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Momusayusa u yenv. I'mobanmbHble BBI30BBI A1 OHMOTEXHOJOTMH CBSI3aHBI C
BO3PACTAIOLICH YHCICHHOCTBIO HACENEHUsl IUIAHEThl, YTO TpedyeT HCKaTh IyTH
MOBBIIICHHS TPOU3BOJUTEIEHOCTH CEIBCKOTO XO3SIMCTBA, yIy4lllaTh COPTa pacTeHUH 1
MOPOJIbl )KMBOTHBIX, B TOM 4YKcIIe U pbI0. OIHAKO TPaJUIMOHHBIE METOMABI CEJCKINU
JAI0T OTPaHUYCHHBIM OTBET HA pelleHHE MPOoOJIeM, CBI3aHHBIX C MIPOJOBOIBCTBEHHOM
6e3onacHocTbio. [1o pacueram uccnenoBaresneii [uis odecreueHnss HOPMaAIbHOTO YPOBHS
MUTaHUs HaceJIeHUs I1aHeThl B 2025 r. HeoO0X01MO OyIeT yBETMUUTh 00bEM MUILEBON
mpoAaykmud B 2 pas3a [1], a BBUIOB peI0 B OkeaHax — B 7 pa3. B HacTosmmee Bpems
AKBaKYyJIbTYpa SIBJISETCS CaMbIM OBICTPOPACTYIIUM IIPOJOBOJIBCTBEHHBIM CEKTOPOM B
MHpE — YK€ ceifuac OHa TOCTaBJISIET MOYTH MOJIOBUHY CheIOOHOH PBIOBI, o0ecTieunBas
okoino 17 Kr Ha aymry HaceiaeHus. B MHpOBOM akBaKyJbType BbIPAIIMBAIOT CBBIIIE
230 Bu0B pBIO, YTO HAMHOTO OOJBIIE TIO0 CPAaBHEHHIO C CEIHCKOXO3SHCTBEHHBIMH
KUBOTHBIMH. 3HAYMTENBHBI BKJIQJ B pPa3BUTHUE AaKBaKyJIbTypbl BHOCAT METOJBI
COBpEMEHHOW OMoTexHoNoruy. B Hamieir pabote Mbl paccMaTpiBaeM MaTeMaTHIECKHE
MOJIEJI pocTa CUOMPCKOIr0 OCEeTpa MpPU Pa3BEACHHUH B MCKYCCTBEHHBIX BOJOEMax, B
3aBUCHUMOCTH OT CTPYKTYpHI KopMa. [IpakTrudeckas 1esib JaHHOW paboThI — YBEITHYHUTh
MPOIEHTHBIN COCTaB BEDKUBAEMOCTH MOJIOJHSKA, UCTIONB3YsI OOIIEIOCTYHBIC JaHHBIE
CEKBEHHPOBAHUS CIIEIYIOLIErO MOKOJICHUSI BMECTE C METaOO0JIOMHBIMU AaHHBIMH, IS
MUHHMMU3ALUN BIMSAHUE (AKTOP OKPY’KAIOIIEH Cpelibl, a TAK)KE BHYTPEHHUX OOJIE3HEH,
Ha POCT M Pa3BUTHE MOJIOAHSIKA OCEeTpa CHOMPCKOTO.

Llenn KOMIBIOTEPHOTO HCCIIEAOBAHMS 3aKIIOYAJIUCh B TOM, 4YTOOBL: YCTaHOBHUTH
aCCOLMALMU MEXAY Pa3IMYHBIMH MOAAJIbHBIMH JAHHBIMH; IIOCTPOUTH MOJIEINb
MPOTHO3UPOBAaHUSI TPU3HAKOB M OIEHUTH HMX TOYHOCTH, OLEHHTH BKJIAJ KaXKJOTO
WH(QOPMAIMOHHOTO YPOBHS, B NMPOTHO3MPOBAHUE DPA3IMYHBIX TPHU3HAKOB; MOTYYHTH
HOBOE IIPEJCTABICHUE O MEXaHU3MaX, JISKAIIUX B OCHOBE 3()(peKTUBHOCTH KOPMOB.
Memoowr u aneopummur. OnpenesuIUCh KITIOYEBBIE IOKA3aTeNd, OIpPEIeIsoIne
BJIIMSIHUE BBIOOpPAa KOpMa Ha POCT M pa3BUTHE MBIMIEYHOH Macchl. J{jist 3TOoro ObuIH
paccMoTpeHs! 14 pa3HOOOpa3HbIX CIOEB MYJIBTOMHUKH U KIIMHAYECKUX KOBApHaT, YTOOBI
oneHUTh 3(PPEeKTUBHOCTh HcIONb30BaHusT kopmoB (FE) w cBsa3anHble C Hel
a¢dextruBHOCTH pon3BOAUTENILHOCTH PBIOBI ONCcorhynchus tshawytscha [2, 3].

