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Step I.
The sample.

Previous
knowledge of
the biology of
the organism.
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Why we choose long reads for mitocondrial assembly?
MtDNA Echinococcus granulosus:
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Mitochondrial genome assembly
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o~
/4

Sampling
Sequencing

o ———

QC
Assembly

LIBRARY
Dioctophyme — gDNA EXTRACTION HMW gDNA >40 Kb CONSTRUCTION
N=2 E— (nuclear + mitochondrial) —w
mtDNA READ Putative DE NOVO ASSEMBLY |
PromethlON SELECTION mitochondrial '
Basecalling SUP E— B ——)
O I Flye Mitochondrial
~diamond -
1,846,401 reads o 4,664 reads Contigs
N50 ~4.5 kb
mitochondrial database N50 ~4 kb

Annotation
Molecular
markers design

S N R N R N R N R N R N R N N N R N N N N N N N N N N N N N S N R SN N N N N S S R N R N N N S N S N N N R N S N S N R N R N R N R N R N R N R N R N R Ny

Largest read 189.6Kb
Mean quality 20

&’ diamond

22 tRNAs FILTERING

2 rRNAs

Nuclear reads removal
CDS identity > 60%
CDS coverage > 90%

Largest read 18.1Kb
Mean quality 19

High confidence
mitochondrial
reads

120 reads
N50 ~2.5 kb
Coverage 7.2X

MOLECULAR

MARKER DESIGN

//——*"\

e

D. renale
mitogenome /

\

ND4

———————————

N

\
1
1
1
1
1
1
1
1
1
1
1
1
1

BIONFO



Mitochondrial genome de novo
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Readings files format

FASTQ format

o Simple format of unaligned sequence reads
o Sequences and quality score associated with each base.

o File extension : .fastq o .fg
o (Compressed fastq.gz | fq.gz)



Readings files format

FASTQ format

-
v sign @IL16 4408:3:5:17860:13258 /Readsequence
forparity CTGGCTCACATACAGGCCAGTATAAAGCGTCTCCTTTAAA

+ Read Quality by base
(ASCIl code)

HHHHHHHHHHHHHHHHHHEHHHHHHHHEHEHHEHEHHHRE
@IL16c 4408:3:14:13276:1210
GTAGAAAACAATATAGAAGCCTTAGGACAGAAAACCCTAA
+
HHHHHHHHHHHHHHHHHEDHHHHHHHHBGHHHHHHCDCCE>

Read ID =‘@’ sign + sequence identifier



Nanoplot - QC

NanoPlot Program (BD creation)
-1 8 Threads

--fastg minion.fg Fastq file name

--dpi 300 Image quality

--N50 To show the N50 value mark
-0 ./nanoplot Output folder name

--huge Big data file



Nanoplot - QC

Summary statistics

Read lengths vs Average read quality plot using dots

Metrics
number_of_reads 26190
number_of_bases 686824347.0 Le n gt h
median_read_length 12433.0
mean_read_length 26224.7
read_length_stdev 35320.1 Q u a l.ity
n50 52343.0
mean_qual 18.8
median_qual 21.7
longest_read_(with_Q):1 560959 (13.3) T
, = “s
longest_read_(with_Q):2 540464 (14.5) i
longest_read_(with_Q):3 531365 (15.8) %
longest_read_(with_Q):4 421500 (18.3) =
longest_read_(with_Q):5 373488 (23.4) E
highest_Q_read_(with_length):1 32.5 (5063) E E ] B
highest_Q_read_(with_length):2 31.9(9176) o .
highest_Q_read_(with_length):3 30.9 (5644) E
highest_Q_read_(with_length):4 29.7 (43859) E
highest_Q_read_(with_length):5 29.5 (7944) E
Reads >Q10: 26190 (100.0%) 686.8Mb 5
Reads >Q15: 24320 (92.9%) 632.1Mb
Reads >Q20: 18101 (69.1%) 469.3Mb ﬂ
Reads >Q25: 1461 (5.6%) 21.5Mb D lﬂ(]k En[ﬂz 3’““"‘ 4“[“: Sﬂnk"

Read lengths
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Diamond BLAST «\57

DIAMOND is a sequence aligner for protein and translated DN
searches vs Protein database.

Key features:
* Pairwise alignment of proteins or DNA.
* Faster than BLAST.

* Allows alignments with reading frame changes for analysis of long
reads (error rate tolerance).

* Various output formats, including tabular and fasta/q.



