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Abstract:

Annotation of the protein sequences by homology search and
GO term transfer from highly homologous sequences is an
important task for current genome and transcriptome
sequencing projects. However, large size of sequence databases
make homologous sequence search difficult in reasonable time.
There exist tools that apply fast and ultrafast database search
algorithms to find sequence homologs. These tools usually apply
various heuristics for fast determining possible sequence
matches. This result in different results of these programs with
respect to returned set of homologous sequences and their
rankings. These differences may lead to differences in the sets of
GO terms and lead to errors in query sequence function
annotation.

We compare performance of the highly homologous
sequence detection by several fast search tools (BLASTP fast,
Diamond, Usearch ublast, Usearch local, Mmseq?2) applied for
A.thaliana protein sequences represented in OrthoDB database.
We compared their results with the sequence ranking obtained
by ClustalW program for various number k of returned best hits.

We demonstrated that the performance of the homolog
sequence identification with respect the number of returned hits
is non-monotonic. The best values of performance metrics for
single best hit sequences observed for BLASTP (0.95). The
performance decreased for hit number ranging up to k=5 (0.75)
and increased again to 0.80 at k in the range of 6-10. These trends
are similar for all tools.

The performance of the GO term identification is also non-
monotonic and has a maximum at the number of best hits close
to 10.

Keywords— sequence functional annotation, GO terms,
semantic similarity.

I. INTRODUCTION

Functional annotation of the protein sequences by
homology search and GO term transfer from highly
homologous sequences allows categorization of genes in
functional classes, which can be very useful to understand the
physiological meaning of large amounts of genes and to assess
functional differences between subgroups of sequences. Due
to ever-growing amount of new data being analyzed together
with an exponential increase of database sizes makes protein
similarity analysis using existing tools a dauntingly slow and
inefficient task [1]. To solve the task of fast searching of the
query homologs in the large sequence databases a number of
tools developed. These tools usually apply various heuristics
for fast determining possible sequence matches. This result in
different results of these programs with respect to returned set
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of homologous sequences and their rankings. In this work we
compare several sequence search tools for protein sequences
(BLAST, BLAST fast, Diamond, Usearch ublast, Usearch
local, Mmseqg2) in their ability to identifying and score
ranking highly homologous sequences. We tested these tools
using all Arabidopsis thaliana proteins. As the search database
we used OrthoDB.

Il. MATERIALS AND METHODS

27,636 sequences of the A. thaliana proteins from TAIR
v10 [2] were used as queries for database search.

We used orthologous genes from other organisms, as
query homologs, which perform similar functions. The
orthologous sequences identified from the OrthoDB database
v10 [3] which provides tentative functional annotations of
groups of orthologs and mapping to functional categories by
summarizing functional gene annotations, extensively
collected from other public resources. The database contains
more than 37 million genes from 1271 eukaryotic species
classifying them into over 8.5 million groups of orthologs at
624 levels of granularity. In our work we selected 9193
orthogroups containing A. thaliana proteins. These groups
contain 8,522,503 sequences (3x10° aa in total) and represent
our sequence database for homology searching.

We compared the following homology search programs:
BLASTP and BLASTP-fast from BLAST v.2.9.0, package
[4], Diamond [5], ‘ublast’ and ‘usearch local’ algorithms
from Usearch v11 [6], Mmseg2 [7]. All the programs used
BLOSUM®62 matrix for sequence alignment and scoring.

Clustalw [8] (BLOSUMG62 matrix) was used to align
homologous sequences from respective orthogroups with
query and rank them by similarity score as standard. From
ranked aligned sequences we selected k best hits (k=1, ..., 20)
and compared the list with that obtained by fast homology
search.

For sequence list comparison, we used several measures.
Firstis F1 score, the harmonic mean of precision and recall. It
takes into account both false positives and false negatives
when comparing matches. Its value equal one in the case when
all the hits in Clustalw and homology search program are
identical and close to zero when matches are low [9]. This
score is independent of the hit ranks.

The second metric, MAPK (Mean Average Precision at
K), takes into account score ranking when performing
comparison of the hit lists [10]. MAPK is the mean of the



average precision at K (APK) metric across all instances in the
list. APK is a measure of the average relevance scores of a set
of the top-K documents presented in response to a query. For
each query instance, it compares the set of top-K results with
the set of actual relevant documents, that is, a ground truth set
of relevant documents for the query. For identical proteins
with the same ranking, the MAPK is 1. The differences in the
ranking of sequence scores decrease this measure even if the
lists contain the same sequences.

Additionally we compared the similarity of the GO terms
associated with homologous hits. We made GO term lists by
combining them from all k best hits for ClustalW and fast
search program. The GO term lists compared by F1 measure
described above. Additionally we implemented measure
based on the semantic similarity (SS) between pair of GO
terms which allows the comparison of GO terms or entities
annotated with GO terms, by leveraging on the ontology
structure and properties and on annotation corpora [12]. For
two GO term lists, we computed the pairwise average of the
SS measure. The higher average SS, the closer is functional
annotation between two sets of protein sequences.

. RESULTS

We analyzes the performance of the fast homology search
tools in identifying k-best homology hits, their score ranking
and the relevance of their GO annotation with respect to
ClustalWW program. The performance with respect to
computational time estimated as well.

The best values of performance metrics for single best hit
observed for BLASTP (0.95). The performance decreased for
hit number ranging up to k=5 (0.75) and increased again to
0.80 at k in the range of 6-10. These trends are similar for all
tools. In this case Usearch usearch_local method provide best
results on two and more homologs.

Gene ontology (GO) comparison using F1 metric was
carried out on k best matches as well. The result shows high
similarity of the GO term lists at k between 1 to 10 (0,97).
With increasing k there is gradual decline of the F1 measure.

Semantic similarity comparison was carried out on k best
matches as well. The result is in agreement with the F1
measure comparison, The performance is highest at k values
between 1 to 10 and declines gradually with increasing of the
k number. BLASTP provide best result in the case k=1 and
Usearch usearch_local method provides best results at k>1.
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Computing time comparison demonstrated that Diamond
have the smallest search time and the next is usearch_local
method from Usearch.

To summarize, our results demonstrate that the optimal
number of hits returned by fast search program for the
functional annotation of the query sequence is 10. The fast
homology search tools are able to identify true best hits from
large databases within k up to 20 with sufficient accuracy.
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