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* Comparative genomics: orthologs/paralogs prediction
 Comparative genomics: functional annotation

e Structural proteomics: 3D-modeling of protein structures



BIOINZ-MA/s Comparative Genomics

Comparative genomics studies the differences and
similarities in genomic features of different organisms




BIOINZ-MA/s Comparative Genomics

The detection of ortholog genes is one of the key approaches
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BIOINZMA Multilevel analysis

AT5G56795 AT1G07600
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PROTEIN NO SIMILARITY PROTEIN
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5"-UTR | Coding region | 3-UTR | """ | 5-UTR | Coding region | 3"-UTR

MRNA PARALOGS MRNA

ORF misassignment of AT5G56795 gene

Bipessays. 2011 Oct;33(10).765-80. doi. 10.1002/bies. 201100062, Epub 2011 Aug 15.
Orthology prediction methods: a quality assessment using curated protein families.

Trachana F:1. Larsson TA, Powell 5, Chen WH, Doerks T, Muller J, Bark P.
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BIOINZMA Orthologs definition

Species Y

gene collection

Species X

gene collection .

G

— — — : Higher score
Bicinform Bigl Ingights. 2017 Feb 23:11:1177932217690136. doic 10.1177/1177932217690136. eCollection 2017.

Transcriptologs: A Transcriptome-Based Approach to Predict Orthology Relationships. l

Ambrosino L', Chiusano ML1-2.

Lower score
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Paralogs definition
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BIOINZMA/s  Networks construction
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«MAs  Networks construction
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BIOIN.MA/ Paralog/ortholog networks
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BIOIN.MA/ Paralog/ortholog networks
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BIOINZ-MA/»  Multilevel comparison
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« Orthologs

« Paralogs

 Networks of orthologs and paralogs
« Multilevel approach

@ python’
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Input files

bNC_O:OlE&.: Giona inkestinalis chromosome 1, KH, whole genome shotgun seguence

Extractior,

CCCCTAACTGCTAGCCCCTGLCCCogta
accaccaacctctaacactttccaccagcccaatctgtaacgtaccaagggattcttcactagtgoccacAGTTITCTAAT

P
<

cagaataaacaaaattcacTAACTTGACCARACARTATTCTGCTTTCAARCATTATAGAACAACCTACTCcactataaaaa
aacacatggcgcctgaaaaatatgtttataaaaacaatatacttATTITCGTatcaaaaacattcaaaacatATCAATTCA
ARACGCAGGCTTTACTARACTCATTACARAATGCGGCAAATTCAAAGTGAAGAGGTATAGTACCTCGTCTAATCGTTTTA)
ATACCTAAARCTTACATACGARATGAGTATTACCACTTAGCCACTCAAAGCAAATTGAAATGCGCGCGECTCCAACCTCAY
ATGEEETCACGTGACAGET CGLGET CGGLCGAT CACGAACAACAGCTGTCGAGAATCGTTTACTACGAAGCTAAGGCACG
TEICTACTCTGTAGCATTGGGCAGAT GUCGT TAGGARAGTARCCCTTTCGCAGCAGT GTGTTTGCTGCCARGAATARTTT

CCTCTGGECTARCAGGTGCTTTTACAGGRAAGCCTGATAGGATAATTGGACACTATTICtacattttattgttacat tGICC
AGCTICGCTITITIGGCACATIGG tacaattaaataaagtgttaaatatttgaGACCETAGT TTATACACARATTCACGEC
CAGAGTTCATGCcaattttgtatatttaatgttcaaaacaaaactaaagtaTATTTCTCTCTTGCATTTATCACCGTCGA]

Sequencs

= f=F ENF-3-14-T-14 CULIREIIagac
AT Tat-F-Yolnfe g =14 AT TX=N o o efwf=Y-Yop

o7 TacanLy G 1 f “}" T T I 4
GLECSALEEATEEGE. e n O m I C . a Sta 4 -{‘\ LA EARRE]
L TACEALE e LEACEETACE:
aataaaaccgcattadaasaaCLiLactCaall I IACGAI CLAGARRI TICCAT ARCGART AT CTACTCATATARCGCC

