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KunaroueBbie cjioBa: TeHOMUKA; (peHOMHKA; (yIOMHKA; ONTHMAJIbHBI CHHTE3 PAllMOHOB; 0a3bl JaHHEIX;
6a3bl 3HAHUH; SKCIIEPTHBIE CUCTEMBI

Momusayus u yenv. llenslo uccnenoBaHusl SBISAETCS CO3AaHUE HHTETPUPOBAHHOM
WHTEIUICKTYyaTbHOH OMOMH(OPMAIIIOHHOW CHUCTEMBI, TIO3BOJISIONIEH IPOCIEIUTH
LETOYKY OMHUKCHBIX OMOXMMHYECKUX IPOLIECCOB, BKJIIOYAs: TEHOMUKY, SIUT€HOMUKY,
TPaHCKPHUIITOMUKY,  DK30MHKY, INPOTEOMHKY,  METabOJIOMHUKY, PEaKTOMHKY,
T€HOMOHTOJIOTHIO, TCHOMHBIE MyTalllu U Aajiee MePeiTr K AUarHOCTUKE T€HETUIECKUX
3a00JIeBaHUl, aHAIM3y M CHHTE3y ONTHUMAJbHBIX COAJIaHCHUPOBAHHBIX PALIOHOB.
CylecTByOIKe XpaHWININA OMUKCHBIX JaHHBIX Ha 0a3e MEXIYyHapOIHBIX MOPTAJIOB
(NCBI, KEGG, Ensembl, UniProt, GO u nap.) He oOecreyHBaOT B JOJDKHON Mepe
ABTOMAaTHYECKUH aHAJIN3 U MHTEPIIPETAlMI0 OMUKCHBIX TaHHBIX. Pemaromiee 3HaueHne
3/1eCh TPUOOPETa0T TEXHOIOTUM UCKyccTBeHHoro mHTelniekTa (W) Ha ocHoBe 0a3
nauubiX (BJ1) u 6a3 3uanuii (b3). OMUK-IIEHTPUPOBAHHBIC OMOJIOTHUECKUE OOBEKTHI U
MIPOLIECCHI CTAIH BBI30BOM JJIsl MAaTEMAaTHKH, HH(POPMATHKH, TEOPUH YIIPABICHUA. Y UET
T€HOMHOT'O CTaTyca MHAMBUA SBISIETCS BaXKHOM OCOOEHHOCTBHIO COBPEMEHHOM TEOPHH
W MPAaKTHKH HAyK O XHU3HH. MyTaliyu B IeHaxX Aal0T MYTallid B COOTBETCTBYIOIIUX
Oenkax. Ecim 3TOT Genok (epMeHT, TO MPOUCXOJUT HapyIIeHHEe OMOXUMHYECKHX
peaxiuii, B KOTOPhIX y4acTBYeT ()€pPMEHT, ajee HapylIeHne padoThl METa0OINIEeCKAX
nyTell W (QHU3MOJIOTMYECKUX TIPOLECCOB, B YACTHOCTH, MPOUCXOTUT H30BITOUHOE
HAKOIJICHHE METa0OJIUTOB, KOTOpBIC SIBISIOTCS NpuunHOW 3aboneBanmsa. Yacto
cOaJaHCUPOBAHHOE MHUTAaHUE CIIOCOOHO HEHTPaIM30BaTh ITOCIEACTBUS TEHOMHBIX
MATOJIOTUH, IMyTeM CO3AaHUsl COOTBETCTBYIOIIMX PALIOHOB. 3/1€Ch pabOoTalOT Apyrue
OMHKH: HYTPUTEHETHKA, HYTPUI€HOMHUKA, HYTPUIIUOJIOTHSA, (QyaoMuKa, (PEeHOMHKA,
JIUETOJIOTHs ¥ (PU3HOJIOTHS MMTaHUA B pamMkax Monenu: ['enorun — Cpena oOutanust —
®enotun. KimtoueBbiM akTopoM B 3a00J€BaHUAX, CBSI3aHHBIX C MMUTAHUEM, SIBISIETCS
XMMHUYECKUH cOCTaB 1 cOaJTaHCUPOBAHHOCTh PAIMOHA.

