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BioSmalltalk is...

... a library for Bioinformatics


...implemented in Pharo


...part of the Open Bioinformatics 
Foundation (OBF)


...not intended to be a replacement of 
+30000 awesome bioinformatics tools (but 
it could save some time).



What is Bioinformatics?



https://www.genome.gov/sites/default/files/media/files/2021-11/Sequencing_Cost_Data_Table_Aug2021.xls





GTGCATCTGACTCCTGAGGAGAAG
CACGTAGACTGAGGACTCCTCTTC

GUGCAUCUGACUCCUGAGGAGAAG

V H L T P E E K

DNA
(transcription)

RNA
(translation)

protein

BioSmalltalk: Basic operations



Basic operations with 
biological sequences



'ACTGGTGATA' asSequence "a BioSequence(10) ([GATCN] IUPAC 
DNA) [ACTGGTGATA]"

BioSmalltalk: Basic operations
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DNA 
Alphabet
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BioSmalltalk: Basic operations



'ACTGGTGATA' asSequence "a BioSequence(10) ([GATCN] IUPAC 
DNA) [ACTGGTGATA]"

transcribe  "a BioSequence(10) ([GAUC] IUPAC -> 
RNA -> Unambiguous) [ACUGGUGAUA]"

BioSmalltalk: Basic operations

RNA 
Alphabet



'ACTGGTGATA' asSequence "a BioSequence(10) ([GATCN] IUPAC 
DNA) [ACTGGTGATA]"

transcribe  "a BioSequence(10) ([GAUC] IUPAC -> 
RNA -> Unambiguous) [ACUGGUGAUA]"

backTranscribe

BioSmalltalk: Basic operations



'ACTGGTGATA' asSequence "a BioSequence(10) ([GATCN] IUPAC 
DNA) [ACTGGTGATA]"

complement "a BioSequence(10) ([GATCN] IUPAC 
DNA) [TGACCACTAT]"

BioSmalltalk: Basic operations



'ACTGGTGATA' asSequence "a BioSequence(10) ([GATCN] IUPAC 
DNA) [ACTGGTGATA]"

reverseComplement  "a BioSequence(10) ([GATCN] IUPAC 
DNA) [TATCACCAGT]"

BioSmalltalk: Basic operations



'ACTGGTGATA' asSequence "a BioSequence(10) ([GATCN] IUPAC 
DNA) [ACTGGTGATA]"

translate "a BioSequence(3) 
([ACDEFGHIKLMNPQRSTVWY] IUPAC -> 

Protein) [TGD]"

BioSmalltalk: Basic operations



Sequence Utilities



'ACTGGTGATA' asSequence gcContent

BioSmalltalk: Sequence statistics

"40s0"



BioSmalltalk: Sequence statistics

GC Skew plot



'ACTGGTGATA' asSequence gcContent

BioSmalltalk: Sequence statistics

'ACTGGTGATA' asSequence molecularWeightNonDegen

"3146.0499999999997"



'ACTGGTGATA' asSequence gcContent

BioSmalltalk: Sequence statistics

'ACTGGTGATA' asSequence molecularWeightNonDegen

'ACTGGTGATA' asSequence lcc

 "an OrderedCollection(-1.4948676426993133 
-0.16609640474436815 -1.4948676426993133 

-1.4948676426993133)"



'ACTGGTGATA' asSequence gcContent

BioSmalltalk: Sequence statistics

'ACTGGTGATA' asSequence molecularWeightNonDegen

'ACTGGTGATA' asSequence lcc

'ACTGGTGATA' asSequence occurrencesOfLetters

"a Dictionary($A->3 
$C->1 $G->3 $T->3 )"



(BioSequence newAmbiguousDNA:'AHT') disambiguate

"#('AAT' 'ATT' 'ACT')"

BioSmalltalk: Sequence utilities



(BioSequence newAmbiguousDNA:'AHT') disambiguate

'ACGTACGTACGT' asSequence kmersCount:'CG' 
'ACGTACGTACGT' asSequence longestConsecutive: $A

BioSmalltalk: Sequence utilities

'ACTGGTGATA' asSequence crc32. 
'ACTGGTGATA' asSequence gcg. 
'ACTGGTGATA' asSequence seguid.



