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Small peptides are an important component of the vertebrate immune system. They are important molecules for
distinguishing proteins that originate in the host from proteins derived from a pathogenic organism, such as a virus or
bacterium. Consequently, these peptides are central for the vertebrate host response to intracellular and extracellular
pathogens. Computational models for prediction of these peptides have been based on a narrow sample of data with an
emphasis on the position and chemical properties of the amino acids. In past literature, this approach has resulted in
higher predictability than models that rely on the geometrical arrangement of atoms. However, protein structure data from
experiment and theory are a source for building models at scale, and, therefore, knowledge on the role of small peptides
and their immunogenicity in the vertebrate immune system. The following sections introduce procedures that contribute to
theoretical prediction of peptides and their role in immunogenicity. Lastly, deep learning is discussed as it applies to
immunogenetics and the acceleration of knowledge by a capability for modeling the complexity of natural phenomena.
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The adaptive immune system of vertebrates is a system that includes cells and molecules whose role is to distinguish self
from the outside world (non-self). Therefore, a vertebrate host has the potential for detecting and clearing pathogenic
organisms from its organ systems. A major component of adaptive immunity involves a linear chain of amino acids: the
small peptides &. The small peptide is of interest since the host immune system relies on it as a marker for a
determination on whether a protein originates from itself or instead of a foreign source, such as a virus or bacterium 2.
This system can also identify its own cells as foreign if they are genetically altered by a process that causes production of
unfamiliar molecules 14,

These peptides of interest are formed by cleavage of proteins in cells of the host, and they form the basis for the cellular
processes of immune surveillance, and identification of pathogens and cells that operate outside their normal genetic
programming BISIEIZ wWhen adaptive immunity falsely identifies a peptide derived from a protein that is essential to the
individual as not originating from that individual, a phenomenon referred to as autoimmunity occurs [EISILOLL] A
generalized example of autoimmunity is where a subset of T cells L2131 3 name that references their development in the
thymus (14151 falsely detects small peptides as presented on the surface of cells as originating from non-self and
subsequently signals the immune system to eliminate these cells in the host [26I171[18]

The mechanism for peptide detection is reliant on molecular binding between the peptide and a major histocompatibility
complex (MHC) receptor that is expressed in the majority of cells of a vertebrate 12[20[21] Nearly all cells of the canonical
vertebrate express MHC Class 1 cell surface receptors that are capable of presenting peptides of an intracellular origin,
while a subset of cell types of the immune system express MHC Class 2 cell surface receptors for presentation of
peptides of an intercellular origin.

Furthermore, the mechanism described above is refined by training the T cells to perform as specialists so that they
disfavor any attack on normal cells, while favoring the proliferation of the T cells that have developed to attack non-self 14!
(21, This is not a deterministic process, however. The dictates of probability are present in biological systems, including:
(1) the generation of genetic diversity across the various MHC receptor types, (2) the cleavage process for generation of
small peptides from a protein, (3) the timeliness of the immune response to molecular evidence of a pathogen, (4) the
binding strength of peptides to an MHC receptor, and (5) the requisite sample of peptides for detection of a pathogen. This
system is in contrast to a human designed system (engineered) in which the structure and function originate from an
artificial design and a low tolerance for the prior mentioned variability.

The aggregate of past collections of immunological peptide data is not representative of the total space of these peptides
B2, For example, only a small proportion of MHC molecules have been studied for their association with small peptides.



This sampling problem is related to the allelic distribution of the MHC molecules. While there are about a dozen genetic
loci in clusters that code for a MHC protein receptor, the number of alleles among these loci is very high as compared to
the other genetic loci in the typical vertebrate genome. In the human population, the expected number of alleles for the
MHC loci is estimated in the thousands Bl22l, Correspondingly, these loci are active genetic sites of evolutionary change
and generation of diversity, and—unlike the other regions of the genome—this genetic diversity has been undiminished at
the genetic level by the putative bottleneck that reduced our effective population size to mere thousands of individuals (23],
Likewise, the study of immunological peptides has generally been restricted to that of the human population and animal
models that serve as a proxy in the study of biomedicine and livestock (211,

Moreover, there is a preference for MHC class type as a result of model feasibility. The MHC Class 1 receptor is generally
favored over that of Class 2 in modeling the MHC-peptide association, partly because in MHC Class 1, some of the amino
acids of the peptide are confined in pockets of the MHC receptor EBI24125] This has led to predictive models of MHC-
peptide (pMHC) binding that parameterize the position and chemical type of the amino acids of these peptides [226],
These models have exceeded the predictiveness as compared to models based solely on geometrical data of the atomic
arrangements Bl However, the geometrical features are expected to contribute to insight on pMHC binding and models
for predicting an adaptive immune response.

Recently, artificial neural networks and related machine language approaches have led to advances in knowledge of
protein structure and the potential for modeling the association between proteins and other molecules [211261127][28][29]
These methods are capable of highly predictive models that incorporate disparate kinds of data, such as in the use of both
geometrical and chemical features in estimating the binding affinity for an MHC receptor with a peptide 21, Moreover, they
are highly efficient in the case where modeling is dependent on a very large number of parameters, as commonly
observed in the interactions of biological molecules. Consequently, the deep learning approaches have shown success in
the prediction of protein structure across a broad sampling of the clades of living organisms B%. These approaches are
complemented through the analysis of metrics, preferably with a level of interpretability, that are capable of estimating the
geometrical similarity among proteins [BL32]33],

As a whole, the study of immunogenetics relies on collecting data and building models as expected in the pursuit of
knowledge 2134 Deep learning is applicable to these goals, for which the data collection is extensive and there is a
theoretical basis for the system of interest. Ideally, this kind of scientific practice is expected to lead to a meaningful
synthesis that is unmired by a collector’s fondness for naming schemes and ungrounded collations of terms and studies
(331 The latter perspective resembles the practice of creating images of science, akin to an art form, that sometimes occur
in the disciplines of natural science while not achieving the aim of extending knowledge through the purposeful modeling
of natural phenomena (28],
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