ICttatattacatattattttaGeCITATGCCGCCTGGARAGATTGT TTARGGCGCATTATATCGTGTCCGCTITTARCTA)
TIGGTacttaaactatttaaaatgryGATTRAATTTTACTGCACTATARATATAGCACCCARAGACTACGAGATCTTARRARAT
GTRCGRGGACARR TG CCTACAGGCCTAGATAACTAATGGCARARRACCCCACARACARAAGATCTATTTRARACACCT

letec

CTTRACATATTTGGRACTTCCGT CATACATTGACTCGTGGTGGCARGCTTGCTTATGGGCTARGCGGCARTTGGGRACCGCT
TGRCCCTGGGRAGGT CTGAGRACAATGACGT TARATCTTCCGTGATGGGAGACGTARTARATACGTTGGAAGGTACCAGAR

ARCRRCGGGATRARTCGCTTGCGTRARGACCGRRAGCGACGCTATGCGGTTGTCCCCGGTTGARRATCTTCCAGTCAGCGAT)
TACAGTTCAATTAGCAAGGCGGCCCTTCGGTCGTARCTCAATTCAGACTACTCTGCARCCACAATTTTATtaatgottLg]
tttttttgaccaCTAATTTAAGACCAGT CTAATTTTTCAATCATTTTTAGATCAATCtaaaaactcttttttagRCCACT
CTGTGRRATTTTTCAgacacagtttaaaaaaaaaacttttttygttaaacatgtGTARRATGACATTCARATTTTCGGGCC
AGTGRARAGRATCGTCCCTCTATGTTATCTGCTACCTACTARRAGTARCCACCARACCACTGACCCCTAACTACCAGCARCEL

[ei o T-Yar-Yoy oy vy sl atat-Yolel-Ye alexei- - ek step ey -Yuley ot Talete s -Te e -AoAml aisnmeT-Yoysis e pme|aieexmeter- N ole - N e r-T-R el - wler=Y-Nele|

aatgaatgaatgaatgaatgaatgaatgaatgaatgaatgaatgtaacgaaTGTGCCCTTGTAAGGTAATARACTAACTG)
TGGGCGAAATCGEAGTATTTTCTAGT CTGAT CTTCTTATTATGACTCTARAAGATCARATATTTCTGaaccaacaaataa
aaatcaataaataatatatatttctacaaTACAGCATCAATTAARACTTGGCAGATTGCCTTGECACTTTATGETCACAG
TEAACTACATGTGCARAGT ACT AR ACAT AT AGT GGTAAGGGGT GG TAGCATTTCTATTACTTAAGTTTTCTGTARAGT AR
TGCTITACACaagtaatgaataaatgaatgtagb tTGCTTTATGTTCACGTAGCCAGARNaaagacagtcattataacacy|
gotgttctgtitcatacacttogtgocccgotiacaagitgctacatatataacttatitatcctocgcatggcgggoganc
GAAAGTCTITATAGAAsaggttctgtttcatacaccttgtgcccgottataggttaccatgtatgttactctCIGAGTGA]
TITIIGGEGEGEEAGT I TTTATGTAATACTTACAT TACT TAACAGAAACACTTAGGTAGGTTGTAGATCTGTAACTTAACATT
ARGTAGARA A ATGCCEATCITIAATTATTGI TGCCTTTCCTTAAATATATTCAAGT GGECGCCTATAATTATAAGCGAC
GTACTTTAATCICCcccttttaaacaaaaaaataagcattACTTAGCCTTAAGTAACAGAATCGAACTAACCAATGTGTT)
ARGTATTACTARTGIARGCARTACATARCGARRRACTTAAGCARCAGAATTACATTCCATTCTGAGT GTCARATACAGTGAY
ATCTARACAT AR TTTCARAGT CAGCACTAGCTGTARAR AT CTARAGAACTATAGARATAATACT TAATCGAT CARAACTAG)
AGGTTTAACAGTICICITCCGIGCcccttttttttgttattttttgcttttttgaaacattttcttgTTCCTIGCCTITGGS
ARATTICCIGIGATTTATCCCCAGCIGCATTTGGCTICTTTAATTGTACTARTCARRACCTGggagaaatttaaaatatagy
tttgatATCAGCAACggaatattaaacttttgCctttttaagtagcaaaaaaaaaatttacaatttttttocgaAGTGTCAR]
ACGTIATAATGCccagataaaaaataaaaaaaatatattgtgtttaatgIGGTCATACACCTTGTITACATATCACTTIACTA)
ACTATGIARCTIGCIARCRCRRGRRTTARGCTGGCATACCACTICTTCARRACACT CAGGRAATALLLGT GAGT GTARC G|
TCACACCITTITACCcgaaacattatttCCcCtCtCCCgttttattaaaagcatgrttttttacaactaCTGTTCTACCagtc

