COURSEON

S COMPUTATIONAL BIOSCIENCES

(o
[V V]
= USING HPC SYSTEMS
2
(o] 6, 7, 8 FEBRUARY 2024
@ NOVA SCHOOL OF
SCIENCE AND TECHNOLOGY
P ) : " i~
4 fisHB & @ L/ Sigj & “PRR
T v - L1 P EURC W s

MODULE 1 - OMICS
Transcriptome assembly

Pedro M. Costa
(pmcosta@fct.unl.pt)

NOVA SCHOOL OF
SCIENCE & TECHNOLOGY
DEPARTMENT OF LIFE SCIENCES

6/2/2024




RNA-Seq. Basics

* RNA-Seq is quantitative.
e Canyield more than 100K validated transcripts.
e Itis usually non-targeted (i.e. “transcriptome-wide”)

* Depending on sequencing depth and length, may not yield full-length mRNA:s.

For instance: 10-20 M reads, 150 bp single-end reads is the basic for expression analysis IF the
transcriptome is reasonably annotated (unlikely in marine organisms). 100 M reads, 150-300 bp paired
end is great for quantification AND characterisation of mRNAs (but it is also very expensive and
challenging computationally).
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Figure 6: Sequencing Systems for Virtually Every Scale —lllumina offers innovative NGS platforms that deliver exceptional data quality and accuracy over a wide scale,
from small benchtop sequencers to production-scale sequencing systems.




RNA-Seq. Basics
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RNA-Seq. Basics
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Transcriptome mapping and assembly. Model vs. non-model organisms

Model organisms such as humans, rats, mice,
zebrafish and a few other benefit from a high

% degree of genomic resources, including
available  transcriptomes/genomes  against
which RNA-Seq raw data can be mapped.

Non-model/novel organisms have limited or null
information on gene, peptide or mRNA
% sequences. In these cases, the transcriptome
needs to be de novo assembled. Pretty much
like a 10K+ pieces without a reference photo...




Transcriptome mapping and assembly. K-mer

Genome: ACGATGCTCAGACCCCCCCCC
Short reads: ACGATGCTCAGA CTCAGACCC AGACCCC ccccececc

ACGAT CTCAG AGACC CCCCC
k-mers: CGATG TCAGA GACCC CCCCC
GATGC CAGAC ACCCC CCCCC
ATGCT AGACC
TGCTC GACCC
GCTCA
CTCAG
TCAGA Two Paradigms for Assembly
De Bruijn graph:
a) Read Layout b) Overlap Graph
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Assembly of Large Genomes using Second Generation Sequencing
Schatz MC, Delcher AL, Salzberg SL (2010) Genome Research 20, 1165-73.




Trinity. workflow

Figure 1 Overview of Trinity. (@) Inchworm assembles the read data set (short black lines, top) by
greedily searching for paths in a k-mer graph (middle), resulting in a collection of linear contigs (color
lines, bottom), with each k-mer present only once in the contigs. (b) Chrysalis pools contigs (colored

- e R E y lines) if they share at least one k— 1-mer and if reads span the junction between contigs, and then it
"ﬁ ;—'—-’ﬁ "-'f-; G builds individual de Bruijn graphs from each pool. (c) Butterfly takes each de Bruijn graph from Chrysalis
%“ \ 5 (top), and trims spurious edges and compacts linear paths (middle). It then reconciles the graph with
reads (dashed colored arrows, bottom) and pairs (not shown), and outputs one linear sequence for each
— — = Overlap linear ¥ splice form and/or paralogous transcript represented in the graph (bottom, colored sequences).
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Trinity. workflow

Let’s get practical and assemble a transcriptome from raw data!




Transcriptome assembly and annotation. “Lab” Practice!

Training set
Raw Fastqg data set
?M reads (<10)

36 bp paired-end sequencing
Illumina platform

(but we will work only with
L)

GEO GSM767958

Today, we will put aside Cebria et al. (2016). Regeneration and Growth as Modes

i : of Adult Development: the Platyhelminthes as a Case
Céltjei,;t;fé;ifloor?n and focus on Study. Doi: 10.1007/978-3-7091-1871-9 4
/ Tl




Transcriptome assembly and annotation. Objectives

* De novo transcriptome assembly from Smedlillumina_R1.fastq.gz using Trinity

* Basic quality assessment using TrinityStats (Nx analyses)

* Predict ORFs using Transdecoder

* Annotate the resulting ORFs using Pblast (homology-matching):
-Against UniProt
-Against Uniprot (Human proteome only)




Trinity. Constraints to be considered in novo assembly

Inter-specific RNA contamination

-

w Adapters and low-quality reads must be removed

w Sequences too short

. Over-represented genes (i.e. high vs low expression genes)

. Heterogenous representation of the transcriptome

. Gene-dense genomes resulting in a large number of transcriptional variants

(for instance, resulting from chromosome duplication, cryptic genes...)




