FungiDB: Synteny in GBrowse

Fungal organisms produce a wide range of extracellular enzymes to break down organic
materials. Glycoside hydrolases (GH) are a large family of enzymes that facilitate degradation
processes.

1. Initiate a gene search for Glycosyl hydrolase family 47 proteins in Cryptococcus.
Use the InterPro Domain search and enter PF01532 (the PFAM ID for Glycosyl
hydrolase family 47 ).

Identify Genes based on InterPro Domain

© Organism

8 selected
trem x
© Fungi
Tremellomycetes
Cryptococcus
Cryptococcus deuterogattii
Cryptococcus deuterogattii R265
Cryptococcus gattii
Cryptococcus gattii WM276
Cryptococeus gattii VGIII
Cryptococcus gattii CA1873
Cryptococcus gattii VGIV
Cryptococcus gattii VGIV IND107
Cryptococcus neoformans
Cryptococcus neoformans var. grubii H99

ci var. B8-3501A
ci var. JEC21
Tremella

Tremella mesenterica
Tremella mesenterica DSM 1558

add these | clear these | select only these
select all | clear all

© Domain Database

PFAM +

© © Specific Domain(s)

PF01532 : Glyco_hydro_47 Glycosyl hydrolase family 47 %

2. Navigate to the gene page of CNBG 9313. This gene belongs to the family of
CAZy genes

Gors Fots | ECSERR N

Advanced Paging Download Add to Basket | Add Columns

2 Gene 1D 2 Transcript 1D < organism@ ) fg:::;" Location @ 2 Product Description@ (fl, celiE Q
CNBG_2351 ONBG_236126_1 C. douterogati R265 KQ410561:860,016..862,851(+) mannosykoigosaccharide 1.2-alpha-mannosidase 0E+00
CNBG_5230 ONBG_5230-26_1 C. douterogatti R265 KQ410571:160,190..162.783() mannosyoligosaccharide alpha-1,2-mannosidase 0E+00
CNBG_9313 CNBG_9313-126_1 C. deuterogattii R265 KQ410563:85,561..89,006(-) carbohydrate binding protein 1.6E-121
CGB_E6120W CGB_E6120W-126_1 C. gattii WM276 CP000290:1,169,905..1,172,487(+) ndoph ouk 1. (ER sipha- OE+00

i, ] ! 1,2-mannosidase)

CGB_G2060C CGB_G2060C-126_1 C. gatti wM276 CP000202:392,005..394.973(.) mannosykoigosaccharide 1.2-alpha-mannosidase 0E+00
GB_K0370C CGB_K0370C-126_1 C. gatti WM276 CP000206:94,573.97.577(.) carbohydrate binding protein 34E99
CNAG_02081 CNAG_02081-126_1 C. neoformans var. grubii H99 CP003825.1:1,248,606..1,251,401(+)  mannosyl-oligosaccharide alpha-1,2-mannosidase OE+00
CNAG_03240 CNAG_03240-26_1 C. neoformans var. grubil H99 CP003827.1:419,423.422,891(-) mannosy-oligosaccharide 1.2-alpha-mannosidase 0E+00

Note: You can further explore clusters and other data in MycoCosm CAZy Browser as was shown
previously.
3. Click on the Synteny shortcut to examine tracks in closely related species.

Shortcuts

Synteny BLAT Alignments ~ SNPs Transcriptomics

- — |

Also see Afu4g12470 in the Genome Browser or Protein Browser

Expand Al | Collapse All




Next, let’s explore synteny in Basiodiomycota phylum. Click on the View in
genome browser button to be re-directed to GBrowse session.

View in genome browser
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View in genome browser

Activate custom tracks by clicking on the Select Tracks tab.

Navigate to the Orthology and synteny menu and click on the “showing...
subtracks” link. Now you have an option to select tracks for Basidiomycetes.

