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Llenb n 3apaum nccneaoBaHuns

PaspaboTtats 1 METo0NI0rMYeCKM OLEHUTL BOCNPOU3IBOANMBLIA BbIYUCIIUTESbHbLIN

KOHBeﬁep NMHTerpaTnBHOroO

aHalnn3aa

SCRNA-seq AaHHbIX

KOXXH npu

XPOHMUYECKOM paHe C YYETOM [pPyMnoBON CTPYKTYpbl AaHHbIX U MpedoTBpaLleHUs

YTEYKU MNMpUn d)OpMI/IpOBaHMI/I NPU3HaKOB.
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3apava 1.
CuctemartmsmpoBate MeToabl SCRNA-seq,
RNA-derived variant analysis, mMalwmHHoOro
oby4yeHns 1 BOCNPON3BOAMMOCTM; OnpeneniTb
Hay4HbI nNpoben 6e3 yTBepXaeHun, He
NOATBEPXOEHHBIX WUCTOYHUKaMW.

3apayva 2.
Onucatb PRINA736095: 14 SRR, cemb GSM-
rpynn,
ycrnosusi wound edge n unwounded skin;
3admKcupoBaThb pearnbHy eanHuLy
HE3aBMCUMOCTU M OFPaHNYEHUSA MeTadaHHbIX.

3agava 3.
PaspaboTtatb nocrnegoBaTenbHOCTb CTagun,
NMHTEepdencbl BXOAOB W BbIXOOO0B, KOHMMrypaumm,
manifests, logs ureview artifacts.
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3agava 4.
CdopmumpoBatb uccriegoBatenbckyto RNA-
derived
variant branch: GATK calling, PASS filtering,
recurrent loci, variant-to-gene mapping
n gene burden.

3apava 5.
ConocTaButb expression n mutation-derived
representations Ha oguHakoBbix 14
HabNaEeHUNAX;
oueHntb overlap n combined
early-concatenation comparator.

3apaya 6.
KonnyecTtBeHHO cpaBHUTb SRR-level repeated
Cv,
GSM-aware LOGO wu training-only recurrent-loci
construction npy1 oANHaKoOBOW
OCHOBHOW MoOAen.

3apava 7.
OTpenuTb Habnogaemyo BHyTpuaaTaceTHYo
pas3genMMocTb OT HE3aBMCUMOW
obobLaemocTy;
He fonyckaTb KIMHUYECKUX, MPUYUHHBIX W
biomarker overclaims.



OO0bBLEeKT n npeamMmeT uccrieaoBaHus

OOBbEeKT:

BbIMUCITUTENBbHbIN aHann3 OTKPbITbIX SCRNA-seq AaHHbIX KOXM Mpu
XPOHNYECKOWN paHe

Npepwmer:

MeToabl PopMMPOBaHNS NPU3HAKOB, KOHTPOMS YTEYKN AaHHbIX,
Banugauum n socnpomnssogmmoctn ML-pesynsratos



Hay4yHada HOBU3HaA

* [1pennoxeH NpocnexxXmBaeMbit KOHBEWEP

«[AaHHble > NPU3HaKN > Moaenb > ayauT» oNa Manbix
nepapxmuyecknx scRNA-seq gaHHbIX.

KonuuecTtBeHHbIM ayauT Banupauum

* PaspgeneHbl ABa YPOBHSA yTEUKMU: . I B R il g
estimator-levelleakage n dataset-level leakage. 1l 9c27§pigr1g :a::,enmocm

* Peannsosa HOnocnenoBaTeIbHOE CpaBHEHNE 5 GSM—é;are e @ :::::::: o

TpEXYpPOBHEWM Bannagaumnn: :‘.‘ 0708 0.973 - 0.708 — 0.500
SRR-CV YH&T rpYNOBOi CTpYKTYPbi HaBTIOZEH P
GSM-LOGO OLIEHKY KaUecTBa 1 BLISIBNSIET BAUSHME
training-on[y LOGO. B Training-only recurrent loci \eakalgE (TiDyAIOEeH STRVKIYRS! GRiHE
@ o500

KOHTponb dataset-level leakage



AKTya!'I bHOCTb TEMbI UCC/TEA0BAHUA
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[MnoTe3bl NCcieaoBaHUA

H1

ObbeanHeHne expression n RNA-derived npmsHakos

MOXKET MOBbLICUTL Pasge/IMMOCTb yCﬂOBlAl\/JI.
H1: BA¢ > max(BAg, BAy)
MpoBepka: oanHakoBble samples, labels n GSM-splits

HE NOATBEPAWNNACD

Combined-npusHaku He ynyuwwnn grouped Balanced Accuracy

H2

Yoep>xaHue uenbix GSM-rpynn CHU3UT OLEHKY
oTHocuTenbHo run-level CV.

