The input data are reads that have already been processed by a
basecaller.

When sequencing DNA or RNA with nanopores, the changes in current caused by the DNA
or RNA strand as it passes through the pore are recorded by the MinKNOW™ software
running all Oxford Nanopore sequencing devices.

The processive movement of bases through the pore leads to a continuous change in the
current, known as a "squiggle". MinKNOW processes the squiggle into real-time reads, each
read corresponding to a single DNA/RNA strand.

These reads are written to POD5 files. This raw data contains information not only about
canonical bases, but also about base modifications, such as methylation. (££)

These raw data obtained during sequencing are processed and converted to FASTQ format
(££) which is one of the most widely used formats in bioinformatics and genomics.

Basecalling can be done, according to the user's needs, in 3 main modes: fast (faster and
less computationally intensive), HAC (High accuracy basecalling, high accuracy,
intermediate speed and computational requirements) or SUP (Super accuracy basecalling,
more accurate and computationally intensive). (£2)

This step can last from a few hours to several days, the choice is not trivial and is
established during the design of the experiment. It has the advantage that the raw files
(POD5) can be recalled in fast mode for a first approach and then recalled again in HAC or
SUP to improve the quality of each base and produce better results in the subsequent steps.


https://nanoporetech.com/platform/technology/basecalling
https://es.wikipedia.org/wiki/Formato_FASTQ
https://nanoporetech.com/platform/accuracy
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Barcode search:

At the time of basecalling, the same program (formerly Guppy, or more recently Dorado (28)
eliminates adaptor sequences at the beginning of the reads.


https://github.com/nanoporetech/dorado

In case you want to check this point you can use third-party programs such as Porechop
(£2) or Porechop_ABI (£2).

This search for adapters at the ends of the reads, as well as internal adapters for cases
where some reads are chimeric (union of 2 reads that passed through the same pore and
were read as one).

reads trim and filter trimmed/filtered reads


https://github.com/rrwick/Porechop
https://github.com/bonsai-team/Porechop_ABI

Mitogenomic assembly

The above points will be carried out by the teachers in charge of the course, so the students
will be provided with fastq data previously obtained and without adapters during the class.

Quality control:

Please check your path with:

Expected output:

/home/manager/Mitogenomic_uy Wellcome/

If you are in other folder move to the correct path with:

cd /home/manager/Mitogenomic_uy Wellcome/

FastQC

FastQC is the standard tool for NGS quality control. This tool allows corroboration of length,
number of sequences and sequencing quality per base (estimated analysis time ~2
minutes):

fastqc -t 4 minion.fq.gz

-t = number of cores

Expected output:

Application/gzip

Started analysis of minion.fq.gz
Approx 5% complete for minion.fq.gz
Approx 10% complete for minion.fq.gz
Approx 15% complete for minion.fqg.gz
Approx 20% complete for minion.fq.gz

Analysis complete for minion.fq.gz

Open the analysis result:

firefox minion_fastqc.html

Analyze fastQC output

Questions:

1. How many total reads did the sequencing by Nanopore have?
2. What was the average length of the reads?



3. What was the range of quality?
4. Are there any overrepresented reads?

NanoPlot

NanoPlot is the specialized tool for quality control of long sequences, especially developed
for Nanopore Technologies.

(estimated analysis time ~4 minutes)

NanoPlot -t 4 --fastq /home/manager/Mitogenomic_uy Wellcome/minion.fq.gz

--dpi 300 --N50 -0 ./nanoplot --huge

-t = number of cores
-- fastq = fastq data
--dpi = dots per inch

--N50 = insert a line in the graphs showing the metric N50

The output file is in the "nanoplot" folder and the file is called "NanoPlot-report.html" which
can be opened in a browser such as Chrome or Firefox.

firefox ./nanoplot/NanoPlot-report.html

Analyze NanoPlot output
Questions:

1. What additional information does NanoPlot versus fastQC offer?
2. Which of the NanoPlot analyses are more informative?



Diamond

We will use mitochondrial proteins from previously characterized species to select only
mitochondrial reads obtained in by nanopore sequencing (since the starting DNA materia
contains mixed nuclear DNA and mitochondrial DNA), this is the core strategy of Genome
skimming ( i.e. separate mitochondrial reads from nuclear reads.)

The cladoi.dmnd file (database for further analysis) will be provided to you in the folder
/home/manager/Mitogenomic_uy Wellcome/|#

makedb = command that creates the database for the next steps.
--threads = number of CPUs to use

--db = name of the database

--in = input file with the proteins of interest.

