COMPARARATIVE




FUNGAL COMPARATIVE
GENOMICS

® Problems
® Many fungal 2EeNnoImes

° No central place for annotations, interlinking
homolog information

° Want to visual gene structures and genome context

* Need system for good database system for scripting
genome questions



GETTING THE DATAIN

e GFE3 as the data transfer format

® Write GenBank -> GFF3 scripts

* Read in data from genome Centers (Broad,
Sanger, WashU, JGI, SGD)

* Jason’s Annotation Pipeline for Genome
Annotatation



WHAT | NeeDED

. Database for stormg and querymg genoihe annotatlons

b T i

Bio::DB::GFF (BioPerl & Gbrowse)
Visualization - Gbrowse
° Analyses

Ability to query for a gene’s exon-intron structure
and sequences

Are gene families clustered on chromosome?

* Are functional classes ot genes clustered on
chromosome?
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Visualization of annotation data

Does not have to be for whole/ finished
genomes

Most projects are unfinished so many contigs
(100s - 1000s)

BLAST interface with link to Gbrowse view
allows user to start with query sequence and
get to the genomic location
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GBROWSENVIEW

Landmark or Region: Reports & Analysis:
CHROMOSOMEL3:646044..6469] (Search\ * Annotate Restriction Sites —9 (Conﬁgure...\ (Co\_
Data Source
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Pfan domains
Chitin_synth_2

Chitin synthase E-value: 3.8e-05
Chitin_synth_1
Chitin synthase E-value: 0
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CHREOMOZ0MEL S—=snap . 237

Tuinzscan predictions
TZ.CHROMOSOMELS . 245

Exonerate protein2genone
crhieo_JECZ21_TIGR :CHMG2110

anid_hrd:Al7052 .1
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Pfan donains
Chitin_sunth_z

Chitin sunthase E-value: 3.5e-05

Chitin_synth_1 TMS_TOE
Chitin sunthaze E-value: 0 THz membrane proteinAtumour differentially expresszed protein (TOEY E
Gbrowse Details
CDS Statistics Peptide Statistics
Locus Length: 4428 bp Protein Length: 984 residues
CDS Length: 2952 bp Molecular Weight: 1084899

Exon count: 24 e¢xons



GENE PAGE (2)