(BioParser parseMultiFastaFile: 'ls_orchid.fasta') plot

550 600 650 700 750 800
0.0

10.0

20.0

30.0

40.0

50.0
Histogram of 94 FASTA sequences

Se
qu
en
ce
 C
ou
nt

Sequence lengths (bp)

BioSmalltalk: Sequence utilities



Sequence Alignment



BioSmalltalk: Sequence alignment



BioAlignment new 
addSequence: 'ACTGCTAGCTAG'; 
addSequence: 'ACT-CTAGCTAG'; 
addSequence: 'ACTGGTANATGG'; 
addSequence: 'ACTGATTGCTGG'; 
addSequence: 'ACTGCTTGATTG'; 
yourself

BioSmalltalk: Sequence alignment



BioSmalltalk: Sequence alignment

latestBlast := BioBlastWrapper ncbi local latest. 
latestBlast nucleotide 
   query: '555'; 
   hitListSize: 10; 
   filterLowComplexity; 
   expectValue: 10; 
   blastn; 
   blastPlainService.

Program Query Type DB Type Comparison

blastn Nucleotide Nucleotide Nucleotide- 
Nucleotide

blastp Protein Protein Protein-
Protein

tblastn Protein Nucleotide Protein-
Protein

blastx Nucleotide Protein Protein-
Protein



BioSmalltalk: Sequence alignment

aligner := BioMAFFTWrapper new. 
aligner  
input: 'COVID-19-01.fasta'; 
addOutputParameter: 'output.aln'; 
execute 



BioSmalltalk: Sequence alignment

aligner := ALNeedlemanWunsch new. 
aligner  
align: 'AC-AATAGAC' 

  with: 'ACGAATAGAT'. 

https://github.com/hernanmd/needleman-wunsch

Implementation of Needleman-Wunsh algorithm native to Pharo

https://github.com/hernanmd/needleman-wunsch


BioSmalltalk: Plotting alignment pipeline

outputFilename := 'COVID-19-MAFFT-2023-08-24_21-37-49.aln'. 
sarsCoV2SequencesUIDs := 'seqIDs.txt' asFileReference lines. 
multiFasta := BioParser parseMultiFasta: ( 
 BioEntrezClient new nuccore 
  uids: sarsCoV2SequencesUIDs; 
  setFasta; 
  setModeText; 
  fetch) result. 
multiFastaCompleteGenomes := multiFasta  

select: [ : f | f name endsWith: 'complete genome' ]. 
BioMAFFTWrapper new  
  auto; 
  maxiterate: 1000; 
  input: multiFastaCompleteGenomes; 
  addOutputParameter: outputFilename; 
  execute. 
(BioParser parseMultiFastaAlignmentFile: outputFilename asFileReference) plot.



BioSmalltalk: Miscellany

• Sequences: Consensus, Repeats, Codon Tables, IUPAC 
Alphabets, Features, Records.


• Genome downloads 
• Wrappers: PLINK, Cutadapt, MUSCLE, BLAST, CLUSTAL, 

STRUCTURE, ShapeIt, HH-Suite, ACANA, AGA, samtools, etc.

• Formatters: FASTA, GenBank, PED, BED, MEGA, Arlequin, etc 

• Parsers: GenBank & Entrez XML, ID's, FASTA.

• Databases: NCBI Entrez, REBASE.



BioSmalltalk: Databases



BioSmalltalk: Databases

BioEntrezClient organization listAtCategoryNamed: 'accessing public - 
databases' ]. 