TABULARFILE
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Diamond - outformat 6

300262.1_14095 contig_1_ATP6_len=168_17134_17639_+ 14095 168 99.4 168 1 0 12145 11642 1 168 3'12(;105 309 167 168 100
. 5.02E-

38576.1_8924 contig_1_COX1_len=520_21238_22799_+ 8924 520 100 422 0 0 68 1333 1 422 083 838 422 422 100

599553.1_8749  contig_1_CYTB_len=372_33381_34500_+ 8749 372 100 370 0 0 2671 3780 3 372 ! '28426E- 732 370 370 100
. 1.99E-

599553.1_8749  contig 1_ATP6_len=168_17134_17639_+ 8749 168 99.4 168 1 0 7962 8465 1 168 100 309 167 168 100

455962.1_8005 contig_1_ND4_len=393_12828_14008_- 8005 393 100 259 0 0 4122 3346 135 393 5'175725 467 259 259 100
: 3.22E-

65512.1_7635 contig_1_ND1_len=299_25659_26558_+ 7635 299 100 116 0 0 1955 1608 1 116 211 116 116 100

64



Diamond - outformat 6 \%@/

1=
O
O
7
@4

positive

gapopen

65512. 3.22E
1 7635 ND1 7635 299 100 116 O 0O 1955 1608 1 116 64 211 116 116 100
el COX1 7635 520 100 422 O 0 6378 5113 1 422 7.27E 838 422 422 100

1_7635 -286



Diamond tabular ,\37

gseqid

sseqid

glen

slen

pident

length

mismatch

gapopen

gstart

Query sequence ID.

ID of the subject sequence (the one in the
database).

Length of the query sequence.

Length of the subject sequence.

Percentage of identity between the query sequence
and the subject sequence.

Length of alignment.

Number of misalignments (differences) in the
alignment.

Number of gap openings in the alignment.

Beginning of the alignment in the query sequence.

gend
sstart

send

evalue

bitscore

nident

positive

ppos

End of alignment in the query sequence.
Beginning of the alignhment in the subject sequence.

End of alignment in the subject sequence.

E-value, which indicates the number of alighments expected
by chance with a score equal or better. Lower values indicate
higher significance.

Bit score of the alignment, a measure of the size of the
alignment.

Number of identities (identical base pairs) in the alignment.

Number of positive base pairs (similar amino acids) in the
alignment.

Percentage of positive positions in the alignment.

\



Parameter highlights 4

E-value, which indicates the

gseqid ID of the query sequence. number of alignments expected
by chance with a score equal or
evalue v
sseqig P °f the subject sequence (the Lower values indicate higher N\
19 G heinthe database). significance.

Alignment bit score, a measure

bitscore of alignment size.

https://www.ncbi.nlm.nih.gov/books/NBK62051/



Database preparation

diamond makedb Program (BD creation)

--threads 4 Threads to be used

--db cladoi.dmnd Database name

--in proteins mt.fa Protein file for indexing



Diamond Search

diamond blastx
--threads 4 --db cladoi.dmnd

--guery minion.fq.gz

--guery-gencode 5 --ultra-sensitive
--out mt.outfmt6.tsv --outfmt 6 --header
--unal @ --alfmt fastg

--al minion_drenale.fq




Diamond Search

diamond blastx Program (BLASTX/P)
--query minion. -Fq .82 File input (sequenced)

--db cladoi.dmnd Database
--query-gencode 5 Pt =
--ultra-sensitive Sensitivity *

--out mt.outfmt6.tsv Name Output table

--una 1 @ Non-aligned reads are not saved

--d l-Fmt -Fa St q Output format(fastA/Q)
--al minion_drenale.fq

* *https://github.com/bbuchfink/diamond/wiki/3.-Command-line-options#sensitivity-modes
- # https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi

Output file name



https://github.com/bbuchfink/diamond/wiki/3.-Command-line-options#sensitivity-modes
https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi

Alternative genetic codes

2. nucleotide

C A G
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U }F UCC 1o UAC }Y 'UGC}C
m‘ e e oo |
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Number of bases

Read Length & Quality

Weighted histogram of read lengths

Comparing average base call quality score
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Long Read Assembly Pipeline

[ Fielads j

Over|ap j Build overlap graph
v

Layo ut ] Bundle stretches of the overlap graph into contigs
v

Pick t likel leotid f h conti
. COHSGHSUS] ick most likely nucleotide sequence for each contig

|
[ Contigs ]




Flye

Final
Assembly
files

Flye log

First assembly

Repeat resolution

.
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Contigger
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30-contigger

Final polish

40-polishing
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assembly

assembly_graph

assembly_graph.gv
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(1) Overlap

- 8-

(3) Consensus




(3) Consensus




Assembly with Flye

-Flye Program

--Nnano-raw dr‘enale.fq Input file (sequenced)

_-t 4 Threads

--meta coverage

Maintain haplotypes

(do not collapse alternative haplotypes)

- -keep-haplotypes

-0 . /flye Name Output folder

For metagenomes or with variable p—



Sequencing methodology-dependent
options:

OUR CASE

/

--nano-raw Nanopore regular reads (<20% error)
--nano-hq Nanopore high-quality reads: SUP or Q20 (<3% error) \

Similar options are designed for Pacbio:
(https://github.com/mikolmogorov/Flye/blob/flye/docs/USAGE.md#inputdata)



Assembly QC

e assembly info.txt : ? — ==

- B _—_ ::x’ I
sequencing —_——  assembly -
* Number of Contigs genome reads contigs

* Total length of assembly
- Visualize GFA in Bandage /_’%

Oom



Any guestions?

