wo 2023/045475 A1 |0 00000 KA 0 00O 00

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

‘O 0000 YO 0 0
(10) International Publication Number

WO 2023/045475 Al

30 March 2023 (30.03.2023) WIPO | PCT
(51) International Patent Classification: (74) Agent: CCPIT PATENT AND TRADEMARK LAW
G16B 30/10 (2019.01) OFFICE; 10/F, Ocean Plaza, 158 Fuxingmennei Street,
(21) International Application Number: Beijing 100031 (CN).
PCT/CN2022/103237 (81) Designated States (unless otherwise indicated, for every
. . . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: 0L ule 2022 (0107202 AO. AT, AU, AZ. BA, BB, BG, BIL, BN, BR, BW, BY, BZ.
uly 2022 (01.07.2022) CA, CH, CL. CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
L. . HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG, KH,
(26) Publication Language: English KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(30) Priority Data: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
17/449,022 27 September 2021 (27.09.2021) US NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
. . RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM,
(71) Applicant: INTERNATIONAL BUSINESS TN, TR. TT. TZ. UA, UG. US. UZ. VC. VN, WS. ZA., ZM.
MACHINES CORPORATION [US/US]; New Orchard A
Road, Armonk, New York 10504 (US). '
. (84) Designated States (unless otherwise indicated, for every
(71) Applicant (for MG only): IBM (CHINA) CO., LIMITED

(72)

[CN/CN]; 7F, Bldg 10, Zhangjiang Innovation Park, 399
Keyuan Road, Zhangjiang High-tech Campus, Pudong New
Area, Shanghai 201203 (CN).

Inventors: AGARWAL, Akshay, 650 Harry Road Al-
maden Research Center, San Jose, California 95120-6099
(US). KAUFMAN, James H.; 1101 Kitchawan Rd, PO
Box 218, Yorktown Heights, New York 10598-0218 (US).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: PREDICTION OF INTERFERENCE WITH HOST IMMUNE RESPONSE SYSTEM BASED ON PATHOGEN FEA-
TURES

200

<N

(57) Abstract: A method, computer system, and a computer program product for

Start )

Identify a genome of a target pathogen 202

Retrieve a list of epitopes for one or more
selected conditions 204

Search the genome of the target pathogen for
the list of epitopes 206

Determine a probability the target pathogen
causes the one or more selected conditions
208

Identify one or more therapeutics for each of
the one or mere selected conditions 210

Generate a list of therapeutics for the one or
more selected conditions 212

FIG. 2

pathogen identification is provided. The method may include identifying one or more
similar pathogens based on a genome of a target pathogen. The method may include
searching the annotated genome of each of the one or more similar pathogens using a
domain code corresponding to a selected condition. The method may include identifying
one or more epitopes and a protein region of the one or more epitopes for each of the one

or more similar pathogens based on the domain code. The method may include searching
l the genome of the target pathogen using an amino acid sequence of the one or more epi-
topes identified in the annotated genome of the one or more similar pathogens.
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PREDICTION OF INTERFERENCE WITH HOST IMMUNE RESPONSE SYSTEM BASED

ON PATHOGEN FEATURES

BACKGROUND

[0001] The present invention relates generally to the field of computing, and more particularly to

identifying pathogen characteristics.

[0002] A pathogen may be an organism that causes disease. The different types of pathogens and
the severity of the diseases they cause may be diverse. Pathogenic organisms may be of five main
types: viruses, bacteria, fungi, protozoa, and worms. Some characteristic features of pathogens may
include, but are not limited to including, a mode of transmission, a mechanism of replication, a
pathogenesis or means by which the pathogen causes disease, and the response the pathogen elicits.
In understanding and/or predicting the characteristics of novel pathogens researchers may utilize

related and/or well understood pathogens.

[0003] Directly analyzing new pathogens may require domain annotation which can be time

consuming and lead to delays in determining likely immune targets and/or effective therapeutics.

SUMMARY

[0004] Embodiments of the present invention disclose a method, computer system, and a
computer program product for pathogen identification. The present invention may include
identifying one or more similar pathogens based on a genome of a target pathogen. The present
invention may include searching the annotated genome of each of the one or more similar pathogens

using a domain code corresponding to a selected condition. The present invention may include
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identifying one or more epitopes and a protein region of the one or more epitopes for each of the one
or more similar pathogens based on the domain code. The present invention may include searching
the genome of the target pathogen using an amino acid sequence of the one or more epitopes

identified in the annotated genome of the one or more similar pathogens.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0005] These and other objects, features and advantages of the present invention will become
apparent from the following detailed description of illustrative embodiments thereof, which is to be
read in connection with the accompanying drawings. The various features of the drawings are not to
scale as the illustrations are for clarity in facilitating one skilled in the art in understanding the

invention in conjunction with the detailed description. In the drawings:

[0006] FIG. 1 illustrates a networked computer environment according to at least one

embodiment;

[0007] FIG. 2 is an operational flowchart illustrating a process for pathogen identification

according to at least one embodiment;

[0008] FIG. 3 is a block diagram of internal and external components of computers and servers

depicted in FIG. 1 according to at least one embodiment;

[0009] FIG. 4 1s a block diagram of an illustrative cloud computing environment including the
computer system depicted in FIG. 1, in accordance with an embodiment of the present disclosure;

and

[0010] FIG. 5 is a block diagram of functional layers of the illustrative cloud computing

environment of FIG. 4, in accordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0011] Detailed embodiments of the claimed structures and methods are disclosed herein;
however, it can be understood that the disclosed embodiments are merely illustrative of the claimed
structures and methods that may be embodied in various forms. This invention may, however, be
embodied in many different forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary embodiments are provided so that this
disclosure will be thorough and complete and will fully convey the scope of this invention to those
skilled in the art. In the description, details of well-known features and techniques may be omitted to

avoid unnecessarily obscuring the presented embodiments.

[0012] The present invention may be a system, a method, and/or a computer program product at
any possible technical detail level of integration. The computer program product may include a
computer readable storage medium (or media) having computer readable program instructions

thereon for causing a processor to carry out aspects of the present invention.

[0013] The computer readable storage medium can be a tangible device that can retain and store
instructions for use by an instruction execution device. The computer readable storage medium may
be, for example, but is not limited to, an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a semiconductor storage device, or any
suitable combination of the foregoing. A non-exhaustive list of more specific examples of the
computer readable storage medium includes the following: a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), a static random access memory (SRAM), a portable compact
disc read-only memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk, a

mechanically encoded device such as punch-cards or raised structures in a groove having
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instructions recorded thereon, and any suitable combination of the foregoing. A computer readable
storage medium, as used herein, is not to be construed as being transitory signals per se, such as
radio waves or other freely propagating electromagnetic waves, electromagnetic waves propagating
through a waveguide or other transmission media (e.g., light pulses passing through a fiber-optic

cable), or electrical signals transmitted through a wire.

