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Phytozome v.5
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phytozofme

Phytozome: a tool for green plant comparative genomics
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Ricinus communis
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Zea mays Arabidopsis thaliana
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Brachypodium distachyon Mimulus guttatus

Oryza sativa Selaginella moellendorffii

Physcomitrella patens Chlamydomonas reinhardtii

News

11 May 2010 BLAST interface and Browser released for latest maize B73 genome assembly The Maize Genome Sequencing Consortiu  [more]
1Apr2010  Peach genome released. Access to the Assembled Peach Genome is now available via Gbrowse and BLAST at Phytozome, tl  [more]
8Jan 2010  Phytozome v5.0 released. Version 5.0 of Phytozome is now available, and incorporates both updated and newly released plan  [more]

23 Nov 2009 maize ly and now available at Maize version 42.53 Pseudomolecule asse  [more]
9Nov2009  Cassava genome released. Version 1.1 of the Cassava (Manihot esculenta) assembly and annotation is now available for dow  [more]
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Explore a genome:
Select an organism: b4

~or-

Find a gene family:
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Explore a genome:
Manihot esculenta g

—or-
Find a gene family:
Selected:

Manihot esculenta

cassava

[more info]
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Ways to get to your data: browsing and text/sequence searching

phytozofme

Phytozomg¢: a tool for
Populus trichocarpa Ricinus communis
Medicago truncatula Manihot esculenta

Glycine max

Vitis vinifera

Zea mays Arabidopsis thaliana
apaya
luttatus

® Whole database searching {ising links aff top of web page: elfendortil
as reinhardtii

® Search = text search
e BLAST/BLAT = sequence search
e Cassava specific searching using links on cassava organism page
® Browse link takes you to the gbrowse genome browser

e BLAST link takes you to a blast sequence search.
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Cucumis sativus

een plant comparative genomics

Arabidopsis lyrata

Explore a genome:
(_Manihot esculenta 4
~or-
Find a gene family:
Select node D)
Selected:

Manihot esculenta




phytozo(e
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Update URLs
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Protein page

¢ Gene locus viewer: transcript/gene models, ESTs, BLAST
tracks

® Protein and nucleotide sequences for a gene model and BLAST

analysis at Phytozome or against nr database with NCBI
BLAST

e Detailed peptide homology (limited by species/clade)

® Gene Ancestry tracks evolution of the gene across the
phylogenetic tree of plants
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Protein Page top half

phytozome

J/ About this gene € \L"

Manihot esculenta gene cassava22597.valid.m1 :

Sequences Peptide Homologs

Gene Ancestry

Info:
Locus name
Transcript name
Description
Links to external DBs

Protein domain view:

cassava22597.valid.m1
cassava22597.valid.m1
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Functional annotations:
Pfam:03138

Plant protein family

665

Default tracks

Protein page bottom half
Go back to Gbrowse view by clicking here
Genomic view: e
Location: scaffold00234: 461372 - 468502 :: View in Gbrowse environment
scaffoldooz3e
461k 462k 463K a6ak a5k 466k @67k 463 460K
Transcript
Ca53v822557 Walid. il
‘ cassavaz982.n
>4
Alt_transcript
BLATX Plant peptides
Poptr | pto09751m.1
T Az < T ) 4—a
Poptr | pt03166dm.1
i < <t < 0O
Ricoo] 30072000964 .1
< <t <t U a—a
CucsalCucsa.340360.1
< <t <t << +—a
GlynalGlynads 1
< <t < <4
Medtr|Nedtr3g122820.1.1
< < <} <t < <=—a
Nt et 7¢012260.1.0
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Tuesday, September 21, 2010



Protein page - Sequences tab

Aboutthisgene || Sequences @ || Peptide Homologs Gene Ancestry

[ Genomic | [Transcript | [cos | [Peptide | [Showall] key: S'UTR exons [CDS exons [3"UTR exons
& Genomic sequence (7131 nucleotides] BLAST this sequence: [Tz D=l
# Transcript sequence [2125 nucleotides] BLAST this sequence: [Zieaa D=l
® CDS sequence [1998 nuclectides] BLAST this sequence: | NCBI |
# Peptide sequence [665 residues] BLAST this sequence: [Eierned D=l
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Protein page - Peptide homologs tab