Coding Sequence

>cneo H99:GLEAN 01196
ATGCCARRCATATCACGCARRCCTOCTCCGOGcttctactctocttoctocactcocococttocgocttocacttt
ATGCTCCCATACARTCACCCCCGEOCCCCTCTTATGACTACCACGCCARCCCCAGEACETTGARTCCATT
CTCCGACGCACCTEANCTCEETCEATATCCTCAACTCCARGCEEARCATCAMATEACTEEOGCACCTTTR
TACCAGCCTCCGTATEGCTCCTCARCTACTOCTTGCTCARCCARC L CCEgE ttcttooocgooctoocogt b
toGARGCTECGCTTEOCCECEOGCECEETATCCARARDGOCCAGCTTACCAGAAGCCCOGACTCCAGCTTR
TEooccaacctttaccttoctacctooccgoctoccGACCCCARTCACCCTGATCTATCTETTGETTTEACT
CAGGCCAATACACTTOECTACGOCATCARTCCAACGATCTCAGTTEARGEGANGEATCCOETTCECCTTCAC
CGTTCATGEATGACAGTTTCGTTTACARTGATGC TGO TCACCTCTATARCGTTGAGCOGEACETOEARAR
AGCTTTECTCGEARGTEEACTEEETTATGAATCGEAGAACCCTECTCEAATCTTCCATGEECTTCARTEAC
ALRTGATEECOEACCTCTCAGCTCCC TCAGTCOTTTGE TEECCGACCTCCTTCATGEEAGUCGAGCEECATAT
TEEATGARNNAGEEEGARATCTCGACTACARAGCATTTTGEECCTEGCACCTEOGEETCGAGTCEETOEECE
AGCGCACANCGOTECACGETACCCCAGEATCARACANTCACCCACCCTCCGATGACGAATECETTTCTTTECT
ATEGAGATGAAEATEEEEAEEEGEETGGEGEAATTTETAEEEATEAAGGGAGTTGAAGHGEAEAAGACTA
CAnGGTATARCTGOEATTACCACCEACCCAGATEATGTCCCAGCAGCTEEC TTCCETCTTCECCAGARC AT
GACTTC AUR"TUA&”TTTTT& CGTGATCACTATGTACAATCGAGANC GCOGAGCTCTTT
TeTCGARC AL TTTAT T TCATGARGARTATAGCCCACCTATOTEEEUETAAGARC TCARGEETUTEEE
CLAAGGATEETTEECARAA GG T TETCETTTCCATTETCEOGEACGEACGTANGECFETTARCCCODECET
CCTCGATTETTTAGCAGCTCTTGEAGTTTACCAAGANGEGCCCARTCGACGANC ACAGTARRGEATCG
CTCACACGCATGTTTTCGARTACACGACCAGCTT TGO TCTTGACGGTEATTTACACTTCAARTATOC AL
CAANGECATTTCCCCTECCAGATTATCTTC TEGCATGANAGAGAAN AR T FCCARARAGATCARCTOCCA
TOGATGETTTTTCAAC:CCTTORO:CCCTTECCTATCACCARA TG TCTGCATTCTTC TTGATGTEEEARCC
CAGCCAGC TCCGARA T CCATC TATCATC TTTGGARMR G C AT TTGATGTCARTTCTARTGTTGETEETECC
GTGEAGAMANTTECEACCTTCARGEEC AR TTCEAGGAGT TTATTGARC DO CCTTETOECEEFCOCARGT
CTTTEAGTACAAGATCTCCARCATCCTCGACARACCTTTGEAGAGTCTCTTOGEATACTEGCACTGTETTG
CCTGEETEOCTTCTC GG TTACAGETEEATOGC T T TECAARRC AR TGEEEATEEEAGARN GEEACCTTTEE
CGAGTTATTTTGCTGETEGARCAGCTCARTAC TEEARNGECAGRNCACATTCACTEETARTATGECC CC
CAanGECCARCTEEETECTEAR T TOGTTARNGGC TCCTETTCEAGARRC AEGATTEGCOCTGATACC
GAGTTTATTG TuﬂﬂﬂuﬂﬂUAAUHTGGETTAAEGGTTEETTETTTGEHGETUTHTRTJLUTTGATUERC
CEARCCARNTT T FCGATCCEACC AT TCGT TOECEAGAARGTCAGCCCTEGATGTTFEARTC AGTGTAC AR
CTTTCTGARCCTGATATTC "”TUUT CGCTTTGGEC CTTTTACATTTTCTTTCTCATCCTTACGAGT
CUTTTGEAGGECAGCEC T T TCAA T TCCCTCATATCGATGTGU TCAATACTATTGCACGATATGETTACC
ttggtgetttggttggttgtttCATCTTCGCANTGEGAMCAGGCCACAAGGTTCGCCTTGGAMGTATAR
ACCAGCARTCTACTTTTTCGCCCTTTTEGACTACCTATATGC TG TCGCAGCAGTEGC TTTETACGETAC A
CLAATCAARLAATATARAC AGCCCARTTTT TGO CARGATGETAGTATCACTCATATCARCCTATGGTATTT
ATGTGATTTCCAGTTTCTTGECCCTTGACCCTTGECACATCTTTACTTCCTTTATTCARTATGTTCTCTT
CTCACCTACTTATATCAATGTTCEtaatgt t TATGCCTATTCC AR CTTCACGAC TTETCATRGETACR
AnAGECTCTEATECARCCCAGEOETCEEATTTEEE TECTETTTOCGEAGTEEEARRGCACETCGARCTEE
ANRCTTCTANC TCGCCCAGCARGACATTGATATTCCCTATCAGGATGCTTTCEACARTAT TRAGATTARGAGE
ATCARRMCTTGACTCTECTEAATCTCGAGCCCARARRCCACGCANTCTEARCANGCCCAGARGEATACTTAT
AR TT TG TACCAR T T TACT TTTGETC TG TCGU TETCARRC GOCCTTCTCECARGTGTTATCOCTTA
CAGGCARCARTTCTEEAGCETTTEACGAGGETTCCGECAGTTCARARGCCACARTATACATGCTTETEAT
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Translation