[0014] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an external
computer or external storage device via a network, for example, the Internet, a local area network, a
wide area network and/or a wireless network. The network may comprise copper transmission
cables, optical transmission fibers, wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or network interface in each
computing/processing device receives computer readable program instructions from the network and
forwards the computer readable program instructions for storage in a computer readable storage

medium within the respective computing/processing device.

[0015] Computer readable program instructions for carrying out operations of the present
invention may be assembler instructions, instruction-set-architecture (ISA) instructions, machine
instructions, machine dependent instructions, microcode, firmware instructions, state-setting data,
configuration data for integrated circuitry, or either source code or object code written in any
combination of one or more programming languages, including an object oriented programming
language such as Smalltalk, C++, or the like, and procedural programming languages, such as the
"C" programming language or similar programming languages. The computer readable program
instructions may execute entirely on the user's computer, partly on the user's computer, as a stand-

alone software package, partly on the user's computer and partly on a remote computer or entirely on
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the remote computer or server. In the latter scenario, the remote computer may be connected to the
user's computer through any type of network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an external computer (for example, through the
Internet using an Internet Service Provider). In some embodiments, electronic circuitry including, for
example, programmable logic circuitry, field-programmable gate arrays (FPGA), or programmable
logic arrays (PLA) may execute the computer readable program instructions by utilizing state
information of the computer readable program instructions to personalize the electronic circuitry, in

order to perform aspects of the present invention.

[0016] Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems), and computer program products
according to embodiments of the invention. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of blocks in the flowchart illustrations and/or

block diagrams, can be implemented by computer readable program instructions.

[0017] These computer readable program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block diagram block or blocks. These computer
readable program instructions may also be stored in a computer readable storage medium that can
direct a computer, a programmable data processing apparatus, and/or other devices to function in a
particular manner, such that the computer readable storage medium having instructions stored
therein comprises an article of manufacture including instructions which implement aspects of the

function/act specified in the flowchart and/or block diagram block or blocks.
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[0018] The computer readable program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other device to cause a series of operational steps to be
performed on the computer, other programmable apparatus or other device to produce a computer
implemented process, such that the instructions which execute on the computer, other programmable
apparatus, or other device implement the functions/acts specified in the flowchart and/or block

diagram block or blocks.

[0019] The flowchart and block diagrams in the Figures illustrate the architecture, functionality,
and operation of possible implementations of systems, methods, and computer program products
according to various embodiments of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, segment, or portion of instructions, which
comprises one or more executable instructions for implementing the specified logical function(s). In
some alternative implementations, the functions noted in the blocks may occur out of the order noted
in the Figures. For example, two blocks shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems that perform the specified functions or acts

or carry out combinations of special purpose hardware and computer instructions.

[0020] The following described exemplary embodiments provide a system, method and program
product for pathogen identification. As such, the present embodiment has the capacity to improve the
technical field of identifying pathogen characteristics by determining a probability in which a target
pathogen causes a selected condition. More specifically, the present invention may include

identifying one or more similar pathogens based on a genome of a target pathogen. The present
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invention may include searching the annotated genome of each of the one or more similar pathogens
using a domain code corresponding to a selected condition. The present invention may include
identifying one or more epitopes and a protein region of the one or more epitopes for each of the one
or more similar pathogens based on the domain code. The present invention may include searching
the genome of the target pathogen using an amino acid sequence of the one or more epitopes

identified in the annotated genome of the one or more similar pathogens.

[0021] As described previously, a pathogen may be an organism that causes disease. The
different types of pathogens and the severity of the diseases they cause may be diverse. Pathogenic
organisms may be of five main types: viruses, bacteria, fungi, protozoa, and worms. Some
characteristic features of pathogens may include, but are not limited to including, a mode of
transmission, a mechanism of replication, a pathogenesis or means by which the pathogen causes
disease, and the response the pathogen elicits. In understanding and/or predicting the characteristics

of novel pathogens researchers may utilize related and/or well understood pathogens.

[0022] Directly analyzing new pathogens may require domain annotation which can be time

consuming and lead to delays in determining likely immune targets and/or effective therapeutics.

[0023] Therefore, it may be advantageous to, among other things, identify one or more similar pathogens
based on a genome of a target pathogen, search the annotated genome of each of the one or more similar
pathogens using a domain code corresponding to a selected condition, identify one or more epitopes and a
protein region of the one or more epitopes for each of the one or more similar pathogens based on the domain
code, and search the genome of the target protein using an ammino acid sequence of the one or more epitopes

identified in the annotated genome of the one or more similar pathogens.

[0024] According to at least one embodiment, the present invention may improve the
identification of pathogen characteristics by leveraging mature annotations from other organisms to

7



WO 2023/045475 PCT/CN2022/103237

identify epitopes of the pathogen. These epitopes may indicate specific proteins that may suppress

host interferons.

[0025] According to at least one embodiment, the present invention may improve the
identification of conditions caused by novel pathogens by utilizing laboratory confirmed reference

epitopes to search a genome of the novel pathogen.

[0026] According to at least one embodiment, the present invention may improve the ability to
understand pathogens prior to domain annotation and/or functional annotation by using known
conditions caused by one or more similar pathogens to search the genome of the novel pathogen for

epitopes derived from the known conditions of the one or more similar pathogens.

[0027] Referring to FIG. 1, an exemplary networked computer environment 100 in accordance
with one embodiment is depicted. The networked computer environment 100 may include a
computer 102 with a processor 104 and a data storage device 106 that is enabled to run a software
program 108 and a pathogen identification program 110a. The networked computer environment 100
may also include a server 112 that is enabled to run a pathogen identification program 110b that may
interact with a database 114 and a communication network 116. The networked computer
environment 100 may include a plurality of computers 102 and servers 112, only one of which is
shown. The networked computer environment 100 may include a pathogen search user interface.
The communication network 116 may include various types of communication networks, such as a
wide area network (WAN), local area network (LAN), a telecommunication network, a wireless
network, a public switched network and/or a satellite network. It should be appreciated that FIG. 1
provides only an illustration of one implementation and does not imply any limitations with regard
to the environments in which different embodiments may be implemented. Many modifications to

