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PROGRAMA DO CURSO

> Parte |

* Introducdo a genbmica
* Introducdao a montagem e anotacao de genomas

* Analise dos dados lllumina para identificar repeats no genoma nuclear

> Parte ||

 Genomas extranucleares
* Montagem de genomas cloroplastidiais com dados lllumina no programa

NOVOPLASTY
* Anotacao e curadoria manual de genomas cloroplastidiais

 GenOmica comparativa



INTRODUCAO A GENOMICA

* GenOmica é um ramo da genética que estuda o genoma completo de um
organismo

A genOmica revolucionou a maneira de fazer a analise genética e abriu
caminhos para investigacdes que nao eram concebiveis até alguns anos

atras

e As analises de genomas inteiros hoje contribuem para todos os aspectos
das pesquisas bioldgicas

v Genética humana
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INTRODUCAO A GENOMICA

Genomas de plantas sequenciados

FGS (First Generation Sequencing)

* Sanger

Evolugio dos métodos de sequenciamento de DNA
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Current Opinion in Biotechnology




INTRODUCAO A GENOMICA
Hlumina

MiniSeq System MiSeq Series NextSeq Series HiSeq Series HiSeq X Series NovaSeq Series

|l

Power and simplicity Small genome and Everyday genome, exome Production-scale genome, Population- and production- Population- and production-scale
for targeted sequencing. targeted sequencing. transcriptome sequencing, exome, transcriptome scale human whole-genome  genome, exome, transcriptome
and more. sequencing, and more. sequencing. sequencing, and more.
7.5Gb 15Gb 120 Gb 1.5Tb 1.8Tb 1Tb -6 Tb'

MAX READ LENGTH MAX READ LENGTH

2x300 bp@ 2x150 bp

MAX READ LENGTH MAX READ LENGTH MAX READ LENGTH MAX READ LENGTH

2x150 bp 2x150 bp § 2x150 bp 2x150 bp



INTRODUCAO A GENOMICA

» Sequenciamento de molécula Unica (SMRT - Single Molecule
Real Time)
>  Reads longas

(a) Illglmina:p (b) PacBio & NanoPore
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Available online at www.sciencedirect.com

ScienceDirect

Building near-complete plant genomes
Todd P Michael' and Robert VanBuren®”



INTRODUCAO A GENOMICA

Genomas de plantas sequenciados

https://www.plabipd.de/index.ep

~400 genomas
333 Angiospermas
15-Gimnospermas
2 Chlorophyta
44 Algas \erdes




INTRODUCAO A GENOMICA

Genomas de plantas sequenciados

https://www.plabipd.de/index.ep - apresentacdo cronoldgica das espécies com genomas publicados




INTRODUCAO A GENOMICA

Genomas de plantas sequenciados
https://www.plabipd.de/index.ep - apresentacdo filogenetica das espécies com genomas publicados




INTRODUCAO A GENOMICA

 Complexidade dos genomas eucariotos

Variagao no tamanho de genomas

Organismo

\ (bacteriophage)
E. coli (bacterium)

Saccharomyces cerevisiae
(yeast)

Arabidopsis thaliana
(plant)

Drosophila melanogaster
(insect)

Homo sapiens (human)
Zea mays (corn)

Amphiuma (salamander)

Tamanho do genoma (pb)

50,000
4,640,000
12,000,000

167,000,000

180,000,000

3,400,000,000
4,500,000,000
765,000,000,000




INTRODUCAO A GENOMICA

* Complexidade dos genomas eucariotos

Porcao repetitiva do genoma

Tandem repeats

Telomeric repeat
[TTAGGG]n

centromeric satellites
N 2 2

168p  171bp

microsatellites
b

2-50p
minisatellites

.

30.350p  10-156p

Transposable elements

DNA transposons
Cut and paste DNA transposon

Pol il
6 Transposase TIR

RNA transposons
LTR retrotransposon

Paol li

non-LTR retrotransposons

LINE
Pol it
L Aln))
SINE
Pol 1l
Aln)]

Representacdo esquematica das classes de repetigdo, sua distribui¢do e suas caracteristicas estruturais



INTRODUCAO A GENOMICA

* Complexidade dos genomas eucariotos
» Poliploidia: condicao na qual uma célula ou organismo
adquire um ou mais conjuntos adicionais de cromossomos

 Comum entre plantas, bem como entre certos grupos de animais

* Autopoliploide: conjunto cromossémico derivado de uma Unica espécie

* Alopoliploide: conjunto cromossémico derivado de diferentes espécies

Autopoliploidia Alopoliploidia
Diploide Diploide Diploide
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Triploide Tetraploide Tetraploide




INTRODUCAO A GENOMICA

* Obtencao de genomas

OVERVIEW
Sequenciamento

Pré-processamento das
sequéncias

Montagem
Anotacao estrutural

Anotacao funcional



Pré-processamento das sequéncias

» Arquivo Fastq

Nome @D3NZ4HQ1:111:D2DM2ACXX:1:1101:1243:2110 2:N:0:TGACCA
Sequéncia  GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTC

+ +

Qualidade ! ""*((((***+)) F¥%++) ($3%%) (1***=4*11) ) **35CCF>>>>>>CC

Phred Quality Score

Probability of incorrect base call

Base call accuracy

10
20
30
40
50
60

1in 10
1in 100
1in 1000

1in 10,000
1in 100.000
1in 1.000.000

90%
99%
99,9%
99,99%
099,999%
99,9999%




Pré-processamento das sequéncias

Controle de qualidade dos dados brutos

@FastQC Report

Summary

@ Basic Statistics

@ Per base sequence quality

@Per tile sequence quality

@ Per sequence quality scores

@ Per base sequence content

¢} )Per sequence GC content

@Per base N content

e Y

¢} )Sequence Length Distribution

@@uence Duplication Levels

@ Overrepresented sequences

@Mpter Content

Produced by FastQC (version 0.11.8)

@Basic Statistics

Measure Value

Filename
File type
Encoding

Total Sequences

phaemallrl.fastqg

Conventional base ca

11s

sanger / Illumina 1.9

2214882

Sequences flagged as poor quality @

Sequence length

¥GC

@Per base sequence quality

36
34
==
3n

Quality scores across all bases (Sanger /llumina 1.9 encoding)

JC I OE

L

[TTITITEEEEHHH:

FASTQC

Qua 8 jul 2020
phaemaliri.fastq



Pré-processamento das sequéncias

e Controle de qualidade dos dados brutos

1.Qualidade das bases

* Phred 34 - 40;

e Phred +64 (ASCII 59 a 126) / Phred +33 (ASCII 0 a 62) - atentar para escala de phred usada no

software;

e Retirar (trimming) bases de baixa qualidade do final das reads; FASTQC

./reformat.sh qtrim=r trimq=30 in=8-_S13_1.001_R1_001.fastq out=L1R1.fastq

./reformat.sh in=L1R1.fastq out=L1R1.fasta

Quality scores across all bases (Sanger / llurnina 1.9 encoding) Quality scores across all bases (Sanger / Illumina 1.9 encoding)

j ¥k‘“‘ﬁ%‘\ I EZ____ i i____Hn\ﬁ\“”}H Bom

Ruim




Pré-processamento das sequéncias

e Controle de qualidade dos dados brutos

> Armazenamento dos dados

e Renomear as sequéncias e transformar o arquivo fastq em fasta garantem

!

economia de espaco

L1R1 1.fastg L1R1 2.fastq L1R1.fasta
815,6 Mb 546,8 Mb 216,7 Mb




Pré-processamento das sequéncias

e Controle de qualidade dos dados brutos

2.Distribuicao nucleotidica

e Deve permanecer estavel ao longo das reads;
e Associacao com a qualidade das bases;

%T Estavel - DNA de ma
%C ] = ) qualidade -
%A
%G
[ ———— = - = =
Flutuages nos ciclos = Contaminago -
iniciais




Pré-processamento das sequéncias

Controle de qualidade dos dados brutos

. Distribuicao do conteudo GC

% GC varia entre espécies e entre regioes do genoma;
WES: % GC 49-51 - WGS: % GC 38-39 (humanos);
% GC 38-42: Saccharomyces cerevisae e Mycobacterium tuberculosis;

>10% de desvio pode indicar contaminacao;

40000

35000 -

30000 -

25000

20000 -

15000 A

10000 |

5000 -




Pré-processamento das sequéncias

e Controle de qualidade dos dados brutos

SOFTWARES

* FastQC package: visualizacao - qualidade média das bases
por read, distribuicao do conteudo GC, identificacao das
reads duplicadas, etc;

* FASTX-Toolkit: qualidade das bases, distribuicao
nucleotidica;

* PRINSEQ

e BBTools - reformat.sh



Galaxy: recurso gratuito, publico e
acessivel na internet

= Galaxy

PROJECT

Analyze Data Workflow Visualize ™ SharedData~ Help~ User~

All tools should be functioning normally with the exception of RNA STAR.

Tools v X

search tools

Get Data

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group
Datamash

GENOMIC FILE MANIPULATION
FASTA/FASTQ

FASTQ Quality Control
SAM/BAM

BED

VCF/BCF

Nanopore

Convert Formats

Lift-Over

COMMON GENOMICS TOOLS
Operate on Genomic
Intervals

Fetch
Sequences/Alignments
GENOMICS ANALYSIS
Assembly

Annotation

Design by Rebekka Paisner

James Taylor (1979-2020) believed that scientific progress
can best be sustained through the mentoring of students
and junior faculty.

To ensure implementation of this vision, the Galaxy community has
established a foundation—Junior Training and Educational Connections
Hotspot (JTech). JTech's mission is to (1) assist graduate students to
participate in computational biology and data science conferences, and (2)
organize and host mentoring sessions between senior and junior faculty
members at high-profile meetings.

To make this happen we are accepting contributions. More details can be

found on the @jxtx page in the Galaxy Hub. Please, help us continue
what James has started.

Donate now

© Want to learn the best practices for the analysis of SARS-CoV-2 data using Galaxy? Visit the Galaxy SARS-CoV-2 portal at covid19.galaxyproject.org

T
'3 PennState W
JOHNS HOPKINS

UNIVERSITY

The Galaxy Team is a part of the Center for Comparative Genomics and
Bioinformatics at Penn State, the Department of Biclogy at Johns Hopkins
University and the Computational Biology Program at Oregon Health &
Science University.

TA@@ & CYVERSE'

This instance of Galaxy is utilizing infrastructure generously provided by
CyVerse at the Texas Advanced Computing Center, with support from the
National Science Foundation.



Galaxy: recurso gratuito, publico e ? Galaxy
acessivel na internet PROJECT

coursera Explorar v O que vocé deseja aprender? n

Navegar > Ciénciade Dados > Anadlise de Dados oferecido por

JOHNS HOPKINS

UNIVERSITY

Analise de Dados Genomicos atraveés do
Projeto Galaxy

L 4.8 &) 3.7 724 classificagdes - 210 avaliacbes

’ James Taylor, PhD

Parte da Série de cursos 8 Programa de cursos integrados Analise de
Dados GendmicosAnalise Gendmica

Ir para o curso Ja inscrito

18.620 ja se inscreveram




INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS
» Montagem

Processo de reconstrucao da sequéncia de DNA original a partir das reads
obtidas com o sequenciamento

Read: Fragmento que foi sequenciado
Contigs: Pedaco contiguo de sequéncia formado a partir da sobreposicao de reads

Scaffolds: Resultado da conexao entre contigs

Genome
Reads — " _—
C()n'tigs . | -



INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Montagem
Obtencao dos scaffolds
Scaffolds
* Ordered, oriented contigs
L —
mate pairs /—BQ
contigs # ﬁ

s I

gap size estimate

Scaffold




INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS
» Montagem

® De-novo e Reference
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INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Montagem
Short Reads

Long Reads




INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Principais desafios em projetos de sequenciamento de genomas de plantas
v’ Espécies altamente heterozigoticas: muitas diferencas nos cromossomos homélogos

Chr 1 Raw Assembled Collapse into single chimeric haplotype
A B Iong reads contigs ™
| : "
||| |||
I| | ||| | ’ I Assemble second haplotype using reads
|||| ||| O B ——————
11 .

Chr 2 =
A B O B
|i|l| |I|l| Graph based assembly of mixed haplotypes
i ||| | | °
| ||I|| I i
Ll 5 o

Homologous
chromosomes



INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Grafico de Montagem

Simple contigs

Heterozygous
bubbles

- (Haploytypes)

Complex repeats
(rBRNA, centromere, etc)

Repeat ‘hairball’
(High copy repetitive elements)

N

Available online at www.sciencedirect.com
ScienceDirect
FLSEVIER
Building near-complete plant genomes

Todd P Michael' and Robert VanBuren®*

Biginfarmatics, 31(20), 2015, 3350-3352

doi: 10.1093/bivinformatics/bi3E3

Advance Access Publication Date: 22 June 2015
Applications Note

Genome analysis

Bandage: interactive visualization of de novo
genome assemblies
Ryan R. Wick'-*, Mark B. Schultz', Justin Zobel® and Kathryn E. Holt



INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS
» Anotacao de genomas

- atribuicao de informacao as sequéncias gendmicas realizada através
de processos computacionais
[Ab initio J

Evidéncia

[ Estrutural ]
[ Funcional ]

v" Anotacdo estrutural: processo de identificacdo de genes e seus
introns e éxons

[ Anotac¢ao gendmica ]

v" Anotacdo funcional: processo de atribuir informacdes, como termos
de ontologia génica, a anotacao estrutural



INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Anotacao estrutural

aatgcatgcggctatgctaatgeatgeggetatgetaagetgggatccgatgacaatgeatgeggetatgetaa
tgcatgcggcetatgeaagetgggatccgatgactatgetaagetgggatccgatgacaatgeatgeggetatge
taatgaatggtcttgggatttaccttggaatgctaagetgggatccgatgacaatgeatgeggetatgctaatga
atggtcttgggatttaccttggaatatgctaatgcatgeggctatgctaagetgggatccgatgacaatgeatge
ggctatgctaatgeatgeggetatgcaagetgggatccgatgactatgetaagetgeggetatgetaatgeatg
cggctatgctaagctgggatcCgatgacaatgcathggctatgctaatgcatgngctatgcaagctgggatc
ctgcggctatgctaatgaatggtetiags getggpatccgatgacaatgeatgegs
ctatgctaatgaatggtcttgggs ggctatgctaagctgggaatgeatg
cggctatgctaagetgggatccg gcatgcggctatgcaagetgggatc
cgatgactatgctaagctgeggctatgetaatgeatgeggetatgctaagetcatgeggctatgctaagetggg
aatgcatgcggctatgctaagctgggatccgatgacaatgeatgeggetatgetaatgeatgeggctatgeaag
ctgggatccgatgactatgctaagetgeggctatgetaatgeatgeggetatgetaagetcggetatgetaatga
atggtcttgggatttaccttggaatgctaagetgggatccgatgacaatgcatgeggetatgctaatgaatggtc
ttgggatttaccttggaatatgctaatgcatgeggctatgctaagetgggaatgcatgeggctatgetaagetgg
gatccgatgacaatgcatgcggetatgctaatgcatgeggetatgcaagetgggatccgatgactatgcetaage
tgcggctatgctaatgeatgeggetatgetaagetcatgegg




INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

> Curadoria Manual

Validagao da predigao
génica

~  Proteinas | ~ Nomenclaturaigual - [ Fixacdodo

menores de 30 para todos os genes JBITITE cddon de
Correta

aa preditos " parada

Cp1002_0000
CPC231_0000

M UGA AUG UAA

v GenomeView

GencrndView - 2430
Fle Edit Hawigaton Selecton Pisgins Help

File Egtries felect Yiew Ggto Edit Creste Bun Graph [Lisplay
LYEY Chremosome: Ped.8-FLav-60610 |'

Enteys (] 5C_cpl002, enbl -
Selected feature: bases 3124 amino acids 707 SC_Cpl00z.000430 (/
w

@ rackis
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5_Cpi007, 000300 5_Cpionz. 000420 56 Cpinoz, 000450
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ATigr HIFCan HPancher MOanthe Profilescan TMPLen MNPfan can can i1r ANIPCan AT, Pattermican CPio Fatcernscan  SignalldTN Blascrrobos
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39855 40220  Profilefican hit to PSS0872, PTERIN_BINDING, score 13,314
39855 41975  HAGNPIR it to PIRSFODO38L, Cobalawin-depandent mathionina synthase, sco
39656 41975 HNMPIR hit to PIRSFODO3BL, Cobalamin-dependent methionine synthase, scoce 0.le-117
39867 40076  HIO(Ffam hit to FODBDS, Frecin_bind, 1

B.10-117

39912 41072 to PTHRZ1001:5F9, S-METHYLTE: CYSTEINE ¥E score 1.6e-119
39912 41072 to FTHRZI091, METHYLTE TE : HONOCYSTE INE FELATED, score 1.6e-119

40305 40506 BL2_BINDING_WTER, score 35.131

40326 40574 binding_2, score 7.3e-36 0 8

& _asia 0 PedB Flayv-60G10:1:96564 (73234)




INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Anotacao Funcional
v’ BLAST: Basic Local Alignment Search Tool

- BLASTX : verificar similaridade com proteinas nos bancos de dados
- BLASTN: verificar similaridade com ESTs e RNA ribossomal

NCBI: National Center for Biotechnology Information

Basic Local Alighment Search 1ool
QuickBLASTP
BLAST finds regions of similarity between biological sequences. The program Try QuickBLASTP for a fast protein search of nr.
compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance. Learmn more Tue, 23 May 2017 13:00:00 EST More BLAST news.
Web BLAST

Human Mouse Rat Microbes



INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS
» Anotacao Funcional

UniPrd.i:.;: Advancedw

BLAST Align Retrieve/ID mapping Peptide search Help Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional information.

News 00D

UniRef UniParc Proteomes
Sequence clusters Sequence archive Forthcoming changes
Py - % i @ Planned changes for UniProt
s =
q L] —
Swiss-Prot (555’1 00) UniProt release 2017_07
ﬁ Manually annotated Suppor‘tlng data A pseudogene turns into an active DNA methyltransferase
and reviewed. dedicated to male fertility
Literature citations Taxonom Subcellular locations
TrEMBL (88,032,926) v _
. ‘-11 o UniProt release 2017_06
Automatically Eukaryotic sex: good ideas shared with viruses | Change
annotated and not Cross-ref. databases Diseases Keywords of cross-references to PATRIC | New file listing deleted
reviewed. =, and subsequently reinst... v
= Wt A

B riawe archiva

Overview

Match hit

Protein names Identity

IFI46 A .| 77.6%
Q ?rl Chromophore lyase CRL, chloroplastic (Arabidopsis thaliana)
BOJGAD ni . . . — 33.5%
*@ Chromophore lyase CpcT/CpeT 3 (Microcystis aeruginosa (stra..)
Q7NNH3 — . 30.0%

e
?rl Chromophore lyase CpcT/CpeT 1 {Gloeobacter violaceus (strai..)
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» Anotacao Funcional

Gene Ontology

v’ Primeira ontologia criada em biologia molecular, 2000

v’ Consodrcio para a padronizacdo da anotac3do génica

v Vocabulario padrdo para a descricdo de genes em trés categorias
* Processo biolégico

* Funcao molecular
* Localizacao celular

the Gene Ontology
Example GO Term

ioid: GC0:0000016

E MAMmE : lactase activity

, namespace: molecular function

. def: "Catalysis of the reaction: lactose + HZ20 = D-glucose + D-galactose.™ [EC:3.2.1.108]
E SYNONYMm: "lactase-phlorizin hydrolase activity™ BROAD [EC:3.2.1.108]

| Eynonym: "lactose galactohydrolase activicy™ EXACT [EC:3.2.1.108]

. xref: EC:3.2.1.108

| xref: MetaCyc: LACTASE-RXN

\ Xref: Eeactome: 20536

E is_a: GC:0004553 !' hydrolase activity, hvdrolyvzing O-glycosvl comnpounds
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OFEN - A gene-rich fraction analysis of the
Passiflora edulis genome reveals
highly conserved microsyntenic

. regions with two related

Malpighiales species

Carla Freitas Munhoz?, Zirlane Portugal Costa’, Luiz Augusto Cauz-Santos?, AlinaCarmen

Eqgodvil Redtegui®, Nathalie Rodde?, Stéphane Cavet’, Marcelo Carnier Dornelas’, Philippe Leroy®,

Nessandro de MelloVarani ()%, Hélene Bergés® & Maria Luda Cameiro Vieira®

Passifiora edulis s the most widely cuitivated species of passionfiowers, cropped mainly for
nd fresh Despite its , litle

s known about the genome structure of P. edulis. To fill in this gap in our knowledge, 3 genomic library

was built, and now completely sequenced over 100 large.inserts. Sequencing data were assembled

from long sequence reads, and structural sequence annotation resulted in the prediction of about 1,900
) f

genes, providing d The rich pe was also

evaluated, regions of . is to ic d Manihot esculenta,
lated pe ith y g Overall, gene

order was well it i i i i such as

fwersion and bet theP.

and the compared genomes is surprising, given the long diverg the

tor. P. s h more compact than those of the other two species,
even though it i i This study provides a first P for P. edulis,

way foe o yissues in genomes

Metabolic process

Cellular process

Single-organism process

Biological regulation

Localization

Regulation of biological process

Response to stimulus

Cellular component organization or biogenesis
Signaling

Developmental process

Multicellular organismal process

A Others

Binding

Catalytic activity

Transporter activity

Nucleic acid binding transcription factor activity
Structural molecule activity

Molecular function regulator

Antioxidant activity

B Others

Cell

Cell part

Membrane

Organelle

Membrane part
Macromolecular complex
Organelle part

Membrane-enclosed lumen

c Others

634

200

400

600

800
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»Anotag¢ao Funcional @ blaStZQO

v' Anotacdo automatica

S 8ls2G0 L=t
s Bast  Mapping  Amnctation Anslysis  Statistics  Select  Tools  View ko ‘
LoadFASTA We (fasta) MO | O T >snsponzinaingspostosic O % spo
Load B26 Project Ldat)

L oad Annot ations {_amnol)

Load 10 Example Sequences -
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INTRODUCAO A MONTAGEM E ANOTACAO DE GENOMAS

» Anotacao de elementos de transposicao

* |dentificacdo e Classificacao: REPET/PASTEC

TEdenovo pipeline TEannot pipeline
TE identification TE annotation
(de novo) (knowledge based)
Repeat search De novo
l (self-alignment) consensus
TE library
_— Clustering and Similarity search
—_— — MSA (blaster, censor,
— repeatmasker)
1 —HENH  HE—-

TE families

Métodos utilizados para a identificacao de elementos de transposicao
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» Anotacao de elementos de transposicao

Classification
Order Superfamily
Class | (retrotransposons)
LIR Copia
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ERV
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Class Il (DNA transposons) - Subclass 2
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Code

RLC
RLG
RLB
RLR
RLE
RYD
RYN
RYV
RPP
RIR
RIT
RI)
RIL
RIl
RST
RSL
RSS

DTT
DIA
DIM
DTE
DTR
DI1P
DIB
DTH
DTc
DYC

DHH
DMM

Occurrence

EM.FO
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Classificacao dos elementos de transposicdao segundo Wicker et al. (2007)

Copia

—>ES-FeH- N v —>
Gypsy

—> SN v N>

Linhagens evolutivas



ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS
NO GENOMA NUCLEAR

» Anotacao de elementos de transposicao

RepeatExplorer

Discover repeats in your next generation sequencing data

» l|dentificacdo e classificacdo de elementos de transposicdao em sequéncias
curtas de DNA

* Busca por dominios de LTRs

* Analise filogenética de dominios

A cooperative scientific network devoted to the evolutionary
dynamics of Mobile Genetic Elements, Viruses and related host
genes.