Please contact wellcomeconnectingscience.org
for more information.

May 2025
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MITOZ

Program

mitoz annotate

Working directory name

- -workdir ./

Fasta file with mitogenome assembly

--fastafiles coxl.fasta

--clade Nematoda clete

- - genet ic code 5 Clade specific genetic code

--outprefix mitoz_drenale RS IEIY
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Dioctophyme
renale

Caracterizacion mitogenomica




Dioctophyme renale

“Giant kidney worm*

Dioctophyme renale

. Accidental
Nematode parasite host
Adultsin kidney
Considered the largest parasitic nematode of
terrestrial vertebrates Definitive host
Health problem in dogs and threatened \
wildlife living near aquatic environments :
\ Unembryonated

. ] . . . . oy o eggs shedinthe
High risk of causing infections in human - ! urine
populations in riparian areas I =

At i SO
. s U b d

Hard to sample. surgeries \ = bt e

or roadkill wildlife (degraded DNA)

Little molecular information on this organism

(no genome nor transcriptome)

AA A A
AA A
A X P

v « (£1)
Intermediate

Host
(L1->L3)

A
AAA,



Phylogenetic Relationships - Nematodes

mtDNA has valuable

characteristics :

* high mutation and
substitution rates

* infrequent genetic
recombination

* maternal transmission

* high copy number (!)

* easy accessibility.

Rhabditina 9\/
Tylenchina IV =

10, 11, 12

Spirurina | | |
8

Rhabditomorpha Y
EE Bunonematomorpha 3¥

Diplogasteromorpha 3¥

Brevibuccidae K

r Panagrolaimomorpha 3¥
Cephalobomorpha  3¥

11
Lﬁ Tylenchomorpha N
Myolaimina 2

e Ascaridomorpha
p Spiruromorpha

[ Rhigonematomorpha

— Oxyuridomorpha

e (Gnathostomatomorpha

Dracunculoidea

Teratocephalidae s
7 7 ahs
= Plectida R}
= Araeolaimida K4
Chromadoria = Monhysterida R
= Desmodorida A
= Chromadorida Ay
e =n0pIina XY
e Trefusiina K4
e Oncholaimina Ay
Enoplida Ironina Ay
I | 18 b Campydorina Ay
Enoplia e Tripyloidina R
1 — Alaimina Ay
Triplonchida [ T“"Y'?”a fﬁ_
v Tobrilina A
== Diphtherophorina K-
Trichinellida
Dorylaimia | E Dioctophymatida Ay
2 _E Mononchida AL
Mermithida
= Dorylaimida Ay

'3 %\ Caenorhabditis elegans %
Necator americanus

- — C. elegans

& Pristionchus pacificus %

b 3% Meloidogyne incognita *
* =¥ Meloidogyne hapla

Brugia malayi *
Onchocerca volvulus

i{:"; plant parasite

% vertebrate parasite

* invertebrate parasite
invertebrate association

Trichinella sp.

Y microbivore or predator

Trichuris sp.

g
::ﬁ'« Xiphinema index

%\ Trichinella spiralis *

L Sub-represented
w* Romanomermis culcivorax

genomic data



(Mito)Genomes lengths in Nematodes
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Non-Coding regions (NCR)
Each CDS is flanked by an NCR

- -~ / -~ - -~

T = 1 T T " -

1 : ’ e assembly is

1T ] ~ =0 , — complicated by very
O T | ~T— similar repeated NCRs
? ’ ’ ' P '///i |

CDS & NCR

NCR




Conclusions

¥ " T T
Glal 115 175 235 295 355 415 475 535 595 655 715
Read length ik]

0

% Genome skimming bioinformatics allowed us to
assemble and annotate a new mitochondrial genome

v" Without a reference genome

v" No mitochondrial separation required

v" No PCR amplification needed

v All mitochondrial proteins were annotated with
82-99% AA identity to other phylogenetically
related nematodes

v" All mitochondrial rRNA and tRNA were found

v Two mitochondrial molecular markers were designed
and implemented in phylogeography studies

v Unique nematode mitochondrial features were identified
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