Memoovt u ancopummei: i1 JOCTHXKEHHST JTUX Leled OBUIM  CO3/aHBbI
BBICOKOCTPYKTYPHPOBAaHHBIE pENANMOHHbIE OMHKCHBIE Mozenu BJ[ u B3 [1, 2],
NTOPUTMBI U TIPOTPAaMMBI, KOTOPBIE MO3BOJIMIN (OPMaIH30BaTh OMOXHMHUYECKUE H
¢usnonornyeckue JaHHbIE M 3HAHUS M TOTPY3UTh B CHCTEMHO-KHOEPHETHUYECKYIO
cTpykrypupoBanHylo wmozenb (CKCM), a Takke B PacIIMPEHHYIO MOJEINb
MaTeMaTHYECKOr0  MPOrPaMMHUPOBAHMS,  IO3BOJISIIOIIME  YUYUTHIBATH  OOJIBILIOE
pa3HooOpas3ue HOpM U orpaHuucHUi B panuoHe [3]. Co3maHHbIE MOJAETH MO3BOJISIFOT
HepeiTH OT OONBIIMX KOJMYECTBEHHBIX JaHHBIX BigData, xapakTepHbIM s OMHK U
XMMHUYECKOT0 COCTaBa MIPOAYKTOB, OJIFOA ¥ PALlIOHOB, K KAUE€CTBEHHBIM MaJIbIM JAHHBIM
SmallData — muarmosam, parroHaM, yA0OHO HCIOJIB3YEMBIM BpadaMH, JTHETOIOTaMH,
ouonoramu [4, 5]. st atoro B CKCM 0CyIIECTBISAIOTCS aHAINU3bI PAIIHOHOB B IPSAMOI
LENHU YNpaBJieHUsT U ONTUMAIBHBIA CHHTE3 JONOJHUTENBHBIX PAlMOHOB B LENH
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o0paTHOH CBsI3M, Ha OCHOBE KHOEPHETHYECKUX TMPHHLUUIOB HAOII0AaeMOCTH,
YIPaBIsIeMOCTH, TOCTHKUMOCTH.

Pesynomamei: B coctaB mpemraraemoii CKCM [3] Ha 6a3e mMozennd mpocTpaHCTBA
COCTOSIHWM BXOomAT ToxcucTeMbl: HopMm mmtanus (bII); amammsa pammona (MUC);
ouenku pauuona (BOJ); ontumaneHbIi perynstop B uenu oOpatHoit cesizu (BIIP)
(puc. 1). C Bektopamu: X, X — COOTBETCTBEHHO BEKTOPHI COCTOSHHS, OLICHKH
cocrosnusi, Z — usmepenus, W — Bosmymenus, V — ommOOk m3MepeHus, AX —
OTKJIOHEHHE 0T HOopM, AU — nononHutensHoe ynpasienue, Un — miaHoBbIe TPOIYKTHL,
XTI — TIaHOBBIE HYTPHEHTEL.

Un Us X

BN (T oy nmc
Z
5O/
AU
X % |
BNP -
BN  — 670K IIaHHPOBaHHA (POPMHPYIONIHI HOPMATHBHbIE TPEOOBAHHA K yrpaBigeMbIM obbextaM H npoueccam (Un, Xm)
OY  — 0OBEKT HIIH NPOLECC YIPABICHHA ¢ BEKTOPAMH YIPaBICHHA, cocToAHHA H BosMymeHns (Ug, X, W)

WUC — nHdOpMAIIHOHHO-H3MEPHTEIbHAL CHCTEMA C BEKTOPAMH H3MEPEHHA H om0k u3Meperni (Z, V)
B0/} — 070K OLICHHBAHHA H THATHOCTHPOBAHHA C BEKTOPOM OLICHKH COCTOAHHA (?)

