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Abstract Nanopore-based single molecular analysis technique usually uses time-domain features such as time-current scat-
ter plots of blocking currents for event recognition. However, as the time-domain features overlap with each other, the sub-
stances with extremely similar molecular structures are difficult to be accurately discriminated using traditional nanopore
recognition methods. The differences in the deep feature representations need fully explored to obtain credible recognition
results, thus improving the recognition accuracy of nanopore ionic current signals. Here, a time-series signal classification
algorithm is proposed in this paper: firstly, the original signal is framed with overlapping sliding windows to generate
sub-signals and extract their shallow feature information; then a time-series signal classification network based on Empha-
sized Channel Attention, Propagation and Aggregation in time delay neural network (ECAPA-TDNN) is proposed to develop
a multi-branch inter-layer feature fusion model for deep feature extraction, where the multi-branch multi-level attention mod-
ule of this model (RepVGG-SE-Res2Block, RSR-Block) obtains multi-scale features by constructing a feature pyramid
structure within each residual block, reduces the inference speed based on structural reparameterization techniques while
ensuring the model performance, and introduces Adaptively Spatial Feature Fusion (ASFF) to fuse the features of different
layers in the network; finally, a credible statistical prediction strategy is used to obtain reliable classification results by count-
ing the classification probabilities of sub-signals. The experimental results show that for the peptide sequences
N'-DDFFIFFDD-C’ (DF 1) and N-DDFFLFFDD- C’ (DF_L) containing only the different amino acids I (isoleucine) and L
(leucine), which are isomers of each other, the algorithm achieves a recognition accuracy of 99.00%, obviously improving the
sensing capability of nanopores for single molecules with similar or even identical molecular weights.
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Figure 1 (a) Mutant aerolysin nanopore detection of single peptides. The sequences of DF L and DF I peptides are N'-DDFFLFFDD-C' and
N'-DDFFIFFDD-C', respectively. (b) Ionic current signals, and (c) time-current scatter plot of different peptide substances. Herein, //lo indicates the degree
of residual current generated by a single peptide molecule entering the nanopore channel, where Io is the opening current generated by a single Aerolysin
pore, / is the residual current after the molecule enters the pore, and zr represents the residence time of a single peptide molecule in the pore. (d) Flowchart
of a nanopore ionic current signal recognition algorithm based on multi-branch interlayer feature fusion networks
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Figure 2 Structural diagram of multi-branch interlayer feature fusion network
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Statistical results
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Backbone with RepVGG 91.09 91.27 91.16 91.19 98.00 98.00 98.00 98.00
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This work 91.61 91.58 91.59 91.61 99.00 99.02 98.99 99.00
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