Diamond blastx (estimated running time: ~35-40 minutes)

diamond blastx --threads 4 --db
/home/manager/Mitogenomic_uy_Wellcome/cladoi.dmnd --out mt.outfmt6.tsv
--outfmt 6 --query-gencode 5 --header --ultra-sensitive --max-hsps 5

--unal @ --alfmt fastq --al minion_drenale.fq --query
/home/manager/Mitogenomic_uy Wellcome/minion.fq.gz

blastx = nucleic acid vs. protein DB data search command

--threads = number of CPUs to use

--db = name of the database created in the previous step

--out = table with the results of reads that match against DB proteins

--outfmt 6 = format of the table with the results, in this case NCBI format 6 (tabular)

(52)

e --query-gencode = by default is the use of universal codons, in this case (5) indicates
invertebrates mitochondrial gencode. (££)

--header = the output table has the headers that identify each column.

e --ultra-sensitive = Activate the very sensitive mode designed to obtain the best
sensitivity including the range of zones with <40% identity (optimized for our case
without phylogenetically close species). (£2)

e --max-hsps = The maximum number of HSP (High-Scoring Segment Pairs) by target

sequence to be reported for each query.

e --unal 0 = reads that do not match the protein DB are not reported.
e --alfmt = output format of the file containing reads (fasta o fastq)
e --al = name of the file with matching reads.

e --query = input file, the sequenced reads.

Analyze the results of diamond output:


https://www.metagenomics.wiki/tools/blast/blastn-output-format-6
https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi#SG5
https://github.com/bbuchfink/diamond/wiki/3.-Command-line-options#sensitivity-modes

Go to the File Explorer” and Double click to open the file mt.outfmt6.tsv.

Select the option to import following this image:

Text Import - [mt.outFmts.tsv] ®
Import
Character set: | Unicode (UTF-8) ~
Locale: Default -English (USA) ~
From row: B -+
Separator Options
Fixed width © separated by
Tab Comma Semicolon Space Other
Merge delimiters Trim spaces String delimiter: | " ~
Other Options
Format quoted Field as text Detect special numbers
Evaluate formulas Detect scientific notation
Fields
Column type:
Standard

1 DIAMOND v2.1.11. http://github.com/bbuchfink/diamond

2 # Invocation: diamond blastx --threads 4 --db /home/manager/Documents/cla
3 ¥ Fields: Query ID

4 4c9c2001-8486-496c-aZ2ea-cacd4067199cT

5 ¥c9c2001-8486-496c-a2ea-cacd067199¢cT
6
7
8
2]

c9c2001-8486-496c-aZ2ea-cacd067199cf
c9c20B1-8486-496Cc-aZea-cac4067199cT
c9c2001-8486-496c-aZ2ea-cac4@67199cT
Ac9c20B1-8486-496¢c-aZea-cacd067199¢cT

Help Cancel oK

Expected output:
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Percentage of identical matche# Alignment length Number of mismatches Number of gap opening# Start of alignment in query
372 113 58 4 1048
431 51 27 2 1763
36 50 30 2 1763
40 55 28 2 1763
364 7 48 1 1066
342 73 48 0 1075
34 50 31 2 1763
382 68 33 1 1090
342 73 48 0 1075
342 73 48 0 1075
38.2 85 29 2 1763
447 a7 22 3 1763
488 a1 21 0 1177
342 73 48 0 1075
448 58 28 2 1132
46.8 a7 21 3 1763
35.1 74 46 1 1087
42 50 27 2 1760
36.1 72 a1 1 1078
393 56 34 0 1126
423 52 26 3 1763
39.7 38 34 1 1123
38.1 a2 26 0 177
373 51 30 2 1763
355 183 118 0 3135
344 84 42 o 2906
36.6 183 116 0 3135
344 64 42 0 2906
35 183 119 0 3135
313 84 44 o 2906
366 183 116 0 3135
328 64 43 o 2906
361 183 17 0 3135
344 64 42 0 2906
355 183 118 0 3135
26.6 64 47 0 2906
35 183 119 0 3135
IR AR A4 a7 0 2906
L1

1. For the first read (row 2):

Which mitochondrial protein matches with this read?
What is the percentage of identity for this march?
What is the bit-score and e-value?

End of alignmentin query. Start of alignment in subject
1374 2

1614
1617

28080808 080888



Rechecking of reads filtered by diamond using Nanoplot:

NanoPlot -t 4 --fastq minion_drenale.fq --dpi 300 --N50 -o

./nanoplot_mt_drenale --huge

Open the Nanoplot output:

firefox ./nanoplot_mt_drenale/NanoPlot-report.html

Compare diamond's nanoplot output with previous nanoplot output

Questions:

How many reads were left in this analysis?