Ocetp CHOHPCKHIA HTPAET BAKHYIO COCTABIISIONIYIO B CO3JIAHUH PA3IMYHBIX MTPOAYKTOB
nutanus. OqHaKo cpeqHUN BO3pacT GepTHILHOCTH XKEHCKOM 0co0H cocTaBisieT Ooiee
TSITH, @ TO ¥ JIECATH JIET, B TO € BpeMsl BEDKUBAEMOCTh MalIbKOB COCTaBIISIET HE OoJiee
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NBAJIIATH MPOIECHTOB OT MEPBOHAYAILHOIO KOJIMYECTBA. B CBSI3U C 3TUM aKTyaIbHOU
3a/laueii  SIBJIACTCSA YBEJIMYCHHUS BBDKMBACMOCTH U MPHPOCTA MOJIOJHSKA, B
MCKYCCTBEHHO CO3JaHHBIX «OCeTpOBBIX (hepMaxy.

ITokazarens xkopmoBoii 3ddhexrusHocT (FE) — mokasaTeins, MO3BONSIONIMI BEISBUTH
3¢ (EeKTUBHOCTD UCTIOIB30BAHUS KOPMA, JJIs TIPOIYKTUBHBIX TOTPEOHOCTEH OpraHu3ma.
[ToTpeOHOCTH MOTYT BBIpAXAThCS MMO-Pa3HOMY: POCT, CBSI3aHHAs C OTHM
MeTaboruecKkas akTHBHOCTh-HATIPABJICHHAS Ha YBEITMYCHUE MBIIICYHON Macchl. Takxke
MOKA3aTe)Ib MOKAa3bIBACT COOTHOIICHUE MEXKIY NMOTPEOJICHHEM MHUINA U MPUPOCTOM
MBIIIEYHOH MacChl, YTO B CBOKO OUEPE[b SIBISCTCS M BBIpaKaeTCs Kak kod(duimeHT
kouBepcun kopMa (FCR). BaxkxHO 0TMETHTh HHBEPCHOHHOCTD KOA(PDUIIMEHTOB: HU3KUE
snaueHuss FCR, cooTBeTCTBYIOT BhiCOKMM 3HaucHUsIM FE, B To ke Bpems BbICOKHE
snaueHust FCR cooTBeTCTBYIOT HM3KMM 3HaueHUsM FE. BaxxHO mpaBWIIBHO OIICHUBAThH
3HaueHusi FCR, mockonbKy Ha TpakTHKE, B TPOMBIIUICHHBIX CHCTEMaX, 3a4acTyIO
YPOBEHb 3aTpar Ha peIOHBIC KopMma cocTaBisier 50-60 %, oT obmiero OromKeTa, 4ToO B
CBOIO OYEPE]Ib MOKET MPEBHIIIATH TPEOYESMBIH MUHIMYM, IOCTATOYHBIH JIJIsl TPEOYEMBIX
3Hayenwus FE.

Pezynomamui:  CobOpana HaydyHas JUTEpaTypa IO TE€HaM pOCTa OCETPOBBIX.
[Ipencrarnena MareMaTH4ecKas MOJICIb POCTa PHIOBI B 3aBUCUMOCTH OT CTPYKTYPBI
nuTanus. FE sBiseTcss 10CTaToOuHO CI0XKHBIM MOKA3aTeIeM, 3aBUCSIINM OT Pa3IMYHbIX
CBA3aHHBIX (DAKTOPOB, TAKUE KaK COIHMAIBLHOE TOBEACHHE, MOTPEOICHHE KOpMa, €ro
MepeBapuBaHie a TaKXKe ACCUMHIIAIMS MUTATSIBHBIX BEIIECTB, METa0oIndyecKas
aKTUBHOCTh M I'eHETHKA. BBISBICHO YTO BUIBI U BHICOKUM 3HaueHusM FE, murarorcs
MAQJICHPKUMH TIOPIHSAMHU, TeM CaMbiM 3(pQPEKTHBHEE pacXojys MONYyUSHHBIH OENoK,
VIJIEBOABI W JIMIHUABI, YTO B CBOK) OYepeab MPUBOAUT K HAMIYYIIEMYy KOHCUHOMY
pe3yJIbTaTy-BbICOKAM ITOKA3aTEIsIM MBIIIICYHONH MAcChl, B OTHOIICHHH TOTPEOISIEMOTO
KopMma.