F#gff-version 3
#!gff-spec-version

1.21

#!processor NCBI annotWriker

#!genome-build KH

#!genome-build-accession NCBI_Assembly:GCF_000224145.2

##sequence-region NC_020166.2 1 10041005

##species https:

www .ncbi .nlm.nih . gov/T

onom

Browser/wwwtax.cqi?id=7719

NC_0Z2016€.2 RefSeq
NC 020166.2

NC_020166.Z2
NC_0Z0l6¢
HC_020166
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gene
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18077
18475

17
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17goo
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Genomic.gff
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13 L ra
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* Comparative genomics: orthologs/paralogs prediction
 Comparative genomics: functional annotation

e Structural proteomics: 3D-modeling of protein structures



BIOIN/ZMA\/ Functional annotation

@ Gene Ontology Consortium

Swiss-Prot (557,713)
‘?i Manually annotated and
reviewed. a Interpro

Records with information extracted
from literature and curator-
evaluated computational analysis.

TrEMBL (116,030,110) 'P'r OD O"ﬁ EaAI_\rJ'[HSEtR

Automatically annotated and not

Protein sequence analysis & classification

reviewed.

ds th it full | provadllll o, d
e S Domains W reactome

Superfamily -

HMM library and genome assignments server

CATH / Gene3D 4>



MA Functional annotation

InterPro: protein sequence analysis & classification

InterPro provides functional analysis of proteins by classifying them into families and predicting domains and important
sites. We combine protein signatures from a number of member databases into a single searchable resource, capitalising
on their individual strengths to produce a powerful integrated database and diagnostic tool. Read more about InterPro »

_ 21st June 2018
Analyse your protein sequence

Features include:

ALLLPLPRRGLLCGGLLLKHASGLRRSAPAPDRPPEMSADGPDENGEEQAEEDAERIKLALLEACKENLADEAMRLVE e addfion eraTi new nterfre
QGADPACEDASEWSPLIWAASHGNEELVRFLISHNAADVYRHDGPRGGAVRRKHSPLHWAAFKGHHKVLWLLMAPH niries
PNLSHHAKDSIGNTPLHQAAAGGSLECVECLMAQGYDVFAKNDRGHTPFNLCTVPEVQTLLQRAMNSTSCKVTGKQ

« An update to MobiDEB Lite (1.5)
FSSNVLRYLCLWTVEVYCESVWTQQLVYHEAPGATERRKPVTWCNEVRDMIQEAEQRLTQALHLDRLEELISAIEFANG

KPVDCKLMYSCMQARAKLESEIQLGRAMEANLDEFGGVSEALTKAIDNAERKSADPARIAWAKALRRKQMAEASLMR = Integration of 528 new methods from
AIQGPQKVLPNHIGMLEDLTKAAHQEKANEELLGKASKLIAKLKSELEVQRRIAETAPLCELQTIKESALKENLPPWYHD the CATH-Gene3D (3). COD (7&)
SQQFEDFHEDYKRIVEAAERDKISQELMESALGQLEKMENLLIEKKTFEAEQQLKASKGKKGKKARF PAMTHER (436), Pfam (6), ProDom
(3), SFLD (1) and SUPERFAMILY (1)
b databases.

D Head mare



BIOINZMA Functional annotation

Overview Submitted sequence

Length 532 amino acids
Fliter view on Protein family membership
Entry type MNone predicted.

# [I) Homologous superfamily

Homologous superfamilies

= Homologous superfamily

* U Domains
? @ Repeats Domains and repeats
ta ; " » Domain
* Rapsat
Status
¢ @ Unintegrated Detailed signature matches

@ IPRO367Y70 Ankyrin repeat-containing domain superfamily
Per-residue features

= GI0EA1.25.40.20

» SSF48403 (Aakyrin
[@ IPRO20623  Ankyrin repeai-containing domain
=" » PE12708 iArk 2
Colour by ) » PS502OT (ANK_REP RE
C ] » cA00204 (AMK
domain relationship
PRO02110  Ankyrin repeat
source database - - . 5 5 * SMOO248 (AMK_2a
= » PSE00EE (ANK_REPEAT
B nolPR Unintegrated signatures
[ m—— » PF13857 iark 5

- - ! » PTHRA4206 (FAMILY N



MA/« Functional annotation

Overview @ Homologous Superfamily

Proteins matched Ankyrin repeat-containing domain

Domain architectures

superfamily (IPR036770)
Species
”‘t: Overlapping entries o

Transient receptor poetential channel (IPRO04729)

Transient receptor potential channel, canonical 2 (IPRO05458)

