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Fungal mtDNA

B ; Yeast mitochondrial DNA (~ 78 kb)
Mitochondrial DNA GysLeu in Lys

Lamellae Matrix granule Large TS A Yy AP
Inner membrane : ribosomal ANA_— s\t 9/ Gy, Ser, g
Inner boundary membrane Ribosome /,:ﬁm-&»i:A / :.,
Cristal membrane o . Wypte .,

Matrix

Human mitochondrial DNA
17
ATP synthase bl

Intermembrane space
Intracristal space
Peripheral space

Outer membrane

- ca.16-110 kbs
*  Mostly assumed to be circular

Ntertili M., Kirmitzoglou I., Kouvelis V.N., Promponas V.J., Typas M.A.
MitoFun: A Curated Resource of Complete Fungal Mitochondrial Genomes. Submitted. 2013.
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Fungal mtDNA

Highly variability of the gene order
Recombination

Large intergenic regions

Highly variable intron numbers

Aguileta G, de Vienne DM, Ross ON, et al.
High Variability of Mitochondrial Gene Order among Fungi. Genome Biology and Evolution. 2014.
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Bacteria

Archaea

Why mtDNA?
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Phaeophyceae

protozoa

Straminipila

Chytridiomy

Y
Zygomycota
Glomeromycota
Ascomycota
Basidiomycota

Animalia

l— Rhodophyta
Chlorophyta

Bryophyta
Pteridophyta

Spermatophyta

Fungi

| animals

green plants

Georg Hausner. 6 - Fungal Mitochondrial Genomes, Plasmids and Introns.
In Dilip K. Arora and George G. Khachatourians, editors, Fungal Genomics,
Volume 3 of Applied Mycology and Biotechnology, pages 101 — 131. Elsevier, 2003.
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mt gene order
) according to GenBank annotation
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Early diverging fungi | Basidiomyecetes " Eurotiomycetes Sordariomycetes || Dothideomycetes I saccharomycetes1 I saccharomycetes2
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\;,'_‘r Aguileta G, de Vienne DM, Ross ON, et al. High Variability of Mitochondrial Gene Order among Fungi. Genome Biology and Evolution. 2014.
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Species
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Coccidioides immitis

X Trichephyton rubrum CBS 735.88

N Aspergillus fumigatus A1163

X Opt Aspergillus nidulans 33904
,N’rrﬁ'i)hj’m?'a crassa (QRTA

X Magnaporthe oryzae MG

X Fusartum orysporum f sp. melonis
Blumeria graminis f. sp. hordei AG

Botrytis cinerea BeDW1

Zymoseptoria tritici

Clandida albicans SC5314

X Hansentaspora valbyensis NRRL Y- 1626
Wickerhamomyces anomalus NERL Y-366-8
FPichia membranifociens NRRL Y-2026
Saccharomyees cerevisioe 5288
Preumocystis carinii 580

X Schizesaccharomyces pombe CBS2777
Opt Schizosaccharomyees octosporus yFS286
Ustilago maydis FBI

Opt Melampsora larici-populing 98AG31
Puccinia graminis f. sp. tritiei CRL T536-700-3
Puceinia triticina 1-1 BEED Race 1
Rhodotoruela graminis WP

Microbotryum lyc hnidis-dioicae plAd

Opt Trichosporon asahit 07000

Tremellas mesenterica ATCC28783
Cryptococeus neoformans var. grubie H995
Phanerochaete carnosa HHB-10118 sp
Paostia placenta Mad-698-R

Qpt Rhizoctonia solani AG-1 1A

Opt Stereum hirsutum FP-91666 551

Qpt Lacearia bicolor S238N-HS2
Schizophyllum commune Loenen S

Opt Serpula lacrymans SHA21-2

Opt Wallemia mellicola CBS 633.66
Clonidisholes covonatus NRRL 28638
Lichtheimia corymbifera FSU 9682
Lichtheimin ramosa B5399

Lichtheimia hyalospora FSU 10163

Mucor circinellotdes f. circinelloides
Rhizopus oryzae 99-892

Phycomyces blakesleeanus A897

Mortierella verticillata NRRL 6337
Encephalitozoon cuniculi Ecunll-CZ
RNA-Seq Spizellomyces punctatus DAOM BR117T
Batrachochytriwm dendmwbatidis BRASST
RNA-Seq Allomyces macrogynus ATCC 38327
Rozella allomycis CSF55

Fonticula alba ATCC 38817

jfzm ca rosetta C2E5F

WS 8 ‘apsaspora owczarzaki ATCC 30864
Acanthamoeba castellanii str. Neff
Entamoeba histolytica HM-1: IMS5-A
Dictyostelivm discoidewm A X4

Data

* NGS data of 33 fungi
- 8 mt reference genomes

Marie Lataretu



Approach

 Which assembler to use?
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Approach

 Which assembler to use?