the depicted environments may be made based on design and implementation requirements.
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[0028] The client computer 102 may communicate with the server computer 112 via the
communications network 116. The communications network 116 may include connections, such as
wire, wireless communication links, or fiber optic cables. As will be discussed with reference to
FIG. 3, server computer 112 may include internal components 902a and external components 904a,
respectively, and client computer 102 may include internal components 902b and external
components 904b, respectively. Server computer 112 may also operate in a cloud computing service
model, such as Software as a Service (SaaS), Platform as a Service (PaaS), or Infrastructure as a
Service (IaaS). Server 112 may also be located in a cloud computing deployment model, such as a
private cloud, community cloud, public cloud, or hybrid cloud. Client computer 102 may be, for
example, a mobile device, a telephone, a personal digital assistant, a netbook, a laptop computer, a
tablet computer, a desktop computer, or any type of computing devices capable of running a
program, accessing a network, and accessing a database 114. According to various implementations
of the present embodiment, the pathogen identification program 110a, 110b may interact with a
database 114 that may be embedded in various storage devices, such as, but not limited to a

computer/mobile device 102, a networked server 112, or a cloud storage service.

[0029] According to the present embodiment, a user using a client computer 102 or a server
computer 112 may use the pathogen identification program 110a, 110b (respectively) to determine a
probability in which a target pathogen causes a selected condition. The pathogen identification

method is explained in more detail below with respect to FIG. 2.

[0030] Referring now to FIG. 2, an operational flowchart illustrating the exemplary pathogen
identification process 200 used by the pathogen identification program 110a and 110b (hereinafter

pathogen identification program 110) according to at least one embodiment is depicted.
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[0031] At 202, the pathogen identification program 110 identifies a genome of a target pathogen.
The genome of the target pathogen may be a complete set of either RNA (Ribonucleic acid) or DNA
(Deoxyribonucleic acid). The genome of the target pathogen may be comprised of nucleotide
sequences and the nucleotide sequences may include both coding regions and/or noncoding regions.
Coding regions may encode for proteins and noncoding regions may not encode for proteins. The
genome of the target pathogen may not be annotated and/or partially annotated, such that domain
annotations for protein regions (e.g., domain annotations for protein encoding regions of the
genome) may not be mature and/or available for the genome of the target pathogen. Accordingly, the
genome of the pathogen may not include domain codes (e.g., functional codes). Domain codes (e.g.,

functional codes) may be utilized in denoting a function of a particular protein region of the genome.

[0032] The pathogen identification program 110 may identify the genome of the target pathogen
in a knowledge corpus (e.g., database 114) maintained by the pathogen identification program. In an
embodiment, the pathogen identification program 110 may identify the genome of the target
pathogen in the knowledge corpus (e.g., database 114) using a machine learning classification
model, such as logistic regression, naive Bayes, support vector machines, artificial neural networks,
random forests, amongst other algorithms. In an embodiment, an ensemble learning technique may
be employed that uses multiple machine leaning algorithms together to assure better identification
when compared with the identification of a single machine learning model. The knowledge corpus
(e.g., database 114) may maintain the genomes for a plurality of organisms. Alternatively, the
pathogen identification program 110 may retrieve the genome of the target pathogen from one or
more publicly available resources and/or external databases. The genome of the target pathogen
identified by the pathogen identification program 110 may be confirmed by a user. In another
embodiment, the genome of the target pathogen may also be manually identified and uploaded to the

pathogen identification program 110 by a user in a pathogen search user interface 120. The target
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pathogen in which the pathogen identification program 110 identifies the genome may be manually

selected by a user of the pathogen identification program 110.

[0033] The pathogen identification program 110 may utilize the genome of the target pathogen
in identifying one or more similar pathogens. The one or more similar pathogens may be identified
utilizing one or more identification methods, such as, but not limited to, homology-based methods,
ab initio methods, amongst other identification methods. The similar pathogens may also be
identified using a sequence-based genomic database, wherein the similar pathogens are identified
using the genome of the pathogen. The sequence-based genomic database may be maintained by the
pathogen identification program 110 within the knowledge corpus (e.g., database 114) and/or
accessed by the pathogen identification program 110 from one or more publicly available resources
and/or external databases. The similar pathogens may also be manually identified by a user based on
at least characteristics such as size, shape, content (e.g., RNA or DNA, enveloped or not), taxonomic
classification, amongst other pathogen characteristics. The pathogen identification program 110 may
also use one or more taxonomic classification tools and/or methods in identifying the one or more

similar pathogens. The genome of each of the similar pathogens may be at least partially annotated.

[0034] The pathogen identification program 110 may utilize the one or more similar pathogens
in identifying a plurality of conditions. The plurality of conditions may be medical conditions, side
effects, symptoms, interference with biological pathways, ability to bind with certain proteins, and/or
other conditions linked to and/or caused by the one or more similar pathogens. Each of the plurality
of conditions may each have a corresponding domain code (e.g., corresponding functional code)
such as an InterPRO Bioscience® codes (InterPRO Bioscience® codes and all InterPRO Bioscience-
based trademarks are trademarks or registered trademarks of InterPRO Bioscience Incorporated in

the United States, and/or other countries), amongst other codes utilized in the genomic industry. The

11



WO 2023/045475 PCT/CN2022/103237

corresponding domain code (e.g., corresponding functional code) may correspond to viral genes of
the similar pathogen’s genome, these viral genes may encode for proteins called virulence factors

and these virulence factors contribute to the similar pathogen’s ability to cause a condition.

[0035] The pathogen identification program 110 may retrieve one or more annotated genomes
for each of the one or more similar pathogens identified. The pathogen identification program 110
may retrieve more than one genome for a similar pathogen if the genome of the similar pathogen has
more than one variation. The annotated genomes for each of the one or more similar pathogens may
be retrieved from the knowledge corpus (e.g., database 114) and/or from one or more publicly
available resources and/or external databases. The pathogen identification program 110 may utilize
the corresponding domain codes (e.g., functional codes) to search the annotated genomes of each of
the one or more similar pathogens. The pathogen identification program 110 may identify a protein
region of the annotated genome based on a search of the annotated genome utilizing the
corresponding domain code. The protein region may be a protein sequence of the annotated genome

in which the corresponding domain code may be identified.