"#(#gds #geo #genome #pmc #genomeprj #nlmcatalog #unigene #homologene 
#nucest #peptidome #journals #domains #structure #omia #omim #pubmed 
#biosystems #popset #cancerchromosomes #gensat #snp #books #ncbisearch 
#gene #pcsubstance #nuccore #protein #cdd #sra #nucgss #proteinclusters 
#biosample #taxonomy #unists #probe #mesh #pcassay #gap #pccompound)"



Applications



Evidence of positive selection towards Zebuine haplotypes
in the BoLA region of Brangus cattle

D. E. Goszczynski1†a C. M. Corbi-Botto1a, H. M. Durand1, A. Rogberg-Muñoz1,2,3,
S. Munilla2,3, P. Peral-Garcia1, R. J. C. Cantet2,3 and G. Giovambattista1

1Facultad de Ciencias Veterinarias, Instituto de Genética Veterinaria (IGEVET) (UNLP-CONICET LA PLATA), La Plata, Buenos Aires, Argentina; 2Departamento de
Producción, Facultad de Agronomía, Universidad de Buenos Aires, Buenos Aires, Argentina; 3Instituto de Investigaciones en Producción Animal (INPA)
(UBA-CONICET), Ciudad Autónoma de Buenos Aires, Argentina.

(Received 5 January 2017; Accepted 25 April 2017; First published online 14 July 2017)

The Brangus breed was developed to combine the superior characteristics of both of its founder breeds, Angus and Brahman.
It combines the high adaptability to tropical and subtropical environments, disease resistance, and overall hardiness of Zebu cattle
with the reproductive potential and carcass quality of Angus. It is known that the major histocompatibility complex (MHC, also
known as bovine leucocyte antigen: BoLA), located on chromosome 23, encodes several genes involved in the adaptive immune
response and may be responsible for adaptation to harsh environments. The objective of this work was to evaluate whether
the local breed ancestry percentages in the BoLA locus of a Brangus population diverged from the estimated genome-wide
proportions and to identify signatures of positive selection in this genomic region. For this, 167 animals (100 Brangus, 45 Angus
and 22 Brahman) were genotyped using a high-density single nucleotide polymorphism array. The local ancestry analysis showed
that more than half of the haplotypes (55.0%) shared a Brahman origin. This value was significantly different from the global
genome-wide proportion estimated by cluster analysis ( 34.7% Brahman), and the proportion expected by pedigree (37.5% Brahman).
The analysis of selection signatures by genetic differentiation ( Fst) and extended haplotype homozygosity-based methods (iHS and Rsb)
revealed 10 and seven candidate regions, respectively. The analysis of the genes located within these candidate regions showed mainly
genes involved in immune response-related pathway, while other genes and pathways were also observed (cell surface signalling
pathways, membrane proteins and ion-binding proteins). Our results suggest that the BoLA region of Brangus cattle may have been
enriched with Brahman haplotypes as a consequence of selection processes to promote adaptation to subtropical environments.

Keywords: Brangus, major histocompatibility complex, selection signatures, BoLA, ancestral haplotypes

Implications

Since Taurine breeds are poorly adapted to tropical environ-
ments, Brangus was developed as a composite breed to com-
bine the adaptability, disease resistance, maternal instincts and
overall hardiness of Brahman cattle with the fertility and meat
quality traits of the Angus breed. Bearing this in mind, the
results of this work demonstrate the enrichment of Zebuine
haplotypes in the bovine leucocyte antigen (BoLA) region of
Brangus cattle, probably as consequence of selection processes
to promote adaptation to tropical and subtropical environ-
ments. This is consistent with the original objectives of the
founder Brangus breeders and may be applied to select other
Taurine–Zebuine composite breeds.

Introduction

The Brangus breed is a composite breed developed to com-
bine the adaptability, disease resistance, maternal instincts
and overall hardiness of Brahman cattle with the fertility and
meat quality traits of the Angus breed. In most of the
countries that currently breed Brangus cattle, the founder
breed composition (FBC) has been fixed at 5/8 (62.5%)
Angus and 3/8 Zebu (37.5%) (mainly Brahman). However,
the Argentinian association took a different path producing
animals with different fractions of Zebuine genes that go
from 1/4 (25.0%) to 5/8 (62.5%). This larger fraction was the
outcome of an intent to promote even better adaptation to
warm and humid environments (Cantet, 2013). When
considering a single locus, the fraction of animals with
haplotypes from each breed is expected to be coincident to
the average FBC. However, specific regions of the genome† E-mail: ggiovam@fcv.unlp.edu.ar

a Both authors contributed equally to this work.