. canonical 3 (IPRO05459)

Transient receptor petential channe

a
a
@ Transient receptor potential channe
[F ] ,canonical 4 (IPRO05460)
[F |

Transient receptor petential channel, canonical 5 (IPRO05461)

E
Description

This entry represants the ankyrin repeat-containing domain. These domains contain
multiple repeats of a beta(2)-alpha(2} motif. The ankyrin repeat is one of the most commaon
protein-protein interaction motifs in nature. Ankyrin repeats are tandemly repeated modules
of about 33 amino acids. They occur in a large number of functionally diverse proteins
mainly from eukaryotes. The few known examplas from prokaryotes and viruses may be
the result of horizontal gene transfers [ZPMID: 8108379]. The repeat has been found in
proteins of diverse function such as transcriptional initiators, cell-cycle regulators,
cytoskeletal, ion transporters and signal transducers. The ankyrin fold appears to be
defined by its structure rather than its function since there is no specific sequence or
structure which is universally recognised by it.

The conserved fold of the ankyrin repeat unit is known from several crystal and solution
structures [® PMID: 8875926, *FMID: 9353127, #PMID: 5451436, # PMID: 9865693].
Each repeat folds inte a helix-loop-helix structure with a beta-hairpin/loop region projecting

out from the helices at a 90% angle. The repeats stack together to form an L-shaped
structure [# PMID: 8575526, @ PMID: 12461174].




MA/« Functional annotation

sy @ Homologous Superfamily = Export FASTA
Proteins matched Proteins matched: Ankyrin repeat-containing
g domain superfamily (IPR036770)

Species This homologous superfamily is found in the following proteins:

Structures Showing 1 to 20 of 243857 results

Lierature Accession Protein name Species Domain architecture
Stachyboirys

] : o charfarum (strain
Ankyrin repeat domain-containing prote

ADADB4B9ZE o CBS 109283 /IBT
s 7711) (Toxic black
maold)
AT B : ) . Homo sapiens
ADADABYYLI POTE ankyrin domain family member B 3.p *
(Human)
ADATDSPXAS Transient receptor potential catien chan ~ Gallus gallus | TR %
nel subfamily V member 4 {Chicken)
Candida albicans
ADAIDBPNZT Glycerophosphocholine phosphodiester  (strain SC5314 7 °
ase GDE1 ATCC MYA-2376)
(Yeast)
. ) Mus musculus —
ADJHUZ &0 kDa lysophospholipase . .
(Mouse)
. e POTE ankyrin domain family member B Homo sapiens
ADJP26
3 {Human)
. L ) Papic anubis (Oliv [
ADMES4 Cortactin-binding protein 2 =L a.nu EUoEe -
baboon)
. Ankyrin repeat, SAM and basic leucing . _s————— 0 aEE
ADMETS o peat sal & ) Felis catus (Cat)
Zipper domain-containing protein 1
- ——

AOMSETS Cortactin-binding protein 2 Felis catus {Cat)
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Functional annotation

Owverview
Proteins matched

Domain architectures

SIMUCIUres

Literature

'

Species: Ankyrin repeat-containing domain
superfamily (IPR036770)
Key Species

Key species

<

3
o

Homo sapiens (Human)

Mus musculus (Mouss)

Danio rerio (Zebrafizh)

Oryza saiiva subsp. japonica {Rice)

Arabidopsis thaliana (Mouse-ear cress)

Drosophila melanogaster (Fruit fiy)

Caenorhabditis elegans

Saccharomyces cerevisiae (sirain ATCC 204508/ 5288c) (Baker's

Schizosaccharomyces pombe (sfrain 972 / ATCC 245843) (Fission

yeast)

Escherichia coli (strain K12}

Number of

- FASTA
proteins

1028 ¥

503 +

458 +

303 X

161 X

20 +

[+

Protein IDs



BIOINZMA Functional annotation

InterPro: protein sequence analysis & classification

InterPro provides functional analysis of proteins by classifying them into families and predicting domains and important
sites. We combine protein signatures from a number of member databases into a single searchable resource, capitalising
on their individual strengths to produce a powerful integrated database and diagnostic tool. Read more about InterPro »

Analyse your protein sequence

Download

InterProScan
Name Description Data File name
InterProScan 5.30- Download and install the latest version of InterProScan (64-bit Linux) - interproscan-3.30-69.0-64-

vi59.0
B69.0 complete documentation is available. bit tar.gz

21st June 2018

Features include:

» The addition of 411 new InterPro
entries

« An update to MobiDEB Lite (1.5)

« Integration of 528 new methods from

the CATH-Gene3D (3), CDD (73)
PANTHER (436}, Pfam (6). ProDom
(3), SFLD (1) and SUPERFAMILY (1)
databases.