BA_GSM-LOGO < BA_SRR-CV

MpoBepka: LOGO no 7 GSM-rpynnam

H3

Training-only popmupoBaHue recurrent loci
CHM3NT onTMMK3M rnobanbHoro feature space.

BA_training-only < BA_global-loci

MpoBepka: nested feature construction

HANPABJIEHUE NOAAEP>XXAHO, HO HE 3HAYMMO

Balanced Accuracy: 0,973 - 0,708; exact p =0,257

COINMACYETCA C H3 B AHAJTU3E YYBCTBUTE/IbHOCTU

Training-only Balanced Accuracy cHu3nnacbk go 0,500




OCHOBHbI€ Hay4Hble pe3yrnbTaThbl

Pa3spaboraH BOCNpon3BOAUMBbIA UHTENPaTUBHbIN
KoHBenep aHannsa scRNA-seq gaHHbIX.

[Toka3aHo BNusiHMe rpynnoBOro NnepeceyeHns Ha
ML-oueHky: 0,973 — 0,708.

‘ BoisiBneHo BnnaHue dataset-level leakage npwu

dopmupoBaHumn npmsHakos: 0,708 — 0,500.

YCTaHOBEHO OTCYTCTBUE MOATBEPXKAEHHOIO
group-aware Bbiurpbiia ot obvegnHeHnss EXP n VAR.




JTanbl UCCJET0BAHUSA

Jtan 1. AHanu3 npegMmeTHOM obnacTu

3agaya 1 — 0630p scRNA-seq, RNA-derived variant analysis, ML 1 BocnponssoamMmocTu. 3agava 2 — aHanus Habopa PRINA736095, ctpyktypbl 14 SRR /7 GSM u
eaMHUL bl He3aBUCMMOCTMU.
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Jtan 2. Pa3paboTka matemaTn4yeckon moaenu

3apjaya 5 — conocTtasneHue expression u mutation-derived representations Ha oguHakoBbix 14 HabnoaeHUsX; oueHka overlap n combined early-concatenation
comparator.

3

Jtan 3. Pa3paboTka BOCNpoOn3BoANMOIo BbIYUCITUTESNTbHOrO KOHBeuepa

3agadva 3 — paspaboTka nocnenoBaTenbHOCTM CTagun, MHTEPeNncoB BXOAOB/BbIXOA0B, KOHGUIypaLmi, manifests, logs u review artifacts. 3agava 4 —
dopmumposaHme RNA-derived variant branch: GATK calling, PASS filtering, recurrent loci, variant-to-gene mapping n gene burden.

3

dtan 4. 3KcnepMM9HTaanoe nccrneaosaHne n TeCctmpoBaHue

3apgava 5 — opmumposaHme u cpasHeHne EXP, VAR n COMBINED npepcraeneHuin. 3agadva 6 — konudecTBeHHoe cpaBHeHne SRR-level repeated CV, GSM-aware
LOGO u training-only recurrent-loci construction npu ognHakoBon OCHOBHOW MOGENMN.

3
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dtan 5. Bannaauus, cpaBHUTENbHbIN aHaNU3 U MHTepNpeTauuma pe3ynbLTaToB

3agaya 6 — cpaBHMTENbHAA OLEeHKa CxeM Banvaauuun. 3agaya 7 — otaeneHune HabnoaaemMon BHyTpuaaTaceTHON pasgenMmocTy OT He3aBMCHMMON 0606LLaeMoCTy;
HeZonyLleHne KNMHUYECKNX, NPpUYnHHBIX U biomarker overclaims.