Animal (2018), 12:2, pp 215–223 © The Animal Consortium 2017
doi:10.1017/S1751731117001380
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Case Report

DNA profile of dog feces as evidence to solve a homicide
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a b s t r a c t

Dog fecal samples were collected at the crime scene and from the shoes of the suspect to see whether
they could be linked. DNA was genotyped using a 145 bp fragment containing a 60 bp hotspot region
of the mitochondrial DNA (mtDNA) control region. Once the species origin was identified, sequences were
aligned with the 23 canine haplotypes defined, showing that evidence and reference had 100% identity
with haplotype 5. The frequency of haplotype 5 and the exclusion power of the reference population were
0.056 and 0.89, respectively. The forensic index showed that it was 20 times more likely that the evidence
belonged to the reference dog than to some other unknown animal. The results support that the mtDNA
hypervariable region 1 (HV1) is a good alternative for typing in trace or degraded casework samples when
the STR panel fails, and demonstrate the utility of domestic animal samples to give additional information
to solve human legal cases.

! 2016 Published by Elsevier Ireland Ltd.

1. Introduction

Non-human DNA analysis in forensic science has seen growth in
recent years. Applications range from investigations of crimes of
humans to cruelty and poaching in animal/wildlife species, where
DNA evidence from animals, plants, bacteria and viruses has been
used in criminal investigations [1].

Animal Forensic Genetics is defined as ‘‘The application of rele-
vant genetic techniques and theory to legal matters, for enforce-
ment issues, concerning animal biological material” [2]. Domestic
animal genetic evidence has become an important forensic tool
for identification and individualization purposes. Interest in animal
genetic evidence has recently increased [3] due to the abundance
of animal evidence encountered at crime scenes [4]. Transfer of
DNA from hair, saliva, blood, urine or feces can occur during the
commission of a crime, from the pet of a victim to the suspect or
crime scene, and from the pet of the suspect to the victim or crime
scene [5].

In Argentina, the pet population is around 9 million dogs and 3
million cats, without counting stray dogs [6,7]. Because of their

close relationship with people, determination of the genetic profile
of pets would provide a valuable forensic tool.

Canine biological materials including hair, feces and saliva can
be found when contact between dogs and humans takes place.
Most of the described collection, sampling, and extraction are used
in medical diagnostic applications [8,9], wildlife population [10,11]
and wildlife illegal traffic studies [12]. Fecal DNA is often degraded
due to environmental factors and continued active deterioration by
the large numbers of bacteria present with the feces. Also, feces
contain many known PCR inhibitors such as bile salts [13]. As fecal
samples are not commonly received in forensic laboratories, our
study sample was a challenge because the defecator DNA was
extracted from cells on the surface of feces.

Mitochondrial DNA (mtDNA) markers and a standardized STR
panel are used to determine the canine genetic profile. Specifically,
hypervariable regions (HV) 1 and 2 in the mtDNA control region
have been used to solve forensic casework [5,14–17]. Although
mtDNA analysis has a lower power of discrimination than multiple
nuclear STR or single nucleotide polymorphism (SNP) markers, the
high copy number per cell and the uniparental inheritance make
mtDNA analysis useful in certain forensic cases, particularly when
the available amount of DNA is poor or degraded. In addition, a
high substitution rate and a high density of polymorphisms within
the non-coding mtDNA HV region allow informative sequence
analysis of relatively short regions in forensic DNA analysis [18].

http://dx.doi.org/10.1016/j.legalmed.2016.08.002
1344-6223/! 2016 Published by Elsevier Ireland Ltd.

⇑ Corresponding author at: Calle 60 y 118 s/n, CC 296, 1900 La Plata, Argentina.
E-mail address: ggiovam@fcv.unlp.edu.ar (G. Giovambattista).

