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21 SUMMARY:
22  We previously validated a protocol for amplicon-based whole genome Usutu virus (USUV)
23 sequencing on a nanopore sequencing platform. Here, we describe the methods used in more
24 detail and determine the error rate of the nanopore R10 flow cell.
25
26  ABSTRACT:
27  Whole genome sequencing can be used to characterize and to trace viral outbreaks. Nanopore-
28 based whole genome sequencing protocols have been described for several different viruses.
29  These approaches utilize an overlapping amplicon-based approach which can be used to target a
30 specific virus or group of genetically related viruses. In addition to confirmation of the virus
31 presence, sequencing can be used for genomic epidemiology studies, to track viruses and unravel
32  origins, reservoirs and modes of transmission. For such applications, it is crucial to understand
33  possible effects of the error rate associated with the platform used. Routine application in clinical
34  and public health settings require that this is documented with every important change in the
35 protocol. Previously, a protocol for whole genome Usutu virus sequencing on the nanopore
36 sequencing platform was validated (R9.4 flowcell) by direct comparison to lllumina sequencing.
37 Here, we describe the method used to determine the required read coverage, using the
38 comparison between the R10 flow cell and Illumina sequencing as an example.
39
40 INTRODUCTION:
41  Fast developments in third generation sequence technologies allows us to move forward towards
42 close to real-time sequencing during viral outbreaks. This timely availability of genetic
43  information can be useful to determine the origin and evolution of viral pathogens. Gold
44  standards in the fields of next generation sequencing however, are still the second-generation
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sequencers. These techniques rely on specific and time-consuming techniques like clonal
amplification during an emulsion PCR or clonal bridge amplification. The third-generation
sequencers are cheaper, hand-held and come with simplified library preparation methodologies.
Especially the small size of the sequence device and the low purchase price makes it an
interesting candidate for deployable, fieldable sequencing. This could for instance be seen during
the Ebola virus outbreak in Sierra Leone and during the ongoing arbovirus outbreak investigations
in Brazil'. However, the reported high error rate* might limit the applications for which
nanopore sequencing can be used.

Nanopore sequencing is evolving quickly. New products are available in the market on a regular
basis. Examples of this are for instance the 1D squared kits which enables sequencing of both
strands of the DNA molecule, thereby boosting the accuracy of the called bases® and the
development of the R10 flow cell which measures the change in current at two different instances
in the pore®. In addition, improved bio-informatic tools like improvements in basecalling will
improve the accuracy of basecalling’. One of the most frequently used basecallers, (e.g.,
Albacore), has been updated at least 12 times in a 9-month time period®. Recently, the
manufacturer also released a novel basecaller called flip-flop, which is implemented in the
default nanopore software®. Together, all of these improvements will lead to more accurate
sequences and will decrease the error rate of the nanopore sequencer.

Usutu virus (USUV) is a mosquito-borne arbovirus of the family Flaviviridae and it has a positive-
stranded RNA genome of around 11,000 nucleotides. USUV mainly affects great grey owls and
blackbirds® 0, although other bird species are also susceptible to USUV infection!!. Recently,
USUV was also identified in rodents and shrews although their potential role in transmission of
the virus remains unknown?'2. In humans, asymptomatic infections have been described in blood
donors!371® while USUV infections also have been reported to be associated with encephalitis or
meningo-encephalitis'” 8, In the Netherlands, USUV was first detected in wild birds in 2016
and in asymptomatic blood donors in 2018, Since the initial detection of USUV, outbreaks have
been reported during the subsequent years and surveillance, including whole genome
sequencing, is currently ongoing to monitor the emerge and spread of an arbovirus in a previously
naive population.

Similar to what has been described for other viruses, such as Ebola virus, Zika virus and yellow
fever virus® ¥ 20, we have developed a primer set to sequence full length USUV?L. This
polymerase chain reaction (PCR)-based approach allows for the recovery of full length USUV
genomes from highly host-contaminated sample types like brain samples in samples up to a Ct
value of around 32. Benefits of an amplicon-based sequencing approach are a higher sensitivity
compared to metagenomic sequencing and a higher specificity. Limitations of using an amplicon-
based approach are that the sequences should be similar in order to design primers fitting all
strains and that primers are designed on our current knowledge about the virus diversity.