JR-Assembler m A B% / S S \'2

A I'na
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Approach

 Which assembler to use?

—

SSPACE
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Approach

* Which assembler to use?
* How to find “the mt contig”?
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Approach

* Which assembler to use?
* How to find “the mt contig”?

- BLAST against refseq data

19 feature proteins
rrnL, rrnS

13.02.2018 Marie Lataretu
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Approach

* Which assembler to use?
* How to find “the mt contig”?

- BLAST against refseq data

19 feature proteins
rrnL, rrnS

- Read coverage of the contig

Salmon

13.02.2018 Marie Lataretu
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Approach

* Which assembler to use?
* How to find “the mt contig”?

BLAST against refseq data

19 feature proteins
rrnL, rrnS

Read coverage of the contig

HISAT2

13.02.2018 Marie Lataretu

13



BLAST result

1)

13.02.2018

Marie Lataretu

HISATZ2 result
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BLAST result HISATZ2 result

1) Discard BLAST hits with

¢ Same genus
* |dentity <70 %
* E-value > 10-10

13.02.2018 Marie Lataretu
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BLAST result HISATZ2 result

1) Discard BLAST hits with
¢ Same genus
* |dentity <70 %
* E-value > 10-10

2) BLAST features

*  Number of blast hits

* Unique set of hits on contig

nt covered by blast hits
contig length

13.02.2018 Marie Lataretu



BLAST result HISATZ2 result

1) Discard BLAST hits with * Normalized mean read

- Same genus coverage of the contig

* Identity < 70 % - 95t percentile?
* E-value > 10-10
2) BLAST features

*  Number of blast hits

* Unique set of hits on contig

nt covered by blast hits
contig length

13.02.2018 Marie Lataretu 17



Example with mt reference:
Aspergillus fumigatus

13.02.2018 Marie Lataretu
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Example with mt reference:
Aspergillus fumigatus

13.02.2018 Marie Lataretu
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Example with mt reference:
Aspergillus fumigatus

SSPACE

13.02.2018 Marie Lataretu
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Example with mt reference:
Aspergillus fumigatus

SSPACE

1) BLAST features
2) Read coverage of contigs

13.02.2018 Marie Lataretu
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Example with mt reference:
Aspergillus fumigatus

SSPACE

1) BLAST features . -
2) Read coverage of contigs Pick “the mt contig

3) Comparison with reference mtDNA

13.02.2018 Marie Lataretu 22



Contigs filtered by BLAST hits

assembly name

Spades

Spades

spades_cap
spades_cap
Spades_sspace
Spades_sspace
spades_cap_sspace
spades_cap_sspace

13.02.2018
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Contigs filtered by BLAST hits

assembly name #contigs #contigs_filtered contig hame contig_length

spades 1185 2 NODE_59 163686

spades 1185 2 NODE_157 30872

spades_cap 512 2 NODE_59 163686
spades_cap 512 2 NODE 157 30872
Spades_sspace 873 2 scaffold54 289931
Spades_sspace 873 2  scaffold128 30872
Spades_cap_sspace 453 2 scaffold54 289931
Spades_cap sspace 453 2  scaffold137 30872

13.02.2018 Marie Lataretu 24



Contigs filtered by BLAST hits

assembly name #contigs #contigs_filtered contig hame contig_length

spades ‘ 1185 2 NODE_59 163686

spades 1185 2 NODE_157 30872

spades_cap 512 2 NODE_59 163686

spades ca 512 2 NODE 157 30872
Spades_sspace \ 873 2 scaffold54 289931
Spades_sspace 873 2  scaffold128 30872
Spades_cap_sspace 453 2 scaffold54 289931
Spades_cap sspace 453 2  scaffold137 30872

13.02.2018 Marie Lataretu 25



BLAST features

assembly_name contig_name contig_length

spades NODE_59 163686
spades NODE_157 30872
spades_sspace scaffold54 289931
spades_sspace scaffold128 30872