[0036] The pathogen identification program 110 may utilize the protein sequence of the protein
region in identifying one or more epitopes within the protein region. An epitope may be a sub-string
and/or multiple sub-strings of amino acids within a protein region which may be recognized by a
host immune system. The sub-string and/or multiple sub-strings may be continuous and/or
discontinuous. The epitope may be the amino acid segment of the protein region in which antibodies
of the host immune system bind. Amino acids may be the monomers that make up proteins. Each
amino acid may include a similar fundamental structure, which may be comprised of a central
carbon atom bonded to; an amino group, a carboxyl group, a hydrogen atom, and a variable atom or

group of atoms bonded to the central carbon atom. Protein molecules may be comprised of a string
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of amino acids in a particular order (e.g., amino acid sequence). All proteins may be constructed
from one of 20 amino acids. Accordingly, epitopes may determine an immune response and each of
the protein sequences may include one or more epitopes. The one or more epitopes may be
laboratory confirmed epitopes (e.g., known epitope amino acid sequences). The pathogen

identification program 110 may store an epitope list for each condition in which it was derived.

[0037] For example, the pathogen identification program 110 may identify five medical
conditions associated with the one or more similar pathogens, Condition 1, Condition 2, Condition 3,
Condition 4, Condition 5. Each of the five medical conditions has a corresponding domain code,
Condition 1 may be IPRO0001, Condition 2 may be IPRO0002, Condition 3 may be IPRO0003,
Condition 4 may be IPR00004, and Condition 5 may be IPRO000S5. The pathogen identification
program 110 may utilize the corresponding domain code to search the annotated genome of each of
the one or more similar pathogens and identify the protein sequence of the one or more similar
pathogens associated with the condition. The pathogen identification program 110 may identify 7
epitopes within the protein sequence identified by searching IPRO0001, 4 epitopes within the protein
sequence identified by searching IPRO0002, 2 epitopes within the protein sequence identified by
searching IPR0O0003, 3 epitopes within the protein sequence identified by searching IPR00004, and 5
epitopes within the protein sequence identified by searching IPRO000S. Accordingly, the pathogen
identification program 110 may store 7 epitopes for Condition 1, 4 epitopes for Condition 2, 2
epitopes for Condition 3, 3 epitopes for Condition 4, and/or 5 epitopes for Condition 5. The
pathogen identification program 110 may store each epitope amino acid sequence and/or the

condition in which it was derived in the knowledge corpus (e.g., database 114).

[0038] In another embodiment, as will be explained in more detail below with respect to step

210, the genome of the target pathogen may be annotated such that the genome of the protein regions
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include mature domain annotations. The pathogen identification program 110 may continuously
monitor one or more publicly available resources and/or external databases for annotation updates of
the target pathogen genome and/or manually receive the updated annotations for the target pathogen

genome from a user in the pathogen search user interface 120.

[0039] At 204, the pathogen identification program 110 retrieves a list of epitopes for one or
more selected conditions. The pathogen identification program 110 may retrieve the list of epitopes
for the one or more selected conditions from the knowledge corpus (e.g., database 114). The one or
more conditions may be selected by a user of the pathogen identification program 110 using the
pathogen search user interface 120. The conditions may be selected from a list of conditions
identified for the similar pathogens. The list of conditions may be displayed to the user in the
pathogen search user interface. The pathogen search user interface 120 may be displayed by the
pathogen identification program 110 in at least an internet browser, dedicated software application,

or as an integration with a third party software application.

[0040] The pathogen identification program 110 may retrieve the list of epitopes for the selected
conditions to search the genome of the target pathogen identified at step 202. The plurality of
conditions may be medical conditions, side effects, symptoms, interference with biological
pathways, ability to bind with certain proteins, and/or other conditions linked to and/or caused by the
one or more similar pathogens. Continuing with the above example, Condition 1 may be nausea and
Condition 2 may be elevated heart rate, the user may select nausea and elevated heart rate and the
pathogen identification program 110 may retrieve the list of 7 epitopes for Condition 1 and the list of
4 epitopes for Condition 2 from the knowledge corpus (e.g., database 114). In another example,
Condition 1 may be interference with Biological Pathway A, Condition 2 may be interference with

Biological Pathway B, and Condition 3 may be ability to bind with Protein 1. The user may select
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interference with Biological Pathway A, interference with Biological Pathway B, and ability to bind
with Protein 1 in the pathogen search user interface and the pathogen identification program 110
may retrieve the list of 7 epitopes for Condition 1, the list of 4 epitopes for Condition 2, and the list

of 2 epitopes for Condition 3 from the knowledge corpus (e.g., database 114).

[0041] At 206, the pathogen identification program 110 searches the genome of the target
pathogen for the list of epitopes of the selected conditions. The pathogen identification program 110
may utilize the amino acid sequence of each epitope in searching the genome of the target pathogen.
The pathogen identification program 110 may search subsections of the target pathogen genome

using the protein regions of the epitopes identified in the similar pathogens.

[0042] The pathogen identification program 110 may utilize one or more search methods in
searching the genome of the target pathogen. The search methods may include but are not limited to
including, exact string matching and approximate string matching (e.g., fuzzy string search). The
search methods utilized by the pathogen identification program 110 may be utilized in ranking
epitope-domain matches. As will be explained in more detail below, the ranking of the epitope-
domain matches may be utilized in determining a probability score the target pathogen may cause a
condition. The epitope-domain match may be a sequence of amino acids found within the genome of

the target pathogen. The epitope-domain match may be part of a protein region of the genome.

[0043] The pathogen identification program 110 may rank the exact matches the highest. The
exact matches may be ranked according to the number of amino acids in the exact string match
sequence. The pathogen identification program 110 may rank the non-exact matches above a pre-
defined threshold using a percentage of approximate string matches. For example, the pathogen
identification program 110 may identify two exact epitope-domain matches. One of the epitope-

domain matches may be an exact match of 6 amino acids and the other epitope-domain match may
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be an exact match of 9 amino acids. The pathogen identification program 110 may rank the epitope-
domain match of 9 amino acids above the epitope-domain match of 6 amino acids. The pathogen
identification program 110 may also identify five non-exact epitope-domain matches. The first non-
exact epitope-domain match may match 8 of 9 amino acids, the second non-exact epitope genome
match may match 6 of 7 amino acids, the third non-exact epitope genome match may match 5 of 8
amino acids, the fourth non-exact epitope genome match may match 7 of 8 amino acids, and the fifth
non-exact epitope genome match may match 6 of 8 amino acids. The pre-defined threshold may be
an 80% amino acid match. In this example, the pathogen identification program 110 would only rank

the first, second, and fourth non-exact epitope-domain matches.