* Bancos de dados glrl | ‘ Gy.DB

- REPBASE L Gypsy Database 2.0
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ESEARCH Open Access

Systematic survey of plant LTR- @
retrotransposons elucidates phylogenetic
relationships of their polyprotein domains

and provides a reference for element
classification

Pavel Neumann'®, Petr Novék, Nina Hostakova and Jifi Macas

Abstract

Background: Plant | TR-retrotransposons are classified into two superfamilies, Tyl/copia and Ty3/gypsy. They are
further divided intc an enormous number of families which are, due to the high diversity of their nucleotide
sequences, usually specific to a single or a group of closely related species. Previeus attempts to group these
families into broader categories reflecting their phylogenetic relationships were limited either to analyzing a narrow
range of plant species or to analyzing a small numbers of elements. Furthermore, there is no reference database
that allows for similarity based classification of LTR-retrotransposans.

Results: We have assembled a database of retrotransposon encoded polyprotein domains sequences extracted
from 5410 Tyl/copia elements and 8453 Ty3/gypsy elements sampled from 80 species representing major groups
of green plants (Viridiplantae). Phylogenetic analysis of the three most conserved polyprotein domains (RT, RH and
INT) led to dividing Ty1/copia and Ty3/gypsy retrotransposons into 16 and 14 lineages respectively. We also
characterized various features of LTR-retrotransposon sequences including additional polyprotein domains, extra
open reading frames and primer binding sites, and found that the occurrence and/or type of these features
correlates with phylogenies inferred from the three protein domains.

‘Conclusions: We have established an improved classification system applicable to LTR-retrotransposons from a
wide range of plant species. This system reflects phylogenetic relationships as well as distinct sequence and
structural features of the elements. A comprehensive database of retrotransposon pratein domains (REXdb) that
reflects this classification provides a reference for efficient and unified annotation of LTR-retrotransposons in plant
genomes. Access to REXdb related tools is implemented in the RepeatExplorer web server (hitps://repeatexplorer-
elixir.cerit-sccz/) or using a standalone version of REXdb that can be downloaded seaparately from RepeatExplorer
web page (https/repeatexplorer.org/).

Keywords: LTR-retrotransposons, Transposable elements, Polyprotein domains, Primer binding site, RepeatExplorer
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»RepeatExplorer

read_1

1111

read_2

read_3 mmﬂmmm
I

read_2

i read_3

1. Comparacao par a par de todas as
leituras;

read_4

" read 4

=

I
2. Agrupamento das leituras que H H “ _

compartilham semelhancas significativas de
sequéncia em clusters;

v' Esses clusters representam principalmente repeticdes, porque apenas as leituras derivadas de
seguéncias presentes no genoma varias vezes podem produzir um numero suficiente de ocorréncias
de similaridade nos dados de sequenciamento de baixa cobertura (0,01 a 0,50x);

v' Em principio, o nimero de leituras em cada cluster é proporcional a abundancia genémica da
repeticao correspondente, possibilitando sua quantificacao;
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>0001 £
>0001 r
>0002 £
>0002 r
>0003 £
>0003 r

1. Arquivo na forma interlacada

Read 2

CGTAATATACATACTTGCTAGCTAGT
GATTTGACGGACACACTAACTAGCTA
ACTCATTTGGACTTAACTTTGATAAT
TATGTTGAAAAATTGAATTTCGGGAC
TGACATTTGTGAACGTTAATGTTCAA
TATTGAAATACTGGACACARAATTGGA

2. Calculo da quantidade de sequéncias para a cobertura desejada

(N° de reads x Tamanho das reads)

Genome Coverage=

Exemplo: genoma de 1.000 Mb

Cobertura desejada: 0,25 - 0,25 =

Reads: 100 pb

Tamanho do genoma

(N°de reads x 100)
1.000 x 10°

N° de reads = 2.500.000

25 x 1. X = . . P
mmsl (0,25 x 1.000 x 10® = 250.000.000 pb
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v Inserir as sequéncias processadas
v" Processa-las dentro do RepeatExplorer

Analyze Data Workflow Visual

FASTA manipulation
Experimental Tools
Obsolete tools

Workflows

* Documentation and training information

* The impact of genome coverage and sequence read sampling on reproducibility of repeat identification
* Official Galaxy Project website with information how te use the Galaxy platform

® For command line version of the RepeatExplorer tools, see the source code repository

Tools i TN History [ il -]
R . Y
search tools epeat EXp'Orer search datasets Q
Get Data Discover repeats in your next generation sequencing data Unnamed history
RepeatExplorer2 4 shoun, 46 deleted
TAREAN Developed and maintained by the Laboratory of Molecular Cytogenetics, Institute of Plant Molecular Biology, 62.83 GB [T ) ®
Biology Centre CAS, Ceske Budejovice, Czech Republic
ChIP-Seg MaEEer . . .
This RepeatExplorer Galaxy portal is a part of services provided by ELIXIR (European research infrastructure for 50: RepeatExplorer2 - HTM @& & X
RepeatExplorer Utilities biological information). Please acknowledge this fact in your publications by adding a statement: "Computational L report from data 47
resources for RepeatExplorer analysis were provided by the ELIXIR-CZ project (LM2015047), part of the international
DANTE ELIXIR infrastructure.” 49: RepeatExplorer2 - Arch @ & X
PROFREP ive with HTML report from
If issue to open tools/history (e.g. [history_id=None] Failed to retrieve history..) then please try to clean your data 47
Text Manieulation browser cache and delete cockies or try to open new browser window in anonymous mode,
f 1 48: RepeatExplorer2 - logf @ & X
NGS: QC and manipulation e
Resources
JBrowse 47:Pd_11_25.fa @& X



Tools

search tools

Get Data
RepeatExplorer2
TAREAN

ChIP-Seq Mapper
RepeatExplorer Utilities
DANTE

PROFREP

Text Manipulation
NGS: QC and manipulation
JBrowse

FASTA manipulation
Experimental Tools
Obsolete tools
Workflows

All workflows

Developed and maintained by the Laboratory of Molecular Cytogenetics, Institute of Plant Molecular Biology,
Biology Centre CAS, Ceske Budejovice, Czech Republic

This RepeatExplorer Galaxy portal is a part of services provided by ELIXIR (European research infrastructure for
biclogical information). Please acknowledge this fact in your publications by adding a statement: “Computational
resources for RepeatExplorer analysis were provided by the ELIXIR-CZ project (LM2015047). part of the international
ELIXIR infrastructure.”

If issue to open tools/history (=.g. [history id=Nane] Failed to retrieve history.) then please try to clean your
browser cache and delete cockies or try to open new browser window in anonymous maode.

Resources
* Documentation and training information
* The impact of genome coverage and sequence read sampling on reproducibility of repeat identification
* Official Galaxy Project website with information how to use the Galaxy platform
* For command line version of the RepeatExplorer tools, see the source code repository

W Follow @RepealExplorer

News

M Csixadeentrads - X | @ NCGRSummer & X | M Inbox- sdane@u X | () Bbmap:Anaconc X | ® 88Tocks-DOEJol X | & Galaay % | 2 Galay Plattorm 0 x| [} Como ucar o Repe %

€ [¢]

i Appr M Gmaik e-mail do G.

@ repestexplorer-elixir.cerit-sc.cz/galaxy/

[ es40-usP By GoogleTradutor G Google [l = Fundaghio de Amp.. M3 Oportunidades de. @ Wnale Genome Se. ©0 Coursera | Online C.

[Pownload from web or upload from disi

Regular  Composite  Collection  Rule-based

Type (setalll:| auto-detect o] Q. Genome (setallli| - addtionsiS. |+

2 Choose local file B Choose FTP file (& Paste/Fetch data Pause Reset Start

Bl Puslished plant ge...

T Golay

T Galasy

History
search datasets

Unnamed history

4 shown, 46 deleted

62.83 GB

50: RepeatExplorer2 - HTM
L report from data 47

49: RepeatExplorer2 - Arch
ive with HTML report from

data 47

48: RepeatExplorer2 - log f
ile

47:Pd_11_25.fa

=] x

* B »§

Outros faworitos

A X

@ F X

@ F X

@ F X

@ F X
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Analyze Data Workflow

Tools T
search tools

Get Data
RepeatExplorer2

RepeatExplorer2 clustering: Improved

version or repeat discovery and
characterization using graph-based
sequence clustering

TAREAN

ChlIP-Seq Mapper
RepeatExplorer Utilities
DANTE

PROFREP

Text Manipulation
NGS: QC and manipulation
JBrowse

FASTA manipulation
Experimental Tools
Obsolete tools
Workflows

All workflows

RepeatExplorer — A N

- N
Discover repeats in your next generation sequencing data i 1

Developed and maintained by the Laboratory of Molecular Cytogenetics, Institute of Plant Molecular Biology.
Biology Centre CAS, Ceske Budejovice, Czech Republic

This RepeatExplorer Galaxy portal is a part of services provided by ELIXIR (Eurcpean research infrastructure for
biolegical infoermation). Please acknewledge this fact in your publications by adding a statement: “Computational
resources for RepeatExplorer analysis were provided by the ELIXIR-CZ project (LM2075047), part of the international
ELIXIR infrastructure.”

If issue to open tools/history (e.g. [history_id=None] Failed to retrieve history..) then please try to clean your
browser cache and delete cookies or try to open new browser window in anonymous mode,

Resources

® Documentation and training information

® The impact of genome coverage and sequence read sampling on reproducibility of repeat identification
® Official Galaxy Project website with information how to use the Galaxy platform

® For command line version of the RepeatExplorer tools, see the source code repository

News
Jan 13, 2020 Galaxy server was updated to version 19.09

RepeatExplorer2 and TAREAN tools were updated to version 2.3.7

History
search datasets

Unnamed history
4 shown, 46 deleted

62.83 GB

50: RepeatExplorer2 - HTM
L report from data 47

49: RepeatExplorer2 - Arch
ive with HTML report from
cata 47

48: RepeatExplorer2 - log f
ile

47:Pd 11_25.fa
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> RepeatExplorer

Data Workflow Visualize >

Tools w X History o Bk -]
RepeatExplorer2 clustering: Improved version or repeat discovery and characterization using graph-based sequence clustering B EEr ~ Options
search tools (x] (Galaxy Version 2.3.8) search datasets (]
Get Data NGS reads Unnamed history
RepeatExplorer2 O & O | 47:Pdi1254 -l = 4 shown, 46 deleted
62.33 GB e

RepeatExplorer2 clustering: Improved
version or repeat discovery and

nput file must contain FASTA-formatted NGS reads. lilumina paired-end reads are recommended.

Paired-end reads

characteﬂze‘it\cin using graph-based 50: RepeatExplorer2 - HTM @ ¢ X
sequence clustering Yes Mo L report from data 47
TAREAN - N . o ) - . . L - -
f paired-end reads are used, left- and right-hand reads must be interlaced and all pairs must be complete. Example of the correct format is provided in the help below. 49: RepeatExplorer2 - Arch @ & X
ChIP-Seq Mapper Read sampling ive with HTML report from
S data 47
RepeatExplorer Utilities Yes | No
48: RepeatExplorer2 - logf @ 4 X
DANTE Use this option if you want to analyze only a part of the reads ile P F g
PROFREP Select taxon and protein domain database version (REXdb)
47:Pd_11_25.4a @& X
Text Manipulation Viridiplantae version 3.0 -
NGS: QC and manipu\ation Reference database of transposable element protein domains - REXdb - is used for annotation of repeats
JBrowse Advanced options
FASTA manipulation Yes RS
Experimental Tools Select queue
Obsolete tools leng {max runtime 2 weeks, 54 GB RAM) hd
Workflows Modify parameters (optional)
All workflows I select=1:ncpus=16:mem=112gh:scratch_local=50gb - walltime=336:00:00 -q elixirre@pbs.elixir-czech.cz -v TAREAN_MAX_MEM =64000000,TAREAN_CPU=15

Execute: RepeatExplorer2
clustering: (2.3.8)

RepeatExplorer2 clustering is a computational pipeline for unsupervised identification of repeats from unassembled sequence reads. The pipeline uses low-pass whole
genome sequence reads and performs graph-based clustering. Resulting clusters, representing all types of repeats, are then examined to identify and classify into repeats
groups.

¢ Input data - > B



ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO

GENOMA NUCLEAR

> RepeatExplorer

v" Resultados

Analyze Data Workflow Vi

Tools w

search tools

Get Data
RepeatExplorer2
TAREAN

ChIP-5eq Mapper
RepeatExplorer Utilities
DANTE

PROFREP

Text Manipulation
NGS: QC and manipulation
JBrowse

FASTA manipulation
Experimental Tools
Obsolete tools

Workflows

RepeatExplorer =i B

Discover repeats in your next generation sequencing data i

Developed and maintained by the Laboratory of Molecular Cytogenetics, Institute of Plant Molecular Biology,
Biology Centre CAS, Ceske Budejovice, Czech Republic

This RepeatExplorer Galaxy portal is a part of services provided by ELIXIR (European research infrastructure for
biclogical information). Please acknowledge this fact in your publications by adding a statement: “Computational
resources for RepeatExplorer analysis were provided by the ELIXIR-CZ project (LM2015047), part of the international
ELIXIR infrastructure.”

If issue to open tools/history (e.g. (history_id=None] Failed to retrieve history..) then please try to clean your
browser cache and delete cookies or try to open new browser window in anonymous mode.

Resources

* Documentation and training information

* The impact of genome coverage and sequence read sampling on reproducibility of repeat identification
» Official Galaxy Project website with information how to use the Galaxy platform

* For command line version of the RepeatExplorer tools, see the source code repository

History C+Du
search datasets [x)

Unnamed history

4 shown, 46 deleted

62.83 GB Yee

50: RepeatExplorer2 - HTM @ 4 X

L report from data 47

49: RepeatExplorer2 - Arch @& & X
ive with HTML report from

data 47

48: RepeatExplorer2 - logf @ & X
ile

47:Pd_11_25.fa @ & %
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v" Resultados

Analyze Data Workflow Visual ared Data~  Help~ U

Tools e

search tools

Get Data
RepeatExplorer2
TAREAN

ChIP-Seq Mapper
RepeatExplorer Utilities
DANTE

PROFREP

Text Manipulation
NGS: QC and manipulation
JBrowse

FASTA manipulation
Experimental Tools
Obsolete tools

Workflows

All workflows

RepeatExplorer

Discover repeats in your next generation sequencing data

Developed and maintained by the Laboratory of Molecular Cytogenetics, Institute of Plant Molecular Biology.
Biology Centre CAS, Ceske Budejovice, Czech Republic

This RepeatExplorer Galaxy portal is a part of services provided by ELIXIR (Eurcpean research infrastructure for
biological information). Please acknowledge this fact in your publications by adding a statement: “Computational
resources for RepeatExplorer analysis were provided by the ELIXIR-CZ project (LM2015047), part of the international
ELIXIR infrastructure.”

If issue to open tools/history (e.0. [history id=None] Failed to retrieve history.) then please try to clean your
browser cache and delete cookies or try to open new browser window in anonymaous mode,

Resources

* Documentation and training information

& The impact of genome coverage and sequence read sampling on reproducibility of repeat identification
* Official Galaxy Project website with information how to use the Galaxy platform

* For command line version of the RepeatExplorer tools, see the source code repository

News

Jan 13, 2020 Galaxy server was updated to version 19.09
RepeatExplorer2 and TAREAN tools were updated to version 2.3.7

Jan 13, 2020 See changelog for detailed description of included changes. Previous versions can be found in
Obsolete tools section
RepeatExplorer tools are now available in Galaxy toolshed

Jan & 2020 Packages repeatexplorer2, dante and re_utils can be installed from Galaxy toolshed to custom Galaxy

instance if you prefer analysis using RepeatExplorer on on your server.

History c+De
search datasets [}

Unnamed history
4 shown, 46 deleted
5233 GB &%

50: RepeatExplorer2 - HTM @ 4 %
L report from data 47

49: RepeatExplorer2 - Arch @ & X
ive with HTML report from
data 47

226 GB
format: zip, database: ?

Scanning files ... .
adding: CLUSTER_TABLE.csv (deflated
79%)
adding: HOW_TO_CITE.html (deflated
49%)
adding:
PROFREP_CLASSIFICATION_TEMPLATE.csv
(deflated 82%)
adding: SUPERCLUSTER_TABLE.csv
(deflated 92%)
adding: TAREAN_consensus_rank_

3

0cC 2 »®

Compressed zip file

48: RepeatExplorer2 - logf @& & X
ile

47:Pd 11 25.a @ F X
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v" Resultados

Analyze Data Workflow V ~ SharedData~ Help~ U

Tools w

search toals

Get Data
RepeatExplorer2
TAREAN

ChIP-Seq Mapper
RepeatExplorer Utilities
DANTE

PROFREP

Text Manipulation
NGS: QC and manipulation
JBrowse

FASTA manipulation
Experimental Tools
Obsolete tools
Workflows

All workflows

+  Clustering Summary

2661222 reads total
2071799 reads in 1
o
=1 74865 supeclusters (74932 clusters) SESS2Sind|ets
2
™
w -
k=1
o
g 9 —
s
: g -
F- ] L
£ —
5 :
= - :
o b ]
E —t :
] — H :
) P —
o - — T l ] I mmmm_,i e R m |
o 10 20 30 40 50 60 70 80 20 100
Proportion of reads [%)]

Graphical summary of the clustering results. Bars represent superclusters, with their heights and widths
corresponding to the numbers of reads in the superclusters (y-axis) and to their proportions in all analyzed reads
(x-axis), respectively. Rectangles inside the supercluster bars represent individual clusters. If the filtering of
abundant satellites was performed, the affected clusters are shown in green, and their sizes correspond to the
adjusted values. Blue and pink background panels show proportions of reads that were clustered and remained
single, respectively. Top clusters are on the left of the dotted line.

Run information:

Number of input reads: 2661222
Mumber of analyzed reads: 2661222
Proportion of reads in top clusters : 68 %
Cluster merging: No

Paired-end reads: Yes

History
search datasets

Unnamed history

4 shown, 46 deleted

62.83 GB
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v" Resultados

Analyze Data Workflow Visualize =

Tools g

search tools

Get Data
RepeatExplorer2
TAREAN

ChIP-Seq Mapper
RepeatExplorer Utilities
DANTE

PROFREP

Text Manipulation
NGS: QC and manipulation
JBrowse

FASTA manipulation
Experimental Tools
Obsolete tools
Workflows

All workflows

Run information:

Mumber of input reads: 2661222
MNumber of analyzed reads: 2661222
Proportion of reads in top clusters : 68 %
Cluster merging: No

Paired-end reads: Yes

Available analyses:

Tandem repeat analysis
Cluster annotation
Supercluster annotation

Repeat annotation summary

How to cite

Novak, P., Neumann, P, Pech, 1., Steinhaisl, J., Macas, J. (2013) - RepeatExplorer: a Galaxy-based web server for
genome-wide characterization of eukaryotic repetitive elements from next generation sequence reads.
Bioinformatics 29:792-793.

Classification of repetitive elements using REXdh:

Weumann, P., Novak, P., Hostakova, N., Macas, J. (2019) - Systematic survey of plant LTR-retrotransposons
elucidates phylogenetic relationships of their polyprotein domains and provides a reference for element
classification. Mobile DNA 10:1.

The principle of repeat identification implemented in the RepeatExplorer:

Novak, P., Neumann, P., Macas, J. (2010) - Graph-based clustering_and characterization of repetitive sequences in

next-generation sequencing data. BMC Bioinformatics 11:378.