13.02.2018 Marie Lataretu 26



BLAST features

covered by blast/

assembly_name contig_name contig_length #feature prot #rrnL #rrnS Contig_length unique_blast_set
spades NODE_59 163686 25 0 0 0,00071 yes
spades NODE_157 30872 770 117 696 0,44024 yes
spades_sspace scaffold54 289931 25 0 0 0,0004 yes
spades_sspace scaffold128 30872 770 117 696 0,44024 yes

13.02.2018 Marie Lataretu 27



Read coverage of contigs

assembly name

contig_name contig_length

spades
spades
spades_sspace
spades_sspace

13.02.2018

NODE_59
NODE_157
scaffold54
scaffold128

163686
30872
289931
30872

Marie Lataretu
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Read coverage of contigs

assembly name contig_name contig length avg read cov in_95th percentile read cov

spades NODE_59 163686 117,87152 no
spades NODE_157 30872 3400,40393 yes
spades_sspace scaffold54 289931 110,97829 no
spades_sspace  scaffold128 30872 3237,71197 yes

13.02.2018 Marie Lataretu 29



Read coverage of contigs

assembly name contig_name contig length avg read cov in_95th percentile read cov

spades NOD g 163686 117,87152 no
spades 30872  3400,40393 yes
spades_sspace scaffold54 289931 110,97829 no
spades_sspace  scaffold128 30872 3237,71197 yes

13.02.2018 Marie Lataretu 30



QUAST and MAUVE alignment

13.02.2018 Marie Lataretu
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QUAST and MAUVE alignment

chr 0 (..ete_genome)

..30696 bp

‘0.0 50.5 1.0 ‘1.5 52.0 2.5
Genome, x10 kb

P . 3572 b

13.02.2018 Marie Lataretu
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spades

QUAST and MAUVE alignment
NODE_ 157

chr_0/..ete_genome)

‘0.0

..30696 bp

50.5 1.0 ‘1.5 52.0 2.5
: Genome, x10 kb

30872 bp
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spades

QUAST and MAUVE alignment
NODE_157

chr_0/..ete_genome)

0.0

. 30696 bp

50.5 1.0 1.5 52.0 ‘2.5
; - Genome, x10 kb

30872 bp
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O~
ﬁfx BLAST
s
-~ * SPAdes vs. reference mtDNA
—C

sseqid pident gstart gend sstart send

NODE_157 mtRef 100.00 1 22704 22704 1
NODE_157 mtRef 100.00 22705 30872 30696 22529

13.02.2018 Marie Lataretu
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0.0
0.0

bitscore

41927
15084
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mauve alignment

2000 4000 &000 2000 10000 120800 14000 16000 12000 20000 22000 24800 26000 22000 2000C
1

£ 731

mt_genome.fasta

2000 4000 #0000 2000 10000 12000 14000 16000 12000 20000 22000 24000 26000 28000 20000

al oy

nodel57 rearranged.fasta
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quality

MITOS2 annotation
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hame — aP8 — cox2 — nad1 — naddl — rps5

— atp9 — cox3 — nad2 — nads
—cob —giy — nad3 — nadé
s P s T T 3 5
by H H E H H H H § H § 2 H H
g 3 ] H H H 2 H z £ % H 3 g ]
3 £ B % ] ] i ] i i H ] £ r,—,;
10°
'(HRNER | —W A
10° fod
10'
10° ” ”
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000 23000 24000 25000 26000 27000 28000 29000 30000
position

-~ 13.02.2018 Marie Lataretu




MITOS2 annotation
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Stats

NGS data for 33 species, 8 reference mtDNA
- 26 passed the pipeline

19 MITOS2 annotation
- 9 good
- 7S0-S0
- 3 fall

13.02.2018 Marie Lataretu
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Methodical problems

Marie Lataretu
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Methodical problems

Is it rigth to discard low quality BLAST hits?

13.02.2018 Marie Lataretu
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Methodical problems

Is it rigth to discard low quality BLAST hits?
If several mt contigs, which order?

13.02.2018 Marie Lataretu
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Methodical problems

 Is it rigth to discard low quality BLAST hits?
- |If several mt contigs, which order?
» Cutting of contigs necessary?

13.02.2018 Marie Lataretu
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Thanks for your attention!

Marie Lataretu
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Thanks for your attention!