About this gene Sequences f Peptide Homologs @ Y Gene Ancestry

» Homolog filter

Org Defline MRSF Score Similarity ¥ this gene 885
£l @ Mes cassava23954.valid.m1 MAL 3079 93.8%
= [ Cpa evm.modelsupercontig_51.143 RPO 2577 83.9% [
& @ Wi GSVIVT00025295001 RPO 2576 84.2% ]
<] @ Ptr POPTR_00' 30.1: similar to protein in i i MAL 2495 83.3%
= [Em| Ath AT3G03810.1: EDA30 (embryo sac development arrest 30) RPO 2480 83.2% e
= [ Ay 477634 RPO 2444  826% L
2] IEI Gma Glyma04g40730.1 EU1 2383 81.5% -
8 EI Csa Cucsa.340360.1 EU1 2377 805% mm
2] EI Ptr POPTR_0013s05280.1 MAL 2369 76.7%
® @ Rco 30072.m000984: conserved hypothetical protein MAL 2324 78.3%
B @ Mtr Medtr1g008430.1: Hypothetical plant protein EU1 2232 78.8% i oo
= [ Gma Glyma06g14070.1 EU1 2202 726%
@ El Mtr Medtr3g122820.1: Hypothetical plant protein EU1 2139 71.6%
= [E&] Mgu mgf010950m EUD 2044 762% S =
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Protein page - Gene Ancestry tab

Node in

phylogenetic tree List of protein families Membership of protein family

About this gene Sequences Peptide Homologs || Gene Ancestry @

Gene families containing this gene:

FCIPCINCIP CIF OIS OIF N CIF OIS O
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Whole database searches: keyword, BLAST, BLAT

Or click on BLAST or
BLAT query tabs and
search by sequence

JV Keyword search € \] BLAST query BLAT query

go &8 & $ s
S8 s§§§'¢*§°§°‘§§§f§$§§
SIZE  NODE DESCRIPTION ¥ SRS C? Ys v‘\ b{ A-§ %‘L\ SN < '_'é‘ Qe v
572 Viridiplantae Hypothetical gene (#23249114) 21 128 1) 59 ER) 1280 B X X)) 9 127 ) (o) 129 e 124
572 Embryophyte Hypothetical gene (#23103069) 271 2681 1) 540 ER) 1281 B2 X X 1) ) 127 ) 120 1290 e 24
120 Tracheophyte Hypothetical gene (#22962461) 9 5 10 6 - 6 6 6 8 6 7 7 10 7 7 3
20 Angiosperm Hypothetical gene (#22928094) R L
15  Eudicot Hypothetical gene (#22558210) 2N 1 EEEEE 1 1011011
14  Rosid Pre-Duplication Hypothetical gene (#22462745) L
14  Rosid Post-Duplication Hypothetical gene (#22423559) 21 1 101101
10  Eurosidl Hypothetical gene (#22243378) N 10 [
5  Malpighiales Hypothetical gene (#22076418) 21 =
1 Manihot esculenta cassava22597.valid.m1 1

Gene Family Keyword Search

Enter gene symbol or name, ——— qoaronmere [ wadd taiing wieard
function, domain name ST

SEARCH NODE: [ All Nodes 3)
SEARCH TYPE: 0O Ontologies @Symbols/Identifiers/Defline
FAMILY MEMBERS: ORestrict organisms

Submit keyword search
Keyword search might be “starch” or “drought” or “protein kinase”
BLAST for general sequence searching

BLAT for aligning transcript or peptide sequence to the genome, but taking
splice sites into account
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Bulk data download with BioMart

e Custom query for large datasets, e.g.

® Sequences, gene regions, proteins for

one or more whole genomes

¢ To build a query

phytozome

i Results

» | - CHOOSE DATASET - &

® Choose a dataset (genome or gene

sequences)

® Select search Filters, output data

Attributes (additional datasets if
desired)

e Select Count to see how many records

your search will return

e Select Results to download the results

of your search

com | esus_

Phytozome 5 Familigs

Clusters

e e
Filter by Specific Mode : Rosid) | """ ®)
Pre-hexaploidy S
Attributes O Cluster
Organisl me :

e Name O TotalM
Chromosome Name ——
Transcript Name O Limit to
Cluster ID ]

Dataset
[None Selected]
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Phytozome v.6 protein family construction
Manihot esculenta
Ricinus communis ® |2 core genomes: Sorghum, Selaginella, Brachypodium, rice,
Populus trichocarpa Arabidopsis, peach, Mimulus, grape, Physcomitrella, Chlamydomonas,
Medicago truncatula poplar
Glycine max e double-affine Smith-Waterman alignment score provides distance
Cucumis sativus metric between pairs of proteins, normalized to the best score of
Prunus persica either of the proteins in a pair against itself. Score is in range 0 to
] Arabidopsis thaliana |
Arabidopsis lyrata .
Cori e subtract score from shuffled proteins to account for random
arica papaya i
L Vitis vinifera noise
Mimulus guttatus ® ata given node, combine all MBH relationships within ingroups
Aquilegiz lea . . .
uigi coeruiea e add paralogs if their score is better than best score to outgroup
Sorghum bicolor
Zea mays ® repeat at next most ancient node until whole tree has been
Setaria italica tr'aver'sed.
Oryza sativa e Add unique and consistent MBH from non-core proteomes
Brachypodium distachyon . . .
. Make MSA and HMM for each family and sweep in singletons
{]Selaginella moellendorffii
[Physcomitrella patens e Break up large families based on E-value and coverage
I—DChIamy(lomonas reinhardtii
I—D Volvox carteri
Tuesday, September 21, 2010 16