Using TAREAN for satellite repeat detection and characterization:

Movak, P., Robledillo, L.A. Koblizkova, A., Vrbova, 1., Neumann, P., Macas, 1. {(2017) - TAREAN: a computational tool

for identification and characterization of satellite DNA from unassembled short reads. Nucleic Acid Research
45:2111
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v Resultados: Sumario dos repeats anotados

Analyze Data Workflow Visualize ™

Tools S Repeat annotation summary History ormMa
search toals [x) This table summarizes the automatic annotations of superclusters that should search datasets ()
be verified and manually corrected if necessary. Thus, the table should not be
Get Data used as the final output of the analysis without critical evaluation. Unnamed history
RepeatEprorerE | Proportion[¥] | Msuperclusters | Nclusters | Nreads 4 shown, 46 deleted
Unclassified_repeat (conflicting ewidences [} ] -] -] 2 ™
TAREAN el ¢ : . 2 2 e 6283 GB “%e
| --455_rDNA @a.36 1 1 EEEE]
ChIP-Seq Mapper | | --185_rDNA ] 8 ] ]
| | --255_rDNa @.18 1 1 4858 50: RepeatExplorer2 - HT @ R
RepeatExplorer Utilities I '--5.85 rDNA e @ e e ML report from data 47
| --55_rDNA @.93 1 1 209
--satellite [} @ -] -]
DANTE ‘-,,mhue_elsment a a a a 49: RepeatExplorer2 - Arch @ & %
--Class_I @.46 1 1 12243 ive with HTML report from
PROFREP --SINE a @ a a data 47 g
. . --LTR 17.73 6 3e 471735
Text Manipulation --Ty1_copia a 8 a a
--ale a @ a a 48: RepeatExplorer2 - logf @ & %
NGS: QC and manipulation --Alesia a a ] ] ile
--&ngela l12.6 3 16 282190
--Bianca @.13 1 1 3573
JBrowse o . a a ; 47:Pd_11_25.f @ & %
3 3 --Lyco a @ @ @
FASTA manipulation Caymeo 111 b e - -
Experimental Tools Sjﬂﬁﬁil 2 Z 2 2
--Ikeros [} ] -] -]
Obsolete tools --Tvana a ) a a
--Gymco-IV a 2] a a
Workflows --Osser a a ] ]
--5IRE a @ ] ]
All workflows --TAR @ @ -] -]
--Tork a. 2 2 7823
' --Tyl-outgroup a @ -] -]
--Ty3_gypsy a a a o
--non-chromavirus [} @ -] -]
| - -nen-chromo-autgroup a @ a a
| --Phygy -] -] -] -]
|--selgy a @ a a
"--0TA a =] =] =]
| --aAthila 1. 3 3 49132
'--Tat a @ ] ]
--TatI ] 2 ] ]
--TatIl a @ =] =]
--TatIII a @ @ @
--Ogre a @ a a
"' --Retand [} @ -] -]
" --chromovirus a @ a a
| --Chlamyvir -] -] -] -]
|--Ten1 a @ a a
| --chromo-outgroup a 2] a a
| --crm a @ @ @
| --Galadriel @.98 2 2 2088
< | --Tekay 5.91 5 & 157348 S >



ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO
GENOMA NUCLEAR

> RepeatExplorer

v Resultados: Sumario dos repeats anotados

Analyze Data Workflow Vi

| --non-chromo-outgroup a L] e a
Tools w | --Phygy ] 2 ] ] History c+D &
|--selgy @ -] =] a
search tools --OTA ) 8 @ e e search datasets [x)
| --Athila 1. 3 3 45132
T -Tat a 2 ] 8 .
Get Data --TatI ) o ) ) Unnamed history
--TatIl a a ] ] 4 sh 46 deleted
RepeatExplorer2 --Tatlll @ 2 8 2 AL EICEEE
--Ogre a @ 2] 2] 3
TAREAN "--Retand @ @ 2] 2] 62.83 GB T\ 2 e
' --chromovirus @ @ -] 2]
| --Chlamywvir @ @ e 2]
ChiP-Seq Mapper |--Tenl a @ @ 8 50: RepeatExplorer2 - HT @ 4 X
Rg | --chromo-outgroup @ -] =] a - Rep plorers - &
RepeatExplorer Utilities |--can a 2 a 8 ML report from data 47
|--Galadriel @.98 2 2 2088
DANTE | --Tekay 5.91 5 6 157340 49: RepeatExplorer2 - Arch @ & X
| --Reina ] @ e o ive with HTML rt
PROFREP ' --chromo-unclass a a e a Ve pa FEpORH O
--pararetrovirus @.47 1 1 12419 data 47
Text Manipulation TTDIRS @ @ @ 2
--Penelope @ @ a 2] 48: RepeatExpl 2-logf @ & X
. ; '--LINE @ 2 @ a “he L
NGS: QC and manipulation o lmes 11 “ e 5 o ile
--Subclass_1 ] ) ] ]
JBrowse “--TIR a o a o 47:Pd_I1_25.fa @4 %
--MITE ] @ [} ]
FASTA manipulation --EnSpm_CACTA. a ) ] ]
--hAT a @ ] ]
Experimental Tools --Kolabok ] @ ] ]
--Merlin a a e a
Obsolete tools --MuDR_Mutator @ @ [} [}
--Movosib a @ 2] 2]
--P ] @ [} ]
Workflows --PIF_Harbinger @ I o @
--PiggyBac 2] @ a a
All workflows Solet 5 2 5 5
--Sola2 a =] ] a
'--Tel_Mariner @ @ =] 2]
'--Subclass_2 2] @ 2] a
'--Helitron @ @ 2] 2]
| Prupariun[%] | r-lsuperc-lu sters | s | Nreads
organelle | @ | @ | @ @
|--plastid | 1.81 | 35 | 32 43283
' --mitochondria | e.16 | 3 | 3 4143
Proportion[¥ Nsuperclusters | Mcluster Nreads
p P
Unclassified repeat (No evidence) | 28.41 | 91 | o9 756871
Proportion[¥ Msuperclusters | Mclusters | Nreads
P P




ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO
GENOMA NUCLEAR

> RepeatExplorer

v Resultados: anotacao dos clusters

Analyze Data Workflow Visualize ¥ Shared Data~ Help~ User~ Using 31%
Tools 1 S History c+ D%
search tools (] search datasets [x)

Cluster annotation
Get Data Unnamed history
For table legend see documentation

RepeatExplorerZ 4 shown, 46 deleted
TAREAN Show | 1,000 +|entries Search: ‘ | 5283 GB LY )
ChIP-Seq Mapper . Similarity
4 PP Cluster Super Proportion[%] P'roport:,un Number Grfaph hits 50: RepeatExplorer2 - HT @& 4 %
Re I iliti cluster adjusted[%] of reads layout bove 0.1%
peatExplorer Utilities [above 0.1%] ML report from data 47
DANTE 49: RepeatExplorer2 - Arch @ & X
PROFREP ive with HTML report from
1 3 18 L8 47130 68.08% Class_/LTR/Ty3_gypsy/chromovirus/Tekay: Ty3-INT data 47
Text Manipulation = = i : o % 0.81% Class_TLTR/Ty3_gypsy/chromovirus Tekay-Ty3-CHD
48: RepeatExplorer2 - logf @ &' X
NGS: QC and manipulation ile
JBrowse 47:Pd_I1_25.fa @ 4 X
FASTA manipulation ) 3 0 14 14 37033 }
Experimental Tools N read_1
Obsolete tools read_1 —MM
iz read_2
Workflows . ;9_31‘ read 2 —
54%
Al workflows 3 3 5 13 13 33703 \_ 3;: read_3 % read 3
g' iﬁn” read_4 -
=2 read_4
4 1 1 12 12 33225 %-
—-
5 3 2 12 12 31234 \\




ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO
GENOMA NUCLEAR

> RepeatExplorer

v Resultados: anotacao dos clusters

Similarity based annotation: 68.08% Class_I/LTR/Ty3_gypsy/chromovirus/Tekay:Ty3-INT
0.81% Class_I/LTR/Ty3_gypsy/chromovirus/Tekay:Ty3-CHD

= Ty3-INT
m Ty3-CHD




ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO
GENOMA NUCLEAR

> RepeatExplorer

v" Resultados

libdir 28/04/2020 13:09 Pasta de arquivos

seqclust 28/04/202013:10 Pasta de arquivos
G cluster report 28042020 13:09 Chrome HTML Do... 105 KB
ﬁ CLUSTER_TABLE 28/04/2020 13:10 Microsoft Excel C... 11 KB
C# contigs 28/04/2020 10:13 Arquivo FASTA 13.421 KB
€ documentation 28,/04,/2020 13:09 Chrome HTML Do... 13 KB
€ HOw _TO_CITE 2770472020 12:24 Chrome HTML Do... 2 KB
€ index 28/04,/2020 13:10 Chrome HTML Do... 4 KB
C# logfile 28/04/2020 13:10 Arquivo TXT 107 KB
ﬁ PROFREP_CLASSIFICATION_TEMPLATE 28/04,2020 13:09 Microsoft Excel C... b KB
| stylel 28/04,/2020 13:09 Documento de fol... 5KE
€ summarized_annotation 28,/04/2020 10:39 Chrome HTML Da... 10 KB
E surmmary_histogram 28/04,/2020 13:09 Arquive PNG 42 KB
€ supercluster_report 28/04/2020 10:39 Chrome HTML Do... 118 KB
ﬁ SUPERCLUSTER_TABLE 2870472020 10:35 Microsoft Excel C... 86 KB
% TAREAM _consensus_rank_1 28,/04,/2020 10:32 Arquive FASTA KB
C# TAREAMN consensus_rank_2 28/04,/2020 10:32 Arquivo FASTA 0 KB
% TAREAM _consensus_rank_3 28,/04/2020 10:32 Arquive FASTA D KB
% TAREAM_consensus_rank_d 28/04,2020 10:32 Arquive FASTA 0 KB

¢ tarean_report 28,/04/2020 13:09 Chrome HTML Dao... 173 KB



ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO

> RepeatExplorer

v" Resultados

@ CLUSTER_TABLE.csv - LibreOffice Calc

Arquive  Editar  Exibir  [nserir  Formatar  Estilos

Planilha

E-w-H-Q& QX8 k-

Dados
X Ao~ KM BB LIV
Liberation Sans |~ | |10 |+~ N I § A. O EE

GENOMA NUCLEAR

Ferramentas  Janela  Ajuda

ol
udl

= X 3~ % 00 @ 0Q 09

sE m-=-0- 8-

G42 vl fx ¥ =
A | B | c | | E F | ¢ | H [

_ 7 |Cluster Supercluster Size | Size_adjusted Automatic_annotation TAREAN_annotation Final_annotation
81 ] 47139 47139 Allfrepeat/mobile_element/Class_I/LTR/Ty3_gypsy/chromovirus/Tekay Other
9 2 10 37033 37033 All Other
10 3 5 33793 33793 Alllrepeat/mobile_element/Class_I/LTR/Ty3_gypsy/chromovirusi/Tekay Other
14 11 33225 33225 Allfrepeat/mobile_element/Class_I/LTR Other
12 5 12 31234 31234 All Other
136 13 29738 29738 Allfrepeat/mobile_element/Class_I/LTR/Ty3_gypsy/chromovirus/Tekay Other
14 07 14 29736 29736 Allfrepeat/mobile_element/Class_I/LTR/Ty3_gypsy/non-chromovirus/OTA/Athila Other
15 8 3 28387 28387 Alllrepeat/mobile_element/Class_I/LTR Other
16 |9 15 26462 26462 All Other
_17 10 5 25020 25920 Allfrepeat/mobile_element/Class_[/LTR/Ty3_gypsy/chromovirus/Tekay Other
18 11 2 25777 25777 Allfrepeat/mobile_element/Class_I/LTR Other
19 12 2 25549 25549 All/repeat/mobile_element/Class_I/LTR Other
20 |13 1 25485 25485 Alllrepeat/mobile_element/Class_I/LTR/Ty1_copia/Angela Other
21 |14 16 23821 23821 All Other
22 15 17 23338 23338 Allfrepeat/mobile_element/Class_I/LTR/Tyl_copia/Angela Other
23 |16 18 23212 23212 All Other
24 17 1 23144 23144 All/repeat/mobile_element/Class_I/LTR/Ty1_copia/Angela Other
25 |18 20 22270 22270 All Other
26 |19 7 22126 22126 All Other
27 20 1 21489 21489 Allfrepeat/mobile_element/Class_I/LTR/Tyl_copia/Angela Other
28 121 1 21155 21155 Allfrepeat/mobile_element/Class_I/LTR/Tyl_copia/Angela Other
29 |22 21 21035 21035 All Other




ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO
GENOMA NUCLEAR

> RepeatExplorer

v Testes com diferentes coberturas

Cobertura de 0,1: 35,30% de TEs Cobertura de 0,25: 38,01% de TEs Cobertura de 0,5: 38,17% de TEs

/
e

V%

rDNA LTR NC Aniela Bianca SIRE Tork Athila Tekai Satélite NC
l- - -I l- J

Tyl Copia Ty3_Gypsy

VV<

\




ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO

GENOMA NUCLEAR

> RepeatExplorer

v’ Teste: Passiflora loefgrenii

rDNA

45S_rDNA

0,20

18S_rDNA

0,16

255_rDNA

0,18

5S_rDNA

0,03

Mobile_element

Class_|

2,47

LTR

Tyl copia

Angela

11,64

Bianca

0,19

Ivana

0,02

SIRE

1,62

Tork

0,16

Ty3_gypsy

Athila

9,92

Tekay

5,96

Unclassified repeat

42,23

v 2n=18

74,78

v Genoma: 1283,80 Mb
v’ pb para 0,25x = 321.000.000 pb




ANALISE DOS DADOS ILLUMINA PARA IDENTIFICAR REPEATS NO

GENOMA NUCLEAR
> RepeatExplorer
v’ Passiflora loefgrenii

1000| Mb 150(|) Mb 200(: Mb 2500I Mb
[

rDNA LTR NC  Angela Bianca SIRE Tork Athila Teka Satélite NC
e N S . I I S .
L ]

]\
Tyl Copia Ty3_Gypsy
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Laboratério de Genética Molecular de Plantas Cultivadas

Analise de genomas cloroplastidiais

Luiz Augusto Cauz dos Santos



» Origem dos genomas extranucleares

A teoria da endossimbiose
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» Origem dos genomas extranucleares

A transferéncia de material genético entre os genomas

Proteobacterdum-like
l endosymbiotic ancestor

Mitochondrion

endosymbiotic ancestor

Nature Reviews | Genetics



B Chicroplast genome reduction

and gene transfer to the nucleus
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» Origem dos genomas

extranucleares

Reducao do genoma cloroplastidial

Gencme reduction

Variacao de tamanho dos genomas
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GENOMA MITOCONDRIAL

Moléculas circulares

Tamanho entre 69.2kb a 521kb (Algas)
200 a 750kb (Angiospermas)

Multiplas copias em uma célula

Em angiospermas:
Genes: 50 - 60 genes

Genes que codificam para: g o et o &
(491,515 bp)

* tRNA

* rRNA

e Citocromo oxidase
* NDH-desidrogenase
e Subunidades de ATPase

250 bp



GENOMA CLOROPLASTIDIAL

Genoma cp, plastomas, plastidios
Moléculas circulares ou lineares
Tamanho entre 107 a 218Kb
Estrutura Quadripartida

Multiplas copias em uma célula
(média de 600/célula em Arabidopsis)

Genes: ~120 genes
Genes codificadores de proteinas
~ 30 genes unicos de tRNA

~ 4 genes unicos de rRNA
(16S, 23S, 4.5S e 55)

TOBACCO

(Nicotiana tabacum)

Chloroplast DNA
155,939 bp




» Genomas cloroplastidiais em Passifloraceae

Caracteristicas de 20 genomas cloroplastidiais de espécies da familia Passifloraceae

. Total

Subgenus Species Cp genome size LSC(bp) SSC(bp) IR(bp) TotalGC% unique

(bp)

genes
Passiflora cerradensis 164,276 84,004 12,854 33,709 36,6 108
Astrophea Passiflora haematostigna 161,755 88,759 12,912 30,042 36,4 109
Passiflora rhamnifolia 162,601 89,512 12,921 30,084 36,4 109
Passiflora candollei 138,081 72,565 13,506 26,005 37,2 104
Passiflora capsularis 113,152 * * * 36,0 104
Decaloba Passiflora costaricensis 114,211 * * * 36,1 104
Passiflora suberosa 156,355 56,445 13,033 43,496 37,3 103
Passiflora vespertilio 138,456 72,902 13,158 26,196 37,1 104
Deidamioides Passiflora contracta 167,141 87,972 13,731 32,714 36,7 107
Passiflora deidamioides 167,827 82,408 13,739 35,840 36,8 107
Passiflora alata 148,113 86,001 13,494 24,309 36,9 107
Passiflora cristalina 145,053 85,661 13,530 22,931 36,8 107
Passiflora edmundoi 142,646 85,476 13,314 21,928 37,2 107
Passiflora Passiflora loefgrenii 146,320 86,153 13,267 23,450 37,0 107
Passiflora miniata 151,758 85,737 13,477 26,272 37,0 107
Passiflora mucronata 151,259 85,261 13,552 26,223 36,9 107
Passiflora recurva 151,976 86,146 13,504 26,163 37,0 107
Passiflora watsoniana 146,782 87,381 13,355 23,023 37,0 107
Dilkea Dilkea retusa 161,923 88,575 12,686 30,331 36,2 109
Mitostemma Mitostemma brevifilis 162,350 88,837 12,695 30,409 36,1 108

Cauz-Santos et al., 2020. Unpublished



» Os genomas cp sao
altamente conservados em
Angiospermas

* Exemplo na
ordem Malpighiales: Oito
regioes adjacentes de
sintenia nas sequéncias
dos genomas cp: as regioes
incluem genes, tRNAs e
rRNAs
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Alinhamento de 12 genomas cp completos de Malpighiales

Cauz-Santos et al., 2017. Frontiers in Plant Science



» Heranca citoplasmatica

Heranca uniparental de cloroplastos e mitocondrias

Female parent
AA BB,DD, diploid nucleus
cp, mt, cytoplasmic genomes

Male parent
aa,bb,dd, diploid nucleus
cp, mt, cytoplasmic genomes

Male gamete

Diploid zygote
Aa,Bb,Dd, diploid nucleus

cp, mt, cytoplasmic genomes

Cerca de 20% das angiospermas poderiam apresentar heranca biparental




» Rearranjos

Recombinacao
intramolecular entre
pequenas sequencias
repetidas dispersas no
genoma, ou genes de tRNA

Passiflora
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> Rearranjos

Recombinacao homologa intramolecular

g AlAlLYS Ae. crassa
JATAT
2004
L '
6 - --AAAAGAACCATTTTTTHT TTTCAAAATGC - - -
v
s 2795
> 4
£

-=~TATCCTTTCATTTTTTHACAGAATATTTT - - -
TAT/

!ATAT T_- aestivum

1999

)
- - -AAAAGAAQCATTTTTTIT TTACAGAATAT - - -

Inverted Repeat

Sinn et al., 2018. American Journal of Botany Ogihara et al., 1988. PNAS



AMOSTRAGEM

[ Material vegetal ]

2

Extracao de DNA total
Cerca de 1-3% de cpDNA

-

Sequenciamento
Ao menos 2GB de dados
por amostra

Enriquecimento de cpDNA

Isolamento de Cloroplastos
(Gradientes Percoll ou sacarose)

NextSeq 500 System Performance Parameters?®

Flow Cell Configuration Read Length (bp) | Output (Gb) Run Time

High Output Flow Cell 2 x 160 100-120 29 hours
Up to 400 M single reads 2575 50-60 18 hours
Up to 800 M paired-end reads 1 %75 25-30 11 hours
Mid Output Flow Cell 2 x 150 32-39 26 hours
Up to 130 M single reads
Isolamento de cloroplastos Up to 260 M paired-end reads 2 %75 16-19 15 hours

em gradiente de sacarose

Exemplo: 2Gb 1% cpDNA= 20Mb, para um genoma cp 150 Kb = cobertura de 133x



» Montagem de Genomas

Short Reads

|
|



» Montagem de Genomas

- Ajuste do tamanho do k-mer
K-mer: Subsequéncia de tamanho k

seguence ATGGAAGTCGCGGAATC

ATGGAAG

mers TGGAAGT
GGAAGTC

GAAGTCG

de Bruijn graph

GCGGAAT
CGGAATC

ATGGAAG [ TGGAAGT | GGAAGTC

GAAGTCG [ AAGTCGC | AGTCGCG

| GTCGCGG [ TCGCGGA

-

CGCGGAA

GCGGAAT

CGGAATC

K-mer alto: mais especificidade
K-mer baixo: mais sensibilidade



» Montagem de Genomas

Avaliacao do numero e tamanho dos contigs:
1) Tamanho do maior contig
2) N50: 50% do total de pb esteja contida em
contigs

Ex. calculo N50 em um genoma de 300 Mb
8 Contigs: 3Mb, 3Mb, 15Mb, 24Mb, 39Mb, 45Mb, 54Mb
e 117Mb
N50 = 54Mb



NOVOPLASTY

Montador de genomas organelares (Dierckxsens et al., 2017. Nucleic Acids Research)

A montagem se baseia na extensao a partir de uma sequéncia semente

https://github.com/ndierckx/NOVOPIlasty

NOVOPIlasty - The organelle assembler and heteroplasmy caller

organelle-assembler mitochondria chloroplast-genome-assembly heteroplasmy

-0~ 406 commits ¥ 1 branch @ 0 packages

> 31 releases

Ax 1 contributor &5 view license

Branch: master -

ndierckx Create NOVOPIasty4.1.pl

Find file Clone or download «

Latest commit dee4316 4 days ago

B Circos Create Circos.pl 9 months ago
B Test datasets Rename log_mtDNA-Server_1:100 v3.7.txt to log_miDNA-Server_1 100 v3.7... 2 months ago
[ .gitignore initial commit 5 years ago
[ LICENSE Update LICENSE 4 years ago
[ NOovOPlasty4.1.pl Create NOVOFlasty4.1.pl 4 days ago
[ README.md Update README.md 12 days ago



NOVOPLASTY

A montagem se baseia na extens3o a partir de uma sequéncia semente

Hash Tables
* Readl

ID2
ID3

* Read2

* Read3

D
D2
(D3
*

Extensions
Extended Sequence

* ID1

¢ ID2

* D3

ATC

ATCGACG

ATCGACGTGATCT
ATCAACGTGATCTAGCA
ATCGACGTGATCTAGCA
ATCGACGTGTTCTAGCATC
ATCGACGTGATCTAGCATCG
ATCGACGTGATCTAGCATCG
ATCGACGTGATCTAGCATCCAA

Consensus ATCGACGTGATCTAGCA

Assembled sequence

2

&

Scope of search 1

& >
€

<

e

Read Start Extensions

\ ¢

Verify paired reads location

Scope of search 2

»

Assembled sequence

Paired Reads



NOVOPLASTY

Arquivos que compdem o programa de montagem

Pt

DN P

&
&3
HEll
@

+

Pasta pessoal
Area de trabalho
Documentos
Downloads
Imagens

Musica

Videos

Lixeira

Outros locais

Documentos  NOVOPlasty

- R

Circos Test config.txt
datasets
Seed_
RUBP_cp.
fasta

P:;I
filcer LICENSE
reads.pl

Q == =
P:;I
NOVOPlast README.
y3.8.3.pl md



NOVOPLASTY

O arquivo config.txt deve ser utilizado para determinar os parametros a serem
utilizados na analise

e o) *config.kxt
Project:
Project name Test
Type mito
Genome Range 12000-22000
K-mer 39
Max memory
Extended log ]

Seed Input /path/to/seed file/Seed.fasta

Extend seed directly no

Reference sequence /path/to/reference_file/reference.fasta (optional)
Variance detection

Save assembled reads = no
Chloroplast sequence =

/path/to/chloroplast file/chloroplast.fasta (only for "mito_plant” option)

Dataset 1:

Read Length 151
Insert size 300
Platform illumina

Combined reads
Forward reads
Reverse reads

Single/Paired = PE
= /path/to/reads/reads_1.fastq
= /path/to/reads/reads_2.fastq

Heteroplasmy:

MAF =
HP exclude list =
PCR-free =

Optional:



NOVOPLASTY

Parametros a serem especificados no arquivo config.txt
Project name = Nome do projeto a ser utilizado para os arquivos de saida

Type = chloro (Dados de genoma cloroplastidial)
mito (Dados de genoma mltocondrial)
mito_plant (Dados de genoma mitocondrial de plantas)

Genome Range = 120000-200000 (Genoma cloroplastidial)

12000-22000 (Genoma mitocondrial)

45000-800000 (Genoma mitocondrial de plantas)
Ajustar o valor caso se tenha uma referéncia pois auxilia na correta estimacao
da circularizacao do genoma

K-mer =39 (Default)
Para dados com baixa cobertura ou com reads menores de 90 pb diminuir o K-mer para 23



NOVOPLASTY

Parametros a serem especificados no arquivo config.txt

Max memory = Determinar um valor maximo a ser utilizado caso a capacidade de
memoria seja limitada. Exemplo: Para um computador 8 GB de RAM determinar no arquivo
Max memory =7

Max memory =7

Subsampled fraction: 37.06 %
Forward reads without pair: 502077
Reverse reads without pair: 212157

Initial read retrieved successfully: GATTTTACCATGACTGCAATTTTAGAGAGACGCGAAAGCGAAAGCCTATGGGGTCGTTTCTGTAACTGGATAACC

Start Assembly...