Jdtan 1. AHann3 npeamMmeTHOU odnacTtu
AHanornyHole nccneposaHua noHanpasneHuro PAD / DFU / scRNA-seq/ 6uonHdopmaTuka

1. KZ knuHuka PAD/DFU + bioinformatics/omics
Zhakhina etal. Temporal trends and mortality patterns in PAD in Kazakhstan 2024
Shalaeva etal. T2D + PAD y naumeHToB nocne partial foot amputation 2024
Galiyeva etal. Epidemiology of type 1 and type 2 diabetes mellitus in Kazakhstan 2022
Sharip et al. Transcriptome profiling of ESCC patients from Kazakhstan 2024
Kairov et al. Whole-genome sequencing and genomic variant analysis of Kazakh individuals 2022
2. bnvwxHee 3apy6 eXbe DFU/PAD 1 KnMHW4YeCcKune CoCyaAUCTbIE O CMOXHEHNA
MapwytuHa et al. MpyynHbl 3aaep>XXK MOMOLLM NauneHTaM ¢ CUHAPOMOM AnabeTUYeckon CTombl 2024 Poccua
OcHau etal. PeBackynapusauusa noproneavyeckas pPeKoHCTPYKUMA cTornbl npu LLapko 2024 Poccua
Aslamov J.K. Differentiated treatment of diabetic foot syndrome 2023 YabekuctaH
3. ﬂaanee 3apy69)|(|,e Han6onee 6n1m3ko: DFU/scRNA-seg/bioinformatics/ML
Theocharidis etal. Single-cell transcriptomic landscape of diabetic foot ulcers 2022
Dong et al. Single-cell RNA-seq in diabetic foot ulcer wound healing 2024 Kutan
Liu etal. Spatiotemporal single-cell roadmap of human skin wound healing 2025 CLWA/Kutan
Zou etal. Data mining: association between DFU and PAD 2022 Kutai
Guo et al. Bioinformatics + machine learning analysis of diabetic foot ulcers 2024 Kutan

BoiBopg: B KZ n 6nnxxHeM 3apybexxbe NnpeobnagatoT KIMHUKO-3nMaeMuonormueckme pabotol; 3a py6exxom 6nuxe npepcrasneHbl DFU + scRNA-seq/ML, Ho 6e3 Balueli MHTerpaTtueHoi EXP/VAR-Banupgauuum.



JdTtan 1. AHanu3 npeaMeTHOMN obnacTu
AHanus cyuwecTByrowmx MetonoB 06pab6oTkm scRNA-seq AaHHbIX

FASTQ+ metadata + GRCh38/GTF

BoipaBHMBaHWe U KBaHTUD UKaAL UA<« —+RNA-derived variant calling

STARsolo Cell Ranger alevin-fry gjgggi!s cellSNP-lite SComatic Monopogen scAllele
MaTtpuua akcnpeccum + RNA-derived variant
BAM +QC records

CpaBHuUTenbHanA Tabnuua

YpoBeHb PeannzoBaHo Bpa6boTe AnbTepHaTUBbI Kputepuini Boibopa

Alignment/ Cell Ranger, alevin-fry, BAM ¢ CB/UBwu
e STARsolo .
quantification kallisto|bustools MaTpuua 3KCnpeccum
Variant calling GATK + cellSNP-lite SComatic, Monopogen, Sample-level u cell-level
scAllele npeacraBneHms
O603HaueHuUA
- OCHOBHOW peann3oBaHHbIN MeTos, |:| L0MNoMHUTEeNbHaA peann3oBaHHas BETBb |:| M3y4yeHo Mo nutepaTtype |:| 6yaywmnin benchmarking

10 STARsolo n GATK Bbi6bpaHbl Kak eAnHas Bocnpon3soanMan oCHoBa ANA napannenbHoro ¢popMuposaHua akcrnpeccuoHHblXx U RNA-derived npusHakos.