Phytozome extras

® Only a few features are covered here.

¢ Explore on your own

® Most items on your screen show you more information if you click on them
or move the mouse over them.

® Try some phylogenetic analysis on your own.

e Explore the help

Tuesday, September 21, 2010

Help pages

Help link is in the menu at the top of every screen

(_Search J{ BLAST J{ _info_v){ BioMart J{ Help J{ Contact )
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Help topics i

Nodes, Clusters and Consensus Sequences
o Nodes and Clusters
o Consensus Sequences

Searching for Clusters
o Keyword Search
o BLAST Search

Viewing Gene Family Details
o Gene Family Naming and Classification
o Genes in this Family
o Functional Analysis
o Multiple Sequence Alignments
o Family History

o Align Family members

o Find related families

o GetData

o Display Options

Viewing Gene Details
o Aboutthis gene
o Sequences
o Peptide Homologs
o Gene Ancestry

Alignment Queries
o BLAST Search
o BLAT Search
Analyzing Cluster Sequences

Retrieving Data with BioMart

17
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Workshop questions part |

Alpha amylase is an enzyme involved in starch mobilization by starting the
degradation process.

The gene has been cloned in cassava. This workshop will use Phytozome to
compare gene models in cassava to the cloned alpha amylase gene.

The gene in cassava is MEamy2 and has the Genbank accession DQOI 1041.
Find this in the GenBank nucleotide database. (Published in PMID: 16297635)

Get the sequence by changing the display to FASTA. Copy the sequence from
GenBank and BLASTN against the masked cassava genome using an E-value
cutoff of le-10.

How many hits are there? Which ones look reasonable and why? Can you tell
the difference between the Feature scale and Target scale diagrams of the hits?

Click on the B in the UserBlast track track heading B& @ UserBlast

In the Packing menu, select ‘Expand & Label’. Zoom out by selecting Show 10
kb.Turn on the 454 EST tracks (PASA assembled EST and PASA aligned EST/
c¢DNA) and click on update image.

Try BLAT with max intron size 5 kb. Compare the results to BLASTN.Which
exons are different?

Tuesday, September 21, 2010

Workshop questions part 2

Although there is a good gene model in this genomic region we are looking at
in the browser, how can we decide if this is the gene model that best matches
the MEamy?2 gene! Let’s investigate whether we are looking at the correct
gene region.

Click on the gene in the region in the Transcript track. It is called
cassava43869.valid.ml.

What domains are present in the protein?

If you click on the Peptide Homologs tab, what is the most similar protein in
Phytozome to MEamy?2?

In the Gene Ancestry tab, click on the Viridiplantae family with 51 members.
Turn on display of the cassava members in the Display Options tab. How many
cassava paralogs are there!?

Display the transcript sequence of the gene model cassava43869.valid.m| in
the Sequences tab and BLAST this against NCBI. Choose the nr/nt database at
NCBI.What is the top hit? How much of the gene model hits the sequence in
NCBI? What is the rest of the sequence?

Tuesday, September 21, 2010
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Background reference Cassava alpha amylase

http://www.ncbi.nlm.nih.gov/pubmed/16297635

Plant Physiol Biochem. 2005 Sep;43(9):821-7. Epub 2005 Oct 4.

Isolation and characterization of an alpha-amylase gene in cassava (Manihot esculenta).
Tangphatsornruang S, Naconsie M, Thammarongtham C, Narangajavana J.