BC — OI0K CpaBHEHHA OLICHKH TEKYILIETo COCTOAHHA H Iu1aHa (AX = X- Xn)

BMP — peryaATop B LEMH 0OPAaTHOH CBASH — 010K MPHHATHA AOMOIHHTETbHBIX pemennii (AU)

Puc. 1. CucremMHO-KHOEpHETHYECKAs CTPYKTYPUPOBAHHAS MOJIETb

CKCM crpowutest 0 TEXHOJIOTHU TIyOOKHX 3KCIEpTHBIX cucTeM Ha ocHoBe b/l u B3 ¢
JOIOJHUTENbHOW  onTUMM3anuMedi  Ha  0a3e  METOJOB  MaTreMaTH4YeCKOro
porpaMMupoBanus (pean3anus 3agaun o auere). ONTUMAaNbHBINA PETyIATOp B LIETH
o0paTHOW CBsi3U ompenenseT AeQUIUTHbIE HYTPUEHTHl W JaeT PEKOMEHJAIUU O
Ka4eCTBEHHOMY M KOJINYECTBEHHOMY COCTaBY JOTOJHUTEIbHBIX IPOLYKTOB.

AHain3 TpaJAUUOHHBIX PALIOHOB.

[IpumeHnTENbHO K 331a4e aHAJIM3a ¥ ONITUMAIIBHOTO CHHTE3a PAIlMOHA B IAHHOM CITy4ae
HE YYUTHIBAIOTCS BO3MYIIEHHUS (KOJIeOaHUsI XMMHUYECKOTO COCTaBa MPOAYKTOB), a TAKKE
oMOKH U3MEPEHNH, BO3HUKAIOLIME B ITPOLIECCE B3BEIIMBAHUS U aHATIM3a XUMUUECKOTO
cocTaBa MPOAYKTOB. DTO CYIIECTBEHHO YIPOIIAET 33Jady WU MO3BOJISET MepeiTu oT
CTOXaCTHYECKUX MOJeNiell K JIeTePMUHHUPOBAHHBIM. AHANIN3 XHMHYECKOI'O COCTaBa
TPaIULIMOHHOTO PallOHa IPOU3BOJUTCS Ha 6a3e CUCTEMBI aIredpanyecKux ypaBHEHHM:
X=A-U,

riae U — BekTop noTpeOIeHHBIX TPOAYKTOB B pallMOHE; X — BEKTOP HYTPUEHTOB;

A = (aij) — MaTpuIa Mxn, T ajj— IEMEHTHI MATPHIIBI, XapaKTEPH3YIOLINE KOTHIECTBO
I-r0O HyTPUEHTA B j-OM MPOJIYKTE, M — KOJIUYECTBO aHAJIU3UPYEMBIX HYTPHEHTOB, N —
KOJMYECTBO MPOAYKTOB.

OnTrMalIbHBINA CUHTE3 KOPPEKTUPYIOIINX PAlluOHOB.

[Janee mpoBoAMTCS CpaBHEHHE pEe3yJbTaTOB aHalM3a ¢ TpeOyeMbIMH HOpMaMu H
onpenenstercss AeGUIUT HEOOXOAUMBIX HyTpUeHTOB AX = X — X|;, T.e. BMecTOX B
CKCM wucnonezyem npocto X.
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[locne sToro pemaeM 3agady ONTHMAIBHOIO CHHTE3a JOOaBICHHSA NEPHUINUTHBIX
HYTPHUEHTOB Ha OCHOBE METOJIOB JIMHEHHOTO MPOTPaMMHUPOBAHUS IIyTEM MUHUMU3ALUU
nurernoi ¢pynkuun: K = CT - AU,

rae AU>0, A-AU >AX, CT =(cy, cz, ... , cn) — BEKTOp-CTpOKa 1xn, XapakTepu3yromas
CTOMMOCTH COOTBETCTBYIOIINX ITPOAYKTOB.