Transcriptome annotation. Standard procedure

Y
-SRI e [T [SId Prédicted Open Reading Frames (ORFs)
Y
Available databases include
E.g., Blast; HMMER UniProt, RefSeq, Pfam (conserved
domains)...
N Topology-based pathway enrichment

Gene ontology / Gene enrichment Available databases include
E.g., Blast2GO; DAVID; gy (EGG, Reactome..

several R packages

l@,



Transcriptome annotation. Standard procedure

Q: Can we quantify expression when dealing with de novo assembly?

First we use a programme like Trinity to assembly the transcriptome of our tart

organism/tissue/organ (this can/should be done using several samples). We will
then use this transcriptome as reference for mapping using, e.g. Kallisto.

Samplel.fastqc

Sample2.fastqc > Trinity —

Sample3.fastqc
J

- _J/
Y

Kallisto + R <«

!

> BLAST
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Pre-annotation tools. Predicting ORFs

transcriptsFile| TransDecoder.LongOrfs: Perl script, which extracts the long open reading frames ingleBastOnly

kngﬂp&nﬁeaﬂing Frames

TransDecoder.Predict: Perl script, which predicts the likely coding regions

S

I | peptide_seguences coding_regions gff3_output
I

bed_output

:_ Workflow Outputs

filter sequences by isolating coding from non-coding and reducing variability.




Annotation tools. Protein BLAST

Distribution of 102 Blast Hits on the Query Sequence

IMouse over to see the defline. click to show alignments

Color Key for alignment scores
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3886 3886 100% 0.0 97% XP 002812489.1
PREDICTED: lactase-phlorizin hydrolase [Macaca fascicularis] 3835 3835 100% 0.0 96% XP 005573096.1
hypothetical protein EGK 05718 [Macaca mulattal 3834 3834 100% 0.0 96% EHH22449.1
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PREDICTED: lactase-phlorizin hydrolase [Papio anubis] 3833 3833 100% 0.0 96% XP 0039082311
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PREDICTED: lactase-phlorizin hydrolase [Cercocebus atys] 3821 3821 100% 0.0 96% XP 01192562421
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Databases for ORF annotation. Uniprot

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functienal information.
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Databases for ORF annotation. Uniprot

You can easily customise and download a database from UniProt’s website
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UniProtkB 2022_01 results

: . . x
UniProtKB consists of two sections:
= R o " — The UniProt Knowledgebase (UniProtkB) is the central hub for the collection of functional information on proteins, with accurate,
e""?“’e. ( WIS.S oy anua Yanno ate . ) consistent and rich annotation. In addition to capturing the core data mandatory for each UniProtKB entry (mainly, the amino acid
Records with information extracted from literature and curator-evaluated computational analysis. _— . . e . L . . .
sequence, protein name or description, taxonomic data and citation information), as much annotation information as possible is added.
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Post-annotation tools. Gene enrichment

https://www.genome.jp/kegg/
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KEGG Home
Release notes
Current statistics

KEGG Database
KEGG overview
Searching KEGG
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KEGG Objects
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KEGG DB links

KEGG Software
KEGG API
KGML

KEGG FTP
Subscription
Background info

GenomeNet
DBGET/LinkDB

Feedback
Copyright request

Kanehisa Labs

KEGG v ][ search | Help

= Japanese

KEGG: Kyoto Encyclopedia of Genes and Genomes

KEGG is a database resource for understanding high-level functions and utilities of
the biological system, such as the cell, the organism and the ecosystem, from
molecular-level information, especially |arge-scale molecular datasets generated by
genome seguencing and other high-throughput experimental technologies.

See Release notes (april 1, 2022) for new and updated features.

News Background info updated

& Main entry point to the KEGG web service
KEGG2 KEGG Table of Contents [Update notes | Release history]
& Data-oriented entry points
KEGG PATHWAY KEGG pathway maps Pathway
KEGG BRITE BRITE hierarchies and tables Brite

KEGG MODULE KEGG modules Brite table
KEGG ORTHOLOGY KO functional orthologs [Annotation] ’th"uc‘erk
KEGG GENES Genes and proteins  [SeqData) KO E.Functicr)
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KEGG COMPOUND  Small malecules Virus
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KEGG REACTION Biochemical reactions [RModule] Drug (ATC)

KEGG ENZYME Enzyme nomenclature
KEGG NETWORK Disease-related network variations
KEGG DISEASE Human diseases

KEGG DRUG Drugs [New drug approvals]

Drug (Target)
Antimicrobials

KEGG MEDICUS Health information resource [Drug labels search]
& Organism-specific entry points

KEGG Organisms  Enter org code(s) I:Il Go | hsa hsaeco

KEGG PATHWAY/BRITE/MODULE mapping teols

& Analysis tools
KEGG Mapper

BlastKOALA BLAST-based KO annotation and KEGG mapping
GhostKOALA GHOSTX-based KO annotation and KEGG mapping
KofamKOALA HMM profile-based KO annotaticn and KEGG mapping
BLAST/FASTA Sequence similarity search

SIMCOMP Chemical structure similarity search
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De novo assembly and annotation. Example
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