Subsampled fraction: 20.99 %
Forward reads without pair: 286623
Reverse reads without pair: 118187

Retrieve Seed

Initial read retrieved successfully: GATTTTACCATGACTGCAATTTTAGAGAGACGCGAAAGCGAAAGCCTATGGGGTCGTTTCTGTAACTGGATAACC

Start Assembly...



NOVOPLASTY

Parametros a serem especificados no arquivo config.txt

Extendedlog=0o0ul
Utilizar 1 para gerar um log.txt final com mais informacdes de todo o processo de montagem

Save assembled reads = yes ou no
Utilizar yes para gerar um arquivo separado com todas as reads utilizadas na montagem

Seed Input = Caminho para o arquivo (Exemplo: ./nomedoarquivo.fasta)
Obs: De preferéncia utilizar uma sequéncia pequena, por exemplo, um gene cloroplastidial

Extend seed directly = yes ou no
Utilizar yes apenas se a sequéncia seed for proveniente do mesmo conjunto de dados

Reference sequence = Caminho para o arquivo (Exemplo: ./nomedoarquivo.fasta)

Variance detection = yes ou no
Utilizar yes apenas se possuir uma sequéncia referéncia

Chloroplast sequence = Caminho para o arquivo (Exemplo: ./nomedoarquivo.fasta)
Obs: utilizar esta opcao apenas se for realizar montagem de genomas mitocondriais de
plantas
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Parametros a serem especificados no arquivo config.txt.

Read Length = Exemplo: 76 ou 151
Insert size = Exemplo: 350 ou 550 para NextSeq

Platform = illumina ou ion

Single/Paired = PE
Obs: O programa aceita apenas Paired-end

Combined reads = Caminho para o arquivo (Exemplo: ./nomedoarquivo.fg ou .fastq)
Forward reads = Caminho para o arquivo (Exemplo: ./nomedoarquivo.fg ou .fastq)

Reverse reads = Caminho para o arquivo (Exemplo: ./nomedoarquivo.fq ou .fastq)
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Parametros a serem especificados no arquivo config.txt.

Heteroplasmy:

MAF = (0.007-0.49)

Obs: Proceder a montagem do genoma cp previamente sem esta opcao, e depois utilize a
sequéncia montada como referéncia e como seed.

PCR-free =yes ou no
Utilizar em casos de bibliotecas construidas com o kit TruSeq.

Optional:

Insert size auto =yes ou no
Insert Range = 1.9 (Default)
Insert Range strict = 1.3 (Default)

Use Quality Scores = yes ou no
Utilizar esta opcao quando as reads apresentarem baixa qualidade
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Rodando o programa:

1 Pastapessoal Documentos NOVOPlasty (o G I =l =)

Recentes -
Pasta pessoal J d — — _ Perl
Circos Test 8 R1_ 8 R2_ config.txt filter_ LICENSE
Area de trabalho datasets paired.fq.  paired.fq. reads.pl
gz gz
Documentos
Downloads S
erl
Imagens NOVOPlast psba.fasta = README. Seed_
y3.8.3.pl md RUBP_cp.
Musica fasta

Atividades [] Terminal ~ seg, 15:31

luiz@luiz: ~/Documentos/NOVOPlasty
Arquivo Editar Ver Pesquisar Terminal Ajuda
luiz@luiz:~$ cd Documentos/
i i cd NOVOPlasty/
Plasty$ 1s
NOVOPlasty3.8.3.pl Seed_RUBP_cp.fasta
eads.pl psba.fasta "Test datasets’
README . md
Plasty$S ./NOVOPlasty3.8.3.pl -c config.txt

NOVOPlasty: The Organelle Assembler
Version 3.8.3
Author: as Dierckxsens, (c) 2015-2019

Input parameters from the configuration file: *** Verify if everything is correct **+*

ApOs abrir o terminal e acessar a pasta com os arquivos do Programa, digitar o comando:
./NOVOPIlasty3.8.3.pl -c config.txt



NOVOPLASTY

Rodando o programa:

luiz@luiz: ~fDocumentos/NOVOPlasty

Arquivo Editar Ver Pesquisar Terminal Ajuda
Single/Paired = PE

Combined reads =

Forward reads ./8_R1_paired.fq.
Reverse reads = ./8_R2_paired.fq.

Heteroplasmy:
Heteroplasmy

HP exclude list
PCR-free
Optional:

Insert size auto
Insert range

Insert range strict
Use Quality Scores

Subsampled fraction: 20.99 %
Forward reads without pair: 286623
Reverse reads without pair: 118187

Initial read retrieved successfully: GATTTTACCATGACTGCAATTTTAGAGAGACGCGAAAGCGAAAGCCTATGGGGTCGTTTCTGTAACTGGATAACC
Start Assembly...

61752 bp assembledD
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Arquivos de saida do programa:

Recentes 2 2 i L i L .

Pasta pessoal . u u - -
Circos Test 8 R1_ 8 RZ_ config.txt  JeGhin{«NIN

Area de trabalho datasets paired.fg.  paired.fq. Test.Fasta

£t Pasta pessoal Documentos NOVOPlasty Q iz =
gz gz

contigs_
tmp_Test.
Ext
Documentos p— p—
Downloads 1 = . . Perl . .
filter_ LICENSE log_Test. Merged _ eV S FI{ Option_1_ [l Option_2_
reads.pl Ext contigs_ y3.8.3.pl Test.Fasta Ml Test.fasta

Imagens
Musica Test.bxt
Videos
Ll psba.fasta README. Seed
md RUBP_cp.
Outros locais fasta

Contigs_1 Test.fasta: Arquivo contendo os contigs que foram gerados durante a montagem

Contigs_tmp_Test.txt: Arquivo backup
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Arquivos de saida do programa:

log_Test.txt: Arquivo contendo todas as informacdes da analise.

Abrir~ I

Start Assembly...

log_Test.txt

Initial read retrieved successfully: GATTTTACCATGACTGCAATTTTAGAGAGACGCGAAAGCGAAAGCCTATGGGGTCGTTTCTGTAACTGGATAACC

Contig 01 : 64935 bp
Contig 02 : 127 bp
Contig 83 : BO6 bp
Contig 04 : 597 bp
Contig @5 : 6578 bp
(Check manually if the two contigs overlap to merge them together!)
Contig @5 : 75377 bp
Contig 06 : 6578 bp
(Check manually if the two contigs overlap to merge them together!)
Contig 06 : 75377 bp
Total contigs : 8
Largest contig : 75377 bp
Smallest contig : 127 bp
Average insert size : 312 bp
————————————————————————————————————————— Input data metrics---------=---------c--mooo
Total reads 1 7497130
Aligned reads : 1202058
Assembled reads : 1095808
Organelle genome % : 16.03 %
Average organelle coverage : 623

Texto sem formatagao ¥

Largura da tabulagao: 8 ¥

Lin 1, Col1

INS
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Arquivos de saida do programa:

Option_Test.fasta: Arquivo contendo sequencia gerada a partir da juncao dos contigs.
Os diferentes arquivos Option_Test.fasta podem diferir na orientacao das regides IRs

Abrir ~ A Option_1_Test.fasta
=Contigl
TTTGAAATAAAGATGGGTGAATTTTTTACCATAAAAT GAAATCCTCCTCCTACCGCCCATTTTTAAAATAGTTTTATTGATCAGGAATAATAACAAAAAATGGAATAAGAATAATAAATAAGAATGTCAATTCATTTCT
CAAAAATCTTCAATTCGTTAGCAATTCCGAATTTTGTCAAATAGAATTTCTTAT TAAT TAATACAATTTTTTTTITTCTTTTTTTTTAGT TGGCTAGAAAT CAAAAAGGATAGTATATCTCTTCACTTACAAAAGAGAAA

CAAAGTAAATTCCATGGCTTCCTTTCTAGATAGAATTGATAGGCAATCGAATTCCAGGTATCAGAATAGAATATAGAATGGAAAACAAGGAATGTGTCTATATCCTTGTTTTCCTATATTAGATCAGATATGCTATAGA
TATGACAAACGTACCTTTATTTCATTTTCAATTGTGGATACATACGTATCCTTAACATACTGAACCGACTGGAATTATTTGTATTAAACCAAAAGCGGTTCATACAAACTAAATCTTCGAATCGAAAATTGGGCCAAAG
ATTGAAGTAGTTTCTTTTTCTCTCTATCAAAATATTGACTTTTTTCTATAATGTCATATTGACTTTTTTCTATAATGTCAAAGCGGCTGCAGTTTTTTCTATTATTACTTTTGAAAAGTTCTGTATTCATATGAATATA
TTGAATTGAAAGAGATTAGAATTCTCAACTCTCTACGACTTCTAGTGGATAAAAGATTTTCAGGAACAAGGAAATCTTTTTTCTTTCTAAATCCAATTAGACTTTTAAGTCTTTCAATAGATTTGAAAAAATTATCTTT
TTTTTTCTCCGCATCCTTGATTAATTTGTTGTTTGGTCTTATGAACCAATAAAATAGCTATGGTTTGATACATAAGAAATTTTCCATTAAGCTTCGTCTTGTTTTTTTTCGGTACACGCGGAAACTCAACAATCAATTT
TCAATTTTAGATCTCCCCTAAGCCTATCCCTAAGCCCATCTCTTTTCTTTTGACCCCAARACCAAAAAGGTCCACATTTAATTCTCTTCGTCOGAATCAAGGATTTAATCCATAGATTTTTCTTTGTTTTGTCCTTTTGA
GTCTTTTACCAGGTAAGTATATGTTTGGATATTCGACGAAATGCTTTCGTCTACATCCTTAGCATCTATGGTCGCTCTGAATGGCTGGTGAGCTCGCCGCTCLGAGTGGCCTCAAAAGAAAATTCCCCCAACTGGGGTTT
GGTGTTTTCTGTTCTCCTGGTGTTTTTTGGTCTACTGGCGTTTTTTGGTCTACTGATGATTATTCTGCTCCTGGTTTGTGGTCTACTGATGATTATTCTTCTCTTGGCGTTTTTTGTTTTTGGTCTACTGTGGATTACT
GATTACTCTTCTACTGGTGTTTTTTGTTCTCTTTTCTATTCGGAGAAT TCATTGAAGATTCACTGGGTTCTGAAATCGAGTTTCTTTATAATTGAAAAGAAGTAATTGGGTTGGTATTACCCACGGTCTTCTCTTATAT
TCTCTCGAATTTTGAAAAAAAGAACCCCAATTCAAAATTTGATACGAGACAGTGTACTATTTCGTCATTCATTCCCATCCAATCTAACTCAGGTGGGTGTCTTTCTACAAATTCTTTACCTCTTTTGACAAGCATAGGA
TTTGTCACARRAACGATCTAGGTCACCGTCT T TCTCAAT TAT T TGATAT T TAT TCCTCT TACTCTCAGT T TCAGTATTTTCTTTGT T T T T T TCAATATTAATCCAGAATTCCATTTTTTCTTTGTTTGTAAGACAAAAA
Texto sem Formatagao * Largura da tabulacdo: 8 = Lin1, Col1 v INS
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Rodando o programa com os arquivos de Teste:

4 NOVOPlasty  Testdatasets  Chloroplast assembly Q || == = L

Recentes
Pasta pessoal Part L L

config_ NOWVOPlast Seed SRR132823 SRR132823
Area de trabalho test_ y3.8.3.pl RUBP.fasta 7_1.fasta. 7_2.fasta.
chloro.kxt az gz

Documentos

luiz@luiz: ~/Documentos/NOVOPlasty/Test datasets/Chloroplast assembly

Arquivo Editar Ver Pesquisar Terminal Ajuda
5 cd Documentos/

Option_2_Test.fasta
psba.fasta
“ircos log_Test.txt README.md
config.txt Merged_contigs_Test.t> d_RUBP_cp.fasta

Contigs_1_Test.fasta NOVOPlasty3.8.3.pl
xt Option_1 Test.fasta
nt

embly/
@ LyS 1s
config_test_chloro. Seed_RUBP.fasta
NOVOPlasty3.8.3.pl
me est dat hlc st a lySs ./NOVOPlasty3.8.3.pl -c config_test_chloro.txt

Para usar o arquivo de Teste: No terminal, acesse a pasta do NOVOPIlasty, abra a pasta Test
datasets e procure pela pasta chloroplast assembly. Para rodar a analise teste utilize
o comando:

./NOVOPIlasty3.8.3.pl -c config_test_chloro.txt




NOVOPLASTY

Arquivos de saida do programa:

arp

Recentes

Pasta pessoal

config_ Contigs_1_ conkigs_ - B NOVOPlast  [elslals], i Seed_ SRR132823 SRR132823
Area de trabalho test_ test_ tmp_test_ igs_ y3.8.3.pl test_ RUBP.fasta 7_1.fasta. 7_2.fasta.
chloro.txk chloro. chloro.txt > chloro. ; gz gz
Documentos fasta chloro.txt Fasta

Downloads

*log_test_chloro.txt

Contig 01 : 122155 bp
Contig 02 : 13669 bp
Contig 03 : 13375 bp
Total contigs 13

Largest contig : 122155 bp
Smallest contig : 13375 bp
Average insert size : 479 bp
————————————————————————————————————————— Input data metrigs-------s-rocmmmm oo
Total reads 1 279568
Aligned reads 1 271382
Assembled reads 1 246460
Organelle genome % : 97.07 %

Average organelle coverage : 305



COMO AVALIAR A MONTAGEM?

» Tamanho esperado do genoma
 Quantidade de contigs

« Média do tamanho dos contigs
* Valor de N50

 Quantidade de gaps

Geneious: Bioinformatics Software for Sequence Data Analysis
https://www.geneious.com/

Sequence Annotate & Predict Help

File Edit View Tools Sec
N - Y = Z - ¢
@ » & R " £ Q © 2 Rsearc
Back BLAST Workflows Align/Assemble Tree Primers Cloning BackUp ContactUs Help
0 of 0 selected

Sources

2 455_P._quadrangularis -

I~ 6documents Assembly-

» @ Sample Documents (624
® Deleteditems (0)
es

_ & Operations Drop files here to import

Using 247 /5756 MB memory |¢
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Para fazer o upload de um arquivo: File / Import

Geneious Prime

+~ Q  © ? Q] &Search

BLAST Workflows  Align/Assemble Tree Primers Cloning BackUp ContactUs Help

Back Fo
Sources 0 of 0 selected
[~ Local (0) A
|. 6 documents Assembly-
> & Sample Documents (624 IMew Folder | Delete File | Rename File
© Deleted Items (0)
[@ Shared Databases /homefluiz/Documentos/HNOVOPlasty | «
Operations
v gNEBI Folders Files
[ Gene J = |8_R1_paired.fq.qz =
i3 Genome_ o 8 _R2_paired.fq.gz
( Mucleotide Circos/ Contigs_1_Test.fasta
(Z PopSet Test datasets/ LICENSE
g EL%ta: d Merged_contigs_Test.bxt =
@ SNP I | MOVOPlasty3.8.3.pl E ¥Hide
[Z Structure < 2ption_1_Iest.Easta L
@ Taxonomy T T
& UniProt Selection: /home/luiz/Documentos/NOVOPlasty
Contigs_1_Test.Fasta
Filter:
Todos os Arquivos =

€ Cancel | | &/ Import

Using 260 /5756 MB memory |€
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Para fazer montagem a partir de contigs ou de reads: Align/Assemble e depois De

novo Assemble

Tools Sequence Annotate

De Novo Assemble

T =

BLAST Workflows

Sources
[~ Local (1) [ Na
[~ 455 _P._quadrangularis - ——=
" 6 documents Assembly - & 2 Col
» {2 sample Documents (624
®© Deleted Items (4, 1 unre
[@ Shared Databases
EB Operations
v = MCBI
[Z Gene
[ Genome
[ Mucleotide T |
[ Pop5Set
[& Protein
[ PubMed
@ SNP
3 Structure
[ Taxonomy
[® UniProt

Sequence\V

a » G

1. Contig01+2
2. Contig02+3

Method

Trim Before Assembly

[] Assemble by: [1st

part of name, separated by

Assembler: Ceneious | =/ | ?

Sensitivity: Highest Sensitivity / Slow v |?

Memory Required: Between 24 MB and 26 MB of 4.1 GB

Note: Paired reads can be set up or changed using Sequence > Set Paired Reads

) Trim sequences Options

@® Do nottrim

Advanced

Results

Assembly Mame [ Reads MName} Assembly

[] Save assembly report
[] Save list of unused reads
[] Save in sub-folder

[& Save contigs

[ Save consensus sequences |Options

[} Don't merge varianks with coverage over approximately

| 44 Search

10f 1 selected
en... || %GC iz

:_ 37.0% ([«
VHide’
[l a
e | 2|
|

& Circularize contigs of |2 - 'or more sequences, if ends makch

© Bv:8219.0

To specify any of the settings below, choose the Custom Sensitivity method num: 81917

@J Cancel | ——1~|

S .
| Using 1545 /5756 MB memory |€Ctrl left click 3| AGeusOntion
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Resultados da montagem: Observar se houve circularizacdao do genoma

Geneious Prime

<];

Back

® % 7 2 C © © 2

- -

: : ¢ Search
BLAST Workflows  Align/Assemble Tree Primers Cloning BackUp ContactUs Help

Sources 1 of 2 selected
L ;5“:;%) q lars 4 ||Description Modified Sequenc # Sequen...
e d:;ctiﬁfl]::tsr::?:n'?t:i;- @ - Consensuss_1_Test Assembly 2 reads from Contigs_1_Test assembled usi..
» [ Sample Documents (624 &
® Deleteditems (3, 1 unre =
[@ Shared Databases e 3 ¥
8 Operations i i
v = MCBI
[Z Gene
[Z Genome act Add/Edit Annotation | & Allow Editing @& Annotate & Predict | [ Save Ml =
7 Mucleotid — — ——
gp:;seei Ide | 10,000 G 1000 ) T X 0000 120000 120000 W2 557
[ Protein |"| .
[ PubMed )

146,536 -
@ SHP P ﬁ 0(2(%| »6 | B | 22

[Z Structure Annotations and Tracks
[ Taxonomy

[ UniProt

Contigs_1_Test

15Jun20201053pm— l ‘

Sequence View | Text View | Lineage | Info

onlioE

|Q |v b

Consensuss_1_Test Assembly

110,000

146,536 bp

This sequence has no annotations.