>cneo H99:GLEAN 01196
HPFNISRRFFPREFYSFSHSFSFSLY AP IOSFFAFSYDYHANFRTLNFF SDAREVEEY ADLOGE DM TEAFL
YOPPYAPOLLVAOFTPVEESFLPFFEARLARRRGIOTFSLPEAFTPFAYROPLPSYLFFPDFNHFDLEVELT
QANTVREYATNPRESOLEEGSREPSPFMDDSEVYNDARH L YNVEPDVERALLGSGCLEGYESERRVESSMEEND
HDGDLSVE S GERFFSWEFSGILDERGEN STTRHF GPAFAGEVGRRAHNARGYRRIRDSATLDENGEF A
IEMNIFITRLAQF L IRGVEEQRTTRY TAITTDFDDVEPAAGF RLEONMTS FPROTELF IVITHYNENAELEF
CERTLYGVMENIAHLCOGRENSEVWGRDGWORVVVC IVADGREAVNPRVLDCLAALGVY QEGAMTHTVEDRE
VITAHVEEY TTSFALDGDLAFRYPDRGIVEFCO I IFCHRERNARRINSHEWF FHAF AP LLSFENVC ILLOWVGET
QPAFRS IYHLWRAF DVHNSHVEGACGE LATFRGRTWRSLLNFLVAROAFEY RMSNILDRFLESLEFGYCTVL
PGAFSAYRWIALOWMNGDGRTGPLAS Y FAGEQLN TGRAD T TCHMARFRANWVLEFVEARGETDCPDTIP
ErIAa0RRRWLNGSFF ARV Y ALMHTHO IWRSDHSFARRSALMLESVYNFLNLIFSWFALANFYIFFVILTS
ALEGEAFNVPHIDVLNTIARY GYLCALN GO IFAMCHREFOCEFWEYFARIYFFALLTTYMIVARVLCTVOD
ATRNINSPIFARMV VS LIS TYGIYVISSFLALDFWHIFTCF IQYVLESFTY INVLHVYAYSNLHDLSWGET
RGEDATOASDLCAVSCVCEHVEVELN TAQODIDIAYODALDNIRLREGEEVDEAESEFRREQSEQRORDTY
ANFRTMLLLVWSLENALLASVILTGHNSGAFDEGSGESRATIYMLVILIFVAGMSIFRFICSTLYLVISL
FTG*




GENE PAGE (3)

Intron sequences

>cneo H99:GLEAN 01196 intronl CHROMOSOMEL3:6459B6..646042
GTAGGGCAGCGACTTTTGCAAGCTTGAGACCCCGTCTATTCGCTGACTCACACATAG

>cneo H99:GLEAN 01196 intronZ CHROMOSOMEl3:646269..646324
GTGGGTGATCTTATATCTCCGCATATGTGTTTCAATATTGATGTCAAGGTATTCAG

>cneoc H99:GLEAN 01196 intron3 CHROMOSOME13:646413..646472
GTCAGGTTATCTTCAACAGTACAAAGCGCATTGCTGACATTTCGATACTTTGACAAATAG

>gneo H99:GLEAN 01196 intrond CHROMOSOMEL3:646625..646685
GTGAGCTTGGGGC TCCATCATGTATGCGTCATGTATTCGTAGCTGATTACTTCTTCTTTAG

>cneo H99:GLEAN 01196 intron5 CHROMOSOMEL3:646743..646797
GTATGTATCACTCATTCGTTCGACCCAATGAACGCATCACTGACCATGTATGTAG

>cneoc H99:GLEAN 01196 introné CHROMOSOME13:646958B..647023
GTAAGTCAGCAACCGCCGCACTAATATTCTACATGGTCAGCTAAACGCTGGTTTGTTGCCTACTAG
>gneo H99:GLEAN 01196 intron7 CHROMOSOMEL13:647052..647107
GTGAGTACAACATGCAAATTTATTTGTGTCGAATCTGACGCTGATAATGACCATAG