s pemieHust 3a1a4 aHanu3a U ONTHMAIBHOTO COAaHCHUPOBAHHOTO CHHTE3a pallMOHa
coznansl b/l 1 B3: HopMm nuTanus, CHIPbA, pelenTyp 00, XUMUYECKOTO COCTaBa ChIPhS
1 KOHKPETHBIX OO, HOPM U OIpaHUYCHUH B IUTAHWUH, CyTOYHBIX PALIMOHOB, BBEACHBI
¢dopmynbl mutanus (o A.A. IlokpoBckomy). Pazpaborannsie b1 u b3 unterpupoBansl
C aITOpUTMaMU U IpOTrpaMMaMi pealnn3aliy CUMILIEKC MeToa. /11 aBTOMaTH4YeCKOTro
MTOCTPOEHUST MHOTOMEPHBIX Mojejeil (pa3MepHOCTh IECITKH M COTHH) pa3paboTaHBI
3aIIpOChl, KOTOPBIE BOILIM B COCTAB OMOJHUTENbHBIX OrPAaHUUEHUH 3a1a41 JINHEWHOTO
MpPOrpaMMHUPOBAHMS M O0ECMEYMBAIOT ABTOMATUYECKUH CHHTE3 MHOTOMEPHBIX
Mozeneil. B xkauecTBe kpuTepyst ONTUMHU3ALMK MOTYT OBITh HCIIOJIb30BaHBI PA3IUYHBIC
KPUTEPHUU: CTOMMOCTH, MHUHUMH3AaLUU KaJlOPHH, Beca, OrPaHHYEHHHA HE TOJBKO Ha
HYTPUEHTHI U UX COOTHOLICHUS, HO U Ha TIOTPEOIsieMbIe EPBUYHBIE IPOTYKTHI.

Ha ocHoBe mojeneit 6a3 maHHBIX W 3HAHWH, SKCIIEPTHBIX CHCTEM OCYIIECTBISETCS:
MHTEJUICKTYaNbHBI aHANW3 M WHTEPIpEeTalusi OMHUKCHBIX NaHHBIX; (popMupyrorcs
onTUMalbHbIe COAaHCHPOBAHHBIC pallMOHbI. [Ipy 3TOM MpOCIEKUBAETCS BCS LETIOYKa
MPUYMHHO-CIICJICTBEHHBIX CBSI3¢i W COOBITUH B OMHKCHBIX OHOXUMHYECKHX H
(U3M0IOrNYECKUX Mpoleccax, a TaKKe CHHTE3e ONTHMAIBHOIO COAJIAHCHPOBAHHOTO
paunona. Takum o00pa3oM, MBI UMEEM CHUCTEMY OOBSICHEHHH, XapaKTEPHYIO LIS
OKCHEPTHBIX CHUCTEM, B OTJIMYME OT MHTEIJICKTYaJIbHBIX CHCTEM Ha 0aze oOydaembIX
HEHPOHHBIX CeTel, KOTOPbIE pabOTaIOT, KaK «USPHBIH SIIIIUKY.

Buvigoowi: Co3manHas OuomH(pOpMannoOHHAs cucTeMa Mo3BoiseT d(QexTHBHO
WHTETpUPOBATh MHOTOUYHUCIICHHBIC Nu(epeHnanbuble GpyHIaMeHTalbHbIe 3HAHUS U
BHEJPUTh B TPAKTHUKy WHTEJUIEKTyalbHble METOJbl aHANW3a U HHTEpPIIpeTaluu
OMHKCHBIX JaHHBIX, AaBTOMAaTH3HPOBATh IPOLECCHl aHAIW3a M ONTUMAJIBHOTO
cOaJaHCUPOBAHHOI'O CHHTE3a PALIMOHOB, PEATIN30BaTh JIIOOYIO CYLIECTBYIOLIYIO JHETY.
JI7st TOrO B aBTOMAaTUYECKOM PEXKUME CO3AAI0TCA MOJIENH JaHHBIX U3 CO3AaHHbIX b/l 1
MHOTOYHCIIEHHBIX OTPaHUYEHHH Ha ChIpbE, MEpBUYHbBIE MPOAYKTHI, AUETHl. B ciyuae,
€ClIM HE yIaeTcs CHHTE3UpOBaTh pPAlMOH Ha 0a3e TpaJAWLUOHHBIX HPOLYKTOB, T.C.
palMoH He YIpaBisieM, JUO0O HE JOCTHXKUM (MPEBBINICHHE MAacchl, HW30BITOYHBIC
KaJOpHUU, HYTPUEHTHI, OTPAaHMYCHUSI B MPOJYKTaX M T.J.), TO MOXHO JOOaBISTH B
MOJIEJIb PA3JIMYHbIE MHIIEBbIE J00aBKH, BUTaMHUHBL. CHcTeMa caMa ONpPEeAesIuT, 4To U B
KaKoM KOJIMYECTBE TMOAXOTUT Jis cOANaHCHPOBAHHOCTH CHHTE3UPYEMOIO palfoHa.
JloCTOMHCTBOM pa3pa0OTaHHOW CUCTEMBI SIBJSIETCS TO, YTO OHA HE OrpaHUYMBAcET
WHIWBU/Ia CTPOTMMH paMKaMHM palMoHa, KOTOPBIH Mmoiy4yaercss Ha 6a3e ONTHMaJIbHOTO
CHHTE3a, HO T[IO3BOJISIET MHUTATbCA [0 TPAIULMOHHOM CXeMe MHUTaHus, HO ¢
JIOTIONTHUTENBHBIMU TIPOJYKTAMH, TOJIy4aeMbIMH B IeNu OOpaTHOW CBSI3U LIS
Koppekuuu panuoHa. OOBIYHO, 3TO COCTABISIET 3HAYUTEIBHO MEHBIIYIO J0JII0 OOIIMX
3aTpaT Ha MUTaHue, HO TpedyeT 0osiee cTpororo noAadopa ChIPbsi ¥ TOTOBBIX MPOAYKTOB,
a TaxoKe JUCHUIUIMHBI TUTaHUS.
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From the genome to an optimal balanced diet