Given the constant developments and improvements in third generation sequencing, there is a
need to evaluate the error rate of the sequencer on a regular basis. Here, we describe a method
to evaluate the performance of nanopore directly against lllumina sequencing using USUV as an
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example. This method is applied to sequences generated with the latest R10 flow cell and
basecalling is performed with the latest version of the flip-flop basecaller.

PROTOCOL:

NOTE: List of software tools to be used: usearch v11.0.667; muscle v3.8.1551; porechop 0.2.4;
cutadapt 2.5; minimap2 2.16-r922; samtools 1.9; trimmomatic 0.39; bbmap 38.33; spades
v3.13.1; kma-1.2.8

1. Primer design

1.1. Start with downloading or retrieving a set of relevant reference whole genome sequences
from public or private data collections. For instance, retrieve all full length USUV genomes
(taxid64286) from the NCBI database??. USUV encodes a genome of around 11,000 nucleotides
so only retrieve the sequences with a sequence length of 8,000-12,000 nucleotides. Do this using
the following search entry:

- taxid64286[0Organism:noexp] AND 8000[SLEN]:12000[SLEN].

1.1.1. Click on Send to | Complete Record | File; use Format = FASTA and create the File.

1.2. To downsize the set of reference sequences, remove duplicate sequences or sequences with
over 99% nucleotide identity from the dataset. Do this using the cluster fast option from
usearch?3. On the command line enter:

- usearch -cluster_fast All_USUV.fasta -id 0.99 -centroids All_USUV_dedup.fasta

1.3. To generate the primers, sequences need to be aligned. This is done using MUSCLE?*. On the
command line enter:
- muscle -in All_USUV_dedup.fasta -out All_USUV_dedup_aligned.fasta -log log_muscle.txt

NOTE: It is essential to manually inspect the alignment to check for discrepancies. These can be
manually corrected if needed and the ends can be trimmed according to the length of most whole
genome sequences.

1.4. Primal is used to make a draft selection of the primers which can be used for full length
amplicon sequencing®®. Upload the alignment to the primal website
(http://primal.zibraproject.org/) and select the preferred amplicon length and overlap length
between the different amplicons. Go to primal.zibraproject.org, fill in the Scheme name, upload
the aligned fasta file, select the amplicon length, overlap size, and generate the scheme.

1.5. Align the complete set of available complete USUV sequences (not the downsized or
deduplicated set). On the command line enter:

- muscle -in All_USUV.fasta -out All_USUV _aligned.fasta -log log_muscle.txt

NOTE: Map the generated primers against the complete alignment (do not use the deduplicated
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alignment), manually correct errors and include a maximum of 5 degenerative primer positions.
2. Multiplex PCR

2.1. Perform the multiplex PCR using the designed primers and nanopore and lllumina
sequencing. The multiplex PCR for USUV was performed as previous described!® 2%,

2.2. Perform basecalling with flip-flop version 3.0.6.6+9999d81.
3. Data analysis to generate consensus sequences from nanopore data

3.1. Several samples can be multiplexed on a single nanopore sequencing run. After performing
the sequence run, demultiplex the nanopore data. Use Porechop? for this. To prevent
contamination and enhance accuracy, use the require_two_barcodes flag. On the command line
enter:

- porechop -i Run_USUV.fastq -o Run_USUV_demultiplex --require_two_barcodes

3.2. After demultiplexing, remove primer sequences (indicated in the file Primers_Usutu.fasta in
both orientations) using cutadapt?®. In addition, remove sequences with a length shorter than 75
nucleotides. The primers have to be removed since they can introduce artificial biases in the
consensus sequence. On the command line enter:

- cutadapt -b file:Primers_USUV.fasta -o BCO1_trimmed.fastq BCO1.fastq -m 75

3.3. Demultiplexed sequence reads can be mapped against a panel of distinct reference strains
using minimap2?’ and a consensus sequence can be generated using samtools?®. Follow the
example below which shows the procedure of a reference-based alignment and the consensus
sequence generation of one sample: BCO1. On the command line enter:

- minimap2 -ax map-ont Random_Refs USUV.fasta BCO1_trimmed.fastq > BCO1.bam

- samtools sort BCO1.bam > BCO1_sorted.bam

- bcftools mpileup -Ou -f Random_Refs _USUV.fasta BCO1_sorted.bam | bcftools call -mv -
Oz -o BCO1.vcf.gz

- bcftools index BCO1.vcf.gz

- cat Random_Refs_USUV.fasta | bcftools consensus BCO1.vcf.gz > BCO1_consensus.fasta

3.4. For reference-based alignments it is essential that a closely related reference sequence is
used. Therefore, perform a BlastN search with the generated consensus sequence to identify the
closest reference strain. After that, repeat the reference-based alignment with the closest
reference strain as reference (step 3.3 and 3.4). On the command line enter:

- minimap2 -ax map-ont Ref USUV_BCO1.fasta BCO1_trimmed.fastq > BCO1_ref.bam

- samtools sort BCO1_ref.bam > BCO1_sorted_ref.bam

- bcftools mpileup -Ou -f Ref USUV_BCO1.fasta BCO1_sorted_ref.bam | bcftools call -mv -
Oz -0 BCO1_ref.vcf.gz

- bcftools index BCO1_ref.vcf.gz

- cat Ref USUV_BCO1.fasta / bcftools consensus BCO1_ref.vcf.gz >
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BCO1_ref consensus.fasta
4. Analysis of the lllumina data

4.1. These sequences are automatically demultiplexed after sequencing. Reads can be quality
controlled using trimmomatic?®. For paired-end Illumina sequences, use the commonly used cut-
off median PHRED score of 33 and a minimal read length of 75 to get accurate, high quality reads.
On the command line enter:

- trimmomatic PE -phred33 9 _S9 LO01_R1_001.fastq.gz 9_S9 L0O01_R2_001.fastq.gz
9 1P.fastqg 9_1U.fastq 9_2P.fastq 9 2U.fastq LEADING:3 TRAILING:3 SLIDINGWINDOW:3:15
MINLEN:75

4.2. Remove primers (indicated in the file Primers_Usutu.fasta in both orientations), since they
can introduce artificial biases, using cutadapt?®. In addition, remove sequences with a length
shorter than 75 nucleotides using the commands below. On the command line enter:

- cutadapt -b file:Primers_USUV.fasta -o 9 1P _trimmed.fastq -p 9 2P _trimmed.fastq
9 1P.fastq 9_2P.fastq -m 75

4.3. Before de novo assembly, the sequence reads can be normalized for an even coverage across
the genome. This is essential since de novo assemblers like SPAdes take the read coverage into
account when assembling sequence reads. Normalize reads to a read coverage of 50 using
BBNorm from the BBMap package3°. On the command line enter:

- bbmap/bbnorm.sh  target=50 in=9_1P_trimmed.fastq  in2=9_2P_trimmed.fastq
out=Sample9_FW _norm.fastq out2= Sample9_RE_norm.fastq

4.4. The normalized reads are de novo assembled using SPAdes3!. Default settings are used for
the assembly using all different kmers (21, 33, 55, 77, 99 and 127). On the command line enter:
- spades.py -k 21,33,55,77,99,127 -0 Sample9 -1 Sample9.qc.f.fq -2 Sample9.qc.r.fq

4.5. Map the QC reads against the obtained consensus sequence using minimap2 and programs
like Geneious, Bioedit or Ugene to curate the alighment. It is important to check the beginning
and the end of the contig.