Select the tracks you wish to display. Sort the tracks by clicking on the column headings, or by clicking anq
Syntenic Sequences and Genes (Shaded by Orthology) Subtracks

Select - Kingdom - Class Phylum Genus
Aot A g oA B Al B Al
I Fungi I Tremellomycetes I Basidiomycota I Filobasidiella
Fungi Tremellomycetes Basidiomycota Filobasidiella
| Fungi | Tremellomycetes | Basidiomycota | Filobasidiella
Fungi Tremellomycetes Basidiomycota Filobasidiella
I Fungi I Tremellomycetes I Basidiomycota l Filobasidiella
Fungi Tremellomycetes Basidiomycota Filobasidiella
| Fungi | Tremellomycetes | Basidiomycota | Filobasidiella
Fungi Tremellomycetes Basidiomycota Filobasidiella
I Fungi I Tremellomycetes I Basidiomycota l Filobasidiella
Fungi Tremellomycetes Basidiomycota Filobasidiella
| Fungi | Agaricomycetes | Basidiomycota | Coprinopsis
Fungi Agaricomycetes Basidiomycota Coprinopsis
I Fungi I Agaricomycetes I Basidiomycota l Phanerochaete
Fungi Agaricomycetes Basidiomycota Phanerochaete

Once you are done selecting tracks, click on the Change button at the bottom of
the pop-up window.



7.

Is the region containing this gene syntenic in all species you selected?
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e What can you conclude about the conservation of this gene across various
species?
e What is the direction of the CNBG_ 9313 (highlighted in red) gene relative to the
chromosome?
e What genes are upstream or downstream of the CNBG_9313?
e Do you observe changes in the number of exons?
e Notice that some of the genomes have contigs that are not contiguous. Why is
that?
e Mouse over the two contigs and look at the information in the popups — do these
pieces belong to the same chromosome? What does this mean?
e Observe the last track on the bottom of the screen — Ustilago maydis. Why do you

think this gene is not detected here? Hint: examine contigs.



o Examine neighboring genes in Cryptococcus species. Which genes have
undergone expansions or possible truncations (highlighted in blue)?

8. Navigate to FOXG 17458, a hypothetical protein in Fusarium oxysporum f. sp.
lycopercisi 4287

Select - Kingdom - Class Phylum Genus ‘Species Organism
ﬂ (Ar—%) (An D) (A %) (Fusarium 3 (An ) (An
Fungi A e Fusarium Fusarium fujikurol Fusarium fugkurol IMI 58289
Fungi As Fusarium Fusarium fujikuroi Fusarium fufikuroi IMI 58289
Fungi A Fusarium i it PH-1
Fungi As Fusarium PH-1
Fungi A Fusarium FOSC 3-a
Fungi Fusarium
Fungi A Fusarium Fod7
Fungi A Fusariom Fod7
Fungi A Fusarium . 1
Fungi A Fusarium . 1
Fungl As Fusarium $p. Cubense race 4
Fungi As Fusarium sp. cubense race 4
Fungi A te Fusarium 1sp.
Fungi A Fusariom 5.
Fungi A Fusarium sp. lycopersici 4287
Fungi Sordariomycetes Ascomycota Fusarium 1. sp. lycopersici 4287
Fungl A i Fusarium . sp. melonis 26406
Fungi As Fusarium i it 1. sp. melonis 26406
Fungi As te Fusarium Fusarium proliferatum Fusarium proliferatum ET1
Fungi A t Fusarium Fusarium proliferatum Fusarium proliferatum ET1
Fungi As te Fusarium Fusarium proliferatum Fusarium proliferatum strain NRRL6290S
Fungi A Fusarium Fusarium proliferatum Fusarium proliferatum strain NRRL62905
Fungi Sordariomycetes Ascomycota Fusarium Fusarium verticillioides Fusarium verticillioides 7600
Fungi ik A te Fusarium Fusarium verticillioides Fusarium verticillioides 7600

a. Generate GBrowse view of syntenic genes in Fusarium species only:
Notice that there are no syntenic genes shown for FOXG_17458:
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Why do you think this is?

Investigate this further by looking into non-syntenic Fusarium orthologs in FungiDB and
examine Fusarium resources offered at MycoCosm.

b. Create a search for FOXG 17458. " EUF At Proect

To generate a search query with a
single gene, use the text search box ~ Gene Text Search: | FOXG_17458 | &4
at the top of FungiDB page:

{asnel Strategy: Text * Q
Rename
Duplicate
Save As
€D Share
Text Add Step Delete
Step 1
=
1 Genes from Step 1
Strategy: Text
= 7 Click on a number in this table to limit/filter your results
Gene Results | Genome View Analyze Results
Advanced Paging Download Add to Basket Add Columns
© S GenelD o }'Ir’tnxrlpt % Organism@ — (GG‘::S" Location Qs Sreoszlrli?tion Q . TFoundin®@ % score@ I,
& FOXG_17458- F. oxysporum . sp. lycopersici : . § Product, InterPro, GOTerms,
FOXG_17458 ey e CM000602.2:1,300,273..1,303,560(+)  hypothetical protein Conala 4

c. Next, look for non-syntenic orthologs in Fusarium species:

Add Step 2 : Transform by Orthology

© Organism

12 selected, out of 129
( fusa x)
& Fungi
£ Sordariomycetes
Fusarium
Fusarium fujikuroi
Fusarium fujikuroi IMI 58289
Fusarium graminearum
Fusarium graminearum PH-1
Fusarium oxysporum
Fusarium oxysporum FOSC 3-a
Fusarium oxysporum Fo47
Fusarium oxysporum f. sp. cubense race 1
Fusarium oxysporum f. sp. cubense race 4
Fusarium oxysporum f. sp. cubense tropical race 4 54006
Fusarium oxysporum f. sp. lycopersici 4287
Fusarium oxysporum f. sp. melonis 26406
Fusarium proliferatum
Fusarium proliferatum ET1
Fusarium proliferatum strain NRRL62905
Fusarium verticillioides

Fusarium verticillioides 7600 Text Orthologs
add these | clear these | select only these 1 m 52 Genes Add Step
select all | clear all

Step 1 Step 2

© Syntenic Orthologs Only?

Run Step




What can you conclude about conservation and function of this gene?

d. Navigate to Mycocosm main page and select a Fusarium oxysporum f. sp.

lycopersici strain 4287

genome. [genome.jgi.doe.gov/Fusox2]

Home « Fusarium oxysporum f. sp. lycopersici 4287 v2

SEARCH BLAST BROWSE ANNOTATIONS ~

MCL CLUSTERS SYNTENY DOWNLOAD

INFO m HELP!

Fusarium wilt of tomato caused by Fusarium oxysporum f.sp.
lycopersici.

Image Credit: David B. Langston, University of Georgia,
Bugwood org

phytopathogenic fungi with special emphasis on

The genome of Fusarium oxysporum f. sp. lycopersici strain 4287 (race 2, VCG 0030) was
sequenced by the Broad Institute and the text below is copied from there. In order to allow
comparative analyses with other fungi, a copy of this genome was imported into MycoCosm

Fungi of the Fusarium oxysporum species complex (FOSC) are ubiquitous soil and plant inhabiting
microbes. As plant pathogens, FOSC strains can cause wilt and root rot diseases on over 120 plant
species (Michielse and Rep, 2009). Many FOSC strains can infect plant roots without apparent effect
or can even protect plants from subsequent infection (Alabouvette et al., 2009). FOSC isolates also
have been identified as human pathogens causing localized or disseminated infections that may
become life-threatening in neutropenic individuals (O'Donnell et al., 2004).

The first genome made available in 2007 was from a tomato wilt strain FOL 4287 (NRRL 34936)
which was used for comparative analysis with the genomes of £ graminearum and F. verticillioides.
Results of this comparison led to the discovery of mobile supernumerary chromosomes in this strain
of F. oxysporum f. sp. lycopersici (race 2 - VCG 0030) containing genes required for host specific
infection and disease (Ma et al., 2010).

References :

Alabouvette,C., Olivain,C., Migheli,Q., and Steinberg,C. (2009) Microbiological control of soil-borne
wilt-inducing Fusarium oxysporum. New Phytologist 184: 529-544.

« Ma,L.J, van der Does H.C., Borkovich, K.A., Coleman,J.J., Daboussi M.J_, Di Pietro, A et al. (2010) Comparative genomics reveals mobile
pathogenicity chromosomes in Fusarium. Nature 464: 367-373.

« O'Donnell K., Sutton,D.A., Rinaldi,M.G., Magnon K.C., Cox,PA_, Revankar,S.G. et al. (2004) Genetic diversity of human pathogenic members of the
Fusarium oxysporum complex inferred from multilocus DNA sequence data and amplified fragment length polymorphism analyses: Evidence for the
recent dispersion of a geographically widespread clonal lineage and nosocomial origin. Journal of Clinical Microbiology 42: 5109-5120.

e. Use the Fusox2 portal’s search page to identify the proteinID of
“FOXG_17458T0” (Transcript 0 of FOXG_17458). You will find that the
proteinlD of FOXG 17458 in Fusox2 is 23236.

|[FOXG_17458T0

| [ search

Search By:

Across:

Terms:

‘ Keywords

v ‘ l Default v ‘ ‘ exact - fast

]

| Download | as CSV

v | l compressed by Gzip v ‘

Total genes found: 1
Gene

Portal: Fusox2

Portal Name: Fusarium oxysporum f.
sp. lycopersici 4287 v2

Protein Id: 23236
Transcript Id: 23236
Location: Scaffold_51:76759-80046

Model Name: FOXG_17458T0
Track: ExternalModels

f.