And thanks to

Konstantin Riege Matthias Bernt

13.02.2018
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Technical problems

*  Wrong species label
- Paired end reads, that are not named properly

13.02.2018 Marie Lataretu
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FASTQ header

Header in 1st file

@HWI-ST377:113:CO2FUABXX:2:1101:1169:2171_1:Y:0:CAGATC/1
@HWI-ST377:113:CO2FUABXX:2:1101:1149:2180_1:Y:0:CAGATC/1
@HWI-ST377:113:CO2FUABXX:2:1101:1236:2190_1:N:0:CAGATC/1
Header In 2nd file

@HWI-ST377:113:CO2FUABXX:2:1101:1169:2171_2:Y:0:CAGATC/2
@HWI-ST377:113:CO2FUABXX:2:1101:1149:2180_2:Y:0:CAGATC/2
@HWI-ST377:113:CO2FUABXX:2:1101:1236:2190_2:N:0:CAGATC/2

13.02.2018
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FASTQ header

Header in 1st file

@HWI-ST377:113:CO2FUABXX:2:1101:1169:2171J1fY:0:CAGATC/1
@HWI-ST377:113:CO2FUABXX:2:1101:1149:2180J1FY:0:CAGATC/1
@HWI-ST377:113:CO2FUABXX:2:1101:1236:2190J1fN:0:CAGATC/1
Header In 2nd file

@HWI-ST377:113:CO2FUABXX:2:1101:1169:2171|2FY:0:CAGATC/2
@HWI-ST377:113:CO2FUABXX:2:1101:1149:21802FY:0:CAGATC/2
@HWI-ST377:113:CO2FUABXX:2:1101:1236:2190J2EN:0:CAGATC/2

13.02.2018
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Technical problems

*  Wrong species label

13.02.2018 Marie Lataretu
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Species label

- ENAentry

Study Sample Secondary Experiment Run Tax ID Scientific Instrument Library FASTQ FASTQ Submitted Submitted NCBI NCBI CRAM CRAM
accession accession sample accession accession name model layout files files files (FTP) files SRA SRA file Index Index
accession (FTP) (Galaxy) (Galaxy) file (Galaxy) files files
(FTP) (FTP) (Galaxy)
PRIEE2977 SAMEA2061183 ERS236451 ERX303996 ERR331067 559306 Ustilago Illumina PAIRED File 1 File 1 BAM File 1 BAM File 1 File 1 File 1
maydis  HiSeq 2000 File2  File2
FB1

13.02.2018 Marie Lataretu 52



Species label

- ENAentry

Study Sample Secondary Experiment Run Tax ID Scientific Instrument Library FASTQ FASTQ Submitted Submitted NCBI NCBI CRAM CRAM
accession accession sample accession accession name model layout files files files (FTP) files SRA SRA file Index Index
accession (FTP) (Galaxy) (Galaxy) file (Galaxy) files files
(FTP) (FTP) (Galaxy)

PRIEB2977 SAMEA2061183 ERS236451 ERX303996 ERR331067 559f06 Ustlage  Humina PAIRED Filel  Filel BAMFile1 BAMFilel Filel Filel
i iSeq 2000 Flle2  Flle2

13.02.2018 Marie Lataretu 53



Species label

- ENAentry

Study Sample Secondary Experiment Run Tax ID Scientific Instrument Library FASTQ FASTQ Submitted Submitted NCBI NCBI CRAM CRAM
accession accession sample accession accession name model layout files files files (FTP) files SRA SRA file Index Index
accession (FTP) (Galaxy) (Galaxy) file (Galaxy) files files
(FTP) (FTP) (Galaxy)
PRIEB2977 SAMEA2061183 ERS236451 ERX303996 ERR331067 550806 Ustlage  fumina PAIRED Filel  File1l BAMFile1 BAMFilel Filel Filel
i iSeq 2000 File2  File2
° BLAST: assembly vs. reference mtDNA
| | soapdenovoz2k91.tab 0 bytes
| | soapdenovo2k9]1_cap.tab 0 bytes
| | soapdenovo2k9]1_cap_sspace.tab 0 bytes
r | | soapdenovoZk9]1_sspace.tab 0 bytes
| | spades.tab 0 bytes
| | spades_cap.tab 0 bytes
13.02.2018 | | spades_cap_sspace.tab 0 bytes 54
| | spades_sspace.tab 0 bytes