1 Both authors contributed equally to this work.
2 Calle 60 y 118 s/n, CC 296, 1900 La Plata, Argentina.
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RESEARCH ARTICLE

Runs of homozygosity in a selected cattle
population with extremely inbred bulls:
Descriptive and functional analyses revealed
highly variable patterns
Daniel Goszczynski1, Antonio Molina2, Ester Terán1, Hernán Morales-Durand1, Pablo Ross3,
Hao Cheng3, Guillermo Giovambattista1,2,3,4, Sebastián Demyda-Peyrás1,2,3,4*

1 IGEVET–Instituto de Genética Veterinaria "Ing. Fernando N. Dulout” (UNLP-CONICET LA PLATA),
Facultad de Ciencias Veterinarias UNLP, La Plata, Argentina, 2 Departamento de Genética, Universidad de
Córdoba, Córdoba, España, 3 Department of Animal Science, University of California, Davis, Davis,
California, United States of America, 4 Departamento de Producción Animal, Facultad de Ciencias
Veterinarias, Universidad Nacional de La Plata, La Plata, Buenos Aires, Argentina

* sdemyda@igevet.gob.ar

Abstract

The analysis of runs of homozygosity (ROH), using high throughput genomic data, has

become a valuable and frequently used methodology to characterize the genomic and

inbreeding variation of livestock and wildlife animal populations. However, this methodology

has been scarcely used in highly inbred domestic animals. Here, we analyzed and charac-

terized the occurrence of ROH fragments in highly inbred (HI; average pedigree-based

inbreeding coefficient FPED = 0.164; 0.103 to 0.306) and outbred Retinta bulls (LI; average

FPED = 0.008; 0 to 0.025). We studied the length of the fragments, their abundance, and

genome distribution using high-density microarray data. The number of ROH was signifi-

cantly higher in the HI group, especially for long fragments (>8Mb). In the LI group, the num-

ber of ROH continuously decreased with fragment length. Genome-wide distribution of

ROH was highly variable between samples. Some chromosomes presented a larger num-

ber of fragments (BTA1, BTA19, BTA29), others had longer fragments (BTA4, BTA12,

BTA17), while other ones showed an increased ROH accumulation over specific loci (BTA2,

BTA7, BTA23, BTA29). Similar differences were observed in the analysis of 12 individuals

produced by a similar inbred event (FPED3 = 0.125). The correlation between the fraction of

the genome covered by ROH (FROH) and FPED was high (0.79), suggesting that ROH-based

estimations are indicative of inbreeding levels. On the other hand, the correlation between

FPED and the microsatellite-based inbreeding coefficient (FMIC) was only moderate (r =

0.44), suggesting that STR-based inbreeding estimations should be avoided. Similarly, we

found a very low correlation (r = -0.0132) between recombination rate and ROH abundance

across the genome. Finally, we performed functional annotation analyses of genome

regions with significantly enriched ROH abundance. Results revealed gene clusters related

to pregnancy-associated proteins and immune reaction. The same analysis performed for

regions enriched with recently formed ROH (> 8 Mb) showed gene clusters related to flagel-

lum assembly. In both cases, the processes were related to male and female reproductive

PLOS ONE | https://doi.org/10.1371/journal.pone.0200069 July 9, 2018 1 / 24
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BioSmalltalk: a pure object system and library for bioinformatics
Hernán F. Morales* and Guillermo Giovambattista
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ABSTRACT

Summary: We have developed BioSmalltalk, a new environment

system for pure object-oriented bioinformatics programming.

Adaptive end-user programming systems tend to become more im-

portant for discovering biological knowledge, as is demonstrated by

the emergence of open-source programming toolkits for bioinfor-

matics in the past years. Our software is intended to bridge the gap

between bioscientists and rapid software prototyping while preserving

the possibility of scaling to whole-system biology applications.

BioSmalltalk performs better in terms of execution time and memory

usage than Biopython and BioPerl for some classical situations.