25

Gene Ontology Annotations

G0:0003677 = DNA binding

G0:0003700 - transcription factor activity,
sequence-specific DNA binding

G0:0005634 = nucleus
G0:0006351 = transcription, DNA-

PF04082 - Fungal specific transcription
factor domain

PF00172 = Fungal Zn(2)-Cys(6) binuclear
cluster domain

IPR007219 = Transcription_factor_dom_fun

templated IPR001138 = Zn2-C6_fun-type_ DNA-bd
G0:0006355 = regulation of transcription, IPR002409 - missing_ipr002409
DNA-templated

G0:0008270 = zinc ion binding

Click on MCL clusters tab and then use the pull down menu to select

clustering run “Fusarium-orthomcl 1.5.2900”.



MCL Clusters « Fusarium oxysporum f. sp. lycopersici 4287 v2
SEARCH  BLAST  BROWSE  ANNOTATIONS v SYNTENY  DOWNLOAD  INFO  HOME  HELP!

Run | Fusox2 comparative clustering.829 v
Cylol1 comparative clustering.2522 - ‘Qi?ﬁgﬁngg ;57,1:2,5 Show Charts: @
Daces1 comparative clustering.2372 T acks B Show C
Dacmat comparative clustering.2494 Show Domains: @
[Dows Dikarya 2017-01.1797
Filterl Fusco1 comparative clustering.2398 v ‘ |Update|
Fuseq1 comparative clustering.2370
Fusox2 comparative clustering829 [T /7= 7=—7 7™
FusoxT415 comparative clustering.2662
Fusoxy1 comparative clustering.2154
Fusoxys1 comparative clustering.2432
Fusps1 comparative clustering.2026
Fusre1 comparative clustering.1996
Fusso1 comparative clustering.2371
| FusspF10_1 comparative clustering.2726
FusspF11_1 comparative clustering.2896 fogenase 363 - No Domains 6 « Zinc-binding dehydrogenase 3~ Shikimate /
FusspF23_1 comparative clustering.2732 nase 1
Fustr1 comparative clustering.2430
Fustri1 comparative clustering.2431 uperfamily 262~ No Domains 96 Sugar (and other) transporter 4
Fusven1 gomparative (:‘Iusterjng.24§6 <

P AR =1

unters: @

Rows

Domains

https://genome.jgi.doe.gov/clm/run/Fusarium-orthomcl.2900?organism=Fusox2

g. Enter keyword Fusox2.23236 (databaselD.proteinID) to find clusters with that
protein in it. Remember, for FOXG 17458 (FOXG _17458TO0 protein ID in
MycoCosm is 23236 and genome ID is Fusox2)

JGIHOME GENOME PORTAL MYCOCOSM LOGIN
VJGI X MycoCosm

MCL Clusters « Fusarium oxysporum . sp. lycopersici 4287 v2
seancn_suast _wnowse_ awworanows - [SNEITl] swview oowwiono o wowe v

Run | Fusarium-orthomel 1.5.2900 s

Filter by keywords| |Fusox2.23236 | show any custer 4+ (Update
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THE FUNGAL GENOMICS RESOURCE

MCL Clusters * Fusarium oxysporum f. sp. lycopersici 4287 v2 ‘
| SEARCH  BLAST  BROWSE  ANNOTATIONS ~ SYNTENY DOWNLOAD INFO  HOME  HELPI