40,000

[l

| Using 1586 / 5756 MB memory |« Cerl left click on a sequence position or annotation, or select a regi.on to zoom in. Ctrl-shift left click to zoom out.
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Mapear reads sobre a montagem: Fazer upload do arquivo Fastq com as reads.
Abrir as opcoes em Align/Assemble e depois a funcdo Map to Reference

Map to Reference

File Edit View Tools Sequence Annotate & Predict Help
<] - E" Q} T_& { ,i// Reference Sequence: Consensuss_1_Test Assembly- Local ¥||Choose...|| ? learch
Back Forware BLAST Workflows Align/Assemble Tree 8 R_paired will be mapped to Consensuss_1_Test Assembly
Sources _ [] Assemble by: [1st part of name, separated by llected
e quadrangular Name g
=2 455_P._quadrangularis - 5 ; D | Bs =
"~ 6 documents Assembly - & ¢ 8R paired ! “Method BBl
» @ Sample Documents (624 O Consensuss_1_Test Assembly
® Deletedltems (2, 1 unre: # |Contigs_1 Test | Mapper: Geneious v | ?
[@ Shared Databases
& Operations Sensitivity: Medium-Low Sensitivity / Fast| «| | ?
¥ = MCBI
[ Gene [] Find structuralvariants, short insertions, and deletions of any size | ?
[Z Genome -
@ Nucleotide | [ Find short insertions and large deletions up to I -
[Z PopSet A . . - | DD
N v 7 ide
@ Protein Fine Tuning: Iterate up to 5 times g tid
' PubMed Large Documents | Info | IMemory Required: Between 278 IMB and 280 IMB of 4.0 GB i
& SHP _ _
& Structure Note: Paired reads can be set up or changed using Sequence > Set Paired Reads
[ Taxonomy Trim Before Mapping Results
[® UniProt
Assembly Mame | leads MName} assembled to {Referencel
[ Save assembly report
[ Save list of unused reads
) [ Save listof used reads [ ] Include mates
Trim sequences | Option: -
[] Savein sub-folder

Do not trim .
® [& Save contigs

| Coasn cancancie coamsunnene ||

™Iy i
Using 1614 / 5756 MB memory | % | | ¥ MoreOptions | OK| | Cancel
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Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no

alinhamento
Esta fungdo também permite obter a cobertura média do mapeamento

Geneious Prime

File Edit View Tools Sequence Annotate & Predict Help

<] y Q} T_& ’{ /i// L cv @ ‘) [Q[Fler ]| 4 Search

Back BLAST Workflows  Align/Assemble Tree Primers Cloning BackUp ContactUs Help

Sources 1 of 4 selected

[/ Local (4) o MName 4 || Description Modified Sequenc... |[#Sequen...|®

(2 455 _P._quadrangularis- — ——
455 P.q 9 & 8 R _paired Paired reads created from 8_R1_paired and...15 Jun 2020 11:02 pm - 34,144,258 (=

+ 8 Sample bocoments (654 & SR pairedsssenbled P lostgrnil 75055 eads from o R paied mapped Lt Jun 2020 103pm 17 T1s_sarsnte
® Deletedltems (1, 1 unre: O |Consensuss_1_Test Assembly 2 reads from Conkigs_1_Test assembled usi...15 Jun 2020 11:02 pm 146,536 5

3 Shared Databases £ Contigs_1_Test 15 Jun 2020 10:53 pm - 2

E2 Operations

¥ = MNCBI

[Z Gene
[Z Genome aC
[Z Nucleotide
[ PopSet Contig View | Lengths Graph | Insert Sizes | Text View | Lineage | Info
g EL‘:)tS:d & Allow Editing & Annotate & Predict B save 0l a
[ SHP 1 0,000 0,000 000 100000 110,000 120000 130,000 147, ,-1=| 0
[Z& Struckture
[ Taxonomy ¢

& UniProt PRy ol* % % || B

1 19,219 40,000 60,000 20,000 100,000 120,000 147715 Statistics
Consensus 6458 Stats include 1,178 hidden columns
z Nucleotide Statistics:
0 Sequences: 5,879,056
) 1 19,074 33710 55,575 79,356 99,245 119,054 146535 |dentical Sites: 29,054 (19.7%)
L+ P_|oefgrenii Pairwise Identity: 99.8%

Zoom into see 5,879,055 reads

Coverage of 147,791 bases:
Mean: 2977.3 Std Dev: 586.3

BAlnicnismn. O Bl ieiien. £ AOO

| Using 2088 / 5756 MB memory |« Cursor before column 19,219 (original base 19,074).
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Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

Exemplo: Montagem completa e mapeamento com cobertura continua

Consensus
181
B it " e e M i
[u]
1 19,901 39.821 59,754 79,619 99,559 119,462 139,405 161923
D_retusa

Exemplo: Montagem com regides erradas

Consensus
300

Coverage l ““IM
0

] 19784 ¥BIe ey TRz ¥4 113316 131552

Dilkea_retusa_cpge...

Exemplo: Montagem com regides erradas

I1 20, ::r:r:- 40, -:'Z{r:- &0, -:'ZrErE- B0, -::rErE- 1 -:rE-i L] 1 2-:-i L] 1460 5:5-
Consensus
2,653
o - W m m
1:, 35 7. 5:!:- 5::1::! r5:-1z 11:-;11 1384 '::.1

Passiflora_candollei...
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Obter sequéncia Consensus: Selecionar o arquivo de mapeamento e depois File /
Export / Consensus sequence

Geneious Prime

e Edi ew Tools quence t Help
. = P ./ =
Q@ - » @ v 3 e 2 - c. ® ? [QFer ] J¢Search
Back Forwarc BLAST Workflows Align/Assemble Tree Primers Cloning BackUp ContactUs Help
Sources 1 of 4 selected
[ Local (4) MName 4 ||Description Modified Sequenc... ||# Sequen...||R

> & Sample Documents (624

[ 455 _P._quadrangularis - - =
s 6 documents Assembly- & B_R_palred Consensus Sequence(s] S@red and...15 Jun 2020 11:02 pm - 34,144,258 [+
& = 8R paired asse apped t... 15 Jun 2020 11:03 pm 147,715 5,879,056 |

® Deleted Items (1, 1 unre, O (Consensuss_1_] Threshold: 65% v ? bled usi...15 Jun 2020 11:02 pm 146,536 -
& i - L
3 Shared_Databases & |Contigs_1_Test o e e | 15 Jun 2020 10:53 pm 2
E8 Operations
¥ = NCBI [ Assign Quality Hig ]
[Z Gene 3
[ Genome T G— IF no coverage call ¢ v E =
[ Mucleotide M call Coverage ¥Hide
[ PopSet Contig Viiew | Lengths G
[% Protein | & Trim to reference sequence 3 )
™ PubMed @ W @Extract @ d % Predict Save M a
[ SHMP [t 10,000 3000 CEE
[ Structure a ; )
@ Taxonomy [] Call Sanger Heterozygotes > =
[# UniProt .
& Append text to name of alignment | consensus sequence L AIE 0~ |% * | PR
h 147715 Statistics
Consensus o ams = | % | | A Fewer Options OK| Cancel | Stats include 1,178 hidden columns - =
z i i Nucleotide Statistics: | |
overage v v M Length: 147,715 bp v
0. Sequences: 5,879,056
, ) 1 19,074 33710 53,575 73.3% 99245 115,054 116525 |dentical Sites: 29,054 (19.7%)
P_loefgrenil Pairwise Identity: 99.8%

Zoom into see 5,879,055 reads
Coverage of 147,791 bases:
Mean: 2977.3 Std Dewv: 586.3

na hrmn. T BAoeiemmiimn. £SAOO

Using 2117 /5756 MB memory |€ Cursor before column 19,219 (original base 19,074). Mouse over column 120,973 (T) in Consensus
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Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

http://bio-bwa.sourceforge.net/

Home

Introduction BWA:

BWA is a software package for mapping low-divergent sequences against a large reference SF download page

genome, such as the human genome. It consists of three algorithms: BWA-backtrack, BWA-

Mailing list
SW and BWA-MEM. The first algorithm is designed for lllumina sequence reads up to BWA Eﬂgal a0e
100bp, while the rest two for longer sequences ranged from 70bp to 1IMbp. BWA-MEM and Repository Rage

BWA-SW share similar features such as long-read support and split alignment, but BWA-
MEM, which is the latest, is generally recommended for high-guality queries as it is faster
and more accurate. BWA-MEM also has better performance than BWA-backtrack for 70- Links:

100bp Nlumina reads.
SAMtools

FAQ MAQ

How can | cite BWA?

The short read alignment component (bwa-short) has been published:

Li H. and Durbin R. (2009) Fast and accurate short read alignment with
Burrows-Wheeler Transform. Bioinformatics, 25:1754-60. [PMID: 19451168

If you use BWA-SW, please cite:

Li H. and Durbin R. (2010) Fast and accurate long-read alignment with
Burrows-Wheeler Transform. Bioinformatics, Epub. [PMID: 20080505

(See also Errata below for a minor correction to the formulae in these papers.)

There are three algorithms, which one should | choose?



BWA

Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

Apos instalar o programa, criar uma pasta e incluir os arquivos .fastq contendo as reads e o arquivo .fasta com o
genoma cp.

~
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BWA

Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

Apos instalar o programa, criar uma pasta e incluir os arquivos .fastq contendo as reads e o arquivo .fasta com o
genoma cp.

~

& Pastapessoal Documentos Curso Q = | =

Recentes
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[ Documentos inal.Fasta
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BWA

Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

No terminal, entrar na pasta contendo 0s arquivos.
O primeiro passo sera indexar a referéncia com o comando: bwa index arquivoreferéncia.fasta

luiz@luiz: ~/Documentos/Curso

Arquivo Editar Ver Pesquisar Terminal Ajuda
:~5 cd Documentos/
umen 5

Ploefgrenii_cpgenomeFinal.fasta
bwa index Ploefgrenii_cpgenomeFinal.fasta

luiz@luiz: ~/Documentos/Curso

Arquivo Editar Ver Pesquisar Terminal Ajuda
cd Documentos/
cd Cursof

Ploefgrenii_cpgenomeFinal.fasta
so$ bwa index Ploefgrenii_cpgenomeFinal.fasta
.. 0.01 sec
Construct BWT for the packed sequence...
.10 seconds elapse.
Update BWT... 0.81 sec
L Pack forward-only FASTA... 0.01 sec
[bwa_index] Construct SA from BWT and Occ... 0.89 sec
[main] Version: ©.7.17-r1188
[main] CMD: bwa index Ploefgrenii_cpgenomeFinal.fasta
[main] Real time: ©.547 se CPU: 0.216 sec




BWA

Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

Apos indexar a referéncia, o préximo passo € conduzir o mapeamento.
Para o mapeamento podemaos utilizar o comando:

bwa mem arquivoreferéncia.fasta Arquivo_R1.fastg Arquivo R2.fastg > Nomearquivodesaida.sam

luiz@luiz: ~/Documentos/Curso

Arquivo Editar Ver Pesquisar Terminal Ajuda
luiz@luiz:~5 cd Documentos/

Ploefgrenii_cpgenomeFinal.fasta
/Doc s0$ bwa index Ploefgrenii_cpgenomeFinal.fasta
[bwa_index] Pack FAS . 0.81 sec
luiz@luiz:~/Documer bwa mem Ploefgrenii_cpgenomeFinal.fasta 8_R1_paired.fq.gz 8_R2_paired.fq.gz = aln_cpPloefgrenii.sam
::bwa_idx_load from_disk] read © ALT contigs
::process] read 134346 sequences (10000017 bp)...
::process] read 134374 sequences (10000142 bp)...
::mem_pestat] # candidate unique pairs for (FF, FR, RF, RR): (3,
::mem_pestat] skip orientation FF as there are not enough pairs
::mem_pestat] analyzing insert size distribution for orientation FR...
::mem_pestat] (25, 50, 75) percentile: (244, 306, 373)
::mem_pestat] low and high boundaries for computing mean and std.dev: (1, 631)
::mem_pestat] mean and std.dev: (310.84, 96.82)
em_pestat] low and high boundaries for proper pairs: (1, 768)
::mem_pestat] skip orientation RF as there are not enough pairs
::mem_pestat] skip orientation RR as there are not enough pairs
::mem_process_seqs] Processed 134346 reads in 3.935 CPU sec, 3.711 real sec
::process] read 134426 sequences (10000089 bp)...




BWA

Mapear reads sobre a montagem: Avaliar a continuidade da cobertura no
alinhamento

Arquivos de saida do mapeamento:
O arquivo .sam com as informagdes do mapeamento precisa ser convertido para o formato .bam

~

it Pasta pessoal Documentos Curso Q H= =

Recentes f \ f \ h
i{r Pastapessoal u u . - . =1 .
8 R1_ 8 R2_ aln_ Ploefgrenii  Ploefgrenii Ploefgrenii Ploefgrenii  Ploefgrenii
[ Areadetrabalho paired.fq.  paired.fq. cpPloefgre _ _ _ B
gz gz nii.sam CPgenom... Cpgenom... CPGeNom... CPgenom... Cpgenom...
[ Documentos
¥ Downloads s s
B Imagens Ploefgrenii  Ploefgrenii
dd  Musica cpgenomeF  cpgenomeF
inal.Fasta.  inal.Fasta.
@ Videos pac sa
m

Lixeira

+

Outros locais



SAMTOOLS

Manipular arquivos em formato .sam

http://samtools.sourceforge.net/

SAMTools in C

This is the C implementation of SAMTools. This implementation comes as a library in C and
a command line tool that packages several utilities including:

= import: SAM-to-BAM conversion

= view: BAM-to-SAM conversion and subalignment retrieval
= Sort: sorting alignment

= merge: merging multiple sorted alignments

= index: indexing sorted alignment

= faidx: FASTA indexing and subsequence retrieval

= tview: text alignment viewer

= pileup: generating position-based output and consensus/indel calling

AP| documentation is available here. The full manual page of the command line tool is here.

Pileup format is further explained in this page. Most examples showed on this website
are extracted from the example alignment that comes with the source code package.

<& SOURCEFORGE githUb

SOCIAL CODING

Home

General Information

SAM Specvld

SF Project Page

SF Download Page
GitHub Project Page
Mailing Lists
Related Software
FAQ

SAMtools in C

General Introduction
Manual Pages

Variant Calling (mpileup)
Text Alignment Viewer

AP| Documentation
Example C Program

Working_on a Stream

Open Tasks

\iar Callinn fdanraratad)



SAMTOOLS

Converter o arquivo .sam em um arquivo .bam

No terminal, entrar na pasta contendo 0s arquivos do mapeamento.

luiz@luiz:~700cumentos/€uraa$ samtools

: samtools (Tools for alignments in the SAM format)
1.7 (using htslib 1.7-2)

samtools <command= [options]

-- Indexing
dict create a sequence dictionary file
faidx index/extract FASTA
index index alignment

Editing

calmd recalculate MD/NM tags and '=' bases
fixmate fix mate information

reheader replace BAM header

targetcut cut fosmid regions (for fosmid pool only)
addreplacerg adds or replaces RG tags

markdup mark duplicates

File operations

collate shuffle and group alignments by name

cat concatenate BAMs

merge merge sorted alignments

mpileup multi-way pileup

sort sort alignment file

split splits a file by read group

quickcheck quickly check if saM/BAM/CRAM file appears intact
fastq converts a BAM to a FASTQ

fasta converts a BAM to a FASTA

Statistics

bedcov read depth per BED region

depth compute the depth

flagstat simple stats

idxstats BAM index stats

phase phase heterozygotes

stats generate stats (former bamcheck)

-- Viewing
flags explain BAM flags
tview text alignment viewer
view SAM<->BAM<->CRAM conversion
depad convert padded BAM to unpadded BAM




SAMTOOLS

Converter o arquivo .sam em um arquivo .bam

Na pasta contendo os arquivos, utilizar a op¢do samtools view para fazer a conversao do arquivo.

luiz@luiz: ~/Documentos/Curso

Arquivo Editar Ver Pesquisar Terminal Ajuda

luiz@luiz:~/Documentos/Curso$ samtools view -o aln_cp.bam aln_cPPIDefgrenii,SaﬂD

-

Apds converter o arquivo, utilizar a opcdo samtools sort para ordenar as leituras mapeadas no arquivo .bam

luiz@luiz: ~/Documentos/fCurso

Arquivo Editar Ver Pesquisar Terminal Ajuda
luiz@luiz:~/Documentos/Curso$ samtools sort -T ftmp/aln.sorted -o aln.sorted.bam aln_cp.bam

Ao final, utilizar a op¢do samtools index para indexar o arquivo sorted.bam

luiz@luiz: ~/Documentos/Curso

Arquivo Editar Ver Pesquisar Terminal Ajuda

luiz@luiz:~/fI imentos/Curso$ samtools sort -T ftmp/aln.sorted -o aln.sorted.bam aln_cp.bam
[bam_sort c ] mcrglng from 16 files and 1 in-memory blocks.
luiz@luiz:~/Documentos fCurso$ samtools index aln.sorted.bam




SAMTOOLS

Ao final sera gerado um arquivo .bai que serd utilizado para visualizar o alinhamento.
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INTEGRATIVE GENOMICS VIEWER (IGV)

Para visualizar o resultado do mapeamento utilizar o IGV.

http://software.broadinstitute.org/software/igv/

[ 1| Integrative
gv Genomics
Viewer

4% Home
¥ Downloads
[E] Documents
=IGV User Guide
Tutorial Videos
= File Formats
Hosted Genomes
FAQ
wRelease Notes
Credits
@ Contact

Search website

© 2013-2018

Broad Institute

and the Regents of the
University of California

Home

Integrative
Genomics
Viewer

Overview

The Integrative Genomics Viewer (IGV) is a
1l high-performance visualization tool for
e semes interactive exploration of large, integrated
= genomic datasets. It supports a wide variety of
data types, including array-based and next-generation
sequence data, and genomic annotations.

IGV is available in multiple forms, including:

« the original IGV - a Java desktop application,
+ IGV-Web - a web application,

Citing IGV

To cite your use of IGV in your publication, please reference
one or more of:

James T. Robinson, Helga Thorvaldsddttir, Wendy Winckler,
Mitchell Guttman, Eric 5. Lander, Gad Getz, Jill P.

Mesirov. Integrative Genomics Viewer. Nature
Biotechnology 29, 2426 (2011). (Free PMC article here).

Helga Thorvaldsdattir, James T. Robinson, Jill P. Mesirov.
Integrative Genomics Viewer (IGV): high-performance
genomics data visualization and exploration. Briefings in




INTEGRATIVE GENOMICS VIEWER (IGV)

Apos fazer o download do programa, utilizar o arquivo executavel igv.sh

1 Pastapessoal Documentos IGV_Linux_2.8.6

Recentes

Pasta pessoal ‘

Area de trabalho jdk-11

e

lib igv.args igv.sh IGV_64.png igv_hidpi.sh readme.txt

Documentos

luiz@luiz: ~/Documentosf/IGV_Linux_2.8.6
Arquivo Editar Ver Pesquisar Terminal Ajuda
luiz@luiz:~$ cd Documentos/
luiz@luiz: S cd IGYV Linux 2.8.6/
luiz@luiz:

igv.args 1igv_hidpi.sh 1igv.s readme.txt

luiz@luiz:




INTEGRATIVE GENOMICS VIEWER (IGV)

Ap0s abrir o programa:

| File Genomes View Tracks Regions Tools Help
Human hgl9

~ | - Go o0 =n |0
EREmmm———— -,
-
1 2 5 7 2 11 1z 15 17 13 21 X
2 4 [ g 1a 1z 14 1& 1= 20 22 N
| | | | | | | | | | | | | | | I T I 11

[»d]

Para abrir a sequéncia referéncia clicar em Genomes e depois em Load Genome from File

File Genomes View Tracks Regions Tools Help
Ploefgrenii_cpgeno... |+ ||Passiflora_loefgrenii_cpgenome -

@ 0O = 2

NN IR

Y
kb 20 kb

I K




INTEGRATIVE GENOMICS VIEWER (IGV)

Abrir o arquivo de mapeamento clicando em File e depois em Load from File
Abrir o arquivo .bam (O arquivo .bai deve estar ne mesma pasta)

GV -
File Genomes View Tracks Regions Tools Help
Ploefgrenii_cpgeno... |+ ||Passiflora_loefgrenii_cpgenome ~ | |oefgrenii_cpgenome:65,577-80,961 | Go | FoF % | o= 2 | EREEEE IREEREEE
1 | W
15 kb
66 kb 62 kb 70 kb 72 kb 74kb 76 kb 72 kb 20 kb
| | | | | | | | | —
| [ 1=
[0 - 5538] e
aln.sorted.barn Coverage ;
| | | - |
G I 1 I [ | |
[ | | I |
| 5 | |
[ - | G I Il
| | | I | 11
| . | | I [ |
| | ] | | | [ H 1 I 1
I 1 | | B | [ | |
| E | I
I ([ |
aln.sorted barn | 1 || - 1 | ! | | L ! |
| I |
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I | | |
| I I I Il I 1 | I
I | | | Il |
| | | I | |
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GENEIOUS

Estimar o tamanho das regioes repetidas invertidas IRs: Fazer o upload da
sequéncia final da montagem

Geneious Prime

File Edit View Tools Sequence Annotate & Predict Help

<] o E" Q;r T_& 4" .g: cv @ .) D J4 Search

Back Forwart BLAST Workflows Align/Assemble Tree Primers Cloning Back Up ContactUs Help
Sources 1 of 5 selected
L _%“:gé(g) q ari MName a ||Description Modified Sequenc... ||# Sequen...|™
; ._quadrangularis -
pe Gdc)_cuﬁfl]ents Assgembly- £ 8 R paired Paired reads created from 8 R1_paired and...15 Jun 2020 11:02 pm - 34,144,258 (=
L4 Lj sample Documents (624 % B_R_paired assembled to P_loefgrenii 5,879,055 reads from 8 R_paired mapped t... 15 Jun 2020 11:03 pm [147,715 5,879,056
® Deleteditems (3, 1 unre: O |Consensuss_1_Test Assembly 2 reads from Contigs_1_Test assembled usi...15 Jun 2020 11:02 pm (146,536 5
[@ Shared Databases £ Contigs_1 Test F 15 Jun 202010:53 pm - 2
E2 Operations & & P_loefgrenii_cpgenome _consensus_mapping 5,879,055 reads from 8_R_paired mapped t... 15 Jun 2020 11:26 pm 146,537 i
v = NCBI
[ Gene -
[ Genome [0 ] DD
[ Mucleotide =
[Z PopSet Sequence View | Text View | Lineage | Info
[ Protein i X
[ PubMed @ W @Extracc @RC &) Translate &b Add/Edit Annotation & Allow Editing & Annotate & Predict Save M a
[Z SMP |] 10,000 20,000 30,000 40,000 50,000 80,000 50,000 00000 110000 120000 130000 65 g
[3& Structure | =t |
[ Taxonomy ¢ —
[ UniProt o » 02]%| ae |l 2| 32

Statistics

Nucleotide Statistics:
Length: 146,537 bp | |
Rough Tm: 84.5°C 1

Freq %

44,819  30.6%

27,583 18.8%

26,717  18.2%

47,418 32.4% -

e

| Using 1613 /5756 MB memory |« Ctrl left click on a sequence position or annotation, or select a region to zoom in. Cerl-shift left click to zoom out.