>cneo H99:GLEAN 01196 intronB CHROMOSOMEL13:6471B7..647247
GTGAGTTGCAACAGCTGAGCATCTTTAGTTTCCAGGACTCACAGCAGACGGTGATATGCAG

>cneo H99:GLEAN 01196 intron9 CHROMOSOME13:647355..647569
GTGAGTCAAAAATTGTAGAACTCAAGCGTTTTACTGACTGCCTCGTTCTTCATCAGGGTATGTTTCATAG
CGGCGCTTGATGTTTC TT T TTGATTATC TTCTAATCAGC TGCTATAGTACCTGGCAGAAGATAGAATCCT
GTGTTTCGAAATCGTGTAGGCACCACTTCACGGTAATAATACATGTCATTGTTGCTGATCCAACACGGCG
TATAG

>gneo H99:GLEAN 01196 intronl0 CHROMOSOMEL13:647672..647737
GTGAGTAATTCTTTTTATCggggaaaaaagaaaaaqygyggggTATCTGACATTCTTCGTCTTCTAG
>cneo H99:GLEAN 01196 intronll CHROMOSOMEl13:647766..647B815
GTGAGCGCCGCACGGATTTGGCATTGAGTTTCACGCTTACATATCTTCAG

>cneoc H99:GLEAN 01196 intronlZ2 CHROMOSOMEL13:647960..648030
GTGGGTACAGCCACTGTTGTATGTTTATACGGATACCCTAATAAGCaaaaaaasaaaaaaaaaaaaaaCh
G

>cneoc H99:GLEAN 01196 intronl3 CHROMOSOMEL13:64B8106..648151
GTACGCTGTTTTCATCCGTATAAGACATTAGCTCATTCGATGTTAG

>cneo H99:GLEAN 01196 intronld CHROMOSOMEl13:64B214..64B274
GTATGTGTTCATTTCTCTGGACAAGAGGGACAGCCAGCCGACGCTTTTCATCTTTCTTCAG

>cneo H99:GLEAN 01196 intronl5 CHROMOSOMEl13:64B329..64B3895
GTGAGTCGTCACAAGTGGTGCTCAGGGGTCAAGGATAATCACTARACGTTTTTTAACACAG



GENE PAGE (4)

Homologs from FASTA

- . . % % %0 Qu

Hit Hitlen Bits E-value .’ . ahgn:?

Cryptococcus neoformans - cneo H99:GLEAN 01196 983 6060 0 100.0 100.0 100.0
Cryptococcus gattii - cneo WM2T76:GLEAN 00366 984 57470 98.1 943 100.0
Cryptococcus gattii - cneo R265:GLEAN gz 05631 1009 3586 0 95.7 919 100.0
Cryptococcus neoformans - cneo JEC21:CNNO2110 996 3523 0 954 909 100.0
Phanerochaete chrysosporium - pchri:GLEAN gz 10814 903 1775 1.6e-116 648 425 996
Uncinocarpus reesii - uree:GLEAN 05059 845 1590 1.7e-103 690 430 779
Phanerochaete chrysosporium - pchr:GLEAN gz 125535 1004 1575 2.2e-102742 529 8§39
Coprinus cinereus - ccin:GLEAN gz2 06353 840 1514 3.7e-98 67.3 410 B2.6
Coprinus cinereus - ccin:GLEAN gz2 11986 1026 1495 9.7e-97 706 492 972
Botrytis cinerea - bcin:BC1G 11533 1168 1478 1.7e-95 654 420 995
Trichoderma reesei - tree:12480 955 1458 3.7e-94 684 456 88.2
Fusarium verticillioides - fver:GLEAN 09145 1180 1448 2.2e-93 662 418 989
Neurospora crassa - ncra:NCU05239.1 026 1436 1.3e-92 688 445 869
Histoplasma capsulatum - hcap 186R:GLEAN 05323 1149 1433 2.5e92 584 382 993
Coprinus cinereus - ccin:GLEAN gz2 06575 941 1430 34e92 654 434 996
Uncinocarpus reesii - uree:GLEAN 08490 1210 1427 69e92 6538 418 99.0
Coccidipides immitis - cimm:anid cimm 1.72-g26.1 1244 1423 1.3e91 652 414 9812