STARsolo [60] Cell Ranger [24]
GATK [43,61] SComatic [71]
Monopogen [72] scAllele [74]



Jdtan 1. AHann3 npeamMmeTHOU odnacTtu
CpaBHeHune cnocob6oB popMUpoOBaHMA NPU3HAKOB

O6paboTtaHHble SCRNA-seq A aHHble:
expression matrices + BAM/VCF + metadata

A. DKcnpeccUOoHHbIe NPU3HaKu B. RNA-derived npusHaku
4 )
QC KNeToK 1 reHoB ool eyel clusterdevel | | sample-level
v 5 KneTkaMm Knactepam gene-burden
HOpMain3auunAa
GSM-level VAR
N2 > 27 230
arperauuma no obpasuam v AnA Banfaunu NpU3HaKoB
COMBINED = EXP + VAR
46 090 npu3sHaKkoB
[ OpgnHakosble GSM groups + splits + preprocessing + metrics ]
18 860 Okcnpeccusa reHoB CpaBHUTENBHO yCTOM4YMBEE
VAR 27 230 RNA-derived gene burden YyscTBUTENBLHO K loci formation
COMBINED 46 090 KoHkaTteHauunsa EXP n VAR HeT noatBep>XAEHHOro group-aware BbIUTpbiLIa
Bonblwe npuaHakoB He o3Ha4vaeT 6onblLue 0606waeMon MIHPOpMaLLUKU: NPOCTan OrpaHuyenve: RNA-derived variant-npusHaki — Bbl4NCIATENbHbIV
. . mnccnenoBaTtenibCkKMn cnoun, He NnoATBep>KAeHHble coMaTn4yeckmne
KoHKkaTteHauua EXP n VAR He ynyywimna grouped validation. MYTALMM MM KIMHUYECKUE BUOMAapKepbI.
1 1 QC kneTok u reHoB [62-64] HopManusauua / nHterpaumsa / batch correction [14,15,65,66]
arperaums no obpasuam/ pseudobulk [33,67] RNA-derived variant calling / gene burden [41-44,47,49-52,61,71-74]

GSM-level validation / group-aware CV [29-34,36-38] EXP/VAR / COMBINED n ML-ayauT [46]



JTan 2. Pa3paboTka matemaTtu4yeckon Mmoaenu

s
‘. o PopmuposaHue o O6beavHeHme e CraHpapT1sauus o Noructuyeckas o L2-perynapusoBaHHas o OcHogHas
Npu3Hakos NPU3HaKoB no train BEPOSATHOCTb ¢yHKUMs noTepb MeTpuka
—- | I/.. |
. s {"— '
N B - = o S o &
& Mutation-derived — 27 230 o X[E] | X{M) ) X;; — #;mm P = a(Bo + X!Tﬂ) fn’ — are H;m( ZWH [)ﬁ Inp; + - ™
4l Expression — 18 860 B [ i i ] Xij = train “ BA = 9 (TP+F\ T TN +FP)
(7. -~
J c=1|p; > 0.5 l1-y)n ]
# Combined — 46 090 Ji=1pe 205 (I-y)hli-p)]+ H'an

S

®  Train GSM grou | v ; . ld-
000 groups %  VarianceThreshold ; StandardScaler -+ LogisticRegression L2 Held-out GSM
el fit only » » '[ » i gistieregress * ‘ﬁ transform + predict
Xg, Xm = X¢ = [Xg || Xm) = VarianceThreshold — StandardScaler,,;, = LogisticRegression L2 = § — BA
o ObbeanHéHHOE NpocTpaHcTBO — comparator, a He gokasaHHaa multi-omic generalization.
I N/ N B - -
@ BAC > maX(BAEvBAM) @ BAGSM—LOGO < BASRK—CV BAtraining-Dnly < BAglobal-loci
HE NMOAOTBEPAKOEHA MNOAAEPXXAHA OMNCATE/NIBHO MOATBEPXOEHA

12 ~ — — : > i S




Pa3pa6oTka Bocnpon3BoauMoOro BbluMCANTENbHOMO KOHBeMepa
ApPXUTEKTYPA BblYMCNEHUA

FASTQ + meTtapnaHHble + pedepeHCHbIA FreHOM @ VOHNERSL LN
7 GSM-rpynn / 14 cBsasaHHbIXx SRR

v

KoHTponb kayecTtBa U NOAroToBKa AaHHbIX
npoeepka annoB — O4YUCTKa MeTafaHHbIX — opmupoBaHve manifest

OKCNPEeCCUOHHBLIN aHanu3 ‘ * RNA-derived variants

| STARsolo + SAMtools | | GATK RNA variant calling |-

L 2 ¥ i I CB/UB-cosmecTumbie BAM J
l Martpuua akcnpeccum reHoB | | Mexxobpa3suoBas (punsTpauusa foKycoB l i v