[0044] In other embodiments, the pathogen identification program 110 may utilize one or more
machine learning models and/or one or more statistical analysis models in identifying epitope-
domain matches within the genome of the target pathogen. The one or more machine learning
models may include at least affinity determining models and/or affinity predicting models. The one
or more machine learning models may be utilized by the pathogen identification program 110 in
performing a clustering analysis of the genome of the target pathogen in identifying epitope-domain
matches. The one or more statistical models may include statistical models such as Basic Local
Alignment Search Tool® (BLAST® and all BLAST®-based trademarks are trademarks or
registered trademarks of the National Library of Medicine in the United States, and/or other
countries). The pathogen identification program 110 may utilize an expect value (e.g., Expect Value)
in identifying the one or more epitope-domain matches using statistical models. In this embodiment,

the epitope-domain matches may be independent of amino acid length.

[0045] At 208, the pathogen identification program 110 determines a probability in which the

target pathogen causes each of the selected conditions. The pathogen identification program 110 may
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determine the probability in which the target pathogen causes each of the selected conditions based
on at least the ranking of the epitope-domain matches and/or the protein region of the epitope-
domain match. The pathogen identification program 110 may generate a probability score for each
of the selected conditions. The probability score may represent a probability the target pathogen may

cause each selected condition.

[0046] The pathogen identification program 110 may compare the protein region in which the
epitope-domain match was identified in the genome of the target pathogen with the protein region in
which the epitope was identified in the similar pathogen. If the protein region of the target pathogen
genome and the protein region of the similar pathogen genome match the pathogen identification
program 110 may weight the probability score higher for the selected condition than if the protein
region for the target pathogen and similar pathogen did not match. The pathogen identification
program 110 may determine whether the target pathogen may cause each of the selected conditions
based on the probability score. The pathogen identification program 110 may compare the
probability score for each of the selected conditions to a threshold score, if the probability score
exceeds the threshold score for the selected condition the pathogen identification program 110 may

determine the target pathogen may cause the selected condition.

[0047] The threshold score may be pre-determined by a user within the pathogen search user
interface 120 and/or determined by the pathogen identification program 110 based on at least
completeness of genome annotation for the similar pathogens. The threshold score may be
intermittently adjusted based on the completeness of the genome annotation for the similar

pathogens and/or as the target pathogen genome may be annotated.

[0048] At 210, the pathogen identification program 110 identifies one or more therapeutics for

each of the selected conditions in which the probability score that the target pathogen causes the

17



WO 2023/045475 PCT/CN2022/103237

selected condition exceeds the threshold score. The pathogen identification program 110 may
identify the one or more therapeutics for each of the one or more selected conditions using at least
therapeutics utilized in treatment of the similar pathogens. The one or more therapeutics may block

and/or inhibit the domain of the epitope-domain matches of the target pathogen.

[0049] The pathogen identification program 110 may search the genome of the similar pathogens
using the epitope-domain matches of the target pathogen. The pathogen identification program 110
may utilize a domain of the protein region of the epitope in identifying the therapeutics. The domain
may be a specific combination of secondary structures organized into a characteristic three-
dimensional structure. Protein domains may correspond to structural domains which may be self-
stabilizing and fold independently of the rest of the protein sequence. Protein domains may occur
independently and/or as part of a complex multidomain protein architecture which my evolve by at

least domain accretion, domain loss, and/or domain recombination.

[0050] In another embodiment, the target pathogen may have an annotated and/or partially
annotated genome. In this embodiment, the pathogen identification program 110 may generate a list
of epitopes and the domain (e.g., protein region) in which they are identified. In this embodiment,
the pathogen identification program 110 may utilize the genomes of both similar and/or dissimilar
pathogens. The pathogen identification program 110 may search the similar and/or dissimilar
pathogen genomes utilizing the list of epitopes generated for the target pathogen and may compare
the domain (e.g., protein region) in which the epitope may be identified within the similar and/or
dissimilar pathogen genomes to the domain (e.g., protein region) of the target pathogen. The
pathogen identification program 110, may utilize at least the search methods, one or more machine
learning models, and/or statistical models outlined above with respect to step 206 in searching the

similar and/or dissimilar pathogen genomes. In this embodiment, the pathogen identification
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program 110 may generate a list of therapeutics that block and/or inhibit the domain of the epitope-
domain matches. In another embodiment, the pathogen identification program 110 may identify one
or more pathways of the domain for the epitope-domain matches and utilize one or more publicly

available resources and/or databases to determine one or more therapeutics which may block and/or

inhibit the one or more pathways of the domain.

[0051] In an embodiment, the pathogen identification program 110 may continuously monitor
one or more publicly available resources and/or external databased using at least the search methods,
machine learning models, and/or statistical models outlined above. The pathogen identification
program 110 may also receive annotation updates of the target pathogen genome from the user in the
pathogen search user interface 120. The pathogen identification program 110 continuously update
the list of epitope-domain matches based on a most recent genome of the target pathogen. For
example, the pathogen identification program 110 may not have identified an epitope-domain match
for an original genome of the target pathogen but identified the epitope-domain for the most recent
genome of the target pathogen. In this example, the pathogen identification program 110 may
determine an increased virulence for the target pathogen based on the increased number of epitopes

identified for a condition.

[0052] At 212, the pathogen identification program 110 generates a list of therapeutics for the
each of the selected conditions in which the probability score of the target pathogen causing the
selected condition exceeds the threshold score. Each therapeutic of the list of may utilize a blocking
function for the domain of the protein region in which the epitope may be identified. The list of
therapeutics may be ranked according to a similarity score, the similarity score may be determined
for each epitope-domain tuple. The pathogen identification program 110 may calculate an edit

distance between each epitope-domain tuple based on an overlap of the epitope amino acid sequence
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and the domain protein region. The list of therapeutics may be displayed to the user in the pathogen

search user interface 120.

[0053] It may be appreciated that FIG. 2 provides only an illustration of one embodiment and do
not imply any limitations with regard to how different embodiments may be implemented. Many
modifications to the depicted embodiment(s) may be made based on design and implementation

requirements.

[0054] FIG. 3 is a block diagram 900 of internal and external components of computers depicted
in FIG. 1 in accordance with an illustrative embodiment of the present invention. It should be
appreciated that FIG. 3 provides only an illustration of one implementation and does not imply any
limitations with regard to the environments in which different embodiments may be implemented.
Many modifications to the depicted environments may be made based on design and implementation

requirements.

[0055] Data processing system 902, 904 is representative of any electronic device capable of
executing machine-readable program instructions. Data processing system 902, 904 may be
representative of a smart phone, a computer system, PDA, or other electronic devices. Examples of
computing systems, environments, and/or configurations that may represented by data processing
system 902, 904 include, but are not limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop devices, multiprocessor systems,
microprocessor-based systems, network PCs, minicomputer systems, and distributed cloud

computing environments that include any of the above systems or devices.

