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Nanopore sequencing & Adaptive Sampling

n Nanopore sequencing experiment, DNA molecules are By 'reducing the time spent sequencing off—ta.rgets molecules, it. can be used to
quided through a molecular membrané hore traversed by an enrlch the sequencing output. for a targeted kind of molecules, like DNAs from a IEI
electrical current. This current is modified by the sequence of ~Nanopore sequencing device JIVEN gENOMICTEGIoN OF SPECIES.
nucleotides inside the pore. I l In the context of pathogen search in wastewater samples (see Project section
Current measurements are then converted back to nucleotides below), we are fa_ced with low cqncentrated viruses diluteq in @ mixture w.ith
cequences, commonly using pre-trained residual neural gi eukaryotic, bacterial and other viral RNAs and DNAs. In this context Adaptive
etworks ’such as Guppy/Dorado. This step is referred to as Samplmg could be an asset, allowing us to enrich for target viruses in a.cost—
basecallir;g Read length can reach several thousand bases MinKNOW software free fashion. However, we do not control the molecule length distribution in the
' ' Il mixture, nor do we have insight on the viruses' proportion and state of
The electrical current modifications can be accessed during fragmentation in the wastewater. We need to answer the following questions:

OO0
TXN

XN %};’.‘. the experiment, allowing for real-time analysis of the . 1w A ive Sampling for ion and identification of vir
ﬁ&%&%&%. sequenced material. Using information from the start of a gﬁutec?iglssthgfspéeg:;? pling for detection and identification of viruses
'.A. molecule sequencing, one can decide to revert the current ReadUntil AP '
across the pore: this rejects the molecule, which will not be I l * In which experimental context does Adaptive Sampling perform best?
sequenced anymore. This process is called Adaptive Sampling. . What is the best Adaptive Sampling method for this task?
ATCAAGTCAGCTA...
Decision taking algorithm
Methods compared Simulated sequencing
__ 1 - ReadFish 2 — BOSS-RUNS lcarust
~=lly ReadFish [1] communicates with a Guppy basecalling As opposed to Readfish, BOSS-RUNS [3] allows the reference target to To evaluate Adaptive Sampling in a cost-efficient way, we chose to simulate the
Nanopore sequencing device server to convert received chunks of electrical signal. | dynamically evolve depending on what was previously sequenced: it uses a sequencing experiments using lcarust [4], which was designed to reproduce the behavior
Then, it aligns the obtained read fragment to the Bayesian design to estimate the posterior probability of the genotype in the of Oxford Nanopore’s software, MinKNOW, during a run. All the calculations are performed
1 chunk of elec. reference region using minimap2 [2] to find out sample, then computes the estimated reduction in information when fully on one or two cluster nodes, which is equipped with 24 CPUs and 2 Nvidia-Tesla-P100
signal whether the molecule needs to be fully sequenced or | sequencing the read. That information would be: GPUs.
rejected. Rejected reads are noted unblocked, as fehall . |
referred to in ReadUntil. Readfis a' ows ¢ anqe ) Guppy (live)
S; = Z P(dys1:|D) Dk (fi(gID U dpy1)1fi(g1D)) level selection of Adaptive BOSS-RUNS &) . 5
MinKNOW software dni1i€{AT,G,C} Sampling, and we chose to e 2GPUs (Tesla
Y where D is the observed data, d,,; the nucleotide of the new read at position keep half of the 3000 ‘ P40)
DECISION: Read FlSh L g simulated  channels for
1 chunk of elec. «  Accept read <> i,f;(g|D) the probability distribution of the genotype at i given D, and Dg; the control sequencing
signal . Reject read 1 chunk of read Kullback Leibler distance. The probability of the new nucleotide is given by: ReadFish Guppy
«  Need more chunks! ) « 14CPUs Basecall server
> K(x; . 12thr.eads.for “ « 8CPUs
I — > P(dn+1,i|D) = z ﬁ(9|D)¢(dn+1,i|g) BO"“’ S Icarust mapping with e 2 GPUs (Tesla
ReadUntil AP 1 chunk of elec. ReadFish 1 chunk of elec. Guppy g€G RUNS S e “ minimap2 5100)
eaaunti signal €adris signal Basecall server (see [3] for details about notations) Max mem
Results
We dewsgd 3 get of simulations with SARS-CoV-2 (jlluted in Read lenath distribution of accepted reads
Escherichia coli and used a range of SNR (one simulated ReadFish 5
virus read for a chosen number of simulated bacterial read) 1.0- F—,nw«——-»-mm»- 0 == AS channels I on-target
. . 4 5 10% ]
and mean read length. We use Reasth for Adaptive Impact of reads length on target enrichment g g - off-target
Sampling, and calculate the target enrichment as follows: LR S = ' A
= . & 10° o - .
nb of bases mapping the target g 061" 10° W il E o a 2 -
sequenced in the Adaptive Sampling 5 § 0 10000 20000 30000 40000 50000 g N A - B
half of the virtual flowcell 2 c 0.4 10°4 control channels = A N =
nb of bases mapping the target S g 3 10%+ o 1034 T _
sequenced in the Control c 47 g . S 107 9 1
half of the virtual flowcell qQ > 8 1021 §
o) £ Q
3 A > 10! 4 <
The longer the reads, the highest the effect of Adaptive Z o 0.0 120
Sampling, because more time is wasted on off-target & . 0 250 500 750 1000 0 10000 20000 30000 40000 50000 102 - , , , ,
reads in the control half of the flow cell (SNR = 1:150) Total sequenced reads In the channel Read length 1329 3850 6358 12645
® Average read length in control
The enrichment is DOSIthEly correlated with the SNR 2000 4000 6000 8000 10000 12000 on-target off-target on-target off-target on-target off-target on-target off-target
(Average read length ~ 6300b) (the bottom-left measure Average read length in control
exhibits a lower average read length in the control, which distorts the Accepted 3019 307668 1676 21391 1858 4042 2143 2 391
comparison) Rejected 0 138741 0 234881 0 269397 0 330493
Impact of SNR on target enrichment Lo®
1.0 + sk faaene SO R BN AS channels .
3.2 1 . F - 5 10 ReadFish vs BOSS-RUNS
£ 107
3.0 1 1L 5 . . . : :
£ oo $ 8 102 In @ sequencing experiment containing 1:50 SARS-CoV-2 str. Omicron : E.
£ 2.8 7 ® % ’ 5 1o coli strain K-12, ReadFish achieves a target enrichment of 2.55 while on-target off-target on-target off-target
E el ¢ 50671 10° Wedgw vy BOSS-RUNS shows a poor target yield of 0.55. However, it performs o —— - i e 8662
= E 0 2000 10000 15000 20000 25000 30000 unevenly along the target genome (target: SARS-CoV-2 str. Wuhan-Hu- ceiected
5 24- 5 .1 10°; —— N ejecte 0 234226 5016 266 276
% 2.2 - *§ 3 104—é
Yo g £ 10°4 Coverage of the target SARS-CoV-2 str. Wuhan-Hu-1 (omicron strain in the sample)
= 2.0 A 021 g 1021
v E ] ]
1.8 A o 2 10'3 ReadFish
1.6 - ® 6 2(|)0 4(I)O 660 860 10I00 o (I) 50I00 10600 15600 20600 25600 30CI)00
—— : — : — Total sequenced reads in the channel Read length 01
102 1071 10° BOSS-RUNS
SNR
Conclusion Project: Searching for pathogens in wastewaters
* ReadFish effectively enriches the sequencing output for target pathogen, up to 6-fold. Looking for pathogens in wastewater gives a global view of the pathogen's circulation in the population, as well as a head start over traditional screening methods in