What percentage of the total reads does it represent?
Is it an expected percentage of reads?

What range of read sizes were left in this analysis?

Is it an expected range of sizes?

What is the average quality of the reads?

Is it different from the quality of previous reads? Why?

NoohrWN=

Note: If you want to make customized DB with a particular set of proteins you could use this
commands:

diamond makedb --threads 4 --db customized DB.dmnd --in

particular_set of proteins.fa

The multifasta file must be as follows:

To make Diamond DB is recommended that the ID from each protein of the mitochondrial
reference sequences have this format (ID_COX1, ID_COX2...):

>YP 913152.1 COX2 (mitochondrion) [Romanomermis culicivorax]
MSNFMGLNLMDOMNFLNWKIYLYNDVVIFIESTITAFMVESFMISMSLNKSWTQSMGHWEA
LELIWTISPVLILLFLGLPSLKMLYFSEIYNFSSYLSLKVMGHOQWYWEYSFPEFNTNILS
FPKVLSELIRFGESILLVLPFNFKIRATITISSSDVIHSWALPSMSFKMDATIPGRLNFYMMM
FMMPGKFIGQCSELCGTYHSWMPIYIETTSISLEFFEWMKST

>YP 913153.1 ND4L (mitochondrion) [Romanomermis culicivorax]
MLEMNFIFFMLIFCMILLILNYKMLVFFLITIELISLTLITIYLMYFINFYFIFLTLFVQV
FESVILILLTFDNFSNSNMIENLMKINY

>YP 913154.1 ND6 (mitochondrion) [Romanomermis culicivorax]
MVGLLGFWIFLLKSFYSSWMLLIFLIIMISGVFLMLFYLSLLMSKLFKLKKKSLLFIFLL
MEPNFFEFFKNYYFSELSLNLMDLOLNSMKLILFSLEVFLLSLMIVNNLSLKSKYYRQOMKE
LKSET

>YP 913155.1 ND2 (mitochondrion) [Romanomermis culicivorax]
MMYMIMLLISMNLESWWWEWMMLEILNWFLITWMKKKVIKLLFLLWQSLSSLLLLFYLLT
NLNFFFYFFFFFMKMSLPPFOQOMEFWKLHIYLNWKIFIIFMTLHKFLPMMFMTMEFFMKNEFM
NITIFFPLITFYMEFWNKMNLISNLFMFLMSDSFWMITAFFLSLKMAIVYMLVTTMMFITFE
WSYKNONKENISNKMNLKFILLLMFSLPPFFTFLIKFNLVESMMFHFMGFFLMMYLISTFE
FYWETFYLTVINLLMFNLKLNMFMYLFILITHLMFLFLL






De novo assembly
Flye

From the filtered readings we will proceed to mitochondrial assembly by Flye (estimated time
~20-30 min):

flye --nano-raw minion _drenale.fq -t 4 --meta --keep-haplotypes -o

./flye

Analyze the assembly obtained

segkit stats ./flye/assembly.fasta

expected output:

format type num_seqs sum_len min_len avg len max_len

./flye/assembly.fasta FASTA DNA 14 20,127 312 1,437.66,924

to see the detailed result:

cat ./flye/assembly info.txt

expected output:

seq_name . circ. repeat mult. alt_group
graph_path
contig 14
contig 13
contig 4
contig 12
contig 11
contig 9
contig 10
contig 7
contig 3
contig 1
contig 5
contig 2
contig 8
contig 6

*114)*
*1131*
4

zZZzZz2=z2=z2=2=z2=z2=2=2====
<< <<<<<<<<=<=<2zZ2Z
P PP PRPRPRRPRRPRRPRERPRPRPR

¥ ¥ K X K X K X X X X X X ¥

It is possible to display the assembly results in GFA format (22 ) graphically with bandage
(82):


https://gfa-spec.github.io/GFA-spec/GFA1.html
https://rrwick.github.io/Bandage/

open the folder “YUeNEVAEREY-LY VA R def={=Isls] kNRU\ M AMNLINYS” and in the "bandage" folder
start the program.

Within the program go to “FILE > LOAD GRAPH” and look for the file

‘WARNYEST SN this file contains the sequence (like the fasta file) and additionally
has the connections between the segments that were assembled.

Once loaded, if you press the "Draw graph" button, you will be rewarded with the assembly.
If you press "More info" it will give you detailed statistics of the assembly.

Questions:

How many contigs were obtained in the de novo assembly?
Which one is the longest and what size is it?

Which is the shortest and what size is it?

Which contig has the largest coverage?