[0056] User client computer 102 and network server 112 may include respective sets of internal
components 902 a, b and external components 904 a, b illustrated in FIG. 3. Each of the sets of

internal components 902 a, b includes one or more processors 906, one or more computer-readable
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RAMs 908 and one or more computer-readable ROMs 910 on one or more buses 912, and one or
more operating systems 914 and one or more computer-readable tangible storage devices 916. The
one or more operating systems 914, the software program 108, and the pathogen identification
program 110a in client computer 102, and the pathogen identification program 110b in network
server 112, may be stored on one or more computer-readable tangible storage devices 916 for
execution by one or more processors 906 via one or more RAMs 908 (which typically include cache
memory). In the embodiment illustrated in FIG. 3, each of the computer-readable tangible storage
devices 916 is a magnetic disk storage device of an internal hard drive. Alternatively, each of the
computer-readable tangible storage devices 916 is a semiconductor storage device such as ROM
910, EPROM, flash memory or any other computer-readable tangible storage device that can store a

computer program and digital information.

[0057] Each set of internal components 902 a, b also includes a R/W drive or interface 918 to
read from and write to one or more portable computer-readable tangible storage devices 920 such as
a CD-ROM, DVD, memory stick, magnetic tape, magnetic disk, optical disk or semiconductor
storage device. A software program, such as the software program 108 and the pathogen
identification program 110a and 110b can be stored on one or more of the respective portable
computer-readable tangible storage devices 920, read via the respective R/W drive or interface 918

and loaded into the respective hard drive 916.

[0058] Each set of internal components 902 a, b may also include network adapters (or switch
port cards) or interfaces 922 such as a TCP/IP adapter cards, wireless wi-f1 interface cards, or 3G or
4G wireless interface cards or other wired or wireless communication links. The software program
108 and the pathogen identification program 110a in client computer 102 and the pathogen

identification program 110b in network server computer 112 can be downloaded from an external
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computer (e.g., server) via a network (for example, the Internet, a local area network or other, wide
area network) and respective network adapters or interfaces 922. From the network adapters (or
switch port adaptors) or interfaces 922, the software program 108 and the pathogen identification
program 110a in client computer 102 and the pathogen identification program 110b in network
server computer 112 are loaded into the respective hard drive 916. The network may comprise
copper wires, optical fibers, wireless transmission, routers, firewalls, switches, gateway computers

and/or edge servers.

[0059] Each of the sets of external components 904 a, b can include a computer display monitor
924, a keyboard 926, and a computer mouse 928. External components 904 a, b can also include
touch screens, virtual keyboards, touch pads, pointing devices, and other human interface devices.
Each of the sets of internal components 902 a, b also includes device drivers 930 to interface to
computer display monitor 924, keyboard 926 and computer mouse 928. The device drivers 930, R/'W
drive or interface 918 and network adapter or interface 922 comprise hardware and software (stored

in storage device 916 and/or ROM 910).

[0060] It 1s understood in advance that although this disclosure includes a detailed description on
cloud computing, implementation of the teachings recited herein are not limited to a cloud
computing environment. Rather, embodiments of the present invention are capable of being
implemented in conjunction with any other type of computing environment now known or later

developed.

[0061] Cloud computing is a model of service delivery for enabling convenient, on-demand
network access to a shared pool of configurable computing resources (e.g. networks, network
bandwidth, servers, processing, memory, storage, applications, virtual machines, and services) that

can be rapidly provisioned and released with minimal management effort or interaction with a
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provider of the service. This cloud model may include at least five characteristics, at least three

service models, and at least four deployment models.

[0062] Characteristics are as follows:

On-demand self-service: a cloud consumer can unilaterally provision computing capabilities,
such as server time and network storage, as needed automatically without requiring human

interaction with the service’s provider.

Broad network access: capabilities are available over a network and accessed through
standard mechanisms that promote use by heterogeneous thin or thick client platforms (e.g., mobile

phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are pooled to serve multiple
consumers using a multi-tenant model, with different physical and virtual resources dynamically
assigned and reassigned according to demand. There is a sense of location independence in that the
consumer generally has no control or knowledge over the exact location of the provided resources
but may be able to specify location at a higher level of abstraction (e.g., country, state, or

datacenter).

Rapid elasticity: capabilities can be rapidly and elastically provisioned, in some cases
automatically, to quickly scale out and rapidly released to quickly scale in. To the consumer, the
capabilities available for provisioning often appear to be unlimited and can be purchased in any

quantity at any time.

Measured service: cloud systems automatically control and optimize resource use by
leveraging a metering capability at some level of abstraction appropriate to the type of service (e.g.,

storage, processing, bandwidth, and active user accounts). Resource usage can be monitored,
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controlled, and reported providing transparency for both the provider and consumer of the utilized

service.

[0063] Service Models are as follows:

Software as a Service (SaaS): the capability provided to the consumer is to use the provider’s
applications running on a cloud infrastructure. The applications are accessible from various client
devices through a thin client interface such as a web browser (e.g., web-based e-mail). The consumer
does not manage or control the underlying cloud infrastructure including network, servers, operating
systems, storage, or even individual application capabilities, with the possible exception of limited

user-specific application configuration settings.

Platform as a Service (PaaS): the capability provided to the consumer is to deploy onto the
cloud infrastructure consumer-created or acquired applications created using programming
languages and tools supported by the provider. The consumer does not manage or control the
underlying cloud infrastructure including networks, servers, operating systems, or storage, but has

control over the deployed applications and possibly application hosting environment configurations.

Infrastructure as a Service (IaaS): the capability provided to the consumer is to provision
processing, storage, networks, and other fundamental computing resources where the consumer 1s
able to deploy and run arbitrary software, which can include operating systems and applications. The
consumer does not manage or control the underlying cloud infrastructure but has control over
operating systems, storage, deployed applications, and possibly limited control of select networking

components (e.g., host firewalls).

[0064] Deployment Models are as follows:
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Private cloud: the cloud infrastructure is operated solely for an organization. It may be

managed by the organization or a third party and may exist on-premises or off-premises.

Community cloud: the cloud infrastructure is shared by several organizations and supports a
specific community that has shared concerns (e.g., mission, security requirements, policy, and
compliance considerations). It may be managed by the organizations or a third party and may exist

on-premises or off-premises.

Public cloud: the cloud infrastructure is made available to the general public or a large

industry group and is owned by an organization selling cloud services.

Hybrid cloud: the cloud infrastructure is a composition of two or more clouds (private,
community, or public) that remain unique entities but are bound together by standardized or
proprietary technology that enables data and application portability (e.g., cloud bursting for load-

balancing between clouds).