¥ : ¥ _ ! l cellSNP-lite |
| Pseudo-bulk arperauus no o6pasuam I I Variant — gene annotation | B 1

v v i

H Arperauvms no KneTovyHbIM

| Hopmanusauus log1p(CPM) | [ Gene-burden matrix J E P uKnaCTepaM

2 ¥ H
| Expression feature space | I Mutation-derived feature space |¢ - I Clusterievel Variant stinmiries I

v ¥

UHTerpaTtuBHbIA aHanNu3
* koppensauma CnupmeHa |« overlap o6wux reHos |« dyHKUuMOHaNbHOE enrichment

| 17 235 o6wux BapuabenbHbIX reHOB I r Meauana |p| = 0,280 J | 47,1% reHos umetoT |p| = 0,3 I

v 4
| Expression 1 l Mutation-derived ] l Combined
Ha OAUHAKOBbIX oﬁpasuax, MeTKax Knaccos U pa36meHM9x AaHHbIX l

ML pipeline
VarianceThreshold — StandardScaler — L2 Logistic Regression

A 2
l SRR-level repeated CV ’
Balanced Accuracy = 0,973 + 0,113

0,973 - 0,708 - 0,500

GSM-aware LOGO YCUNEeHne KOHTPOMSA YTeYKU AaHHbIX
Balanced Accuracy = 0,708; exact p = 0,257
> (He Tpu onuun TOYHOCTH)

Training-only recurrent loci
Balanced Accuracy = 0,500

BocnpousBoaumMbii NakeT pe3ynkraTtoB
config — manifest — aprtedakTbl cTaguin — logs — validation report — Flask status Ul
EavHbin pipeline o6beaunseT expression-aHanus, RNA-derived BapuaHTbl, MHTErpaLuuio MOMEKyNsAPHbIX NPeACTaBMEeHU U MHOrOYpPOBHEBbIW ayauT Bannaauuu.

STARsolo [60] SAMtools [51] GATK[43,44,61] Profiler [56] Gene Ontology[57] Reactome [58]KEGG [59]
scRNA-seq variant calling [41,42,71-74] functional enrichment [56-59] scikit-learn ML [35] PRINA736095 [53]
group-aware validation [32,33] permutation testing [68] reproducibility [31,75,76].



3KcnepwmeHTaanoe nccneanosaHmne nrectmposaHume
CpaBHeHue Moaenen BHyTpu Habopa (run-level CV)

Classifier comparison on the declared GATK feature matrix

Logistic regression (L2)

Neural network (MLP)

Random forest

SVM (RBF)

XGBoost

k-nearest neighbours

0.0 0.2 0.4 0.6

0.8 1.0
Balanced accuracy, repeated CV (mean =+ SD)
14 - .
Logistic regression (L2) [35,86] Neural network (MLP) [81] Random forest[78]
No reduction (declared L2) [35,86] PCA (5)[83] TruncatedSVD [35,84]

Dimensionality-reduction comparison

T

No reduction (declared L2)

PCA (5)

TruncatedSVD (5)

TruncatedSVvD (2)

PCA (2)

NMF (5)

NMF (2)

0.0 02 0.4 0.6 0.8 1.0
Balanced accuracy, repeated CV (mean + SD)

SVM (RBF) [79]
NMF [85]

XGBoost [80] k-nearest neighbours [82]



3KCI'IepVIMeHTaI'IbHOG nccsieaoeaHme mnTectmposaHume

3KCI19pI/IMeHTaI'IbHOG CcCpaBHEHMe rnpoTokKko/sos MalLUMHHOIO Oﬁy‘-leHVIﬂ

[ EXP /VAR / COMBINED + labels + GSM groups ]
v

OanvHakoBble paHHble, OcHOBHaA L2 Logistic Regression, balanced accuracy n random-state policy

0,973+0,113 0,708 0,500
e split: SRR-3anyck e split: uenas GSM-rpynna e split: uenaa GSM-rpynna
e feature formation: global o feature formation: global e recurrent loci: Tonbko train
e cpegHun GSMoverlap: 0,884 e GSM overlap: 0 e GSM overlap: 0
* HTepnpeTauuva: BHyTpuaaTaceTHasa * HTEprpeTaLna: BHYTPEHHAA NpPOBepKa Ha ¢ VAR/COMBINED: npoctpaHCcTBO Npr3HakoB
pasnenMocTb yaep>xaHHon GSM-rpynne cTpouTtcs 6e3 test-rpynnol
. 7

ycuneHmne KOHTponA He3aBMCUMOCTHU

0,708 > 0,500

v

0,973

Logistic Regression | SVM | Random Forest | XGBoost | MLP

CmMeHa anroprTMa He ycTpaHAeT Manoe YMCno He3aBUCUMbIX Tpymnmn, ncesgopeninkaumo nnm upstream leakage.