Availability: BioSmalltalk is cross-platform and freely available (MIT

license) through the Google Project Hosting at http://code.google.

com/p/biosmalltalk

Contact: hernan.morales@gmail.com

Supplementary information: Supplementary data are available at

Bioinformatics online.

Received on January 12, 2013; revised on June 5, 2013; accepted on

July 3, 2013

1 INTRODUCTION

We present a novel free/open source software (FOSS) platform
for the development of bioinformatics software and applications.
BioSmalltalk attempts to reconcile the current de facto scripting
modalities of textual programming languages with the features of
Smalltalk (Goldberg and Robson, 1983), which has a pure object
dynamic programming environment.
BioSmalltalk provides similar functionality to other FOSS

toolkits for bioinformatics, such as BioPerl (Stajich et al.,
2002), Biopython (Cock et al., 2009) and BioJava (Holland
et al., 2008), based in industry-leading general-purpose textual
programming languages. Precedent of bioinformatics tools exists
in Smalltalk, but none of them has tried to provide a bioinfor-
matics Application Programming Interface (API). MolTalk
(Diemand and Scheib, 2004) was developed in StepTalk, a script-
ing environment, for doing structural bioinformatics. Also, a
cross-platform Graphical User Interface (GUI) for protein se-
quence analysis was done in Smalltalk (Wishart et al., 1997).
Object-orientation (OO) is a term first coined by one of the

Smalltalk inventors, Alan Kay (1969). It was initially conceived
as a programming paradigm based on the recognition of real-
world communicating objects in computer simulations (Fichman
and Kemerer, 1992. Kölling, 1999). OO features were integrated
accordingly to platform limitations, in virtually all major

programming languages, and toolkits, including the Bio* pro-
jects. The Bio* toolkits’ usage of OO is commonly hybrid or
emulated through modules (Cock et al., 2009; Stajich et al.,
2002), mixing objects with primitive data types and hampering
the use of reflective functionalities (Maes, 1977). BioSmalltalk
benefits from decreased source code verbosity, and its execution
in a self-contained snapshot system that promotes run-time
adaptability, critical for systems where shutdown cycles cannot
be tolerated (Hirschfeld and Lämmel, 2005).

2 FEATURES

2.1 Bioinformatics

BioSmalltalk provides objects to manipulate biological se-
quences and data from databases like the Entrez system
(Schuler et al., 1996). It also contains wrappers for command-
line tools like ClustalW (Thompson, 1994) and HMMER (Finn,
2011) sequence visualization and format conversion.
We based implementation on existing FOSS bioinformatics

platforms, specifically BioPerl and Biopython, to prevent educa-
tional obsolescence, preserving the familiar object model inter-
faces for experienced bioinformaticians.
BioSmalltalk contains tokenizers, parsers and formatters for

common sequence identifiers, FASTA, BLAST and Entrez
XML, PHYLIP (Felsenstein, 1989), Arlequin (Excoffier, 2005)
and others. Most parsers use PetitParser (Renggli et al., 2010), a
dynamically reconfigurable parser library. Additional features
can be found in the project documentation. We did a microbe-
nchmark to compare the performance of our library using
the script in Figure 1. We have executed the scripts five times
immediately after booting without unnecessary processes (Tests
were performed on GNU/Linux Debian kernel 2.6.32-
358.2.1.el6.x86_64 using an Intel(R) Xeon(R) CPU E5620 at
2.40GHz, 8 GB DDR3 RAM). Results show that
BioSmalltalk has a faster execution time compared with the cor-
responding BioPerl and Biopython versions. Our approach
enabled the removal of unnecessary iterators, thus also reducing
the lines of code. Comparison details and scripts are included in
the Supplementary Material (Table 1).

2.2 Software engineering

We wrote a cross-platform engine subsystem for enabling mul-
tiple interchangeable implementations of packages, which may
fail, become unsupported or become too slow. Interchangeable
serializers, web client and servers and accessing OS functions
were included in our initial release. We have applied design pat-
terns through the library; for example, the Fac!ade pattern*To whom correspondence should be addressed.
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https://github.com/hernanmd/BioSmalltalk
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