.0)

w Options

GeneFamilyClassifier classifies gene into pre-

gene family clusters (Galaxy Version 1.0.3.0)

w Options

Proteins fasta file

Bl e | o

1437: assembly.fasta

Gene family scaffold

[126v1.0

Protein clustering method

‘ orthomcl

Protein classifier

‘ blastp

Options configuration

‘ Advanced

Super orthogroups configuration

‘No

Single copy orthogroups configuration

‘Yes

Proteins fasta file

0O & o

1437: assembly.fasta

Gene family scaffold

|226v1.1

Protein clustering method

| orthomcl

Protein classifier

|b|a51p

Options configuration

| Advanced

Super orthogroups configuration

‘No

Single copy orthogroups configuration

lYes

Selection criterion

‘ Clobal selection

Minimum single copy taxa

Minimum taxa present

I"HS%6" & (") +#,

Selection criterion

‘ Custom selection

Custom selection configuration

)-"H#& (),

‘ Yes

Custom selection file

Bl @& | D 1439: 22Gv1.1.singleCopy.config

Orthogroups fasta configuration

‘No

Job Resource Parameters

‘ Use default job resource parameters

Orthogroups fasta configuration

‘No

Job Resource Parameters

| Use default job resource parameters
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GeneFamilyIntegrator integrates gene models in pre-computed orthologous gene family clusters with classified gene coding w Options

sequences (Galaxy Version 0.8.0)

Classified orthogroup fasta files

Protein and coding sequences orthogroup fasta files v
Protein and coding sequences orthogroup fasta files !"#$%%&#'($)"$*"#%!++(*(&,"
m @ | O || 21: GeneFamilyClassifier (gene family clusters) on data 10 and data 9 '-'/$0-$12"2-$'&()"!),"#,"'"*!""!"

Gene family scaffold

22Gv1.1 -
Protein clustering method

OrthoMCL v
Orthogroups coding sequences

Yes v

Job Resource Parameters
v

Use default job resource parameters

History < & [0
search datasets (%]
: PlantTribes test data
22 shown, 6 hidden
44.66 MB AL 3K

28: GeneFamilyintegrato | @ 4 %
r (integrated gene family

clusters) on data 21
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GeneFamilyAligner aligns integrated orthologous gene family clusters (Galaxy Version 1.0.3.0) ¥ Options History C ¢ D:]
Integrated orthogroup fasta files
1443: GeneFamilylntegrator (integrated gene family clusters) on data 1436, data 1435, and others a4 ‘ ( search datasets 0
Multiple sequence alignment method | ##$|0/ & $ 0$ I# **& &$ » #
’.n .0|||+._., _,._.’n_ .
MAFFT ( "o ( (f , ) *((*0( N - | PlantTribes test data
9%/"0."12(2."%%$&'(,-(1-*(),*%,(
Q| 39 shown, 9 deleted, 2233 hidden
MAFFT
I — 113.39 MB ALY
PASTA
TYes v ‘

1048: GeneFamilyAligner (trim %4
med orthogroup codon alignme

Trimming method

Gap score based trimming 0,2(% &++&0 ") nts) on data 1046, data 1045, and ot
Gap score

—— hers

0.1 a list with 164 items

Remove sequences

1047: GeneFamilyAligner (trim %4
med orthogroup protein alignm
ents) on data 1046, data 1045, and o

No '}

Output primary and intermediate alignments?

®No

s thers

In addition to trimmed/filtered alignments a list with 164 items
Job Resource Parameters
| Use default job resource parameters v T
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