Phanerochaete chrysosporium - pchri:GLEAN gz 04887 647 1420 1.3e91 689 440 653




Organism Gene Transcript  Translation

Seq Seq string

Alignment Pair Similarity Pairs




e BLLAST interface

 Search your sequence and get marked up
results with links to Gbrowse

* Retrieve Spliced CoDing sequences,
translations, introns from Gbrowse



Database and Program Of

Program | thlastn [$)Databasel Lo i ot i e e

Enter sequence below (most sta

>gi|1302185|emb|CAASG0EG.!
MSDONNRSRNEYHSMRKNEPSYEI
TNMLYNGDDGNNNTINDNERDIY
VIQTTPELIHNGSQTMATPIERPFFE
IPQYHDOPFGYNNGYHGLQAKDY
EYLHDDSRPYMNDGKEELDSVKSGY
KESDIVSNDNLTANRALKRSGTEN
VTCEPNQLAEKNFTVRQLKYLTPR
KEKIWVVCISDGRSKINERSLALLSSLE
CTVPIQLLFCLKEQNQEKINSHRW,
IRTDLGKRFVELLNPLVASOQNFEYK
ENEGFHFFS5NMYLAEDRILCFEVY

Or load it from disk

.

Set subsequence: From

i W F 1
Clear sequence Search

The query sequence is filtered ft
Filter ™ Low complexity

W Post Process with Smith-Wal

Expect 1 '+ Matrix E

i N F .1
Clear sequence Search

Powered by the WU-Blast Prog

BLAST TOOL

nt Archeascomycota
nt Basidiomycota
nt Cryptococous

nt Hemiascomycota

E Owverlay Hits over Genome Image

nt Zygomycota 0 seqs ata time
nt ashbya_gossypii

nt aspergillus_fumigatus :-"?

nt aspergillus_nidulans N

nt aspergillus_terreus ERR

nt botrytis_cinerea

nt candida_albicans

nt candida_glabrata

nt candida_guillie rmaondii

nt candida_lusitaniae

nt candida_tropicalis

nt chaetomium_globosum

nt coccidioides_immitis

Nt coprinus_cinereus

At cryptococcus_neoformans_H99
At cryptococcus_neoformans_JECZ21
nt cryptococcus_neoformans_R265

nt cryptococcus_neoformans_WM2 76
nt debaryomyces_hansenii

nt fusarium_graminearum

nt fusarium_verticillioides

nt histoplasma_capsulatum_186R

nt kluywveromyces_lactis

nt kluyveromyces_waltii

nt magnaporthe_grisea

Nt NeUrospora_crassa

nt phanerachaete _chrysosporium

nt preumocystis_carnii

nt podospora_anserina

nt saccharomyces_bayanus

nt saccharomyces_castellii

nt saccharomyces_cerevisiae_rmll-la_1l
nt saccharomyces_cerevisiae_s288c¢
nt saccharomyces_cerevisiae_yjm7 89
nt saccharomyces _kluyveri

nt saccharomyces kudriavzevii m



RE-FORRMATTED BLAST

TBLASTN Query of GI|1302185|EMB|CAA96086.1| against nt Euascomycota

TBLASTN 2.0MP-WashU [10-May-2005] [linux24-i686-ILP32F64 2005-05-10T21:16:37]

Copyright (C) 1996-2000 Washington University, Saint Louis, Missouri USA.
All Rights Reserved.