[0065] A cloud computing environment is service oriented with a focus on statelessness, low
coupling, modularity, and semantic interoperability. At the heart of cloud computing is an

infrastructure comprising a network of interconnected nodes.

[0066] Referring now to FIG. 4, illustrative cloud computing environment 1000 is depicted. As
shown, cloud computing environment 1000 comprises one or more cloud computing nodes 100 with
which local computing devices used by cloud consumers, such as, for example, personal digital
assistant (PDA) or cellular telephone 1000A, desktop computer 1000B, laptop computer 1000C,
and/or automobile computer system 1000N may communicate. Nodes 100 may communicate with
one another. They may be grouped (not shown) physically or virtually, in one or more networks,

such as Private, Community, Public, or Hybrid clouds as described hereinabove, or a combination
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thereof. This allows cloud computing environment 1000 to offer infrastructure, platforms and/or
software as services for which a cloud consumer does not need to maintain resources on a local
computing device. It is understood that the types of computing devices 1000A-N shown in FIG. 4
are intended to be illustrative only and that computing nodes 100 and cloud computing environment
1000 can communicate with any type of computerized device over any type of network and/or

network addressable connection (e.g., using a web browser).

[0067] Referring now to FIG. 5, a set of functional abstraction layers 1100 provided by cloud
computing environment 1000 is shown. It should be understood in advance that the components,
layers, and functions shown in FIG. 5 are intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following layers and corresponding functions are

provided:

[0068] Hardware and software layer 1102 includes hardware and software components.
Examples of hardware components include: mainframes 1104; RISC (Reduced Instruction Set
Computer) architecture based servers 1106; servers 1108; blade servers 1110; storage devices 1112;
and networks and networking components 1114. In some embodiments, software components

include network application server software 1116 and database software 1118.

[0069] Virtualization layer 1120 provides an abstraction layer from which the following
examples of virtual entities may be provided: virtual servers 1122; virtual storage 1124; virtual
networks 1126, including virtual private networks; virtual applications and operating systems 1128;

and virtual clients 1130.

[0070] In one example, management layer 1132 may provide the functions described below.
Resource provisioning 1134 provides dynamic procurement of computing resources and other

resources that are utilized to perform tasks within the cloud computing environment. Metering and
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Pricing 1136 provide cost tracking as resources are utilized within the cloud computing environment,
and billing or invoicing for consumption of these resources. In one example, these resources may
comprise application software licenses. Security provides identity verification for cloud consumers
and tasks, as well as protection for data and other resources. User portal 1138 provides access to the
cloud computing environment for consumers and system administrators. Service level management
1140 provides cloud computing resource allocation and management such that required service
levels are met. Service Level Agreement (SLA) planning and fulfillment 1142 provide pre-
arrangement for, and procurement of, cloud computing resources for which a future requirement is

anticipated in accordance with an SLA.

[0071] Workloads layer 1144 provides examples of functionality for which the cloud computing
environment may be utilized. Examples of workloads and functions which may be provided from
this layer include: mapping and navigation 1146; software development and lifecycle management
1148; virtual classroom education delivery 1150; data analytics processing 1152; transaction
processing 1154; and pathogen identification 1156. A pathogen identification program 110a, 110b

provides a way to determine a probability in which a target pathogen causes a selected condition.

[0072] The descriptions of the various embodiments of the present invention have been
presented for purposes of illustration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations will be apparent to those of ordinary
skill in the art without departing from the scope of the described embodiments. The terminology
used herein was chosen to best explain the principles of the embodiments, the practical application
or technical improvement over technologies found in the marketplace, or to enable others of ordinary

skill in the art to understand the embodiments disclosed herein.
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[0073] The present disclosure shall not be construed as to violate or encourage the violation of

any local, state, federal, or international law with respect to privacy protection.
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CLAIMS

What 1s claimed is:

1. A method for pathogen identification, the method comprising:

identifying one or more similar pathogens based on a genome of a target pathogen, wherein

each of the one or more similar pathogens have an annotated genome;

searching the annotated genome of each of the one or more similar pathogens using a domain

code corresponding to a selected condition;

identifying one or more epitopes and a protein region of the one or more epitopes for each of

the one or more similar pathogens based on the domain code; and

searching the genome of the target pathogen using an amino acid sequence of the one or

more epitopes identified in the annotated genome of the one or more similar pathogens.

2. The method of claim 1, wherein searching the genome of the target pathogen utilizing the

amino acid sequence of the one or more epitopes further comprises:

searching the genome of the target pathogen using one or more search methods; and

ranking one or more epitope-domain matches identified in the genome of the target pathogen.
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3. The method of claim 2, wherein the one or more search methods include at least exact string

matching and approximate string matching,

4, The method of claim 2, further comprising:

determining a probability in which the target pathogen causes a selected condition, wherein
the probability is represented using a probability score and the probability score is determined based

on at least an epitope-domain match and a protein region of the epitope-domain match.

S. The method of claim 4, further comprising;

identifying one or more therapeutics for the selected condition if the probability score

exceeds a threshold score.

6. The method of claim 5, wherein the one or more therapeutics are ranked according to a

similarity score.

7. The method of claim 1, wherein the selected condition is selected by a user using a pathogen

search user interface.

8. A computer system for pathogen identification, comprising:
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one or more processors, one or more computer-readable memories, one or more computer-
readable tangible storage medium, and program instructions stored on at least one of the one or more
tangible storage medium for execution by at least one of the one or more processors via at least one
of the one or more memories, wherein the computer system is capable of performing a method

comprising;

identifying one or more similar pathogens based on a genome of a target pathogen,

wherein each of the one or more similar pathogens have an annotated genome;

searching the annotated genome of each of the one or more similar pathogens using a

domain code corresponding to a selected condition;

identifying one or more epitopes and a protein region of the one or more epitopes for

each of the one or more similar pathogens based on the domain code; and

searching the genome of the target pathogen using an amino acid sequence of the one

or more epitopes identified in the annotated genome of the one or more similar pathogens.

9. The computer system of claim 8, wherein searching the genome of the target pathogen

utilizing the amino acid sequence of the one or more epitopes further comprises:

searching the genome of the target pathogen using one or more search methods; and

ranking one or more epitope-domain matches identified in the genome of the target pathogen.
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10. The computer system of claim 9, wherein the one or more search methods include at least

exact string matching and approximate string matching,

11. The computer system of claim 9, further comprising;

determining a probability in which the target pathogen causes a selected condition, wherein
the probability is represented using a probability score and the probability score is determined based

on at least an epitope-domain match and a protein region of the epitope-domain match.