National Center for Genetic Engineering and Biotechnology, | 13 Phaholyothin Road, Klong |, Klong
Luang, Pathumthani 12120, Thailand. sithichoke.tan@biotec.or.th

Abstract

The roots of cassava plants (Manihot esculenta Crantz) accumulate starch as their major form of
carbohydrate reserve. Starch accumulation and properties are determined by a balance between
starch biosynthesis and degradation processes.Alpha-amylases (EC 3.2.1.1) are alpha-1,4
endoglycolytic enzymes, responsible for the mobilization of stored carbohydrate reserves by
initiating the degradation process.Alpha-amylase genes have been shown to be differentially
expressed at various developmental stages and environmental conditions through the action of plant
hormones such as abscisic acid (ABA) and gibberellic acid (GA). In this study, we isolated an alpha-
amylase gene from cassava tuberous roots (designated as MEamy2, GenBank accession number
DQO11041).The deduced product of MEamy?2 is 407 amino acid residues in length, with a calculated
molecular mass of 46.7 kDa and an isoelectric point of 8.66. Southern blot analysis showed that the
MEamy?2 is present as a single copy in cassava genome. It shares the highest homology with AMY8
from apple fruit. The predicted structural model of MEamy2 contains three domains, active sites and
starch-binding domain that are common with other plant alpha-amylases. RT-PCR analysis showed
that the MEamy2 gene expression was induced in cassava roots within 2 hours after treatment with
GA, but not ABA.

PMID: 16297635 [PubMed - indexed for MEDLINE]
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Phytozome v.6

Tuesday, September 21, 2010
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Species in Phytozome v6.0

Manihot esculenta

Ricinus communis

Click here to
search/browse/BLAST
Phytozome genes
and genomes

Glycine max
Cucumis sativus
Prunus persica
Arabidopsis thaliana
Arabidopsis lyrata
Carica papaya

Vitis vinifera

2 sativa

Brachypodium distachyon

Selaginella moellendortfii

Physcomitrella patens

— Chlamydomonas re
L— Voivox carteri

inha rdtii

Welcome to Phytozome!

Phytozome is a joint project of the Department of Energy's Joint Genome Institute
and the Center for Integrative Genomics to facilitate comparative genomic studies
amongst green plants. Famiies of orthologous and parakgous genes that represent
the moder descendents of ancestral gene sets are constructed at key phylgenetic
nodes. These families allow easy access to clade specific orthology/paralogy
relationships as well as clade specfic ganes and gene expansions. As of release
V6.0, Phytozome provides access to and green
plant genomes which have been clustered mla gene families at sixteen evolutionarily

significant nodes. Where possible, each gene has been annotated with PFAM, KOG,
KEGG, and PANTHER assignments, and publicly available annotations from RefSea,

UniProt, TAIR, JGI are hyper-inked and searchable.

Using Phytozome: How do I ...

o find genes?

o ... find a family?
o BLAST?

°

find a paralog?

Announcements

[3 Sep 2010] Welcome to Phytozome version 6.0!
some (optional) random text can go here.

[24 Nov 2009] Cassava genome is roleased
here too.

[23 Nov 2009] Maize version 4a.53 Pseudo-chromosome browser and
BLAST interface are now available

News
[8 Jan 2010] Phylozomo v5.0 released.

Version 5.0 of Phytozome is now available, and incorporates both updated
and newly released plant genomes. Eighteen genomes (eleven of which

[23 Nov 2009] maize and now
available at Phytozome.
Maize version 4a.53 ly and annotation from

[23 Nov 2009] Phytozome v4.1 released.
Version 4.1 of Phytozome is now available, with several new features.
Gene Pages (e.g., here) now exist for every gene in Phytozome, providing
[9 Nov 2009] Cassava genome released.
Version 1.1 of the Cassava (Manihot esculenta) assembly and annotation
is now available for download, browsing and BLAST searching. It will be _
:: Go to the news page to view all the news ::

Early release genomes

None avaiiable at this time

Info

o Release notes
o Plant Genomics resources

©2010 University of California Regents. All rights reserved

Tuesday, September 21, 2010

Start here
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Species in Phytozome v6.0

Using Phytozome: How do I ...

Manihot esculenta

w

Ricinus communis

o find genes?

o ... find a family?
o BLAST?

o find a paralog?

Glycine max

Announcements

Ricin -
Populus trichocarpa
sea LAST Med runcatul
Medicaqo truncatui
P es d
Cucumis satvus
Prunus persica

Tuesday, Sep;t‘érﬁber 2.1, 5.010

]

Arabidopsis thaliana
Arabidopsis lyrata

Larxa papaya

Vitis vinifera

Mimulus quttatus
Aquilegia coerulea
Sorghum bicolor

Zea mays

Setaria italica

Oryza sativa
Brachypodium distachyon
Selaginella moellendorffii
Physcomitrella patens
Chlamydomonas reinha rdtii

Volvox carteri

[3 Sep 2010] Wel to Phyt versic
some (optional) random text can go here.

[24 Nov 2009] Cassava genome is releasec
here too.