GENEIOUS

Estimar o tamanho das regioes repetidas invertidas IRs: Abrir as opcdes em
Annotate & Predict e depois a funcao Find Repeats

Geneious Prime

G - » Q} = 4«; - cv @ ? [Q[Filter | 44 Search

Back Forware BLAST Workflows  Align/Assemble Tree Primers Cloning Back Up ContactUs Help
Sources 10of 5 selected
! _':_“:?é(? J lori MName 4 | Description Modified Sequenc... |# Sequen...| R
18] ._quadrangularis -
.; GdD_CUE:Ients As?embly— £ 8 R paired Paired reads created from 8 R1_paired and...15 Jun 2020 11:02 pm - 34,144,258 -
» @ Sample Documents (624 = 8 R _paired assembled to P_loefgrenii 5,879,055 reads from 8 R _paired mapped t... 15 Jun 2020 11:03 pm 147,715 5,879,056
o remre 2 oo+ I L N . oo oo
[@ Shared Databases & Contigs_1_| Inc repeats | 15 Jun 2020 10:53 pm - 2
. g ﬁgglrations & & P_loefgreni Minimum repeat length: ([ - dt..15Jun 2020 11:26 pm 146,537 -
[ Gene { Maximum mismatches: |0 T % i >
[ Genome [[e—— | = -
[ Mucleotide - [ Exclude repeats up to bp longer than contained repeat heiia
[Z Pop5Set Sequence View | Tey
@ Protein =[] Exclude contained repeats when longer repeat has frequency at least =
@ Publved @ W O Extrad dict | Save M =,
@ SHP
& Structure Maximum repeats (approximate) to find: | 10,000 : F a3
[ Taxonomy ¢ :
& UniProt - OK|  Cancel o » 0l%l%| se || 2| 32 5
Annotations and Tracks uﬂﬂ
=
! 10,000 20000 30000 40,000 50,000 60,000 80000 50,000 00000 110,000 120000 30,000 145537 |Q |v 7| &
o
This sequence has no annotations. &

| Using 1256 /5756 IMB memory |« Ctrl left click on a sequence position or annotation, or select a region to zoom in. Ctrl-shift left click to zoom out.




GENEIOUS

Tamanho, localiza¢ao e orientacao das regioes repetidas invertidas:

Geneious Prime

File Edit View Tools Sequence Annotate & Predict Help

@ B @ = 7 “ © ? QT ] & Search

Back Forwart BLAST Workflows Align/Assemble Tree Primers Cloning BackUp ConkactUs Help
Sources 10f 5 selected
" Local (5) MName s ||Description Modified Sequenc... ||#Sequen...|R
2 455_P._quadrangularis - = = = =
1 6 documents Assembly - & 8 R paired Paired reads created from 8 R1_paired and...15 Jun 2020 11:02 pm - 34,144,258 [~
» 2 Sample Documents (624 = B_R_paired assembled to P_loefgrenii 5,879,055 reads from 8_R_paired mapped t...[15 Jun 2020 11:03 pm 147,715 5,879,056
® Deletedtems (3, 1 unre: QO |Consensuss_1_Test Assembly 2 reads from Contigs_1_Test assembled usi...15 Jun 2020 11:02 pm 146,536 5
3 Shared Databases £ Contigs_1_Test - 15 Jun 2020 10:53 pm - 2
&8 Operations ¥ & P_loefgrenii_cpgenome_consensus_mapping 5,879,055 reads from 8_R_paired mappedt... 15 Jun 2020 11:26 pm 146,537 -
v = MCBI
[Z Gene =
[Z Genome X j D
[Z Mucleotide Pz
[Z PopSet Sequence View | Text View | Lineage | Info
[% Protein i )
@ PubMed @ wp (@Extract @RC A Translate & Edit Annotations & Allow Editing @ Annotate & Predict Save [l a
[ SHP | 50000 E0000 7 00 0000 100000 | o
[Z Structure | | 3
[ Taxonomy v
[® UniProt 7 - o . ||
D » 0[2/% [+ P2 32 =
Annotations and Tracks l
I1 Z':'_'I:'I' 44,366 67.815 81,082 104,531 12':'i'}:':' 145_53:" @ Show SUBCIEEonS {2} 1 D
P_loefgrenii_cpgenome_consensus_m... ! ; 4 |Q |v » 73
~ |dentical Repeats (1000bp+) Repeat 1 % # Repeat 1 ‘ (o]
& Tracks Options = e
[& Identical Re...ts (1000bp+) (2) =~ < » %
f. Columns B Track # <] Pop out :T

Using 92 /5756 MB memory | Selected 46,900 bases from 44,366 to 104,531. Mouse over base 142,444 (C)

OBS: Para a anotacdo e depdsito da sequéncia, o ideal apos identificar a localizacéo das IRs € alterar o inicio da
sequéncia do genoma cp. Considere como inicio da sequéncia a primeira base apds a segunda IR

Desta forma o inicio da sequéncia sera a primeira base da regido LSC




OBTER INFORMACOES DAS REPETICOES

https://bibiserv.cebitec.uni-bielefeld.de/reputer/

Universitat Bielefeld

Navigation REPuter

+ Tools
m Submission WebService i Download W ELUEL | References
¥ Alignment

¥ Evolutionary Relationships

Author: S. Kurtz
% Genome Comparison

The repetitive structure of genomic DNA holds many secrets to be discovered. A ‘ Dov,nload NoRe

AGenDA systematic study of repetitive DNA on a genomic or inter-genomic scale requires Bownload
Aggloindel extensive algorithmic support. The REPuter program was designed to serve as a Do faranaos
fundamental tool in such studies. Efficient and complete detection of various types TCRProfiler e
CEGeD of repeats is provided together with an evaluation of significance and interactive L e '
visualization. weicome REPuter
CG-CAT BiBiSary Tea
DCJ P — Statt L7
REPuter References
FFGC g ROCOCO Intr
Gecko ; 3 o ) ) Dialign libfid
The website provides a partly limited online version of REPuter. The uploaded MoRAiIne
GEvolutionS data size is hard limited to 5 Mb and a maximum of 5000 repeats is calculated due :SuMsearcl etrans
our server capacity. There is a standalone version of REPuter available for Linux, PoSSuMsearch mmfind
GraphTeams OSX, Solaris, Irix and Alpha. If you are interested to obtain a standalone version, - Manual AGT-SDE
MGA please download the license agreement and follow the instructions. : T

newdist



+* Tools

# Alignment

¥ Evolutionary Relationships

+ Genome Comparison
AGenDA
Aggloindel
CEGeD
CG-CAT
DCJ
FFGC
Gecko
GEvolutions
GraphTeams
MGA
newdist

REPuter

+ Tools

¥ Alignment

¥ Evolutionary Relationships

+ Genome Comparison
AGenDA
Aggloindel
CEGeD
CG-CAT
DCJ
FFGC
Gecko

GFRunhitinnS

+ Tools
¥ Alignment
¥ Evolutionary Relationships
+ Genome Comparison
AGenDA
Aggloindel
CEGeD
CG-CAT
DCJ
FFGC

L

Nuclear Acid Repeat Calculation: Compute repeats in nuclear acid sequences.

DNA input sequence:

(1) Select data input method :

'®) File Upload

'/ Copy & Paste

' AWS support
File on Server

Can be activated on local
instances.

A nuclear acid sequence.

(2) File Upload:

}D |

File "Consensus_Ploefgrenii.fasta” successfull uploaded!

Skip validation and format-conversion step. If activated you

-
¥ No o only use the following format: Fasta

" Yes

1/3

L ¥

Match Direction (?)
¥ Forward (direct) [-]
¥ Reverse [-]

¥ complement [-c]

¥ palindromic [-p]

Edit distance (7) Hamming Distance (?)

| C |

Maximum Computed Repeats (7) Minimal Repeat Size (?)
js0 | ko |

L

(1) Select handling of the
result

'®' Download from
BiBiServ2

Upload to AWS Bucket

The result will be downloadable directly from BiBiServ2 after the tool finished.

| start calculcation



OBTER INFORMACOES DAS REPETICOES

Navigation REPuter[reputer_function_nuclear_acid_repeat_calculation] - Result
+ Tools
¥ Alignment

# Evolutionary Relationships  Ip: bibiserv2_2020-06-16_044249_g9snF A

+ Genome Comparison
AGenDA

Aggloindel

CEGeD View/Filter Result using interactive viewer (recommend)
CG-CAT

DCJ

FFGC Output represented in Format depending on Tool format

Gecko

# /vol/bioapps/bin/repfind -c -f -p -r -1 38 -h 3 -best 50 /var/bibiserv2/anonymoi
i iy iel el S e eputer/16/04/42/bibiserv2 2020-06-16 044.

97 156 -3

46 296 0O
49 49250 -1

F 9.58e-43
96 222 F 96 146441 -3 3.71e-42
76 242 F 76 146461 © 1.86e-36
80 31934 F 80 32000 -3 9.17e-33
79 17834 F 79 18258 -3 3.53e-32
b2 4848 P 62 4048 0 2.84e-28
71 le4 F 71 212 -3 1.67e-27
64 31891 F 64 31957 -1 3.41e-27
67 17846 F 67 18270 -2 5.52e-27
63 109493 F 63 109524 -2 1.25e-24
B3 145383 F 63 145650 -2 1.25e-24
54 74244 P 24 74244 0 1.86e-23
57 15316 F 57 15336 -1 4.97e-23
57 31857 F 57 32023 -1 4.97e-23
58 31898 F 58 32022 -2 1.088e-21
51 145461 F 51 145710 @ 1.19e-21
54 234 F 54 288 -1 3.081e-21
28 292 F 50 146457 0 4.76e-21
52 145913 F 52 146015 -1 4.65e-20
26 95 F 56 203 -3 8.71e-19

F 1.

p 2.



ANOTACAO

CHLOROBOX: Programas para analises com dados de genomas
organelares
https://chlorobox.mpimp-golm.mpg.de/

Max Planck Institute of Molecular Plant Physiology

CHLOROBOX | GeSeq | GB2sequin | OGDRAW | LOLA | GBSON | ISE-G2015 | Contact | Disclaimer

I The CHLOROBOX offers software tools for analyses of plant derived nucleic acid and protein sequences.
CHLOROBOX

GeSeq
Open Chlorobox Programs

GB2sequin
OGDRAW .

GeSeq GB2sequin OGDRAW
LOLA Annotation of Organellar Genomes Creation of NCBI Update or Draw High-Quality Graphical Maps of

Submission Files frorm GenBank Files Organellar Genomes

GBSON
ISE-G 2015
Contact

LOLA Genbank-JSON
Disclaimer - Converter

Extraction and Pa

Convert Genbank files to JSON and
back using GBSON-Naotation.




Geseq: Anotagdo de genomas organelares
(Tillich et al., 2017. Nucleic Acids Research)

https://chlorobox.mpimp-golm.mpg.de/geseq.html

User input sequence(s)[FasTa |
References  t0annotate I_’ [ Ig\;ir;gf
p .

GenBank
ARAGORN J> ARAGORN

| CDS, rRNA, tRNA | tRNAscan-SE P tRNAscan-SE
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ANOTACAO

Geseq: Anotacao de genomas organelares
(Tillich et al., 2017. Nucleic Acids Research)

https://chlorobox.mpimp-golm.mpg.de/geseq.html

X | GeSeq | GB2sequin | OGDRAW | LOLA | GBSON | ISE-G2015 | Contact | Disclaimer

GeSeq - Annotation of Organellar Genomes
CHLOROBOX

GeSeq
I GeSeq has been developed for a rapid and accurate annotation of organelle genomes, in particular chloroplast genomes.

Please take a look at our documentation which includes a quickstart section and do not hesitate to report bugs or suggestions for improvements by email.

Citations keep this server running. If you use GeSeq please cite:

Tillich M, Lehwark P, Pellizzer T, Ulbricht-Jones ES, Fischer A, Bock R and Greiner S (2017) GeSeq - versatile and accurate annotation of organelle genomes. Nucleic Acids

Browser Compatibility n A5: WE-W11
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3rd Party tware

Alternati

Hover over buttons for tips. To load an example job, press "Example” in the "Actions” field.

FASTA file(s) to annotate BLAT Reference Sequences
Difl i © Upload File(s) Server References

OGDRAW I have read and accept the Disclaimer
v | — v

GB2sequin



FASTA file(s) to annotate BLAT Reference Sequences

1 file in list © Upload File(s)

Ploefgrenii_cpgenome.fasta

I

= Circular () Linear

Sequence source
w Plastid o Mitochondrial

¢ Generate multi-GenBank

¥ Generate multi-GFF3

¥ Generate multi-GBSON

¥ Generate multi-FASTA
Generate codon-based alignments
Displav raw BLAT outout

Annotation

BLAT search

¥ Annotate plastid IR

¥ Annotate plastid trans-spliced rps12

< Ignore genes annotated as locus tag
Ignore genes annotated as ORFs

Protein search identity
|25 |

rRNA, tRNA, DNA search identity
(60 |

HMMER profile search

Embryophyta chloroplast (CDS + rRNA)

3rd Party tRNA annotators
B ARAGORN v1.2.38

Genetic code
| Bacterial/Plant Chloroplast v

Max intron length
3000 bp

Options
Allow overlaps
Fix intron
Report low scoring tRNAs

Server References

Add NCBI RefSeq(s)

[no Refseq selected

MPI-MP chloroplast references
(Embryophyta CDS + rRNA)

Custom References
GenBank/ENA

0 files in list

© Upload File(s)

FASTA Nucleotide (CDS)

0 files in list

© Upload File(s)

FASTA Nucleotide (tRNA, rRNA, primer, other DNA

or RMA)
© Upload File(s)

0 files in list

B tRNAscan-SE v2.0.5

Sequence source
| Organellar tRNAs v

Search mode
| Default v|

Genetic Code
| Universal v

Cut-off score for reporting tRNAs
15

Score and report output options

+ Disable pseudogene checking
Display detailed prediction output
Show origin of first-pass hits

Show primary and secondary structure
components to scores

I have read and accept the Disclaimer

|

Passos:

» Abrir o arquivo .fasta em Upload file;

» Escolher as opcdes de arquivo de saida (GenBank,
multi-GFF3);

 Selecionar Annotate plastid IR e Annotate plastid
trans-spliced rps12;

+ Alterar os valores para Protein search identity de
acordo com o seu conjunto de dados e das
referéncias da anotacao;

 Selecionar as referéncias para a anotagdo em BLAT
Reference Sequences (Dica: Usar o MPI-MP
chloroplast references);

* Submeter a anélise clicando em Submit.




CHLOROBOX

GeSeq

GB2sequin
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|
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1 filein list Upload Fi

Server References
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Seq(s)
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Sequence source

@ Plastid & Mitochondrial * MPI-MP chloroplast references

(Embryophyta CDS + rRNA)

Options

Generate multi-GenBank
| Generate multi-GFF3
¥ Generate multi-GBS0)
¥ Generate multi-FAZTA 0 files in list
Generate codp

Custom References
GenBank/ENA

© Upload Fi

-based alignments

FASTA Nucleotide (CD5)

0 files in list [+

FASTA Nucleotide (tRMNA, rRMNA, primer, other DNA or RNA)
# Annotate plastid IR

0 files in list © upload Fi
# Annotate plastid trans-spliced rps12

)
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Ignore genes annotated as ORFs

Organelle Genome Resources of the NCBI Reference Sequence Database (RefSeq) x -~
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Resultados da anotacao no Geseq:

GeSeq|ob-20200602-13409 X
1D gs_job_SeeBdbe71a25e

Status: finished

Passiflora_loefgrenii_cpgenome

Primary Output Annotation Tools

tRMAscan-5E v2.0.5
ARAGORN v1.2.38

multi-FASTA

mf_trna mf_CDS

mf_rrma

Annotation

GFF3

GenBank

GFF3 + FASTA

GBSON

Visualization

OGDRAW

M photosystem |
M photosystem Il
(M cytochrome b/f complex 2
[E ATP synthase fé‘g
[C] NADH dehydrogenase

(M RubisCO large subunit

W RNA polymerase

[ ribosomal proteins (SSU)

(M ribosomal proteins (LSU)

@ clpP, matk

M other genes

(] hypothetical chloroplast reading frames (ycf)

M transfer RNAs

M ribosomal RNAs

Passiflora
chloroplast genome

146,537 bp




Resultados da anotacao no Geseq:

File GeSeqJob-20200602-13409 Passiflora_loefgrenii_cpgenome GenBank.gb

HAvaE L= UL W LU = L s

circular=true

Program RNA Editing disabled
Submitted 16 Jun 2828 04:34:14 GMT
Started 16 Jun 2820 04:34:17 GMT
Finished 16 Jun 2820 04:35:30 GMT
FEATURES Location/Qualifiers
sQuUrce 1..146537

forganism="Passiflora"
/forganelle="plastid:chloroplast”

ool fype=-genonic DNAL

misc_feature

1..86371

fnote="ELH RN LR R1%]. annotated by OGDRAW v1.4"

LT R Yo 1A

fgene="psbA"

/note="blatX_hit psbA_NC ©38118.1, position 1 - 1062, psl
score 99.3, coverage 196.00%, match 99.25%"

229..1290

fgene="psbA"
Jtranslation="MTAILERRESESLWGRFCNWITSTENRLYIGWFGYLMIPTLLTA
TSVFITAFIAAPPVDIDGIREPVSGSLLYGNNIISGATIIPTSAAIGLHFYPIWEAASY
DEWLYNGGPYELIVLHFLLGVACYMGREWELSFRLGMRPWIAVAYSAPVAAAAAVFLI
YPIGQGSFSDGMPLGISGTFNFMIVFQAEHNILMHPFHMLGVAGYFGGSLFSAMHGSL
VTSSLIRETTENESANEGYRFGOEEETYNIVAAHGYFGRLIFQYASFNNSRSLHFFLA
AWPVIGIWFTALGISTMAFNLNGFNFNOSVYDSQGRVINTWADIINRANLGMEVMHER
NAHNFPLDLAAVEAPSTHG"

Arquivo .gff3 com os dados da anotacdo:

##gff-version 3

##source-version GeSeq 1.82

##sequence-region

Passiflora_loefgrenii_cpgenome
Passiflora_loefgrenii cpgenome
Passiflora_loefgrenii cpgenome
Passiflora_loefgrenii_cpgenome
Passiflora_ loefgrenii_ cpgenome
Passiflora_loefgrenii_cpgenome

Passiflora_loefgrenii cpgenome
Passiflora_loefgrenii cpgenome
Passiflora_ loefgrenii_ cpgenome
Passiflora_ loefgrenii_ cpgenome
Passiflora_loefgrenii_cpgenome

Daceiflnra Tnafaranii

File GeSeqJob-20200602-13409_Passiflora_loefgrenii_cpgenome_GFF3.gff3

Passiflora_loefgrenii_cpgenome 1 146537
GeSeq regien 1 146537 + c] Is_circular=true
GeSeq source 1 146537 . + 1 ID=source-null;gbkey=source
blatN gene 143980 144053 100.0 + 1
blatN tRNA 143986 144853 . + 1 ID=trna-blatn_trnI-CAU_1;agbkey=tRNA;gene=trnI-CAlU
blatN gene 142096 142176 186.0 + 1
blatN tRNA 142096 142176 . + 1 ID=trna-blatn_trnL-CAA 1:gbkey=tRNA;gene=trnlL-CAA
blatN gene 135728 135791 1@6.0 1
blatN tRNA 135728 135791 . - 1 ID=trna-blatn_trnV-GAC 1;gbkey=tRNA;gene=trnV-GAC
blatN gene 128579 128681 1@6.0 - 1
blatN rRNA 128579 128681 . - 1 ID=rrna-blatn_rrnd4.5 1;gbkey=rRNA;gene=rrn4.5
blatN gene 128579 128681 1@e8.8 - 1
c

hl=+M

FDMA

178c7a 178687 Th—rrna hlatn rend B 71-nkbaw—rDMA - nana—rernd GO

ID=gene-blatn_trnI-CAU 1l;gbkey=gene;gene=trnl-CAU;gene biotype=tRMA;Note=blatN_hit trnI-CA
ID=gene-blatn_trnL-CAA 1:gbkey=gene;gene=trnlL-CAA;gene biotype=tRNA;Note=blatN_hit trnL-CA
ID=gene-blatn_trnV-GAC 1;gbkey=gene;gene=trnV-GAC;gene biotype=tRNA;Note=blatN_hit trnV-GA
ID=gene-blatn_rrnd4.5 1;gbkey=gene;gene=rrn4.5;gene_biotype=rRNA;Note=blatN_hit rrnd4.5 Vvin

ID=gene-blatn_rrnd4.55 1:;gbkey=gene;gene=rrn4.55;gene_biotype=rRNA;Note=blatN_hit_rrn4.55 N




CURADORIA MANUAL DA ANOTACAO

GenomeView: https://genomeview.org/

File Edit Navigation Selection Plugins Help

GenomeView :: N42

Chr:

!Nothing |

d

a

: @ Track list
5 ‘|[=[ruler il
. «|4[®]|Gene structure |fi |
X
n
- @ Features
MName
X :.