Run | Fusarium-orthomcl 1.5.2900 v
Multigene clusters: 23,505 Models in multigene clusters: 273,394 Show Charts:
Average multigene cluster size: 11.63 Singletones: 17,851
Crealed at: 15-Feb-2019 Tracks: 18 Show Counters:
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Download | as clusters CSV + | compressed by Gzip §
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Fuscol. Eusarium 0 MPL-SDFR-AT-0072 v1,0 FilteredModsls1 Fuseqt iseti MPI-CAGE-AA-0113 V1.0 F
Fusful: Fusarium fujikuroi IMI 58289 ExternalModels Fusgrt v1.0 ExternalModels
Fusox2: Fusarium f. sp. lycopersici 4287 v2 ExternalModels FusoxT4 FilteredModels1
Fusoxy!: Fusarium MPI-SDER-AT-0094 v1.0 FilteredModels1 Fusoxys1 im MPI-CAGE-CH-0212 v1.0 FilteredModels1
Fusps1: Fusarium pseudograminearum CS3096 ExternalModels Fusre1 isarium redolens MPI-CAGE-AT-0023 v1.0 FilteredModels1
Fussol: Fusarium solani MPI-SDFR-AT-0091 v1.0 FilteredModels1 FusspF10, ium sp. FSSC 10 v1.0 FilteredModels1
FusspF23 Fusarium sp. FSSC 23 v1.0 FilteredModels1 Fustr1 isarium tricing FilteredModels1
Fustr1: Fusarium MPI-SDFR-AT-0044 v1.0 FilteredModels1 Fusve2: Fusarium verticillioides 7600 v2 ExternalModels
Fusveni: Fusarium \ MPI-CAGE-CH-0201 v1.0 FilteredModels1 Necha2: Nectria haematococca v2.0 FilteredModels1




This will bring up cluster #386. Notice that this family is expanded only in the two known
pathogens of the Fusarium oxysporum species complex with dispensable chromosomes
(Fusox2 and FusoxT415), but not in other Fusarium species including endophytic Fusarium
oxysporum like Fusoxysl and Fusoxyl.

Now having this information at hand, you can either return to FungiDB and examine
underlying transcriptomics, proteomics, efc. data or use other databases to enrich your
analysis. For example:

e Navigate to Ensembl Fungi, search for FOXG 17458 and visualize the gene-tree:

EnsemblFungi -

epasenko@iverpool.ac

@ ~ Search Ensembl Fungi...

HMMER | BLAST | BioMart | Tools | Downloads | Documentation | Website help

Fusarium oxysporum (FO2) v

Location: 14:1,108,371-1,111,923 [{clUCHZO(IRFLID  Transcript: FOXG_17458T0  Jobs v
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D ipti conserved hypothetical protein [Source:BROAD_F_oxysporum;Acc:FOXG_17458]

Location Ct 14: 1,108,371-1,111,923 forward strand.
FO2:CM000602.1

Hide transcript table
Show/hide columns (1 hidden)

Name  TranscriptiD  bp Protein Biotype UniProt Flags
Novel FOXG 17458T0 2832 943aa | Protein coding JONQH9#

About this gene

Transcripts

Gene tree @

GeneTree ENSGT00930000001158

Number of genes 345
Number of speciation nodes 270
Number of duplication nodes 47
Number of ambiguous nodes 26
Number of gene split events 1
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Take a look at the between species paralogues. Is your data consistent with observations in
MycoCosm? (Hint: look for duplication nodes).

e C(Click on the link at the bottom of the gene tree image to view all paralogues on the

tree:



View options:

e View current gene only (Default)

e View paralogs of current gene

e View all duplication nodes

e View fully expanded tree
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e To export this data you can click on the Download data for this image button and
choose form multiple formats:
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Nexus OrthoXML Pfam Phylip

5 <?xml version="1.0" encod
ITITLE: ProjectesmaltiAlign] homo_sapiens/1-465588 CCTCAGGA

pan_troglodytes/1-465588 CCCCAGGA Gy (e

CCCCAGGACC GACGGCAAA

Begin cata; <orthoXML xsi:schemalocat
dinensions ntaxsd mcharse6sses;

forsat interleave datatypescna gap=

NCBITaxId="925 22(':“(& E:z:;z:
e name="Unkno
>

homs_sapens CCTOAGGAGE 1 ACTGTGTGC TTCAGCCTA
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PhyloXML PSI Stockholm Text

(B=0 T=Euteleostomi 10335(
67 T=Neopterygii 1
o oo o o s s coa: 1 ====(A=w? T=Cluneacenl

homo_sapiens CCTCAGGACCGACGGCAA # STOCKHOLM 1.8
pan_troglodyt CCCCAGGACCGACGGCAA
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