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Although Al-driven basecalling has propelled genome sequencing forward, the Significant Results

® Majority of basecallers produced more reads with overestimated quality scores (red)
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then underestimated quality scores (blue)

clinical applications, such as personalized medicine. In contrast, our reseatch | Basecall g = ® The sup model had the highest proportion of overestimated quality scores and fast
champions a paradiem shift toward single-molecule sequencing (SMS) accurac | | =P Prccam R - - L
P P S S 9 g (SMS) Y Sinale Molecul | Dorado B&eiTe model had the lowest with it reads appearing to be approximately evenly distributed
ded 1 isel incered plasmid-based DNA standards and bust o o e
stouhded i precisely engme?re prasimic-basc Srancards and a robus Sequencing between over and underestimated quality scores
computational framework. This strategy lays the groundwork for standardizing Lo Read
. 1 1 1 . . h h 1 o 1 f h . Reads W/ edlt dlStance tag Reads Length Predicted vs. empirical quality scores Predicted vs. empirical quality scores
Slﬂg C-MOoICCulc SequeﬂCIHg crror aSS€Ssm€nt, wit the ultimate gOa O rca Zlﬂg (Unaligned BAM) (Unaligned BAM) Histogram T T T T & T 1w
clinically robust genome analyses. By integrating precise plasmid standards and Compute
: : . : : er-read
detailed error profiling, we move closer to achieving the single molecule sequencing EdFi)t Distance :
: : : : : ATCCATTSAES ATCOATTGA Subset e e, @
accuracy required for widespread adoption of genome sequencing in healthcare. s e —] o | | .
Sequence using Su d
Empirical Result 5 Y 5 ]
o (Sanger + Il:r:c;agmenstirfalysis) P 520 y 5 Sup
Introduction Compare with | C 1 Teim
per-read predicted A i . :
quality score 1 2 3 Kb ’ PR o e 0 .2
Csagas 2 : aal ® e :
Ve dl Te o & ° ® e, "I e
v == -10 0 101
Predicted vs. empirical quality scores T edcesquiysoe @) T e R T L
‘1 154 Al Predicted vs. empirical quality scores Predicted vs. empirical quality scores
% Basecaller TGAAA G 10000 Underestimated Accuracy e o
E— TAACAAA E o
Lipid bilayer o T G AT G 0 20 Overestimated Accuracy S 1 avg_q
0 g}:g;g;z}g@a‘ii% () 3
N reads : 896,571 _
Mean edit distance : 82,89 _ > AN| | ¢ .
o | o Hac .. - at . Hac
Reference length : 4,892 bp - 104 g; _% g Eg; y=x § g o
Figure 1. Diagram of Nanopore Mechanism' ; s il : S - ® . § Trim
BaCkground § 2 o™ © - . .“.:. “o.‘: : 2 o“.“: ‘$$‘
. . . % " £ e & ° - e % @
Long-read sequencing enables the analysis of extended DNA fragments without 720 0k o e N I o o s s
] ) ] ) ) ) .r__D i e o redicted quality score (Q) Count quality
ffagmeﬂtatlon, maklﬁg lt esseﬂtlﬂl f()r accutately Sequeﬁ(:lﬁg CompleX geﬂomlc §' 15 -‘E QE) Predicted vs. empirical quality scores Predicted vs. empirical quality scores
¥ oo e 15000
regions. Currently the accuracy of basecalling long sequences is measured by how well 5 2 g
- “ 5000 5000
the sequences align to a portion of the reference. However, when sequencing an 10 —— 107 ;
entire DNA molecule, the aim should be single molecule sequencing accuracy, how 5 o.° ;;_‘. - : | ey | LR
. . ® L s Y - = . Reteronce lenath - 4.2 bp
well the basecalled sequence matches the entire actual sequence. In this study, we A s | = ] | ) % |
. . . — y=x 0 =0.928 %10 4 ‘ l %10 \ _
employed Oxford Nanopore MinlON, which detects nucleotide sequences by T I o gD Fact “ & W g Fast
- - - dicted qual Q) C ¢ - N -} 5 A it
measuring electrical current as DNA strands pass through a protein pore. These redeied ety seore o ast el : AN | Tei
. o« o o« o . §6 = .o § 1§ = r m
. . . . . ! 4 . » 0
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error rate of Nanopote basecallers using highly pure molecular standards with sequence assigned through empirical results to generate the edit distances. Finally, these edit

distances were translated to a standard Phred Quality Score and compared against Nanopore’s Figure 4. Comparison of Empirical vs. Predicted Quality Scores Across Multiple Basecallers
Super Accurate (Sup), High Accuracy (Hac), and Fast are the three primary basecallers from Nanopore.

Fast has the least parameters and is typically used 1n live basecalling. Sup has the most parameters and 1s

empirically determined sequence and fragment size. We hypothesize that our metric predicted quality scores. Red shading indicates reads where predicted quality exceeds empirical

will provide a more valid and accurate assessment of Nanopore’s basecallers. (overestimated accuracy); blue indicates the opposite (underestimated accuracy).
commonly used in detailed analysis. Each has an option to trim in which the basecaller will remove the

Predicted vs. Empirical Accuracy Across Basecallers signal corresponding to the ligation adapter sequence to improve the overall quality score
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Discussion and Conclusions

Creating the Dataset ., [0 25
We utilized Nanopore POD5 data collected from standardized CYP2D6 - ® None of the basecallers were able to call a perfect sequence, even sup (the model
plasmids from a puritied E.Coli cell line. The plasmids were sequence verified using %’ . . with the most parameters and most extensive training)
Sanger sequencing to generate the known reference sequence. These plasmids were I s ® Our analysis on this plasmid suggests that the more trained the models were the
cut with Ecob53KI to produce blunt ends, which were then dA tailed using Taq % % more inflated the estimated accuracy (quality score) was
polymerase. This substrate was ligated to the ligation adapters from the ONT Ligation S, 5 o ® By reducing these graphs to a single metric of over ot underestimation when
Sequencing Kit (SQK-LSK114). These were then sequenced using the Nanopore E | retraining the basecallers, we can quantitatively assess our retraining program’s
MinlON Flow cell (FLO-MIN114). § T etfectiveness while minimizing the risk of overtitting.
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