YroObl paccunTath 3HaYcHUE FE s JaHHBIX MYTBTHOMHUKHU M KIIMHUYECKUX KOBAPHAT,
WCIIOJIL30BAJICS BAPUAHT PA3HOBUHOCTH AJITOPUTMA JIePEeBa PEIICHHUM CIIydaiHOTO Jieca
(random forest — RF). RF-merox wmammHHOTO OOy4eHHs Ha OCHOBE aHcaMOls,
CHOCOOHBIN  BBISBISATH ~ CIIOXKHBIE ~ 3aKOHOMEPHOCTH ~ 3aBUCHMOCTH  MEXIY
(EHOTUIMUYECKUMHE TIPU3HAKAMM M KOBapuatamu, Ojarojaps dYeMmy HIHPOKO
WCIIOJNIB3YeTCs I 3a7ad KiacCU(UKALMKU M PErpeccuu. Y CTOMYMBOCTh K BhIOpOCaM
Mo3BOJIsIeT 00pabaThiBaTh TETEPOTCHHBIC THITBI JAHHBIX, 0€3 MOTPEOHOCTH K UX
HOPMAJH3aIlMK, YTO B CBOIO OUYEpe/b JENAcT €ro YCTOHYUBBIM K MEpeoOyYeHUIo, a
TaKKe MO3BOJISICT PACIIO3HABATh HEJIMHEHHBIC CBS3HM M BBIYHUCIIATH UX XapaKTEPUCTHKU.
Opnnako Tekyiias Mojess RF, orpannumBanach oHONW Marpuiiel, Ipu O0O0bEIMHEHUN
JIAHHBIX MYJbTHOMHKH M HE MPEJIONaraeTcsi Ha pacrlpe/ieiieHus] JaHHbIX. TeKyIyo
npobieMy pemaer npeactaBieHnas mojaeinb RF[1], paHaoMu3upyo BeIOOp ClI0EB IS
KXKJ0T0 THIIA y3J1a, @ TAK)KE COXPaHss Paclpe/e/iCHUE OTACIbHBIX YPOBHEH JTaHHBIX.
OJTHOTO M TOTO ¢ 00pasna (MbIIeYHAss MEeTaO0OJIOMUKA M MBIIICYHAS MPOTCOMHKA).
KpoMe-Toro ycraHoBiIeHa 3HAYMMAas KOpPPEISlHs MEXIy OuoMapképaMu KpPOBH M
(u3nyecKuM 310poBbeM. BbUTH BISIBIICHBI OTpUIATEIbHBIC 3HaUeHUs FE, mpu Hannuue
MBIIIEYHOT0 TJIMIEPUHA, YTO MOXKET YKa3blBaTh HAa BBICOKHME IOKA3aTENIH CKOPOCTH
WCTIOJIb30BaHMs CyOCTPaTOB JIUIOJIN3a, B CBOIO O04epe/b Ooliee HU3kKe nokaszatenu FE,
MOTYT CBHUZETEIbCTBOBAThL O HCIIOJBL30BAHUHM TIJIMIIEPUHA B KauyecTBe CyOcCTparta.
HHTepecHO 4YTO TIIIMIEPUH ABISETCS HauOoJiee pacHpoCTPaHEHHBIM KOMIIOHEHTOM
KOPMOBO#1 J100aBKHM, BBITECHSS aMHUHOKHCIOTHI M IIEPEHAIIPABIIAS META0OIHMYECKUI
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MOTOK B MBIIIIAX B CTOPOHY INIFOKOHEOT€HE3a, TeM CaMbIM OTKpPBHIBas BO3MOXKHOCTH
WCTIONIb30BaHMs aMHUHOKHCIIOT B MOJIE3HBIX JJISl OpraHu3Ma Mporeccax.