Species label

(=) Descriptions

Sequences producing significant alignments:
Select: All Mone Selected:0

i1 Alignments o
Description Max | Total |\Query| E Ident | Accession
score score cover value
D TPA: Saccharomyces cerevisiae S288C chromosome X, complete sequence 79338 79633 100% 0.0 100% BKO06943.2
D Saccharomyces cerevisiae strain S288c chromosome X, complete sequence 79137 79745 100% 0.0 100% CPO201321
D Saccharomyces cerevisiae YJMEE2 chromosome X sequence 78409 78609 100% 0.0 99% LCP0O0O5097.2
[:] Saccharomyces cergvisiae YJM27 1 chromosome X sequence 78374 78Y25 100% 0.0 99% CP0D05120.2
[:] Saccharomyces cerevisiae YJM1383 chromosome X seguence 78361 78464 99% 0.0 99% CP0O05155.2
D Saccharomyces cerevisiae YJW541 chromosome X sequence 78361 V8460 99% 0.0 99% CPO051281
D Saccharomyces cerevisiae strain MTKSKsf E2 chromosome X sequence 78354 VB354 99% 0.0 99% CPO0B1261
[:] Saccharomyces cerevisiae strain W1 S OAKURA 4 chromosome X sequence 78335 VB335 99% 0.0 99% CPO08330.1
[:] Saccharomyces cerevisiae strain HCNTHsf C5 chromosome X sequence TB335 783357 99% 0.0 99% CPO07973.1
[:] Saccharomyces cerevisiae strain HE § GIMBLETTROAD 16 chromosome X seguence TB332 78332 99% 0.0 99% CPO0B2451
[:] Saccharomyces cerevisiae strain HB C OMARUNU| & chromosome X sequence TB330 78330 99% 0.0 99% CPO084321
[:] Saccharomyces cerevisiae strain HPRMTsf HY chromosome X seguence 78330 VB330 99% 0.0 99% CPO0B1601
[:] Saccharomyces cerevisiae strain TMPLST-4-5-2 chromosome X sequence 78330 78330 99% 0.0 99% CPO0B041.1
[:] Saccharomyces cerevisiae strain Wl € MBI5MBMZ 4 chromosome X sequence 78326 78326 99% 0.0 99% CPO0DB551.1
1
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S Descri

Species label

ions

Sequences producing significant alignments:
Select: All Mone Selected:0

It Alignments O
Description Max Total Query| E Ident = Accession
score score cover value
D Saccharomyces cerevisiae strain $S288c mitochondrion, complete genome 27320 1.578e+03 99% 0.0 99% CP020139.1
D Saccharomyces cerevisiae S288c mitochondrion, complete genome 27316 1.577et03 99% 0.0 99% KP263414.1
C] Saccharomyces cerevisiae strain ySR127 mitochondrion. complete sequence 27314 1.55Vet03 99% 0.0 99% CP0O11563.1
[] saccharomyces cerevisiae YJM1307 mitochondrion, complete genome 27298 1.534et+05 98% 0.0 99% CPO0OE522.2
D Saccharomyces cerevisiae strain CEN.PK113-7D mitochondrion, complete genome 16765 1.533e+05 96% 0.0 99% CP022982.1
D Saccharomyces cerevisiae ¥JM1478 mitochondrion, complete genome 15684  B7306 90% 0.0 9V% CPO0ES57TA1
D Saccharomyces cerevisiae ¥JM1311 mitochondrion, complete genome 15274  BBTTE 93% 0.0 99% CPO0E5251
C] Saccharomyces cerevisiae strain NCIM3107 sequence 11965 1.352e+03 93% 0.0 99% CP0O0D9955.1
C] Saccharomyces cerevisiae YJM1444 mitochondrion, complete genome 11057 1.144e+03 96% 0.0 099% CPO06551.2
C] Saccharomyces cerevisiae isolate UWOPS87-2421 mitochondrion, complete genome 11057 1.145e+05 96% 0.0 099% KPT12805.1
D Saccharomyces cerevisiae ¥JM1615 mitochondrion, complete genome 10894 88976 92% 0.0 99% CPO0ESE5.1
D Saccharomyces cerevisiae ¥JM1208 mitochondrion, complete genome 10894  BO96EO 93% 0.0 99% CPO0E5141
C] Saccharomyces cerevisiae YJM451 mitochondrion, complete genome 10549 90641 94% 0.0 98% CP0O0E485.1
C] Saccharomyces cerevisiae YJM1190 mitochondrion, complete genome 10237 1.210et03 96% 0.0 98% CPO0E511.2
C] Saccharomyces cerevisiae YJM271 mitochondrion, complete genome 9675 91876 94% 0.0 99% CPO0E480.1
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