4.5.1. Align the QC reads against the obtained consensus sequencing using minimap?2.

4.5.2. Import the alignment in Geneious/Bioedit/UGene.

4.5.3. Manually inspect, correct and curate especially the beginning and the end of the genome.

5. Determining the required read coverage to compensate for the error profile in nanopore
sequencing using lllumina data as gold standard

5.1. Select sequence reads mapping to one amplicon, in this case amplicon 26. Subsequently,
map the nanopore reads against this amplicon using minimap2. Use Samtools to select only the
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reads mapping to amplicon 26 and to convert the bam file into fastg. On the command line enter:
- minimap2 -ax map-ont -m 150 Amplicon26.fasta BCO1_trimmed.fastq > BCO1.bam

- samtools view -b -F 4 BCO1.bam > BCO1_mapped.bam

- samtools bam2fq BCO1_mapped.bam [ seqtk seq - -> BCO1_mapped.fastq

5.2. Randomly select subsets of for instance 200 sequence reads one thousand times. For
example, changing it to 10 will result in the random selection of one thousand times a subset of
10 sequence reads. The script is provided as Supplementary File 1. On the command line enter:
- python Random_selection.py

5.3. All randomly selected sequence reads are aligned to amplicon 26. Use KMA3? to map the
sequence reads and to immediately generate a consensus sequence. Use optimized settings for
nanopore sequencing, indicated by the -bcNano flag. On the command line enter:
kma index -i Amplicon26.fasta
for file in random_sample*; do

samplelD=5{file%.fastq}

kma -i S{samplelD}.fastq -o S{samplelD} -t _db Amplicon26.fasta —-mem_mode -mp 5 -mrs
0.0 -bcNano
done

5.4. Inspect the generated consensus sequences on the command line using:

- cat *.fsa > All_genomes.fsa

- minimap2 -ax map-ont Amplicon26.fasta All_genomes.fsa > All_genomes.bam
- samtools sort All_genomes.bam > All_genomes_sorted.bam

- samtools stats All_genomes_sorted.bam > stats.txt

5.4.1. The error rate is displayed in the stats.txt under the heading error rate #mismatches /
bases mapped. Display it on the screen with the following command:
- grep SN stats.txt [ cut -f 2-

5.4.2. The amount of indels is displayed under the heading #Indels per cycle. Display it on the
screen with the following command:
- grep 7IC stats.txt | cut -f 2-

REPRESENTATIVE RESULTS:

Recently, a new version of the flow cell version (R10) was released and offered improvements to
the basecaller used to convert the electronic current signal to DNA sequences (so-called flip-flop
basecaller). Therefore, we have re-sequenced USUV from brain tissue of an USUV-positive owl
which was previously sequenced on a R9.4 flow cell and on an Illumina Miseq instrument?. Here,
we described the method used to determine the required read coverage for reliable consensus
calling by direct comparison to Illumina sequencing.

Using the newer flow cell in combination with the basecaller flip-flop we show that a read
coverage of 40x results in identical results as compared to lllumina sequencing. A read coverage
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of 30x results in an error rate of 0.0002% which corresponds to one error in every 585,000
nucleotides sequenced, while a read coverage of 20x results in one error in every 63,529
nucleotides sequenced. A read coverage of 10x results in one error in every 3,312 nucleotides
sequenced, meaning that over three nucleotides per full USUV genome are being called wrong.
With a read coverage above 30x, no indels were observed. A read coverage of 20x resulted in the
detection of one indel position while a read coverage of 10x resulted in indels in 29 positions. An
overview of the error rate using different read coverage cut-offs is shown in Table 1.

FIGURE AND TABLE LEGENDS:

Table 1. Overview of the error rate of nanopore sequencing. Each iteration represents one
thousand random samples.

DISCUSSION:

Nanopore sequencing is constantly evolving and therefore there is a need for methods to monitor
the error rate. Here, we describe a workflow to monitor the error rate of the nanopore
sequencer. This can be useful after the release of a new flow cell, or if new releases of the
basecalling are released. However, this can also be useful for users who want to set-up and
validate their own sequencing protocol.

Different software and alighment tools can yield different results33. In this manuscript, we aimed
to use freely available software packages which are commonly used, and which have clear
documentation. In some cases, preference might be given to commercial tools, which generally
have a more user-friendly interfaces but have to be paid for. In the future, this method can be
applied to the same sample in case big modifications in sequence technology or basecalling
software are introduced Preferentially this should be done after each update of the basecaller or
flowcell, however given the speed of the current developments this can be also been done only
after major updates.