[ocTtoBepHOCTbL pe3ynbrataonpenensaerca eanHuL,en He3aBUCMMOCTM U MOMEHTOM G OPMUPOBAHUA NPU3HAKOB, a HE TO/TIbKO
BbI6OpPOM Knaccudukatopa.




3KcnepumeHTaanoe nccnenposaHve n tectmposaHme
Ayount Banmpauumn: 0,973 -> 0,708 > 0,500

16

design

Run-level CV

G5M LOGO runs
(GSM LOGO groups

Exact permutation

chance 0.50

Accuracy
0.964+0.150
0.714

0.714

0.973 + 0.113

SRR-level GSM-aware

inked runs may cross split

BA
0.973+0.113
0.708

0.708

0.708; p=.257

0.708; p=0.257

held-out GSM groups

0.500

Training-only

features learned in training only

ROC-AUC overlap
0.980+0.140 0.884
0.750 0

0.750 0

0.750; p=.286 —



Flask-MoHuUTOpPUHT pipeline

12 ctagmn workflow e ctaTycbl ® >xypHasnbl ® aptedpakThbl
CHumMku: idle/not_started — akTnBHOro 3anycka He 6b1/10

17

Pipeline Status

Last refresh: 2026-08-11 14:28:47 Auto-refresh every 10 second:

Runner Watchdog
not_started not_started
Seq 9
Stage Description
01_input_data Input validation and metadata cleaning
02_starsolo STARsolo alignment (CB/UB BAM) @IS
Updated STARsolo execution path for cleaner autonomous reruns and CB/US
03_oatk_call GATK RNA variant calling (filtered VCF)
04_cohort_filter Cohort-common filter
05_variant_to_gene Variant to gene annotation (XITZ)
Variant-to-gene annotation logic was replaced with a more robust inter
06 _gene_burden Gene-burden matrix
07_mi_control vs disease ML

celisnp-ite per-cell allele counts (EXT)
celisnp- ared for real per-cell allele counting instead

rpatible BA

M handiing.

Stage Counts
finished0 running0  emor0 idie 12

Total events: 0
@) means this stage was updated in the current pipeline version

Status Start End Duration (s) Estimate error (s) Lasterror

Back to pipeline status

01 _input_data - Input
validation and metadata
cleaning

Runner: not_started

Watchdog: not_started

Status: idle | Estimate (s): 60 | Started: | Finished:
Last duration (s): | Estimate error (s):

Last error: None

Events

Type Timestamp Message

Scanned Files

Path Size (bytes) Timestamp Preview



3akryeHme

.
. 1. AHanNn3 coBpeMeHHbIX NoAxXoA0B

CuctemartuanposaHbl MeToabl aHanmnsa scRNA-seq,
RNA-derived BapnaHTOB 1 MaLUMHHOIO 0by4eHns.
OnpepenéH Hay4vHbIn NpoGen: OTCYTCTBME eANHOM
BOCMpounssoanuMon pipeline ¢ KOHTponem yTeudkn JaHHbIX.

N\

3. Bocnpounssoaumbin KoHBeuep
PaspaboTaH gBeHaguaTUCcTagniiHbINA BoIYUCTIUTENbHbIN
pipeline, obecneunBaoLLmMn NPOCNEXNBAEMOCTb BXOOHbIX
OaHHbIX, MapaMeTpoB, OroB BbIMOSIHEHUS, MPOMEXKYTOUYHbIX
apTedakToB 1 UTOTOBbIX OTYETOB.

5. UHTerpatMBHbIA aHanu3 NpuU3HaKkoB
CdopmMupoBaHbl NpOCTpaHcTBa expression, mutation-derived
n combined. BbinorHeHbl KOpPensAUNOHHbIA aHanms,

114 overlap-TecToB n pyHKUMOHanNLHOe oboralleHuve;
FDR-3HauuMbIx nepeceyeHun He BbiSiBNEHO.

