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Tasks

N

L

# To analyze protein sequences from
newly sequenced genomes

# Detect protein homology to other
proteins

# |dentify protein function, class, 3D
structure




Alignment- based similarity
methods

# Pairwise alignments (BLAST)
# Support vector machine (SVM)

# Position- specific scoring matrices
(PSSM)
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Model- based methods

L

# Account for relevant patterns or
chemical properties

# Interpretation of classification
results

# Various input
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Recurrent neural networks

# Can extract dependencies between subsequences
(ABis only indicative if followed by CD)

# Can extract correlation within subsequences (AB
and CD are indicative, but AD or BC may be not
Indicative)

# Can extract local and global sequence
characteristics (hydrophobicity, atomic weight
etc.)

# Can extract dependencies between amino acids
over a long interval in the sequence
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Long Short- Term Memory

L

# Classical RNN — exponential decay of
previously seen information

# LSTM —memory cell architecture

# Stores patterns from previously
scanned regions




Memory cell
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Computational complexity
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# O(L) to classify a new sequence L
@ Alignment - O(L%)
@ SVM - O(N_L%)

10




SCOP

Method M P v 5 ROC ROC50 Time
(a) PSI-BLAST = - = = 0693 0.264 5.5%
(b) FPS = = - = (L5946 = BEO0 &
) SAM-TOR + = = = 674 0.374 200%
(d) Fisher = o = + (LEET 0.250 =200 s
(e) Mismateh o e &= + 0872 0400 380
() Pairwise o e = + (L8946 0.464 =T00%
(2) SW = = = + 0916 0.585 =470 %
(h) LA = = = + 09213 0.661 550h
i) Oligomer . e o + 0.91% 0.508 20005
1y HMMSTR i + & + = (.6410 =500h
1) Mismateh-PSSM = + + + (.98 (0.794 =500h
1) SW.PS5M = + + + 0982 0.904 =620h
(k) LSTM + == + = 0.932 0.652 20s

M —model based; P— profile input;
V —semi- supervised; S— SVM

ROC — area under curve; ROC50 — are under top 50 false

positives
SVM methods training set creation —110h
LSTM training set creation —117h
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Table 3. Results on the data set from Ding and Dubchak (2001) for
different machine-learning methods

Method 0, Method 0,
NN 41.8 SVM 45.2
LSTM 51.7

where ‘NN’ means neural network and ‘SVM’ support vector machine. LSTM
vields the highest accuracy.

Features AA composition, predicted secondary structure,
hydrophobicity, polarity etc.
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- Table 4. Results of PROSITE protein classification tested on the
SwissProt database

Method/motf Sensitivity Specificity Balanced Error
PROSITE 85.91 (15.62) 99.94 (0.15) 7.08 (7.79)
LSTM 08.24 (3.53) 99.79 (0.19) 0.99 (1.82)
Motif 86.82 (9.2) 99.93 (0.16) 6.63 (4.59)

All numbers are averaged over given 135 classes, the SD of the results is given in
brackets. Results are reported for the PROSITE motif (‘PROSITE’), for LSTM
(*LSTM"), and for the motif extracted from LSTM (‘motif’). The columns show
(left to right): method, sensitivity (true positives divided by all positives in
percent, ‘sens.’), specificity (true negatives divided by all negatives in percent,
*spec.”), and the balanced error in percent (‘bal. err.”). The balanced error is the
mean of the class 1 and the class 2 error rate and is an appropriate measure for
classification with unbalanced class sizes.
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Conclusion

L

LSTM

# Novel method for protein
classification and motif extraction

# 3 orders of magnitude faster than
best performing SVM

# State- of- art“ results

# Complementary to alignment- based
approaches
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