Reference: Gish, W. (1996-2000) http://blast.wustl.edu
Query= Gl|1302185|EMB|CAASG086.71| CHS1 [SACCHAROMYCES CEREVISIAE]
(1,131 letters)

Database: uncinocarpus_reesii.2.nt; chaetomium_globosum.20041105.nt; coccidioides immitis. 2004031 1.nt; fusarium_gra
magnaporthe_grisea.20031031.nt; neurospora_crassa.20020212.nt; podospora_anserina.20040122.nt; aspergillus_fumiga
stagonospora_nodorum.20050205.nt; aspergillus_terreus.1.nt; fusarium_verticillioides.2.nt, sclerotinia_sclerotiorum.1.nt

12,142 sequences, 504 395 971 total letters

. N . Score E
Sequences producing significant alignments: (bits) value
sscl_1.6 1413 5.6e-143
snod_1.8 1381 1.4e-139
ncra:ncra_3.221 1366 5.2e-138
tree 50 1361 1.7e-137
fgra:fgra_1.425 1353 1.2e-136
fver 2.7 1347 5.5e-136
anid:anid_1.78 1312 2.8e-132
uree 2.4 1303 2.5e-131
hcap 186R:hcap-186R 17.30 1299 3.2e-131
cimm:cimm_1.106 1297 1.1e-130
afum:afum_57 1289 7.7e-130

ater 1.8 1286 1.6e-129



sscl 1.6 Link_group:2

Length = 2,040,374

WITH LINKS

g=cl_1.6

w3k mmak T ek
[E o
Genes {Broad/Hhitehead}

So1G_0d951

GLEAN nodels
GLEAM 4995

Genezilla CD5 {A.nidulans, F.granineariun trained)
Epid_gz.dﬂﬂﬁ

fgra_gz.35931 - Fgra_gz.3932

I
T

:

AUGUSTUS
anid-==cl_1.6-256.1

fFera-==2c]_1.6-255.1

Blast Hit
Matich
[

SHAF CD5
fora-z=cl_1.6-shap. 76

anid-zzcl_1.6-znap.7? anid-zscl_1.6-znap.50
I lllllllllllllllliilllllllllllllllllllllllllllllllllllllllllllF“Illllllllllllllllllllllllé—“‘ T

Score = 502.5 bits (1413), Expect = 5.6e-143, P = 5.6e-143
|[dentities = 290/586 (49%), Positives = 386/586 (65%), Gaps = 23/586 (3%), Frame = +3

Links =

Query:

(1)
314

KDDFSRDDEYDDLMNTIDELOFORANGVPASSSVSSIGSKESDI IVSHDNLTANRALKRSGT 373

+D +

+D+ DD I Lo P + 5 K D + + T ATL+R T

Sbjct: 362907 QDFYGYNDD-DDHQFI--LOSHEPYGFDPHTASGAEYRGYDGAGHSPSSTPIPALRRYKT 363077



FETCH SEQUENCES

| 4 p | | G | | + | T http://fungal.genome.duke.edu/cgi-bin/fg_get_sequence?type=CDS

[10 Apple (4)v MNews (1208)v CSEM Cluster NCBI @G53 Sciencev RSS¥ Blogsv OB

mﬁl Seguence Viewer v... 2}  Retrieve sequence

|ﬂ' Resources for Fungal Co...

Try YALOOQAC for S.cerevisiae

Fetch sequence by ldentifier

Species Saccharomyces cerevisiae

Sequence ld yaLoolC

Type CoDing Seuence (cds) & )

r 3 ! A R "
_Reset_ _submlt_

>»scer s288C SGD:YALOO1C scer-s32B88c I:complement{join(15116!
(YATLODOLC)