OCHOBHbI€e pe3ynibraTtbl UCCrieaqoBaHuUA

. 2. CTpykTypa Habopa AaHHbIX

MpoaHanusmposaH PRINA736095: 14 3anyckoB SRR
obbeanHeHbl B 7 rpynn GSM, ncnonb3yembix kak
npubnmxeHne He3aBUCUMbIX BUONOrMYECKUX eauHUL, Ans
cpaBHeHnda wound edge n unwounded skin.

4. RNA-derived variants
PeannsosaHa obpaboTka RNA-derived BapnaHTOB:

GATK variant calling, mexo0bpasuoBas unbTpaums,
conocTaBneHne BapnaHToB C reHaMu 1 opmupoBaHme
MaTpUL bl FEHHOW Harpy3Ku.

6. AyaAuT MallMHHOro oby4yeHus
MpoBenéH mHoroypoBHeBbIi ayaut ML: Balanced Accuracy
cHmsunacb ¢ 0,973 (SRR-lewvel validation) go 0,708
(GSM-aware LOGO) n go 0,500 (training-only recurrent loci).

0,973 — 0,708 — 0,500 | ycuneHue KOHTPOnst

YTeYKU AQHHbIX

7. N'paHMUbl AOKa3aTeNbHOCTU

Mony4yeHHble NOKa3aTenu xapakTepuaytoT MEeTOA0N0OIM4YeCKkMe CBONCTBA nccrnegyemoro pipeline n manon BbiIoopku,
HO He NOATBEPXKOAIT KIMHUYECKYHO AMarHoCcTuky PAD, NMpUYMHHBIE CBA3M MM TOTOBYIO OMOMapPKEPHYHO NaHerb.

WTor: npeanoxeH BOCNPOM3BOAUMbIN MHTErpaTUBHLbIN pipeline ana aHanu3sa scRNA-seq ¢ MHOroypoOBHEBbIM KOHTPOJIEM HE3aBUCUMOCTU U
yTeUKM AaHHbIX.
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Cnncok Hay4YHbIX Tpya40B

Xapakrep

Kon

n/n HanmeHoBaHune e BbixogHble AaHHble crp. CoaeTopbl
1 2 3 4 5 6
My6ankaumm B MeXXAyHapOAHbBIX peLeH3MpYyeMbIX HayuHbIX XXypHanax, Bxoaauwme B b/l Scopus/Web of Science

1 Integrating Mutation-Derived and Expression 3/1eKTPOHHbIN International Journal of Molecular Sciences, ISSN 1422-0067, 20 Amankeldi A.
Features from Single-Cell RNA Sequencing: 2026, Tom 27, Homep 14 Salybekov, AY.,
Pitfalls of Standard Cross-Validation in Small- Scopus (2025) Computer Science Applications — 86% Omarov B
Cohort Settings (cTatbs) npoueHTUb

2 Latest Advances in Endothelial Progenitor Cell- 3NEKTPOHHbI Frontiers in Cardiovascular Medicine, 2021, Tom 8 13 Amankeldi A.,
Derived Extracellular Vesicles Translation to the Scopus Cardiology and Cardiovascular Medicine — 87% Shuzo K,
Clinic (o630p) npoueHTUb Takayuki A

CraTby B U3aHWNAX, peKoMeHAoBaHHbIX KomuTeTom no obecneueHuto kauecTBa B cpepe Hayku M Bbiclero obpasosanna MHuBO PK
3 A Review of Tools, Methodologies, And 3/1eKTPOHHbIN KazakcraH- bputaH TexHukanblk YHnBepcuTeTiHiH XabapLubicbl, 14 Kunikeyev A,

Techniques For Processing, Pre-Processing, And
Clustering Analysis Of Genetic Data (cTaTbA)

ISSN 2959-8109 (Online), 2024, T 21, H 4, C 32-45

https://doi.org/10.55452/1998-6688-2024-21-4-45-57

Yerimbetova A, Satybaldiyeva R.

Mo TeMe gucceptauumn: nyénukaumm N2 1 n N2 3; N® 2 — cMexHaa Hay4yHana pabora.
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