the monitoring of the epidemic [5]. However, the low-concentration of target viruses and the complex nature of wastewater samples poses a challenge for sensitive
detection and precise identification. Sequencing viruses in wastewater gives the opportunity to quantify the relative abundances of the different circulating strains
[5]. We believe that long-read sequencing is an asset for precise strain deconvolution and pathogen identification. To preserve the information contained in long

* At the start of the experiment, it seems that Readfish cannot handle the signal that flows from Icarust and molecules, we are currently developing a wet lab protocol using hybridization-capture rather than amplicon-PCR:
performs poorly — thus, hardware configuration matters.

* Longer off-targets reads lead to higher enrichment, and Adaptive Sampling becomes inefficient when the
average molecule length is lower than 2 kb.

« The target enrichment depends on the SNR, and more simulations are needed to find the best target

]
roportion for Adaptive Sampling —however, the more target the better!
Prop g PHnd ? @ NP > = => >
« BOSS-RUNS shows a lower target enrichment overall but focuses on regions of interest: a more thorough

investigation is required to verify whether it allows for better strain identification.

Since this protocol aims at preserving long reads, Adaptive Sampling should perform well and help increasing the amount of target sequences. When it comes to
strain deconvolution, BOSS-RUNS could actually be the boss, because it focuses on positions carrying the most uncertainty: that is the case for SNVs, because there

viruses might differ from the reference, and SNVs are key to identifying the lineage. However, we will also have to verify whether Adaptive Sampling biases the
* The link between enrichment and other parameters has yet to be explored, like for the distance between different strains relative abundances.

the strain in the sample and the strain used as reference.

« BOSS-RUNS encounters several issues that need to be tackled: it forbids reference sequence shorter than
10° bp by default, and we had to use an extra live basecalling solution for it to update its target strategy.

Maybe another Adaptive Sampling paradigm would perform better, e.g. neural networks-based methods [7], and we will possibly try to design our own method,
building up on the conclusions drawn from these sequencing experiments.
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