Primeiro passo: Abrir o arquivo fasta com a sequéncia do genoma cloroplastidial em File /

Load data

File Edit Navigation Selection Plugins Help

GenomeView :: N42

.. . Chromosome|Pasmﬂora loefgrenii_cpgenome

KN

4@ Track list
1 — [To00T— 170001 ——13000% 0001 {50001 60001 70001 B000L 90001 100001 110001 [120001  |130001  [140001 " §
0 Kh __|[®[Ruler [
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" | | EI | | | |I | I I| I| | [
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1 [ 11 | Il 1. i1l [N
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CURADORIA MANUAL DA ANOTACAO

Abrir o arquivo .gff3 da anotacdo do genoma cloroplastidial em File / Load data

GenomeView i1 N42

File Edit Mavigation Selection Plugins Help

Chromosome:| Passiflora_loefgrenii_cpgenome

inverted repeat

Passiflora_loefgrenii_cpgenome:1:146537

4@ Track list
1 [T0001L [20001 [30001 [40001 [50001 (60001 |7oogl [80001 [90001 [T0000L  [11000L  [120001  [130001  [140001 " STRG
46,5 Kl ; uler =
J@ i10001 iéUUUJ. i30001 i40001 |50001 IDUUUJ. i70001 ii:iUUUJ. i90001 iJ.UUUUJ. i110001 iJ.AUUUJ. |130001 IJ.‘IUUUJ.: @ |Gene structure
L i||® |sequence_feature
I I i||®|gene =
I [ D I [ T
I n u I [Pregon -
i||® finverted_repeat
1 | |20001 | |40001 | |60001 | |80001 | 100001 | |120001 | [140001| | : SEUTLE ~
Bl |Too0IL [ [30001 [ |50001 [ |70001 [ |50001 [ |TT0001 |[T30001 | ;|| =2 lexon i
[ I| HDD I [[III[I] I ; s
[l I:I |:| I] “||cds-blatx_rpl36_1 -
(01 D|][| D | (10 [] | | |lcasblatx pbfi 1 =
[mnisc_festure-ogdraf = il |cds-blatx_psbT 1
%,{Jed PA AN Wl dPPEd @ B OE 4 E4Pb 4 AP 444449 4 B KM e 449 @ [><1 M4 B D |icdsblatx pethN 1
a4 4 < 42 a4 [ I < i Ed < A EE B4 <l O R | BN W | |cds-blatx psbM 1
L 3 I < [ RS P | | [ [ Prod P EdAdd EEL P - 4 4 AW I B [ ;|cds-blatx_psbZ 1
< d4q P qp M 41 4 4 W 4 4 b P < 4 A | 7| |cds-blatx_ndh] 1 |
Fod B 4 a a4 [ oA 4 44 I A I> - A LI i|leds-hlaty atnE 1 =
<[>- 4 b [[>> E b g ll>> 4 l:} E g :]. b @ Derails on selected items:
I» [ I» > 4
[ [ 4 > 4
4
2! rRNA [ 2 [ 4 -
- I 4 <M
[ <
[ <
I 4
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CURADORIA MANUAL DA ANOTACAO

GenomeView: Permite a visualizacao e edicao das estruturas dos genes que foram
preditos

Exemplo: Estrutura do gene psbK:

GenomeView :: N42 0

File Edit Navigation Selection Plugins Help

|E| Chromosome:| Passiflora_loefgrenii_cpgenome | - |
1] |

q -
1 TT000T S500T —gaennl !Annrﬂ !qnnm Iﬁnnm I70001 I30001 |90001 |100001 |110001 |120001 |130001 |140001 v C Tl -
112 b __ | |'®|Ruler =

601 | |6681 | |6761 | |6241 | |6921 | [7001 [~ |:|[®[Gene structure i

3 |6641 [6721 [ [6201 [ [6221 [ |6961 [ /|| [sequence feature
I N i III i 11 II i M| | [Daene =

 |region i
| II I | q in1l ‘|| ®linverted repeat il |
' I 1 | I ] | M1 11 h n 1 |[®]source |
601 | |6681 | |6761 | |6841 | |6921 | |7001 J®lexon |fiRl¥]
™) [6641 I [6721 I [6801 I [6881 I [6O61 I @ Features

Iv ‘ | I il I I | i1 ‘ 1 1l ﬁ
| | | || | ! Name

I Lo I . U I e S m—
1 11 | | | | il | Alcds-blatx psbT 1 ]

Exemplo: Sequéncia peptidica codificada pelo gene psbK:

GenomeView :: N42 (.

File Edit Navigation Selection Plugins Help

IE‘ Chromosome:| Passiflora_loefgrenii_cpgenome | - |
0| |

I | | | | | | | | | | | 1@ Track list
T [TO00T———2666T— 3666130001 {50001 [GO001 [70001 50001 90001 {10001 [TT0001 _[170001 [130001 [140001" =~
209 __ uler
| |6741 | |6781 | |6821 | |6861 | |6901 ~|#||=|Gene structure
ol [6721 [ [6761 [ [6801 [ [6841 [ [6881 [ /|[®@]sequence _feature
YAy FBFN LYy LSPFCPLFKQFYVYYKIAGSICFFESNSRCYASNPSVYLFFISFCLASCCKFS IRFHI L sk | |[®[gene
LcLiFLvflFvsviiLpPpFrigavccLoNcRKHML Fll1 o Lcoflstcs FRYluLFGRLLEIVFDKILNTYLE 5522;';1
MLNIFSLICICLNSALYSSSLLFTKLPEAYAFLNPIVDVYMPVYIPLFFFLLAFVWQAAVSFREIDFEYCPR [ ®inverted repeat
| I'1 I I | | I 1 Bl | >ource i
| |6741 | |6781 | |6521 | |6561 | |6901 ‘= ]exon
0 (6721 | [6761 | 6501 | 6841 | B | :
0 inna 0 mI 1 g || @rowweslcs [
HKINKTEHInTD TK I RGKIlaATOQKCcFQRFCISKQIWYY I NHWYDRQEKKEBISKNPLSSYTKSLIKFVTRS | | Name
Ay kBN Lk YyRDENQGKNL cNTTHL 1 APLMHKKSDLLLHBALLGETRKKILKQKALQQLNE I LNQI sDJfF| |{lcdsblatxrp36 1 .
ISLIKLKIQIQRLEARBELLKNNYFNGSAYAKKFGITSTIGT IGRNKKKNAKTQCAATLKRYSKSYQGL L ||cdblanpbill =




Corrigir a anotag¢ao de sequéncias faltando stop codons:

GenomeView :: N42 -

File Edit Navigation Selection Plugins Help

IE‘ Chromosom e:‘ Passiflora_loefgrenii_cpgenome

b @ Track list
Ruler

Gene structure

Iaoal? |

I30335

| |
(30303 (50326 [G0344 |

sequence feature

S BN KN BN EECE
G M| Kk M| Kk /M v 1 N P A A

G D E D E N E Y K 5 5 G F K L D F

LB T ¢ F 1L
L N

= K = 1 A K C F = 1 5
w 1 F E 1

n ¢ E[M|L F H

E

C L

HVNQLRNAFPFL
GGGGATGA-ATGAAAATGAATATAAATCchCGGCTTTAAACTGGATTTTTG GTAAATCAATTGCGAAATGCTTTTCCATTTCT-AATGCTTAA
|20353

gene
rRNA

region

inverted repeat

Iaovm |eozo9 Iaoal? |

| | | |
ol #0272 [50250 | {30303 [50326 [G0344 |
ccccTACTTCTACTTTTACTTATATTTAGGTCGCClaaTTTlllccTasaaacTcatTraGTTAACGCTTTACllArAGGTARA
P I F | F 1 F 1 F G A A

I30335

F Q 1 K 5 Y 1 L Q 5 1 5 K

W R

|
[80362

1@ restures [c05___7]

Name

cds-blatx

rps3_1

K
sl v P n Kk L L b I A F H K _E
K L

P 5 5 5 5 F 5 Y L D L P 5 5 K Q T

13l emmaa

Atividades ter, 02:21

net-sf-genomeview-gui-GenomeView ~

GenomeView :: N42

File Edit Mavigation Selection Plugins Help

7| |cds-blatx

ndhl_1

i lcds-blatx

petD_1

“||cds-blatx

rps7_1

il [cds-blatx

rps7_2

cds-blatx

matk_1

“Hlede kit

EL |

Chrom osome:‘ Passiflora_loefgrenii_cpgenome

| | | | | | | I | | | | | 4| @ Track list
I [T0001 __ [20001 __ [30001 1% | 0001 (120001 __ |T30001  [140001" _
97b 3| = |Ruler =
| |so281 | |s0299 | |g0317 | |20335 | |20353 @ |Gene structure
o (80272 | 180290 | [80308 180326 | 150344 | [80362| || [®]sequence feature
c I < B ° rR (P T G F L s K s 1 A K € F s 1 8 RIM L N |[|®ene =
P kPm Kk PM N 1 W P A AL N W I F E ron oc el o FEY AR DY
T e region
G D E D E N E Y K S8 S G F K L D F ¥ N Q L R N A F P F L E L B —
|| ®|inverted_repeat
GGGGATGAJllaTGAARATGAATATAAATCCGCGGCTTTAAACTGGATTTTTGGTAAATCAATTGCGARATGCTTTTCCATTTCTlAATGETTAA | |5 s0urce |
|s0281 | |s0209 | |g0317 | |20335 |g0353 | @ |exon hd
o [80272 | 180290 | 150308 | 180326 | 150344 | jso%ez) ||| o —
ccccTACTTCTACTTTTACTTATATTTAGGTCGCCllaaTTrlllccTananacTcaTTTAGTTAACGCTTTACllAAAGGTARA Features [cDs |~
P I F I F 1 F 1 F G A A K F Q 1 K s ¥ 1 L Q s 1 85 K : Name
P H L H F H 1+ v 1+ w rR s v P N~ K L L D I A F H K E : CSS'E:W r%f 1 -
2||cds-blatx ndhl 1
P s s 8 s F s vy L b L p kK L s s kK o 1 FJvw R F A K G N R 5 K 1] | e bt petD 1

illcds-blatx rps7 1



Para corrigir a anotagao da estrutura de um gene e da CDS: Clique na estrutura do gene, e
com a estrutura selecionada cligue em Edit na barra de ferramentas. Agora procure pela
opcao Edit structure

Na caixa Edit structure alterar as coordenadas das posi¢cdes do gene na op¢ao Location

Adicionar as novas coordenadas que contempla a estrutura completa com o stop cédon:

File Edit Navigation Selection Plugins Help Edit sktructure

B ..@. Chromosomepassfors paadesand . o]

| |CDS |'| 4@ Track list
T |10001 |20001 30001 a 30001 || |140001 "
5 d ___ || = |Ruler
20281 T «|i|[®|Gene structure
ol |HUZ/Z | |30290 - 80362| || ®[sequence_feature
c ol B < ' Bl ' ¢ r TR L N | |[®gene
G K K N | N P A ANotes @ ‘N A | d L
- M« fMT _ | B S e
G D E D E N E Y K 5 S G ||gene=rpoA E c L §§ = finverted repeat
GGGGATGAllaTcarnaTGAATATARATCCcGaC ‘SSUVC:?"TX - AATGCTTAA | |[®]source
| |s0281 | |g0299 b_k: i'cgsx-rpo - i |2 exon _ |f
ol [80272 I [80200 I ghkey= 80362 | @
CCCCTACTTCTACTTTTACTTATATTTAGGTCGCC Tracfflart | |9 Features cos |+
P I F I F 1 F 1 F G A A F A Name
P H L H F H I Y 1 W R 8§ IS L | ||lcdsblatx rpoca 1 4|
P S § S S F S Y L D L P H K 1| |i|[cdsblatx atpB 1
: [ i||cds-blatx_atpF_1
|§;====”==—I====I= Location @ “|leds-blatx_rpoA 1
80306..81325 = i[|cds-blatx_ycfd 1 =
y i||cds-blatx_rps3_1
L rRNA “|lcds-blatx_ndhl_1 =
Elregi - e
@inverted_repeat @ Details on selected items:
e I | : da
Elseur - || Location: [80306..81322*]
! exon /|| Strand: REVERSE
“lintron - || score: 0.0 5
2iCDs E ‘|| gbkey=CDS r
L ‘|| gene=rpoA
ZtRNA SaxeSllozs | | Eloss || 1D=cds-blatx _rpoa 1 |
i|| source=blatX -
HiK il [ Ir]

-
5 SIS
Passiflora Inefarenii conennome:20269:80365 Selected: 1020 nt / 240 aa i I_\V N




Obs: A primeira correcao alterou apenas as posi¢oes da CDS
Para corrigir a anotacao da estrutura do gene: Clique na linha azul mar

inho

correspondente ao gene, depois clique em Edit na barra de ferramentas e procure

por Edit structure

GenomeView :: N42 -~

File Edit MNavigation Selection Plugins Help

. ..|E|. Chromosome: |P355|ﬂora loefgrenii_cpgenome

v |

@ Track list
A\ [®[Ruler
| :|[®]Gene structure
ol (80272 50200 | |=0308 | 80326 | |503aa | [80362| | | /= [sequence feature
G G R K 1 i @ R L ™ G F L s kK s I A K C F s 1 5 R|M L N ||®gene
M kPl kP n 1+ n p A A L v ow 1 F EJl v ¢ e L F n FEMn A--;:ZNiﬁn
G D E D E N E Y K S S G F K L D F ¥ N Q@ L R N A F P F L E C L 5=
i | @ inverted_repeat
GGGGATGA-ATGAAAATGAATATAAATCchCGGCTTTAAACTGGATTTTTG GTAAATCAATTGCGAAATGCTTTTCCATTTCT-AATGCTTAA ‘| [®[source
| |sozs1 | |80299 | |80317 | |80335 | |80353 | i|[®[exon i
ol (50272 | [50290 [ |80308 [ [50326 [ |503aa [ [80362| |
(@ restures [c05 [}
cccCTACTTCTACTTTTACTTATATTTAGGTCGCC-AATTT-CCTAAAAACTCATTTAGTTAACGCTTTAC-AAAGGTAAA TCTTACHEATT |:
P F 1 F 1 F 1 F G A A K F Q I K s Y 1 L Q s 1 S K W K F A Name
P H L H F H 1 v 1w RrR sv P n K L L D I A F H K E E L 1 8 L | |cdsblatx rpocz 1 [l
P 5§ 8§ § § F S§ ¥ L D L P K L S S K Q T F - N R F A K G N R S H K 1| |icdsblatx atpB1
7| |cds-blatx_atpF_1
‘| [cds-blatx_rpoA 1
i lcds-blatx_ycfd 1 =
3 Name : gene-blatx_rpoA 1 i lcds-blatx_rps3_1
Yl rRMA Start : 80308 i[cds-blatx_ndhl 1 =
=4 "l End : 81325
@invel’ted_repeat @ Details on selected items:
Clsource | ghkey=gene * |
2l exon gene=rpoA
““lintron I gene_hiotype=protein_q—|
SICDS i ID=gene-blatx rpoA 1 |
[ edasBlat_rpaA 1 [ Note=blatX hit_rpoaA N|
UHRNA score=99.0 -
:||_source=DblatX hd
A ] [¥]
Passiflora_loefgrenii_cpgenome:80269:80365 (80333) Selected: 1018 nt/ 339 aa




Na caixa Edit structure altere as coordenadas das posicoes do gene na opcao
Location

Adicionar as novas coordenadas que contempla a estrutura completa com o stop cédon:

File Edit Navigation Selection Plugins Help

Chromosome:|Passiflora_loefgrenii type
| | | | ___ | |gene ~s ) Track list
1 10001 |20001 30001 fil | | | 30001 140001 ' @
- T

5 d Ruler
&L Gene structure

| |go281 | |20200
gl (80272 | |

|
|REVERSE I~ [50362

[50290 sequence feature
c il < " B ' o r Mt W gene
G WM K BML K BML N 1N P A ANotes o oy =
G D E D E N E Y K 5 5 G |score=99.0 E C L

inverted _repeat
source

GGGGATGAllaTGaraaTGAATATAAAT CclG cGG g gene=rpoA

MNote=blatX_hit A NC 038118.1%2C ition_1_- 1018%2C_psl| 99.0%2C 9 QETETTA
la02a1 | 120200 ote=blatX_hit_rpod_MC_ . _position_1_-_ _psl_score_99. _coverage_

CICIEICICICICIE]E)

| — | exon
o 80272 | [60290 | source=blatx [50362
ID=gene-blatx_rpoA_1 @ Features =
CCCCTACTTCTACTTTTACTTATATTTAGGTCGC clgene_biotype=pmtem_codmg TTACEEATT
P I F I F I F I F G A A [gbkey=gene FE A Name
P H L H F H I Y I W R S <(fl | 5 L ds-blatx r'pocz 1 =
P 8§ S § S F S ¥ L D|L P 4] T | Dl |l H K 1 ds-blatx_atpB_1

ds-blatx_atpF_1
ds-blatx_rpos 1
ds-blatx_ycfd 1
ds-blatx_rps3_1
ds-blatx_ndhi_1

80308..81325

! rRNA

80306..81325

-

@ Details on selected items:

@inverted_repeat

gbkey=gene sl
gene=rpoA
gene_biotype=protein_g—
ID=gene-blatx_rpoA_1 |
Note=blatX_hit rpoA N|
score=99.0 L
source=hlatX A
[N [»

Sl CDS

EHRNA

Save & Close Close

Passiflora_loefgrenii_cpgenome:80269:80365 Selected: 1018 nt / 339 aa



Corrigir a anotac¢ao de sequéncias contendo stop codons internos: Observar os
outros quadros leitura para esta sequéncia, e procurar por aquele que nao
apresenta stop coédons

Exemplo: Estrutura predita do gene petD contendo stop cddons:

GenomeView :: N42

File Edit Navigation Selection Plugins Help

IE‘ Chromosome:| Passiflora_loefgrenii_cpgenome | - |

B @ Track list

: Ruler

Gene structure
sequence feature
gene

rRNA

region

I?9701 I79301 | |79901 | |20001 | |20101 [ |=

1 |79651 |;9;31 [79851 I [79951 I [B0051 I 5

| , I | II, IH | | | | |
L1 | L1 111 |
inverted_repeat

| I | ] I I B I I 11 I source

| |?9701 | |79301 | |79901 | |30001 | |20101 | exon

& 79651 [79751 [79851 [79951 [80051 8ol |
I 1l II 11 II II | (N B I 1| II II IIII | ;;QF"““"’S_CDS ~]

CICIEICICIEICIE]E]

Name

cds-blatx_rps3_1 -
I I I I I I I I I I I I I I I ¢/ [cds-blatx_ndhl_1 ]
“ledehlaty nath 1

Exemplo: Correcdo da anotagao do gene petD:

GenomeView :: N42

File Edit Navigation Selection Plugins Help

IE‘ Chromosome:| Passiflora_loefgrenii_cpgenome | -

| @ Track list

Ruler
Gene structure
sequence feature

L gene

FRNA

region

N S s E F s E K D G L W E € L T W T 1 D L A ¥ .

inverted_repeat

AaTllcTTGaAllGecGaaTTCcTCCTAAA A AATGGATTATGGGHlGTGTTTGACTTGGACTATTGATTTGGCCGTG| | |[®source
| [78779 | [78793 | |78807 | |78821 | |78835 | ;|[@[exon i

o [78772 I [76786 I [75200 I [78514 I [78528 I [788d | @ .
TTATCAACTTCGCTTAAMGEMT crTT1TTcTAccTAATACCCTCACAAACTIllAccTlTAACTAAACCGGECAC| | Features [0S ||
I T s A F E G L F F I s Bl » . T @ s P s N I Q@ G  H || Name

¥ N F R 1 R R L F L H 1 1 p T N S K 5 Q N p R A| | {|cdsblatx_rps3 1 =
- “||cds-blatx ndhl 1

F L Q L 5 N e Il s F S P N H s H K v Q v ! 5 K A T lcdsblatx petD 1

L]




Para corrigir a anotacao da estrutura de um gene: Clicar sobre a estrutura do gene,
clicar na opcao Edit na barra de ferramentas, e escolher a funcao Edit structure

File Edit Navigation Selection Plugins Help

IE‘ Chromosome: Passiflora_loefgrenii

Type

| | | | __ cos I~ @ Track list
1 [T0001 [20001 30001 a 30001 [140001 "
_ |79787 | [79801 B |__]/|[®]Gene structure
ol 79780 [ [79794 [ |FORWARD |v| [795% /|| ®|sequence feature
s s N S R Y Y C T R ;|| =>|gene
0 region
v v 1 L G T 1 A C gene=p?)t|D P A @ linverted repeat
GT.GTAATTCT-GTACTATTGCATGTATSEVC:=b|attX 01 pCCCGCd | ®lsource I
| |79787 | lrosor | o0 "o P 3 | | [=®lexon ;
o [79780 I [79794 I gokey= 7988 | ° be
CATCATTAAMT ccaTlllTAAcGTACAT TGGGCGC| | Features [c0s ||
Y Y N T 5 N C T G R Name
L L E L ¥ - Q - ¥ v R } cds-blatx_rps3_1 = |
T T | R p v | 'y H | Ia 'y i |lcds-blatx_ndhl_1
5 | 5 % |cds-blatx_petD 1
ceguence feature - o
- sequence_featur et @ i||cds-blatx_rps7_1
‘| lcds-blatx_rps7_2 =
2 rRNA i|[cds-blatx_atpA_1 -
Tregion . | s | |lcds-blatx mos11 1 =
“linverted repeat @ Details on selected items:
lllll a = i 3 = FY
sou - [ Location: [79658..80136~|
2l exon Strand: FORWARD
“lintro | | | Score: 0.0 B
2iCcDS E— gbkey=CDS -
I | | | | — gene=petD
SRNA Saxgdalloss | Cloz ID=cds-blatx_petD_1

[«T]

{||_source=DblatX
o[ Il [ Tr]

| - | |

Passiflora_loefgrenii_cpgenome:79777:79851 Selected: 479 nt / 159 aa




Para corrigir a anotacao da estrutura de um gene: Na caixa Edit structure altere as

coordenadas das posicoes do gene na opcao Location

Exemplo: A localizacdo do novo éxon para o gene petD foi incluida na op¢do Location:

File Edit Navigation Selection Plugins Help

Chromosome: Passiflora_loefgrenii Type

Passiflora_loefgrenii_cpgenome:79651:79725 Selected: 6 nt/ 2 aa

| | | | CDs v ) Track list
1 [T0001 [26001 30001 a | | | 30001 140001 " 2 —
R uler
| [79661 | [79675 1 | Strand 7 [ |~]|[=|Gene structure
o 79654 | [79668 [ |FORWARD |v| [7973 | ;|| ®|sequence feature
T Y [ N N K 3 G i|[®|gene
Notes @ : : rRN.A
T Ef region
P | P | T K K P D gene=petD G H §§ = linverted repeat
CCTATCCCAATAACAAAAAAACCTGAcclf‘SUVC;=§|'attx o1 GGGGCAT| ||[®[source i
| |79661 | |79675 || - Cos P PR, 7 | | [ exon :
bkey=CDS -
T 79654 I [70668 I ghkey= 7977 |
G TAaGGGTTATTGTTTTTTTGlc 6] CCCCGTA §§®Feat“r35
R D W Y ¢ F F R ¥ r D | Name
Bl s . L F v Q G P a Y| Cgs'g:at" rF:jf 1 [l
T - | | 5 #||lcds-blatx ndhl 1
G 1 G 1 v F F G s R P C | [cds-blatx petD 1
ature -— 5
_featur Location @ i||cds-blatx_rps7_1
i||cds-blatx_rps7 2 ||
I F2807..78812,79658..80136 = | |cds-blatx_matk_1 =
2l rRNA |lcds-blatx_atpA_1 o
“lregion I B | | |leds-blaty rps17 1 =
Qinverted rapeat /| @ Details on selected items:
lllll a T i 3 e
‘sou : | = Location: [78807..788134]
2! exon Strand: FORWARD
lintro I | | Score: 0.0 B
=icos E— gbkey=CDS =
1 Save & Cl c gene=petD
JRNA ave x Llose ose ID=cds-blatx_petD_1

source=hlatX

1A Tl |




Exemplo: Primeiro éxon do gene petD:

GenomeView :: N42 X

File Edit Navigation Selection Plugins Help

. ..IE‘. Chromosome|Pasmﬂora loefgrenii_cpgenome

:QTracklist
|[=[Ruler
| |78778 |78706 |78814 |78832 | |78850 +|:|[®|Gene structure
ol [758769 [ |78787 [ |78805 [ |78823 | [78841 [ @ [sequence_feature
NE-LKR_lLLRKRWl-G"..'rBLB‘.'-FuRAD:-—v—v_‘—'>gene
n s p k k ko v ¢ s vl ¢ v ¢t 1w p c rR Y@M 1 c TR
s - S E F S E K. D G L w E € L T w T 1 b L A v Q 1 v b || ik repeat
AATGAAT.GTTGAIGCGAATTCTCCTA anaallatceaTTaTGaGlaTaTTTGACTTGGACTATTGATTTGGCCGTGClATATATGATATGT| || & s0urce
|7a778 | |78796 | |7e14 | |7e832 | |78850 i|[=2]exon
o1 |78769 I [78757 I [78805 I [78823 I [78841 I Im —
V4
Exemplo: Segundo éxon do gene petD:
GenomeView :: N42 x
File Edit Navigation Selection Plugins Help
. ..EH ChrDmosome.|P355If|0ra loefgrenii_cpgenome |v|
E@Tracklist
| [®Ruler
| |79591 |79731 | |79871 | |20011 | |20151 | |+|%|®|Gene structure
279521 | 79661 79301 | 79941 | 80081 | & @ |sequence feature
IT T 1T 1w 1T 1 I— | I e
o S R I — T . =
P |inverted_repeat
1 | 1 1T 1 T 1l NI | [ T1 | | ||| | ¥ source
| |79591 |[79731 | |79871 |20011 |80151 {[=]exon
079521 —[79661 | 79801 | — (79941 —[8008T It - — —

Exemplo: Estrutura completa do gene petD:

GenomeView :: N42 -

File Edit Navigation Selection Plugins Help

. ..IE‘. Chromosome|Pasmﬂora loefgrenii_cpgenome

10001 20001

‘: @ Track list
i[[=>[Ruler

|7e801 | |7o9601 | |g0001 |

Gene structure

78001 |
1

|72401
78201 |

|
[75601 I [79001 I [79401 I [79501 I [80201

sequence_feature

| —_

|7e201 | |79201 | |7o601 | |20001 | |20401 |

78001 | |72401 |
2 [75201 | [75601 | [79001 | [79401 | [79801 | (80201 | (80601

gene
rRNA

region
inverted_repeat
source

exon

99909999y

[




Conferiu a anotacao de todos os genes?

Para salvar o novo arquivo de anotacao: Clique em File, e depois em Save
annotation.

File Edit MNavigation Selection Plugins Help

| ! Track list
1 10001 | 20001 30001 Al | pcation to save to 30001 140001 * 2 o
— uler
| |80281 | [ome/luiz/Documentos/Dados_DocLuiz/Assembly/P_loefgrenii/Ploefgrenii_Annot_manual| | ~|:||®|Gene structure
ul (80272 | [80250 . . [80362 @ |sequence feature
G G I File format options —- L nl | [[®]gene
4 P | @ ]rRNA
G K K M |GFF3Parser Include sequence N A
- - 4 = O q E - P region
G b E D E N E ¥ K  ggecentries tosave R C L {||®inverted repeat
GGGGATGA-ATGAAAATGAATATAAAT . AATGCTTAA W source
| Select all entries |
| |z0281 | . .. | = |exon
ol 50272 | (60290 Passiflora_loefgrenii_cpgenome [B036Z| |-
Deselect all entries :
CCCCTACTTCTACTTTTACTTATATTTA | |TTAC aTT | |@ Features -]
P 1 F 1 F 1 F 1 F Annotation types to save F A : Name
P H L H F H |1 Y | cDS Select all types I 1 5 L |[cds-blatx rpoC2_1 il
D . o . H K 1 cds-blatx_atpB_1
[ ] GeSeqJob-20200602-13409 Passiflora_loefgrenii_cpgenome OGDRAW.jpg |[cdsblatx_atpF 1
region E cds-blatx_rpos_1
cds-blatx_ycfd 1 =
source :
U i||cds-blatx_rps3_1
[v] gene cds-blatx_ndhi_1 =
v| tRNA 3 F .
Deselect all es | i @ Details on selected items:
rRNA tp O | ovcamTnTTTTTeTaTo T
exon || Strand: REVERSE —
 — Score: 0.0
intron ghkey=CDS
inverted_repeat e — gene=rpoA =

ID=cds-blatx_rpoA_1

sequence_feature
] seq = source=bhlatX

4] It [ vl

Save Cancel

L

Passiflora_loefgrenii_cpgenome:80269:80365 Selected: 1020 nt / 340 aa




GENOMICA COMPARATIVA

MAUVE

http://darlinglab.org/mauve/mauve.htmi

the Darling lab | computational (meta)genomics

Blog Mauve Openings People Projects Publications Reviews Software  Tutorials

Download Mauve

User Guide:

Introduction
Installing

Aligning genomes
The viewer

File formats
Reordering contigs
mauveAligner
progressiveMauve
Version history
Screenshots

Developer Guide:

Overview

Building from source
Developing the GUI
Windows builds

Mac builds
Deploying Mauve
Benchmarking

Emauve

Multiple Genome Alignment

Mauve is a system for constructing multiple genome alignments in the presence
of large-scale evolutionary events such as rearrangement and inversion. Multiple
genome alignments provide a basis for research into comparative genomics and
the study of genome-wide evolutionary dynamics.

Mauve has been developed with the idea that a multiple genome aligner should
require only modest computational resources. It employs algorithmic technigues
that scale well in the lengths of sequences being aligned. For example, a pair of
Y pestis genomes can be aligned in under a minute, while a group of 9 divergent
Enterobacterial genomes can be aligned in a few hours. However, the current
algorithm’s compute time (progressiveMauve) scales cubically in the number of
genomes to align, making it unsuitable for datasets containing more than 50-100
bacterial genomes.

Mauve development began at the University of Wisconsin-Madison with a team
including Aaron Darling, Bob Mau, and Nicole Perna. Several others have
contributed development to aspects of the Mauve software in the time since.

the Darling lab | computational () koadman The Darling lab at the University of Technology
(meta)genomics
aaron.darling@uts edu.au

W koadman Sydney. We develop computational and molecular
techniques to characterize the hidden world of




MAUVE

Alinhamento das sequéncias com a funcao progressiveMauve
- Abrir o programa
- Clicar em File e escolher Align with progressiveMauve

B s 20150725 - Genome Algment Vialzation L

I_-'IE| View Tools Help

Open alignment... Crl-O
Align sequences...

Align with progressiveMauve...

Print Ctrl-P

Align sequences with progressiveMauve {(more accurate)..
. gn seq prog ( ).

Print Preview Ctrl+Shift-P
Close C
Quit Chrl-0




MAUVE

Alinhamento das sequéncias com a funcao progressiveMauve
- Adicionar as sequéncias .fasta em Add Sequences

n Mauve 20150226 - Genome Alignment Visualization |E|M|

File View Tools Help

n Align sequences... @M

Files |/Parameter5 rSDoring

Sequences to align:

| Add Sequence... | | Remove Sequence |

Output: | | []

Cancel alignment Align...




MAUVE

Alinhamento das sequéncias com a funcao progressiveMauve

- Adicionar as sequéncias .fasta em Add Sequences

n Mauve 20150226 - Genome Alignment Visualization

== 2 ]

File View Tools Help

n Align sequences... E@g

Files rParameters rSDoring

Sequences to align:

Cilsers\ADM\Desktop\Mauve\Ploefgrenii_cpgenomeFins
Calsers\ADM \Desktop\Mauve\Palata_cpgenomeFinal.fas

4] Il | [ »

| Add Sequence... | | Remove Seguence |

Qutput: | | E

Cancel alignment Align...




MAUVE

Alinhamento das sequéncias com a funcao progressiveMauve

- Definir os parametros de alinhamento em Parameters

n Mauve 20150226 - Genome Alignment Visualization

l=|@3] & |]

File

View

Tools Help

n Align sequences... E@g
Files | Parameters r Scoring
Default seed weight Match Seed Weight:
[[] Use seed families .

Determine LCBs
[ ] Assume collinear genomes

Full Alignment Min LCB weight: |default
Iterative refinement

T 7 11 15 198

Sum-of-pairs LCB scoring

Cancel alignment Align...




MAUVE

Alinhamento das sequéncias com a funcao progressiveMauve
- Escolher uma pasta para salvar os arquivos de saida do programa.

n Mauve 20150226 - Genome Alignment Visualization |E|M|
File View Tools Help

(o ST

r
n Save alignment file

Salvar Em: (] Mauve - E

rj Palata_cpgenomeFinal.fasta

rj Ploefgrenii_cpgenomeFinal.fasta

Home do Arquivo; |Mau'u'e_F'assiﬂnracpgennmes |

Arguivos do Tipo: |To-dos 05 Arquivos | - |




MAUVE

Resultados
- Sintenia entre as sequéncias analisadas.
B Mauve 20150226 - teste SRS

File View Tools Help (B | €| & & & || Q| &I
10000 20000 30000 40000 S0000 GOOODO  FOOOO SO000 90000 100000 110000 120000 130000 140000

£330 |

Palata_cpoenomeFinal.fasta
10000 zodoo Zo0000 40000 so0oo eo0do FodO0 20000 90000 100000 110000 120000 130000 140000

A T

A |

Ploefgrenii_cpgenomeFfinal.fasta

Done IPassiﬂora_Io-efg renii_c... |5T81E- I LCB length: 123663 I LCB weight: 123790




MAUVE

Resultados

- Utilizando apenas uma das IRs.

B Mauve 20150226 - a

File View Tools ﬂeu:f?? #ft €| & |8 AP &I

ioboo - 2obo0 30000 4nfoo soboo eodoo Foboo soboo @ofoo 1oo0ooo 11oooo 1200
T 1 i

Pedmundoi_cpMAUVE. fasta
1oboo zoboo sooon 40000 soboo eoddo woboo soboo eoboo 1ooooo 110000 120000

Ploefgrenni_MAUVE.fasta

Done IPedmundoi_{:p_LSEs.e... |1 18960 I LCB length: 120716 I LCB weight: 121792




MAUVE

Resultados

- Fazer altera¢des na imagem do alinhamento clicando em View e depois em Style.

"[B Mauve 20150226 - a (= | B )
File | View | Tools ﬂelpﬁ €)% |&|& (4| P &I

Color Scheme » D000 30000 40000 soboo godoo Foboo  sobo0 @odo0 100000 110000 1200

[T Style ¥ D LCB outlines
Go To ¥ M Similarity plot
[T '

M Simiarity ranges | Draw a similarity plot indicating average similarity of each region I
IZ Solid LCB coloring

¥ | CB strikethrough lines
¥ L CB connecting lines

¥ Chromosome/contig boundaries

€ A |

) ¥ Show mouse highlighting
Pedmundoi_cpMAU i i
- [0 Draw attributes (histograms)

10000 2 goOp0 Foboo  soboo oo000 100000 110000 120000
Annotated features

Ploefgrenni_MAUVE.fasta

Done IPedmundoi_{:p_LS{'.se... inm I LCB length: 120716 I LCB weight: 121792




MAUVE

Resultados

- Para salvar os arquivos de saida clicar em Tools e depois em Export.

[ B Mauve 20150226 - a (= | |
#<¢| > & |/ (4 NOD 4

1| Move Contigs | 30000 40000 s0000 60000 7o000 0000 90000 100000 110000 1200

File View | Tools| Help

Export ¥ Exportimage... Cirl-E

Export SHPs

Export pjul_:__}EP_DE gﬁphi:ﬁ fo ﬁltl=.~...
- Export Orthologs |
R Export Gaps [ | £| Mauve Image Export E@Ig
hd |_|_| Format: |JPEG |

Image size: Width:354 Height: 430
Quality: ' Low
Pedmundoi_cpMAUVE.fasta ) Medium
10000 20000 30000 40000 50000 ¢ ® High 100000 110000 120000
2 Maximum

I Outputfie:| || Browse..
Z oo |[_conce |
R

Ploefgrenni_MAUVE.fasta

Done IPedmundoi_{:p_LS{lse... IEDBEZ I LCB length: 120716 I LCB weight: 121792




MAUVE

Resultados

Mome Medificado em Tipo Tamanho

|| Mauve_Passifloracpgenomes 11/07/202017:24  Arquivo 307 KB

|| Mauve_Passifloracpgenomes.backbone 11/07/202017:24  Arquive BACKBOMNE 3KE

|| Mauve_Passifloracpgenomes.bbcols 11/07/202017:24  Arquive BBCOLS 2 KB

|| Mauve_Passifloracpgenomes.guide_tree 11/07/202017:24  Arquive GUIDE_TR... 1KE

| 7| Palata_cpgenocmeFinal 11/07/202017:15  Arquive FASTA 145 KB

|| Palata_cpgencrmeFinal fasta.sslist 11/07/202017:24  Arquivo S5LIST 616 KB

| 7| Pcerradensis_cpgencmeFinal 11/07/202017:45  Arquive FASTA 161 KB

| 7| Pleefgrenii_cpgenomeFinal 11/07/202017:15  Arquive FASTA 144 KB

|| Pleefgrenii_cpgenomeFinal fasta.sslist 11/07/202017:24  Arquivo S5LIST 611 KB
1 mj Mauve_Passifloracpgenomes - Bloco de notas =

Arquive Editar Formatar  Exibir  Ajuda

FFormatversion Mauvel

#sequencelFile C:'\Wsers'apMyDesktop'Mauve'Ploefgrenii_cpgenomeFinal.fasta

#sequencelFormat FastA

#5equence2File C:'Wsers'ADMYDesktop'Mauve'Palata_cpgenomeFinal. fasta

#sequenceZFormat FastA

#BackboneFile

C:\WUsers'ADM'\Desktop'Mauve'Mauve_Passifloracpgenomes. bbcols
> 1:1-146537 + C:\UserS\ADM\DesktopEMauve\P10efgreni1_cpgen0meF1na1.fasta

TCAAAATCCTAT T T T TGAACTTAT TTCCACTTTATTCAT TCAAAAGAATTCTAATAAATCGAGATAGATAAGATCATAAA
GATGGATC TATGAATGTTGATCTTGGTTGACACGGGTATATGAGTCATGTTATACTGT TGAGTAACAAGCCCCCAACTC -
—=—=TCTATTTTTTGT TCTAGAGAATTGGTGTGC T TGGGAGTCCC TGATGAT TAAATAAACCAAGATT T TACCATGACTG
CAATT T TAGAGAGACGC GAAAGC GAAAGCCTATGGGGTCGT T TCTGTAAC TGGATAACCAGCACCGAAAACCGTCTTTAC
ATTGEATGGT T TGGTGT T T TGATGATCCCTACT T TAT TGACCGCAACTTCTGTAT T TAT TATCGCTTTCATTGCTGOCCC
TCCAGTGGATAT TGATGGTAT TCGTGAACCCGT T TCTGGATC TT TACT T TACGGAAACAATATTATTTCTGGTGCCATTA
TTCCTACTTCTGCCGC TATAGGT T TGCACTTTTACCCAATATGGGAAGC TGCATCCGTTGATGAATGGT TATACAACGGC
GETCCTTATGAAC TAATTGT TCTACACTTCT TACT TGGTGTAGC TTGT TACATGGGLCGTGAGTGLGAACTTAGT T TCLG
TTTGGGTATGCGCCCTTGGATTGC TGTTGCATATTCAGC TCCTGTTGCAGCGGC TGCCGCTGTCTTCTTGATTTACCCAA
TTGGTCAAGGAAGT TT T TCGGACGGTATGCC T T TAGGAATCTCTGGTACT T TCAAC T T TATGAT TGTATTCCAGGL TGAG
CACAACATCCTTATGCACCCATTTCATATGTTAGGCGTAGCAGGTGTATTCGGCGGCTCCCTATTCAGTGCTATGCATGG
TTCCTTGGTAACCTCTAGT T TGATCAGGGAAAC TACAGAAAATGAATCCGLTAATGAAGGT TACAGAT TTGGTCAAGAAG
AGGAAA T TATAATATCGTAGCCGCTCATGGTTAT T T TGO CGATTGATC TTCCAATATGC TAGT T TCAACAACTCTCGT
TCATTACACTTCTTCCTAGC TGC TTGGCC TGTAATAGGTATC TGGTTCACCGC TTTAGGTATTAGCACTATGGC TTTCAA
CTTAAATGGT T TCAAT T TCAACCAATC TGTAGT TGATAGTCAAGGTCGTGTAAT TAACACTTGGGCTGATATTATCAACC
GTGCTAACCTTGGTATGGAAGT TATGCATGAACGTAATGC TCACAACTTCCCTC TAGACC TAGC TGCTGTTGAAGC TCCA
TCTACAAATGGGTAAGAC T TTGGTCTTAGTGTGTACAAGT TCATGAAATAAATAAAGGAGCAATAACAATCTTCTTGATA
TAACAAGAAATTGGCTATTGCTCCTTTICTTCATATTI T T T TTTATT TAGTACTT T T T T TTAGTCTTGAGT TTCAATAAATT
TTTCTTCT T T TATTTCTT TCTATT T TT TAAGAAATAAATAATAGAA - -AGAAATAAAAGAAATGEAAATTCTGGTAATTT
TTAGTGGTAAT T T T TACGTAGT T T TAAAATAGAGT T T TGGGGCGGATGTAGCCAAGTGGATAAAGGCGGTGGATTGTGAA

T A A T I AAT I T AT I A TAAM CATAAATAACATACAATATAMCMCATINIC TAAMCATIC TAS




MAUVE

Alinhamento das sequéncias com a funcao progressiveMauve

- Adicionar as sequéncias .fasta em Add Sequences

n Mauve 20150226 - Genome Alignment Visualization |E|M|
File View Tools Help

n Align sequences... @Elg

Files rParameters rSmﬁng

Sequences to align:
Cillsers\ADM\Desktop\Mauve\Pedmundoi_cpMAUVE fas
Cillsers\ADM\Desktop\Mauve\Ploefgrenni_MAUVE.fasta

Users\ADM\Desktop\Mauve\Pcerradensis_cpMAUVE.T

1] I [ »

| Add Sequence... | | Remove Sequence |

Output: | | E

Cancel alignment Align...
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Resultados
- Rearranjos identificados entre os genomas cloroplastidiais.
[ Mauve 20150226 - ab
I ' = B T —
File View Tools Help ﬁ|€ ?|R|R|K (™ ."# LCB weight'
10000 zodoo 30000 40boo soboo  eodoo Fodoo soboo goboo 100000 110000 1200
=
o
Pedmundoi_cpMAUVE.fasta : :
20000 zbooo | 4o0o0 soboo oooo  7odoo,  sobbo soboo 1IZI'EIZIIZIIZI 110000
boo  aoboo 1000 110000 12000

Pcerradensis cpMAUVE.fasta

0
There are 10 LCBs with minimum weight HﬁlPedmundoi_{:p_LSEseml... |1 19831 I LCB length; 12629 I LCB weight: 12665 |
I -
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Alinhamento e dados da Anota¢ao

- Adicionar os arquivos Genbank contendo as sequéncias fasta e anotacdo em Add Sequences

n Mauve 20150226 - Genome Alignment "u"islu‘alization

= | =@ = |
. T ™.

| File View Tools Help

n Align sequences...

Files rParameters |/S{>oring

Sequences to align:
Cialsers\ADM\Desktop\Mauveledulis.gb
Cilsers\ADM\Desktop\Mauveiretipetala.gb

| Add Sequence... | | Remove Sequence

|
Output: | | [<] -

Cancel alignment
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Alinhamento e dados da Anota¢ao

B Mauve 20150226 - final N - EBEI

File View Tools Help |8 | €| ® |&|& & | Q| &
10000 20000 20000 40000 S0000 ®OOOO 70000 20000 90000 100000 110000 120000 130000 140000 1800
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Passiflora edulis
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Passiflora retipetala
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Passiflora edulis
chloroplast genome
151,406 bp
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