12. The computer system of claim 11, further comprising:

identifying one or more therapeutics for the selected condition if the probability score

exceeds a threshold score.

13. The computer system of claim 12, wherein the one or more therapeutics are ranked according

to a similarity score.

14. The computer system of claim 8, wherein the selected condition is selected by a user using a

pathogen search user interface.

15. A computer program product for pathogen identification, comprising:
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one or more non-transitory computer-readable storage media and program instructions stored
on at least one of the one or more tangible storage media, the program instructions executable by a

processor to cause the processor to perform a method comprising:

identifying one or more similar pathogens based on a genome of a target pathogen,

wherein each of the one or more similar pathogens have an annotated genome;

searching the annotated genome of each of the one or more similar pathogens using a

domain code corresponding to a selected condition;

identifying one or more epitopes and a protein region of the one or more epitopes for

each of the one or more similar pathogens based on the domain code; and

searching the genome of the target pathogen using an amino acid sequence of the one

or more epitopes identified in the annotated genome of the one or more similar pathogens.

16. The computer program product of claim 15, wherein searching the genome of the target

pathogen utilizing the amino acid sequence of the one or more epitopes further comprises:

searching the genome of the target pathogen using one or more search methods; and

ranking one or more epitope-domain matches identified in the genome of the target pathogen.

17. The computer program product of claim 16, wherein the one or more search methods include

at least exact string matching and approximate string matching,
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18. The computer program product of claim 16, further comprising;

determining a probability in which the target pathogen causes a selected condition, wherein
the probability is represented using a probability score and the probability score is determined based

on at least an epitope-domain match and a protein region of the epitope-domain match.

19. The computer program product of claim 18, further comprising;

identifying one or more therapeutics for the selected condition if the probability score

exceeds a threshold score.

20. The computer program product of claim 19, wherein the one or more therapeutics are ranked

according to a similarity score.

34



WO 2023/045475 PCT/CN2022/103237
100 1/5
Processor
104
Data Storage Pathogen
Device 106 Identification Pathogen
Search User
Program
Interface
110a 120
Software =£x
Program
108
Computer 102

4

/gr;;un\;tim Nebwark
\\‘ 118 Y,
. e

/f—\
~— Pathogen
Identification
Database Program
114 110b
NN
Server 112

FIG.1



WO 2023/045475

200

2/5

‘ Start )

Identify a genome of a target pathogen 202

Retrieve a list of epitopes for one or more
selected conditions 204

Search the genome of the target pathogen for
the list of epitopes 206

Determine a probability the target pathogen
causes the one or more selected conditions
208

Identify one or more therapeutics for each of
the one or more selected conditions 210

Generate a list of therapeutics for the one or
more selected conditions 212

FIG. 2

PCT/CN2022/103237



N

WO 2023/045475

90?;,b

3/5

PCT/CN2022/103237

904a
2

IRTERNAL COMPONERTY

2 906

[ PROCESRE

912

g

o~ 908

%

WG b

s 910

.
916
. FON—

TAMGIBLE STORNGE BEVICH
-GPERBUNG FUHEM{S e

DERLE
DRIVERS by

-

EXTERNAL COMPONENTS

918

+

S
o e
T

F PORIARIE 920

3

RAORNE L0l TANGIBLE STORABE |

OR ITERFAGE | N DEVEES
%
922 !
N
NETWORN :
ADAFTEROR |
OF WHBEREE | !

FIG. 3




PCT/CN2022/103237

WO 2023/045475

4/5

1000B

B

TR
=

FERR

b
H

FIG. 4



WO 2023/045475 PCT/CN2022/103237

5/5

g G 7 O s
‘,.-”’ . “f (/‘::" “-f‘/"‘v & ,f‘ _,.-"’ ’ q_/"

S0 msz S0 usa

S N i s N &
b 4 & A e A R
SN E ‘ /’ \‘,fr (,.’ .‘\/j \‘_/ .“‘.-" ) /-\

'
7 WORKLOADS

I A
1ad S S ‘ J o r
A e 40 e A S0 S
vy e A oy £ SS
p . ; ;

f ol £
£ MANAGEMENT ¢

13z
\‘/‘.
e‘f
“'/‘
Fd

S OVIRTUALIZATION

{ e
'("“[‘

T3

H"eg /S
s

TEY
1%
1%
1%
1%
1%
¥

psse

e 1104 108 1108 Hia 12 1114 s 1118 _,z‘“/
E 2
S HARDWARE AND SOFTWARE e

R



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2022/103237

A. CLASSIFICATION OF SUBJECT MATTER
G16B 30/10(2019.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G16B,A61K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,WPLEPODOC,CNKLIEEE:pathogen,identificat+,genome, DN A ,annotat+,search+,query+,retriev+,similar+,domain,
code.epitope,protein,amino acid,rank+,string,score, probability,map+,match+,therapeutics,therapeutics

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2009327170 A1 (DONATIL, Claudio et al.) 31 December 2009 (2009-12-31) 1-20
description, paragraphs 0006- 0106

A US 2006106545 Al (JUBILANT BIOSYS LTD.) 18 May 2006 (2006-05-18) 1-20
the whole document

A CN 103093123 A (BEIJING GENESTONE BIOLOGICAL COMPUTING TECHNOLOGY 1-20
CO., LTD.) 08 May 2013 (2013-05-08)
the whole document

A CN 112863599 A (NANKAI UNIVERSITY) 28 May 2021 (2021-05-28) 1-20
the whole document

A CN 110610741 A (SHANGHAI BIO-GERM MEDICAL TECHNOLOGY CO., LTD.) 24 1-20
December 2019 (2019-12-24)
the whole document

A US 2021142868 A1 (REGENERON PHARMACEUTICALS, INC.) 13 May 2021 1-20
(2021-05-13)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
30 August 2022 09 October 2022
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LING,Yanxiang
100088, China
Facsimile No. (86-10)62019451 Telephone No. 010-53961323

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2022/103237

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

uUs 2009327170 Al 31 December 2009 WO 2007072214 A2 28 June 2007
EP 1969510 A2 17 September 2008
CA 2633793 Al 28 June 2007

Us 2006106545 Al 18 May 2006 IN 200401191 4 14 August 2009

CN 103093123 A 08 May 2013 None

CN 112863599 A 28 May 2021 None

CN 110610741 A 24 December 2019 None

uUs 2021142868 Al 13 May 2021 AU 2020384498 Al 23 June 2022
WO 2021096980 Al 20 May 2021
CA 3158742 Al 20 May 2021
KR 20220100011 A 14 July 2022
IL 292464 A 01 June 2022

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report