ATGCCTACTGCACGATTTATCCTCACGAACTCGTACAAATACTCTCTCATARRRTTCCTT
ARTAAGGGAARAATCACTTTGAATCAGCTGTGGCATATATCTGCGTARATATTTTGATT”
TCTCATAARRRMACTTAARRCACGTTCCTGCTTTCATCCETGATATTGARRRARCGCACATTC]
CTCTATTCTCATGEGTCCTATARCAACTARARARTCTCACTCATATTATACGCCACGC TA
CATTCATACTCGGTTOCCATTACTCAGCACACGCCTATCGACATTATTAACGEGAT RC AL
ARARAACCACGTCAACTATTCCARATTCTCCATTTCARCTACTTCTCCARACTTCCCARRTY
GGAGCAAARACCCGATCAATACTATCGCATTTCGCCGCAGCGTARCTCEGCAACATCCTAGAR
GCTGACTGGACGTATCAAGARAATARRCCACCTGTTAACARCTTCACAACTGATTTATAI
CCACACCTCCTCGAAGCAATTCAACGCTARARAA R TTCACCCATCACCCEGETGCATAGTAI
CCCTATATTAATATTACCGGATCATTTACCAACAATACGTTCACCTGOTARARRMCCATCAR]
ALRTCGETATTCGCCAGATAATTCATTTARRAGCGTCAATTGARAATTTCACARAGRGAR DRI
CTTTCTAARARCGCTTTTATTCCACGC TATTCCATCETTACATCARAAGCAGTACTTARRGA]
CTGCTTGTACTATCACCCARGAATCCTCCCATTARARTCACATCTCTARRATACGTGA
CATATTCCAGACTCTARAGCGGCTCGCCTTCATTTCAGTATCATACGCAATAGCOGCGEATE]
CATTCTCTATCACATACCAACGCCACCTTTCCARCATCARCACTTACTCCARCCTTTAG
ARTTTCAATCCGACTCATTTATTACAARATCAACCCCTTCTTATGCARACAGARRAGCAGE]
GCTCTAAARGAATGAACTTCTTCTTAATCCGATTTTATCCACTTCAARATCAGACTTAT()
ATTCGCAGATAAGTCTCCCCTTAARCCAATTTCAACTATCGCATCTTCTARRTCCARAT TAI
GGARRAGAATTTCAGCCAGCTT T TACCARATCARCCCGAATATTATTTACAARCTCTGE]
ARGCAARARACGAARARRTACAGCGGOGOOGGTATAGGCTTTTTCGCATATACCGATTTTCAGGGAR]
AAGAACGTTTTTTACGGCTGTTCACACCTCAGAACTTTCARARGTTAACARRTCCGCARAG]
GAARATATCCCTTCCAARAGGOTTTCATCACGCTACCCARATCTCCGTACCCATTTGAR R A
CTCAACGAGCGATAARTTTCGTCGCACTCAACARCACTGTTAGATTTACAACGEACAGCE]
CCACAGCGATATATTCTTCTCGCACCCTCAATTAAARATTCCCCCARRCTCARR AR R R
CCCAATARARRRCARACCCARGCACCCAGCCTTARARRACACTACTAATCCTTCTOTTCCAG
ARCATTTCGAATCCCARAAGGATTARGCTAGAGCAGCATOETCAGCACTGCACAGGRAGC!
AARATCTCCTCARCATACTCCAACTTCARACCCACCCACTETTCTCARARCCCARGETGE'
ARCTTCGGCCECTTTTCTCGCCCCCTCTTTGCGTTCACTACACGAGACACAGAGCCATTT
ARACTTATGAATACGATTGCTOOGGETAGCATACCTCGAGAGCAACAATTTTACGARAGCE
TCTAARATATATCCCCTCCACARCGACATTACATARRMAACGACTCTCCCTCETCATETTE]
TTCATCGGTACAARAGCCAARARATTACCACCCAGARCACAGCCTCTATCACCGARCARRRLRA'
ATTTTTTTGCCCACTOTTCGGAGCAGGACGCTATCCAAAGGTACATCCTCGARRAGARR R B

AGTAARARRAGCAACCTTTACTGATGTTATACATGATACGCGAAATATACTTCTTTGACC)
B R R R AR R EMACOMTMM O RO RORCOMO AR R MR R RO R AT, R B BRI TR B T ]



WHAT' S MISSING

* Homolog/Ortholog/Paralog capturing
® Pairwise focused summary stastistics
* Multiway ortholog summaries
* Ensembl Compara --> GMOD Compara?

* Linking to gene trees



* Perl & BioPerl (www.bioperl.org)

* Gbrowse (www.gmod.org/ggb)

* Mysql database