Fead more

Format

gzipped .i. 64-bit




BIOINZMA/»  The GENOMA platform

Download information:
Source Genome Assembly Gene Annotation Gene Annotation Gene Sequences mRNA Sequences Protein Sequences INTERPRO results
(FASTA-big file) (GFF3) (CSV) (FASTA) (FASTA) (FASTA) (CSV)

NCEI GCF 0002241453 GCF_ 0002241453 download download download download download
ENSEMBL KH.92 KH.92 download download download download download
ANISEED KHGene 2012 KHGene 2012 download download download download download

Genome Assembly: FASTA file of all the chromosome/scaffolds/contigs;

Gene Annotation: GFF file containing information about all the annotated genes, mRNAs, UTRs, CDSs;
Gene Annotation: CSV file containing information ONLY about the annotated genes (Gene ID, chromosome, start, end, strand, functional annotation);
Gene Sequences: FASTA file of all the gene sequences;
MRNA Sequences: FASTA file of all the mMRNA sequences;
Protein Sequences: FASTA file of all the protein sequences;
I INTERPRO results: CSV file containing the INTERPROSCAN results (Gene ID, Interpro, PFAM, Panther, Pathways). I




BIOIN.MA/ Functional annotation

Ribosomal protein L5 SPECIES-SPECIFIC Agglutinin
PARALOGS & : o5 | PARALOGS
545 PARALOGS E- e . 107
metallocarboxypeptidase Fanconi anaemia protein
FANCD2

inhibitor (fruit-specific protein)
Transcriptional regulator ;’.'-
LysR family | .l _ : LM
Nuclear pore complex %= oy :: : N 5 R PR 24 Immediate early response
protein (different types) i.” ' 2 g : 3-.interacting protein 1

GPI ethanolamine
phosphate transferase 2

'.
e

ATP-diependent DNA

helicase (different type:s) L. ca e 11093 11477 : ‘ , .

E3 ubiquitin-protein . N . 8 DNA repair protein
ligase (different types) b 4786 1828 ' . RAD50
SINGLETONS | - . L i ' . SINGLETONS

1849 * . s . 2394 1035 : 928
Ethylene-responsive transcription Metallothionein-
factor (different types) like protein type 3
Zinc finger domains (different Rubredoxin-type
types) . @, SpE fold domain

peptidylprolyi isomerase
EC:5.2.1.8
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1500 Protein kinase-like domain
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300

250

N
o
o

Chalcone/stilbene synthase

! Germin, manganese binding site

100

%

InterPro Domains occurrences (Species 2)

0 ©) Q) Protein family Ycf2, chloroplast
50 100

‘ : ~ 150 200 250 300
Ribonuclease Ill domain |InterPro Domains occurrences (Species 1)
L ]

Transposase, MuDR, plant
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BIOIN/.MA Functional annotation

Carbapenem biosynthesis

Glycosaminoglycan biosynthesis

Ethylbenzene degradation (heparan sulfate / heparin)

Aflatoxin biosynthesis

Monoterpenoid biosynthesis

Nicotinate and nicotinamide metabolism
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* Comparative genomics: orthologs/paralogs prediction
 Comparative genomics: functional annotation

e Structural proteomics: 3D-modeling of protein structures
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BIOINZMA Homology modeling

Protein sequence
{modeling target)

1. Detection and selection of homologs
having known 3D structure (templates)

|

2. Alignment of modeling target
with structural template(s)

)

3. Construction and optimization of a 2D model

I

4. Assessment of model quality

1

Sufficient Mo
quality?

L Yes
Final 30 model



BIOINZMA Homology modeling

Protein sequence |
{modeling target) |

1. Detection and selection of homologs
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3. Construction and optimization of a 3D model No. of residues Pencentage
Most favoured regions [A,B,L] 218 95.2%
l Additional allowed regions [a,b,l,p] 11 4.8%
] Generously allowed regions [~a,~b,~l~p] 0 0.0%
I 4. Assessment of model quality I Disallowed regions IXX] 0 0.0%
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BIOIN/.MA Conclusions

Already available services

v Orthologs, paralogs and species-specific genes
v’ Functional annotations

v 3-D modeling

Soon available

* COMPARO: COMparative for PARalog and Ortolog genes

* Molecular dynamics simulations