Which contig has the lowest coverage?

arDd -~



Annotation of Assembly
Diamond

Now we will use Diamond to detect the assembled contigs containing mitochondrial protein
coding sequences (CDS) .

We will change the following parameters:

diamond blastx --threads 4 --db
/home/manager/Mitogenomic_uy Wellcome/cladoi.dmnd --out
mt_drenale_ensamble.outfmt6.tsv --outfmt 6 --query-gencode 5 --header

--unal @ --alfmt fasta --al mt _drenale ensamble.fa --query
/home/manager/Mitogenomic_uy Wellcome/flye/assembly.fasta

With these results, the segment containing the COX1 gene will be manually extracted

Go to the File Explorer” and Double click in to open the file
mt_drenale_ensamble.outfmt6.tsv

Expected output:

a =] w %) E r %) | L} 1
# Fields: Due! Subject ID [EA Percentage of identical matd ) Alignment ler{ ] Number of mismatc[ ] Number of gap open{ ¥ Start of alignment in qU] End of alignment in qi] Start of alignment in sub[>]
contig_9 YP_0091B6339.1_COX1 714 192 55 0 578 157
coniig 9 YP_009110082.1_COX1 708 192 56 0 3 578 158
Jig 9 YP 010132842.1 COX1 724 192 53 0 3 578 158
%E[xg_wwozaso.l_con 708 192 56 0 3 578 157
Questions:

- Which Is the best match for COX1 protein?
You can help yourself by answering these questions:

- What is the percentage of identity for this match?
- What is the bit-score and e-value?
- What is the name of the selected contig?

Note: In this example the name of the contig is “contig_9”. For your data the name could be
different.

Based on the name of selected contig, continue with:

From the file “mt_drenale_ensamble.fa”, copy and paste the selected contig to a new file
called "cox1.fasta"






MitoZ

MitoZ consists of independent modules for annotation of de novo assemblies. Automatically
find mitochondrial contigs, annotation and visualization.

Due to time constraints we will only analyze the contig that we know codes for the COX1
protein since we pre-selected it with Diamond:

conda activate mitozEnv

mitoz annotate --workdir ./ --fastafiles coxl.fasta --clade Nematoda
--genetic_code 5 --outprefix mitoz_drenale

Open the summary.txt file:

open ./mitoz_drenale.cox1.fa.result/summary.txt

Expected output (first lines):

#Seq_1id Length(pg) Circularity Closely_related_species

contig 9 579 no richinella nelsoni

sesese casssesecass: asasanes

#Seq_1id Start End Length(pR) Direction Type Gene_name Gene_p[gg.gg Total_freq_occurred
contig 9 <3 580 578 + DS cytochrome ¢ oxidase subunit I 1

sesese 4] ederevssces Seeesses

Protein coding genes totally found: 1

IRNA genes totally found: 0
rRNA genes totally found: 0
X

Genes totally found: 1

Potential missing genes:
#Gene total_missing_number

Questions:

-How many mitochondrial proteins were found in the selected contig?

- Is the same protein as Diamond previously detected?



Additional activities
Optional steps:
It is recommended to check for contaminants in any sequencing protocol.

Kraken2 is an easy and fast tool to check common species that could contaminate your
samples.

Kraken2

They will log in to http://usegalaxy.eu and upload the assembily file in fasta format:
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Tools Get Data = Hawking mt_DNA 4
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Upload from Disk or Web to mt_DNA

Composite  Collection Rule-based

Type (set all): | Auto-detect

L Elegir archivo local @& Choose remote files

Select the file and click on the "start" option:

~ Q Reference (set all): unspecified (?)

(& Paste/Fetchdata  Start  Pause  Reset




Upload from Disk or Web to mt_DNA

Regular Composite Collection Rule-based

You added 1 file(s) to the queue. Add more files or click 'Start' to proceed.

a 425 KB Auto-detect Q| unspecified (?) e

Type (set all): Auto-detect Q  Reference (set all): unspecified (?)

L Elegir archivo local & Choose remote files [ Paste/Fetch data Pause Reset Close

Once uploaded, we will select Kraken2 (£%) a specialized tool for quality control and
detection of foreign genetic material in assemblies or raw data.

TIP: A filtering step could be added at the beginning of this guide following these steps
shown below, but remember that it is a computationally expensive process for raw reads and
the duration of its execution for a complete genomic dataset (5-10 gigabytes) can be around
a day of execution.