Shlikht A.*, Kramorenko N.
Far Eastern Federal University, Vladivostok, Russia
* schliht@mail.ru

Key words: genomics; phenomics; foodomics; optimal synthesis of diets; databases; knowledge bases;
expert systems

Motivation and Aim: The goal of the study is to create an integrated intelligent
bioinformatics system that allows you to trace the chain of omics biochemical processes,
including:  genomics, epigenomics, transcriptomics, exomics, proteomics,
metabolomics, reactomics, genomontology, genomic mutations and then proceed to the
diagnosis of genetic diseases, analysis and synthesis of optimal balanced diets. Existing
omics data repositories based on international portals (NCBI, KEGG, Ensemble,
UniProt, GO, etc.) do not adequately provide automatic analysis and interpretation of
omics data. Artificial intelligence (Al) technologies based on databases (DB) and
knowledge bases (KB) are becoming crucial here. Omics-centered biological objects and
processes have become a challenge for mathematics, informatics and control theory.
Taking into account the genomic status of an individual is an important feature of the
modern theory and practice of life sciences. Mutations in genes produce mutations in the
corresponding proteins. If this protein is an enzyme, then there is a disruption of the
biochemical reactions in which the enzyme participates, further disruption of the
metabolic pathways and physiological processes, in particular, there is an excessive
accumulation of metabolites that are the cause of the disease. Often, a balanced diet is
able to neutralize the effects of genomic pathologies by creating appropriate diets. Other
omics work here: nutrigenetics, nutrigenomics, nutritionology, foodomics, phenomics,
dietetics and nutrition physiology within the framework of the model: Genotype —
Habitat — Phenotype. The key factor in nutrition-related diseases is the chemical
composition and balance of the diet.

Methods and Algorithms: To achieve these goals, highly structured relational omics
models of DB and KB [1, 2] were created, along with algorithms and programs. They
made it possible to formalize biochemical and physiological data and knowledge and
immerse them in the system-cybernetic structured model (SCSM), as well as in an
extended model of mathematical programming, which allow taking into account a wide
variety of norms and restrictions in the diet [3]. The created models make it possible to
move from large quantitative data BigData, characteristic of omics and the chemical
composition of products, dishes and diets, to high-quality SmallData — diagnoses, diets,
conveniently used by doctors, nutritionists, biologists [4, 5]. For this purpose, the SCSM
analyzes rations in the direct control chain and the optimal synthesis of additional rations
in the feedback chain, based on the cybernetic principles of observability, controllability,
and reachability.