The reduction in the error rate in sequencing allows for a higher number of samples to be
multiplexed. Thereby, nanopore sequencing is getting closer to replacing conventional real time
PCRs for diagnostic assays, which is already the case for influenza virus diagnostics. In addition,
the reduction of the error rate increases the usability of this technique sequencing, for instance
for the determination of minor variants and for high-throughput unbiased metagenomic
sequencing.

A critical step in the protocol is that close, reliable reference sequences need to be available. The
primers are based on the current knowledge about virus diversity and might need to be updated
every once in a while. Another critical point when setting up an amplicon-based sequencing
approach is the balancing of the primer concentration to get an even balance in amplicon depth.
This enables the multiplexing of more samples on a sequence run and results in a significant cost
reduction.
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iteration3  iteration3

110 0.0282% 7

7 0.0018% 0

0 0.0000% 0

0 0.0000% 0

0 0.0000% 0
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Errors Error rate Errors Error rate

Coverage ] . . ) Indels: . R ] ) Indels:
iteration 1 iteration 1 iteration 2 iteration 2

10x 100 0.0274% 4 116 0.0297% 18

20x 4 0.0010% 0 6 0.0015% 1

30x 2 0.0005% 0 0 0.0000% 0

40x 0 0.0000% 0 0 0.0000% 0

50x% 0 0.0000% 0 0 0.0000% 0
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Errors
iteration 3
110

o O O

Error rate
iteration 3
0.0282%
0.0018%
0.0000%
0.0000%
0.0000%

Indels:

o O O O
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Name of Material/ Equipment Company Catalog Number Comments/Description
Agencourt AMPure XP beads Beckman Coulter A63881
dNTPs Qiagen 201900
FLO-MIN106 R10 flowcell Nanopore R10 flowcell
KAPA Hyperplus libarary preparation kit Roche 7962436001
Library Loading Bead Kit Nanopore EXP-LLBOO1
Ligation Sequencing Kit 1D Nanopore SQK-LSK109
Native Barcoding Kit 1D 1-12 Nanopore EXP-NBD103
Native Barcoding Kit 1D 13-24 Nanopore EXP-NBD104
NEB Blunt/TA Ligase Master Mix NEB MO0367S
NEB Next Quick Ligation Module NEB E6056
NEB Next Ultra Il End Repair / dA-Tailing Module NEB E7546S
Protoscript Il Reverse Transcriptase NEB MO0368X
Q5 High-Fidelity polymerase NEB M0491
Qubit dsDNA HS Assay kit Thermo Fisher Q32851
Random Primers Promega C1181

RNAsin Ribonuclease Inhibitor Promega N2111
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Rebuttal Letter

Click here to access/download;Rebuttal
Letter;Rebuttal_letter.docx

Dear editor,

| have addressed the comments in the resubmitted file. However, the commercial language
cannot completely be removed. The manuscript describes the comparison of two different
sequence platform which has to be called by name in order to make it understandable for
the reader.

Best regards,

Bas Oude Munnink
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(base) bas:Test_JOVE bomB&% porechop =1 Run_USUW.fastg =o Run_USUV_demultiplex =-reguire_two_barcodes

Loading reads
Run_USUW.fastg
198,881 reads loaded

I-H!sin!_f.ﬂ:_.m,ﬁmm_un

EE8 f 18,868 (5.5%
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(base) bas:Test_JOVE bomB8&% cutadapt -b file:Primers_USUV.fasta -o BCB1_trimmed.fastq BCA1.fastg -m 75

This is cutadapt 2.5 with Python 3.7.3
Command line parameters: -b file:Primers_USUV.fasta -o BCO1_trimmed.fastg BCE1.fastg -m 75

Processing reads on 1 core in single-end mode ...
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{base) bas:JOVE bomB&S minimap2? -ax map-ont Random_Refs USUV.Tasta BCR1_trimmed.fastq > BLR1.bam