Kraken2
Select the following parameters:

Input sequences = the assembly

Print scientific names instead of just taxids = YES

Confidence = you can use the default (0) or raise it up to 0.8

Enable quick operation = Yes (is recommended for this practice, in actual use it is
not suggested).

e Split classified and unclassified outputs? = Yes (separates the fasta into 2, those
that match the database (matched) and those segments/reads that don't
(unmatched)

En la seccion Create report:

e Print a report with aggregate counts/clade to file = Yes. Returns a table with the
names of the genera or species on which the program is able to match.

e Select a Kraken2 database = Prebuilt Refseq indexes: PlusPFP (standard plus

protozoa, fungi and plant)


https://ccb.jhu.edu/software/kraken2/

& Kraken2 assign taxenomic labels to sequencing reads (Galaxy Version 213 +galaxyl) & - & e

Tool Parameters
Single or paired reads

Single
—paired
Input sequences *
B O D . 2 assembly.fasta

accepted formats =

Print scientific names instead of just taxids

@D ves

(~-use-names)
Confidence
08 ®
Confidence score threshold. Must be in [8, 1] —confidence]
Minimum Base Quality *
o
Miinimum base quality used in classification {anly effective with FASTG input] {—minimum-base-quality)

Minimum hit geups *

Number of overlapping k-mers sharing the zame minimizer nesded to make & call {—-minimum-hit-graups)

Enable quick operation

© -

Guick operation (use first hit) {—quick)

Split classified and unclassified outputs?

@D ves

Sets --unclassified-out and —classified-out
Create Report ~

Print a report with aggregrate counts/clace to file
@0 v
—repart
Format report output like Kraken 1's kraken-mpa-report
No
1—-use-mpa-style)
Report counts for ALL taxa, even if counts are zero
No
{—report-zera-counts)
Report minimizer data
No
Report minimizer and distincl minimizer count informatian in addition Lo normal Kraken repart (—report-minimizer-dala)
Select a Kraken2 database *
Prebuilt Refseq indexes: PIusPFP (Standard plus protozos, fungi and plant] [Version: 2622-86-87 - Downloaded: 2022-09-85T6F
22852)
Additional Options
Email notification

Mo

Send an

email notification when the job completes,

P Run Tool

Alternative annotation.

Another useful tool to annotate mitogenomes is MITOS2 annotation tool as we show in the
next step-by-step galaxy guide:

MITOS2

Proceed to upload the file "cox1.fasta" to galaxy as we did before.
Once uploaded, select "mitos2".

Parameters:
e Sequence = cox1.fasta
e Genetic code = Invertebrate (5)
o Reference data = Refseq89 Metazoa
e Treat sequence as linear = yes (in case of obtaining a single circular mitochondrial
genome, use the "NO" option).
e Outputs = select all items.



Sequence *

e D O .- 3: coxl.fasta -
accepted formats «

A single sequence in fasta formated sequence (--input)
Genetic code *

Invertebrate (5) -
(—code)
Reference data *

RefSeq89 Metazoa v
Contact the administrator of this Galaxy instance if you miss reference data (--refseqver)

Treat sequence as linear

@ Ves

(—linear)

Outputs - optional

m GFF file x nucleotide FASTA x | protein FASTA x -
Protein prediction plot = | ncRNA prediction plot x | ncRNA structure plots - svg x

switch to column select =

Advanced options R
Feature types - optional

Protein coding genes = | tRNAs x -

switch to column select =

Feature types that should be predicted by MITOS (--noprot,--notrna,--norrna)
Final overlap (nt) *
58
Maximum number of nucleotides by which genes of different types may overlap (--finovl)

Annotate only the best copy of each feature

(] No
(--best)

Fragment overlap *

20 .

Maximum allowed overlap of proteins in the query (in percent of the shorter query range) for two hits to be counted as fragments of the
same gene (--fragovl)

Fragment quality factor *
10,0

Maximum factor by which fragments of the same protein may differ in their quality (--fragfac)

Advanced options for protein coding gene prediction v

Advanced options for ncRNA gene prediction v

Additional Options
Email notification

®  No

Send an email notification when the job completes.

P Run Tool



uestions:

1. Within the results you will find the "Protein prediction plot" graph, describe the
observed results. What does the multi-colored stacked histogram graph mean (see
example image)?
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position

2. Within the "missing genes" file the undetected genes are shown, which are they? are
they protein coding or non-coding?

3. The missing genes file also shows “duplicated genes”, which ones are reported in
this file?

4. Check within the MITOS file (in BED format) if the score of these duplicated genes is
the same. Compare the results obtained in this file with those shown in the "ncRNA
prediction plot" and "protein prediction plot” files.

5. Based on your biological criteria and the knowledge you have learned during the
course, would you choose one of the genes over the other? would you eliminate any
of them?

6. Insert the images of the three-dimensional structures of a tRNA and an rRNA.