Buisoowi: B pesynbrate oneHKH COOpaHHBIX CIOEB, OBLTIO OOHAPYKEHO 3HAYUTEIHFHOE
COOTBETCTBHE MEXIy MHOTHMH ciosiMi. HambosbInee cooTBETCTBHE OBIIIO BBISBICHO
MEXIY CIOSMH, COOpaHHBIMU C HCIIONB30BAHMEM OAHOTO MOIXojaa (MeTaboloMHBIE
IUTA3MEHHBIE TTOKA3aTeN M MBIIICYHBIC), & TAKKE MEXIY CIOSIMH, IMOJTYyYCHHBIMU U3
OIIHOTO M TOTO >Xe obOpasua (MbIIIeuHass MeTa00IOMHUKA M MBIIIEYHAs IIPOTEOMHKA).
Kpome-Toro ycraHoBieHa 3HayMMasi KOppesiMs MeXIy OuoMapKepamMH KpOBH MU
¢uzngeckuM 310poBbeM. bblTH BEISIBICHBI OTpULIaTeNbHbIE 3HaYeHus: FE, mpu nannune
MBIIICYHOTO TIMIEPHHA, YTO MOKET YKa3bIBaTh Ha BBICOKHE IOKA3aTENIH CKOPOCTH
WCTIONIb30BaHMs CyOCTpaToB JIUIIOJIN3a, B CBOIO O4epeas Ooiee HU3KKE NokazaTenu FE,
MOTYT CBUJAETEIILCTBOBATh O HCIIOJb30BaHUM TJMIEpUHA B KauyecTBe cyOcTpara.
WHTepecHO YTO TIMIEPUH SBISETCS Hamboyiee pacrpoCTPaHEHHBIM KOMIIOHEHTOM
KOPMOBOH /100aBKH, BBITECHSS aMHWHOKHCIOTHI M TEPEHAIPABISAS METaOOIMYSCKUI
MOTOK B MBIIIIAX B CTOPOHY INIIOKOHEOT€HEe3a, TEM CaMbIM OTKPBHIBasi BO3MOXKHOCTH
WCTIOJIb30BaHMsl aMHHOKHCIIOT B MOJIE3HBIX JJISl OpraHu3Ma Mporeccax.

BeIBom TeKymiero uccieIOBaHUS CTPOMTHCS HA BAXKHOCTU HMHIMBUIYaIbHOTO
u3MepeHusi nokasareneii FE, uto B cBOIO odepens MO3BOJSIET MEPCOHATM3MPOBAHO
ONTUMH3HUPOBATH 3aTPaThl MO BHIOPAHHOTO PHIOHOTO MPEACTABHUTENSA. JTO MO3BOJMT
IPaMOTHO PacHpeNeNsTh BBIICICHHBIE PeCYpChl Oro/pKeTa Ha KOPMOBBIE JOOABKH, TEM
CaMbIM KOHTPOJHPYS MPOM3BOJICTBEHHBIX BBIXOJX 310poBOro M 3(ddexTuBHOrO
METa0OJMCTUUECKUE TOKOJICHHSI MOJIOABIX OCETpoB. JlaHHBIX TOAXO[ SIBISIETCS
JOCTaTOYHO  JIOPOTOCTOSIIMM,  TIOCKOJNIBKY — TpeOyeT  IepCOHAIM3UPOBAHHOTO
UCCIIEZIOBAHNUS, aHAIN3a OMHKH, B TOM YHCJIEe U MeTaOOJOMHKH, a TaKXKe TPOBEICHHE
CeKBeHUpoBaHus cienytoiiero nokonenus (NGS).

FBnazooaprnocmu:  ABTOpel OmarofapHel cOTpyOHHKaM akBagepMbl «OceTpoBble
¢depmbl», PomanoBckoe xo3s1iicTBO, Kamyskckast 061acTb, 3a OpraHu3aiiio padoTHL.
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Motivation and Purpose: Global challenges for biotechnology are related to the
increasing world population, which requires finding ways to increase agricultural
productivity, improve plant varieties and animal breeds, including fish. However,
traditional breeding methods provide a limited answer to solving problems related to
food security. According to researchers' calculations, to ensure a normal level of
nutrition of the world population in 2025, it will be necessary to increase the volume of
food production by 2 times [1], and fish catch in the oceans — by 7 times. Aquaculture is
currently the fastest growing food sector in the world — already supplying nearly half of
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the world's edible fish, providing about 17 kg per capita. More than 230 species of fish
are farmed in global aquaculture, a far greater number than farm animals. The methods
of modern biotechnology make a significant contribution to the development of
aquaculture. In our work we consider mathematical models of growth of Siberian
sturgeon during breeding in artificial reservoirs, depending on the feed structure. The
practical goal of this work is to increase the percentage of juvenile survival using
publicly available next generation sequencing data together with metabolomic data to
minimize the influence of environmental factors, as well as internal diseases, on the
growth and development of juvenile Siberian sturgeon.