[M::mm_idu_gen::8.884«1.78] collected minimizers

[M:imm_idx_gen::0,.8087%2.22] sorted minimizers

[M:imain::0.807%2.22] losded/built the index for 7 target seguence(s)

[M::mm_mapopt_update::8.0888«2.15] mid_occ = 11

[M::mm_idw_stat] kmer size: 15; skip: 18 is_hpe: @; Fseq: 7

[M::mm_idx_stat::8.0068+2.11] distinct minimizers: &&51 (62.25% are singletons); average occurrences: 2.151; average spacing: 5.3&48
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[Basn) bai:Tedt JOWD bomBad sinisap? -sa sap-ont Bef USLV_BCH] . Tasts BCOA.qe.fq > BCRL_ref.bas

[M: pmm_idw_gen::@.001=3.87) collected minimirery

[Mz1em_igs_gen:z:8.883s2.85] soresd minimirers

[M:zimain:r@.083s7,87] loadedfpuilt the index for 1 terget seguencels)

[M: e _mapopt updater  ®. 8002, TL4] mid #cg = 3

[M::me_ids_stat)] emor size: 15; skip: 28; is_hpci 8; #seqi 1

[®item_idx_stat: 8.883+7.48] distinct minimigers: 1947 (99,04 are singletons]] average cocurrences; 1.880:; sverage spscing: B.398
Emada: failed to open File “BOE1.gc.fa°

Mz imadn] Variion: 2, Lé=-%Id

ez imain] O minimapd -ax sap-ont Awf_USUNV_BCE] . fasta BCEd.ge.fg

[M2imain] Roal tims: B804 sec; CPU: B.809 sec; Poak @55: @.862 OB

| smma ) bas:Test JOVE bomBaS sombools sert BCEL ref.Bes > BCRI _sarted ref_bam

|bese) bas:Test_JOWE DomBaS boftoois spdlewp -Duw -f Ref _USUN_BCRL.faste BCAL_sorted_ref.bam | boftools call -sv -0r -o BCE1_ref.vef.gr
Wate: none of —samples-file, —pleddy or —pleidy-file given, aasiming all sites are diploid

impilewp] 1 saenles in 1 irgut Files

[easel bas:Tedt JOW[ bGoaBal beTtools lrdex BOBI_ref.vef.gr

[Esan) bag:Teat JOWE bBosfAsS cat Ral USLW BCR1, Masts | BSfiogls consdnsus BCEL_xef.vef.gr = BOE]_ref congeneud, Paits

Rara: thi -—spadples aption mat glvan, sgplyleg 811 recordss regardledd af tha genatyps

[EEsm) Das:Test_ JOVE DomBad

{base) bas:Test_JOWE bomass ]

L]


https://www.editorialmanager.com/jove/download.aspx?id=1141647&guid=02c0a606-19fa-4ab6-897a-8a5ef79897a8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1141647&guid=02c0a606-19fa-4ab6-897a-8a5ef79897a8&scheme=1

JOVEB0906_screenfile5 Click here to access/download;Supplemental File (Figures, Permissions,
etc.);JoVEB0906_screenfile5.png

{base] bas:)JWE bom3s% minisap? -ax map=ont -m 158 Amplicon?4.festa BCRL_trimmed.fastg > BOBL.bam
[M: :mm_idx_gen::B.801%4, 58] collected minimizors

[M:omm_fdx_gen::@.081+3.72] sorted minimizers

[M::main::B.0813.63] loaded/built the index for 1 target sequenceis)

[M: mm_mapopt_update::d.B01e3.54) mid occ = 2

[M::mm_idx_stat] kmer size: 185; skip: 18; is_hpc: &) #seg: 1

[M::mm_idw_stat::@.801s2.44] distinct minimizers: 74 (1DO.88% are singletons); average occurrences: 1.B8@; average spacing: 5.278
[M: :worker_pipeline::4.46821.81] mapped 531444 sequences