Results: The proposed SCSM [3] based on the state space model includes subsystems:
nutrition standards (BS); diet analysis (IMS); diet assessment (ADB); optimal regulator
in the feedback control (DSS) (Figure 1). With vectors: X, X — vectors of state, condition
assessment, respectively, Z — measurements, W — perturbations, V — measurement errors,
AX — deviation from norms, AU — additional control, Up — planned products, Xp —
planned nutrients.
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BS - Block Scheduling — forms regulatory requirements for control objects and processes (Up, Xp)
CO - Control Object with control, state and perturbation vectors (U, X, W)

IMS — Information-Measuring System with measurement vectors and measurement errors (Z, V)
ADB - Assessment and Diagnostics Block with a vector of condition assessment ()A()

BC - Block Comparing the assessment of the current state with the plan (AX = X — Xp)

DSS — Decision Support System — a regulator in the feedback control (AU)

Fig. 1. The System-Cybernetic Structured Model

SCSM is based on the technology of deep expert systems based on DB and KB with
additional optimization based on mathematical programming methods (implementation
of the diet problem). The optimal regulator in the feedback control identifies deficient
nutrients and provides recommendations on the qualitative and quantitative composition
of additional products.

Analysis of traditional diets.

In relation to the problem of analyzing and optimally synthesizing a diet, in this case,
disturbances (fluctuations in the chemical composition of foods), as well as measurement
errors that occur during weighing and analyzing the chemical composition of food
products, are not considered. This greatly simplifies the task and allows you to move
from stochastic models to deterministic ones. The analysis of the chemical composition
of traditional diet is conducted based on a system of algebraic equations:

X=A-U,

where U — the vector of consumed products in the diet; X — the nutrient vector;

A = (ajj) — the matrix mxn, where a;; — the elements of the matrix that characterize the
amount of the i-th nutrient in the j-th product, m — the number of analyzed nutrients, n —
the number of products.

Optimal synthesis of corrective rations.

Next, the results of the analysis are compared with the required standards and the
deficiency of necessary nutrients is determined AX = X — X,, i.e., instead of Xin SCSM
we simply use X.

After that, we solve the problem of optimal synthesis of the addition of deficient nutrients
based on linear programming methods by minimizing the linear function: K = CT - AU,
where AU>0, A-AU>AX, CT =(cy, ca, ..., cn) — Vector-line 1xn characterizing the values
of the respective products.

To solve the problems of analysis and optimal balanced synthesis of the diet, DB and
KB were created: nutrition norms, raw materials, recipes of dishes, chemical
composition of raw materials and specific dishes, nhorms and restrictions in nutrition,
daily rations, nutrition formulas were introduced (according to A.A. Pokrovsky). The
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developed DB and KB are integrated with algorithms and programs for implementing
the simplex method. For the automatic construction of multidimensional models (tens
and hundreds of dimensions), queries have been developed that are part of additional
constraints of the linear programming problem and provide automatic synthesis of
multidimensional models. Various criteria can be used as an optimization criterion: cost,
calorie minimization, weight minimization, restrictions not only on nutrients and their
ratios, but also on consumed primary products.

Based on database models and knowledge bases, as well as expert systems, intelligent
analysis and interpretation of omics data is performed, and optimal balanced diets are
generated. At the same time, the entire chain of cause-and-effect relationships and events
in the omics biochemical and physiological processes, as well as the synthesis of an
optimal balanced diet, is traced. Thus, we have a system of explanations that is typical
for expert systems, in contrast to intelligent systems based on trained neural networks,
which operate like a "black box".

Conclusion: The created bioinformatics system makes it possible to effectively integrate
numerous differential fundamental knowledge and put into practice intelligent methods
of analysis and interpretation of omics data, automate the processes of analysis and
optimal balanced synthesis of diets, implement any existing diet. To do this, data models
are automatically created from the databases created and numerous restrictions on raw
materials, primary products and diets. If it is not possible to synthesize a diet based on
traditional products, i. e. the diet is not manageable or achievable (excess weight, excess
calories, nutrients, food restrictions, etc.), then various dietary supplements and vitamins
can be added to the model. The system itself will determine what and in what amount is
suitable for the balance of the synthesized diet. The advantage of the developed system
is that it does not restrict the individual to strict dietary limits, which are obtained through
optimal synthesis, but rather allows them to eat according to a traditional nutritional plan,
with additional products derived from the feedback control to correct the diet. This
usually accounts for a much smaller proportion of the total cost of nutrition, but requires
more rigorous selection of raw materials and finished products, as well as nutritional
discipline.
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