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Most of the methods for multiobjective optimization utilize some scalarization technique 

where several goals of the original multiobjective problem are converted into a single-objective 

problem. One common scalarization technique is to use the achievement scalarizing functions. In 

our latest research [1, 2], we introduce a new family of two-slope parameterized achievement 

scalarizing functions for multiobjective optimization. This family generalizes both parametrized 

ASF and two-slope ASF. With these two-slope parameterized ASF, we can guarantee (weak) 

Pareto optimality of the solutions produced, and every (weakly) Pareto optimal solution can be 

obtained. The parameterization of this kind gives a systematic way to produce different solutions 

from the same preference information. With two weighting vectors depending on the achievability 

of the reference point, there is no need for any assumptions about the reference point. In addition 

to theory, we give graphical illustrations of two-slope parameterized ASF and analyze sparsity of 

the solutions produced in convex and nonconvex test problems. 
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Genomic analysis is becoming a major tool for outbreak investigations. Existing 

computational frameworks for inference of transmission history from viral genomic data often do 

not consider intra-host diversity of pathogens and rely on additional epidemiological data, such as 

sampling times and exposure intervals. This impedes analysis of outbreaks of highly mutable 

viruses associated with chronic infections, such as HIV and HCV, whose transmissions are often 

carried out through minor intra-host variants, while the epidemiological information is unavailable 

or has a limited use. 

The proposed framework QUENTIN (QUasispecies Evolution, Network-based 

Transmission INference)[1] addresses the above challenges by evolutionary analysis of intra-host 

viral populations sampled by deep sequencing and Bayesian inference using general properties of 
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social networks relevant to infection dissemination. It allows to infer transmission direction 

without additional case-specific epidemiological data, identify transmission clusters and 

reconstruct transmission history. QUENTIN was validated on data from 33 epidemiologically 

curated HCV outbreaks, yielding an accuracy of 87% for inference of transmission directions, 90% 

and 99.6% for detection of outbreak sources and transmission clusters, 78% and 98% for 

reconstruction of transmission links and ancestries. It was applied to investigate HCV 

transmissions within communities of hosts with high-risk behavior using the data collected during 

the investigation of several HIV/HCV outbreaks associated with drug abuse and commercial sex 

work. QUENTIN allowed to extract information on structures of transmission clusters, roles of 

transmission mode, co-infection and host’s gender in the infection spread. 

In conclusion, study of intra-host viral populations, evolutionary modelling and complex 

network analysis allow for accurate inference of disease transmissions. QUENTIN is most useful 

for investigation of extensively sampled outbreaks caused by RNA viruses. Its superior 

performance over consensus-based approaches indicates importance of quasispecies analysis for 

molecular surveillance and outbreak investigation. 
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Many biological analysis tasks require extraction of families of genetically similar 

sequences from large datasets produced by Next-generation Sequencing (NGS). Such tasks include 

detection of viral transmissions by analysis of all genetically close pairs of sequences from viral 

datasets sampled from infected individuals or studying of evolution of viruses or immune 

repertoires by analysis of network of intra-host viral variants or antibody clonotypes formed by 

genetically close sequences.  The most obvious naive algorithms to extract such sequence families 

are impractical in light of the massive size of modern NGS datasets. In this paper, we present fast 

and scalable k-mer-based framework to perform such sequence similarity queries efficiently, 

which specifically targets data produced by deep sequencing of heterogeneous populations such 

as viruses. The tool is freely available for download at https://github.com/vyacheslav-

tsivina/signature-sj 

Further we will use the following notation: 1 2{ , , , }LS s s s=  – a sequence over the 

alphabet { , , , }A C G T ; k -mer – any subsequence of length k ; k -segment – k -mer that starts 

at a position 1 ik+ , 0,1,2,i = ; ( )K S  – the set of all k -mers of the sequence S ; ( )R S  – the 

family of all k -segments of the sequence S  (possibly with repetitions); ( , )h S Q  – Hamming 

distance between two sequences S  and Q ; ( , )l S Q  – edit distance (Levenshtein distance) 

between two sequences S  and Q . We say that two sequences S  and Q  are related if ( , )l S Q t  

or , where t  is a given threshold. 
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