The objectives of the computerized study were to: establish associations between
different modal data; build a trait prediction model and assess its accuracy; evaluate the
contribution of each information level, to the prediction of different traits; and gain new
insights into the mechanisms underlying feed efficiency.

Methods and Algorithms: Key indicators determining the effect of feed selection on
muscle mass growth and development were identified. For this purpose, 14 diverse
layers of multomics and clinical covariates were considered to assess feed utilization
efficiency (FE) and associated performance efficiencies of fish Oncorhynchus
tshawytscha [2, 3].

Siberian sturgeon plays an important component in the development of various food
products. However, the average age of fertility of female fish is more than five or even
ten years, at the same time the survival rate of fry is not more than twenty percent of the
original number. In this regard, the urgent task is to increase the survival rate and growth
of young fish in artificially created “Sturgeon farms”

Feed efficiency (FE) is an indicator that reveals the efficiency of feed utilization for the
productive needs of the organism. The needs can be expressed in different ways: growth,
associated metabolic activity-directed to increase muscle mass. It also shows the
relationship between food intake and muscle mass gain, which in turn is and is expressed
as feed conversion ratio (FCR). It is important to note the inversion of the ratios: low
FCR values correspond to high FE values, while high FCR values correspond to low FE
values. It is important to correctly estimate FCR values, because in practice, in industrial
systems, the level of fish feed costs is often 50-60 % of the total budget, which in turn
may exceed the required minimum, sufficient for the required FE values.

Results: Scientific literature on sturgeon growth genes was collected. A mathematical
model of fish growth in relation to feeding pattern is presented. FE is a rather complex
index depending on various related factors such as social behavior, feed intake, feed
digestion as well as nutrient assimilation, metabolic activity and genetics. Species with
high FE values are found to eat smaller portions, thus more efficiently utilizing the
protein, carbohydrates and lipids obtained, which in turn leads to the best end result-high
muscle mass in relation to feed intake

To calculate the FE value for multivariate data and clinical covariates, a variant of the
random forest (RF) decision tree algorithm was used.

An ensemble-based RF machine learning method capable of detecting complex patterns
of dependence between phenotypic traits and covariates, making it widely used for
classification and regression tasks. Its robustness to outliers allows it to handle
heterogeneous data types without the need for normalization, which in turn makes it
robust to overfitting, and also allows it to recognize nonlinear relationships and compute
their characteristics. However, the current RF model, was limited to a single matrix,
when combining multi-omics data and is not assumed on data distributions. The current
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problem is solved by the presented RF model [1], by randomizing the choice of layers
for each node type, and preserving the distribution of individual data layers.

of the same sample (muscle metabolomics and muscle proteomics).

In addition, there was a significant correlation between blood biomarkers and physical
health. Negative FE values were found in the presence of muscle glycerol, which may
indicate high rates of lipolysis substrate utilization, while lower FE values may indicate
the use of glycerol as a substrate. Interestingly, glycerol is the most common component
of feed additives, displacing amino acids and redirecting the metabolic flux in muscle
toward gluconeogenesis, thus opening up the possibility of utilizing amino acids in
beneficial processes.

Conclusions: From the evaluation of the collected layers, significant concordance was
found between many layers. The highest concordance was found between layers
collected using the same approach (plasma metabolomic indices and muscle
metabolomic indices) and between layers derived from the same sample (muscle
metabolomics and muscle proteomics). In addition, a significant correlation was found
between blood biomarkers and physical health. Negative FE values were found in the
presence of muscle glycerol, which may indicate high rates of lipolysis substrate
utilization, while lower FE values may indicate the use of glycerol as a substrate.
Interestingly, glycerol is the most common component of feed additives, displacing
amino acids and redirecting the metabolic flux in muscle towards gluconeogenesis, thus
opening up the possibility of utilizing amino acids in beneficial processes. The
conclusion of the current study is based on the importance of individual measurement of
FE values, which in turn allows personalized cost optimization for the selected fish
representative. This will allow a competent allocation of allocated budget resources for
feed additives, thus controlling the production output of healthy and efficient metabolic
generation of young sturgeons. This approach is quite expensive as it requires
personalized research, omics analysis, including metabolomics, and next generation
sequencing (NGS).
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