[M::main] Version: 2.1&4-r922

[Miimain] CHD: minimapd -ax map-ont -m 158 Amplicondé.fasta BCOL_trimmed. fasto

[M::main] Real vime: &.46@ sec; CPU: B.B&Q sec; Peak RSS: 8.562 GB

{base] bas:)VE bomB&S samtools view -b -F & BCAl.bam > BCO1l_mapped.bam

{base] bas:JWE bom84s samtools bemifg BCRA1_mapped.bam | seqtk seq - =» BOO1_mapped.fastig

[M: :bam2fg_mainloop] discarded @ singletons

[M::bamZTg _mainloop] processed 1B34 reods

{base) bas:IOVE bomBas Jj
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® ims -1 §{sesplelD).feastg -0 §{sasplell} -t_db Ampliconls.fasts -sos_sode - 5§ -=rs 0.0 -bchano

¥ done
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{base] bas:IOVE boaBal cat «=.Fss » ALl _genomes.fea

[base) bas:IOVE boedsd ainimspd -ian mig-oni Asplicondd.fssts All_genosss.fas > Al]l_percess.bss
[Mrcemm_idu_gen:8.805+2.41] cellscted minislrers

[ i Ddw_geris 8. 00202671 sorted minimigers

[M:rmaing 0. Bp3e2. 23] losdged/Buily the index For 1 target weguencalal

M cmm_mwpopt_update: (0. 003«7. 3@} mid_ocp = 2

[y e ddx atan] kesr size: 35 pkip: 19; le_koc: @) Faeg: 1

{rrme idu atatyid.Be3=3. 18] alstinet minisdpers: 76 (108,008 are singletons)] sversge scourvences! 1.888) awerege spacing! 5.078
[M; imacker_pipeline: c@. @3l 66] mappesd 1008 sequences

Die: rmaind Version: J.38-r913

iMirmain] CHMD: minimag? -ax mep-ont Amplicon?s.fasta ALL_gencmsss.fsa

[Miimain] Foal Tims: §.937 sec; CPUG &.000 dec: Poak RES: 0,0%) GO

|base) DEs:]OVE bomBSS sasteals sort ALL gencesss.bas > All_pesssss_soTied.bhas

{base] bas:IJOVE bosPel sewtools stats All gorcsen_sorted.bam > statw.tet

[bane) ban:IOVE bomass |
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[base] bas:JOWE bomded grep “SN stats.twt | oot -f 3-
Taw 1aTa] EeGUBACEN: 1R0e

filtered seousncos: L]

LIt b iaq9

L& marisd 1

13t frageents: 1886

1aat Fragesmts: @

reads mapped: 1808

roadhy mapped snd padped: -I F padrid-and technalegy bit st & both mates meoped
Foads unsupged: @

roads properly pajred: @ # proper-pair bit set

redcds paired: 1 P paiped-gng pechnolegy bil aet

raads duplicated: a B PCR ar gptical dqﬂlun bt st

roads MO8 8 F mapood and Edwd

Fasdy O€ Takled: i

non-primary aligneeots: @

total length: Jvedes # bgeores cligping

total firat Fragesnt 1engin: ImeTes W Lgeares clipping
total last fragsent length: o ¥ igrores clipoing
pades mapped: 3%034d B lgeores clipning

nases sapped (eigari: 398348 § Barv ACCurdte

banen frimess: @

banes gupliaied: i
migmstchas: 18241 # frem wM fislaw
BITGE rates T SeTEDa-07 P mis=atches [ Daded mapped [cigar)

avarege leegtn: 109

aversge first frogeent length: 398
aversgs lant frapssnt length: a
maaimm langih: 391

maximm first Frageset length:
sasimm last Fragssnt Llength:
average guality: 1659
insert size average: e
indery sire stendard deviaties: 8.8

inward oriented pairs: @

outmard srTkented paira: B

patirs with sthar orientstion: @

palri on differsnt chrosososes: @

parcentiags of properly paired rasdd [N): [
{base) bascJOWE bomSed gref

o
&
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[Baga) bas:dIVE BesmBAY grep *IC stats.txt | cut = 2=
158 ] ] [} ]

i ] T ] [

[Base] bas:dOVE boaBad I
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