[23 Nov 2009] Maize version 4a.53 Pseudo
BLAST interface are now available

News

[8 Jan 2010] Phytozome v5.0 released.
Version 5.0 of Phytozome is now available,
and newly released plant genomes. Eightet

[23 Nov 2009] Pseudomolecule maize asse
available at Phytozome.

Maize version 4a.53 Pseudomolecule asse

[23 Nov 2009] Phytozome v4.1 released.
Version 4.1 of Phytozome is now available,
Gene Pages (e.g., here) now exist for ever

[9 Nov 2009] C genome rel d
Version 1.1 of the Cassava (Manihot escul
is now available for download, browsing an

:: Go to the news page to vien
24




Choose cassava genome

[Tode > [ s JHie  Joometts ) phwozom%

e . . Y
tanihot esculenta ((Choose an organism or ancestral node in the tree to get started. )

Ricinus communis
Click on a species or Click to select a search tool:

internal node in the Keyword search
tree to get started

{IMedicago truncatul
e BLAST search
1 {]Glycine max
1] BLAT search

Populus trichocarpa

{JCucumis sativus

{JPrunus persica

Arabidopsis thaliana
l/ Arabidopsis lyrata
{] {JCarica papaya

Vitis vinifera

{IMimulus guttatus
Aquilegia coerulea

Sorghum bicolor

E 1Zea mays
Setaria italica
: —{10ryza sativa

I/’ T—()Brachypodium distachyon
I—I {]Selaginella moellendorffii
4]

Physcomitrella patens

—L1Chiamydomonas reinhardtii

L_vowox carteri

TR
(_Select all species )

©2010 University of California Regents. All rights reserved
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cassava genome options

Download bulk data: annotations, sequences

Information on cassava project and annotations
go to Gbrowse v2.0 genome browser
Manihot esculenta / —

) ) Manyjot esculen
Ricinus communis f ssava

Populus trichocarpa \\ 3 Info page

Medicago truncatul

Glycine max .
Click to select a search tool:

Cucumis sativus
[ Keyword search

Prunus persica
BLAST search

Arabidopsis thaliana
BLAT search
Arabidonsis lvrata

Tuesday, September 21, 2010



Gbrowse 2.0 genome browser

Main control tabs Turn tracks on and off

Upload extra data

Location on = Manihot esculenth: 50 kbp frogh scaffold00224:275,001..325,000

Browser | Select Tracks Upload and Share Tracks Preferences
genome | slet Trcks _Uplont ana shar Tracks _Preteren
B Search

Landmark or Region:
Search \» scaffold00224:275001..32  Search

Annotate VISTA Plot: A. coerulea T‘ Configure... | Go
Examples: scaffold00224:275001..325000.
Data Source
. . X Manihot cscuienta = Scrolizoom: << < Show S0 Kbp_ % 2 2 Orip
Genomic region in SR
B Overview frold ‘
H H scaffoldee224
IncreaSIng Ievels Of Ok 100k 200k ‘ 300k ‘ 400k 500k 600k
detail on subsequent ERegien
200k 210k 220k 230k 240k 250k 260k 270k | 280k 290k 300k 310k 320k | 330k 340k 350k 360k 370k 380k 390k 400K
tracks B Details Ao
scaffoldes224: 50 kbp | | | |
280k 290k 300K, 310k 320k
— 3y EEEBEHATranscript
Genes

cassavad.1_034337n cassavad.1_014005n cassavad.1_001303n cassavad.1_025775n
g ] g §

cassavad.1_005759n cassavad.1_0035731
[ 1181 g g (31001 aninnn ¥

Alternative splice forms —> amaaHBAR transcript

cassavad.1_007658m
L0 1181 i 12g

EmSEHEPASA Assembled EST
/ asnbl_731.cassavad_1_pasa0

£ ﬁwbl_742 .cassavad_1_pasa0 'iﬁ'\bl _748.cassavad_1_pasad
i / asnbl_732.cassavad_1_pasa0
EST assemblies B

aswbl_743.cassavad 1 pasad  asmbl_749.cassavad.1_pasad

asmb]_734 .cassavad_1_pasa0 asnbl_744.cassavad_1_pasa0
1

asnhl_739.cassavad_1_pasa0 asmbl_745.cassavad_1_pasa0
- "
asnbl_741.cassavad_1_pasa0 asnbl_746 .cassavad_1_pasa0
b L)

asnbl_740 .cassavad_1_pasa0 asnbl_747 .cassavad_1_pasa0
asnbl_733.cassavad_1_pasa0 asnbl_750.cassavad_1_pasa0
n—a =

Protein homology ————— SmeanmaLAs piantPepies
from other plants EERACARAD(PRRRO

pr o Im D =g 1 << aa [
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