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ABSTRACT

Microsatellite instability (MSI) is a molecular phenotype linked to defects in DNA mismatch repair (MMR) and serves as
a biomarker in colorectal cancer (CRC). Computational MSI assessment using next-generation sequencing data enables char-
acterisation of microsatellite instability without a dedicated MSI assay. This study evaluated MSIsensor2 scores in blood-de-
rived whole-exome sequencing (WES) data from healthy individuals and two CRC patients.

WES data from peripheral blood samples of 235 healthy Kazakh individuals were obtained from the DNA Biobank of the
Laboratory of Genomic and Personalised Medicine, National Laboratory Astana, Nazarbayev University, Astana, Kazakhstan.
Blood-derived WES data from two patients with CRC, designated BR110 and BR114, were also analysed. Sequencing librar-
ies were prepared using Illumina workflows and sequenced on the NovaSeq 6000 platform. MSIsensor2 was used to calculate
MSI scores and quantify unstable microsatellite loci. Relationships among MSI scores, locus coverage, and sequencing data
volume were examined descriptively.

Among the 235 healthy individuals, 205 samples (87.2%) had MSIsensor2 scores below 10%, whereas 30 samples (12.8%)
had scores between 10% and 40%. No sample had a score above 40%. These intervals were used for descriptive stratification
and did not represent clinically validated MSI categories. The CRC-associated blood samples BR110 and BR114 had scores
of 5.43% and 7.81%, respectively. BR110 had 10 unstable microsatellite sites among 184 covered sites, whereas BR114 had
26 among 333 covered sites. The higher score in BR114 was accompanied by a greater number of covered and evaluable loci.
The scores of both CRC samples were below the 20% computational threshold referenced in the MSIsensor2 documentation;
however, this finding does not independently establish their tumour MSI status.

MSIsensor2 generated MSI-associated scores from peripheral blood WES data obtained from healthy individuals and two
patients with CRC. The 10% and 40% boundaries were used solely for descriptive analysis, whereas the 20% threshold served
as an algorithm-derived reference rather than a clinically validated diagnostic cut-off for the samples analysed. The clinical
significance of the observed scores remains undetermined. Further investigation using tumour-derived material, established
MSI reference methods, and larger clinical cohorts is required to determine the relationship between blood-derived MSlsen-
sor2 scores and tumour MSI status.
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INTRODUCTION and supports various sequencing strategies, including WES
[5]. The developers recommend an MSI score threshold of
20% to identify MSI-high samples, classifying scores below
this threshold as microsatellite-stable under the tool’s binary
scheme [5]. However, computational classifications require
interpretation within the context of sample type, sequencing

coverage, and independent clinical validation.

Microsatellite instability (MSI) is a molecular phenotype
resulting from impaired DNA mismatch repair (MMR), which
leads to the accumulation of insertion and deletion mutations
in repetitive DNA sequences [1]. MSI serves as a well-estab-
lished biomarker in colorectal cancer (CRC) and various other
malignancies. Tumours often have high (MSI-H) tumour mu-
tational burden and may demonstrate responsiveness to im-
mune checkpoint inhibitors, underscoring the clinical impor-
tance of accurate MSI assessment [2,3].

In this study, we analysed MSI-associated profiles in
whole-exome sequencing data from 235 healthy Kazakh in-
dividuals and two patients with CRC using MSIsensor2. We
characterised the distribution of MSI scores, quantified the
numbers of covered and unstable microsatellite sites, and ex-
amined the relationships between sequencing characteristics
and MSI-associated measurements. Given the exploratory na-
ture of the study and the limited number of CRC samples,
our objective was to describe patterns in computational MSI
scores and their technical context rather than establish clini-
cally confirmed MSI status.

Traditional MSI assessment primarily utilises polymerase
chain reaction (PCR)-based analysis of microsatellite mark-
ers and immunohistochemistry (IHC) for mismatch repair pro-
teins. The advent of next-generation sequencing (NGS) has
facilitated computational MSI assessment across a broader
range of microsatellite loci, including methods based on
whole-exome sequencing (WES) data [2,4]. However, ana-
lytical methodology, sequencing quality, coverage of informa-
tive loci, and the biological source of the analysed DNA influ-

) . . MATERIALS AND METHODS
ence the interpretation of computational MSI scores.

MSIsensor?2 is a computational tool for MSI detection
from sequencing data that does not require a matched nor-
mal sample. It uses a machine learning approach to assess
microsatellite instability in individual sequencing samples

Sample collection

This exploratory study analysed blood-derived whole-ex-
ome sequencing (WES) data from two groups: 235 healthy
individuals (175 female, 60 male) and 2 colorectal cancer
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(CRC) patients. Blood samples from healthy individuals were
obtained from the DNA Biobank of the Laboratory of Ge-
nomic and Personalised Medicine, National Laboratory As-
tana, Nazarbayev University, Astana, Kazakhstan. Blood sam-
ples from CRC patients were collected at KazIOR, Almaty,
Kazakhstan. All participants provided written informed con-
sent prior to inclusion in the study.

DNA LIBRARY PREPARATION AND SEQUENC-
ING

Genomic DNA was extracted from peripheral blood sam-
ples using the Illustra Blood GenomicPrep Mini Spin Kit (Cy-
tiva, USA) following the manufacturer’s instructions. DNA
libraries were prepared with the Illumina DNA Exome 2.5
Panel according to the manufacturer’s protocol. Sequenc-
ing was conducted on the NovaSeq 6000 platform (Illumina,
USA).

Computational MSI assessment

Microsatellite instability (MSI) scores were evaluated us-
ing MSIsensor2 (version 0.1) with whole-exome sequencing
(WES) data. For each sample, the analysis documented the to-
tal number of microsatellite sites assessed, the number of sites
with sufficient coverage, the number of sites classified as un-
stable, and the resulting MSI score.

The MSI score was reported as a percentage, calculated
by dividing the number of unstable microsatellite sites by the
number of microsatellite sites with sufficient coverage and
multiplying by 100.

According to MSlsensor2 documentation, 20% is the rec-
ommended computational threshold for MSI-H classifica-
tion in this sequencing context. In the present study, the 20%
threshold served as an algorithm-derived reference rather
than a clinically validated diagnostic cut-off for the analysed

samples. MSI scores were also examined descriptively us-
ing study-specific intervals to characterise their distribution
within the cohort. The 10% and 40% boundaries were applied
solely for descriptive stratification and were not intended to
define MSI-L or MSI-H categories. Conventional MSI-L and
MSI-H categories were not assigned because the study did not
include independent validation against an established MSI ref-
erence method.

Assessment of sequencing characteristics

The relationship between the number of covered microsat-
ellite loci and the number of detected unstable sites was ex-
amined to assess the potential influence of locus coverage on
MSI measurements. MSI score distributions were summarised
for the healthy individual cohort and the two colorectal can-
cer (CRC) patient samples.

The relationship between FASTQ file size and average se-
quencing coverage was examined as an exploratory measure
of sequencing data volume. These descriptive analyses aimed
to identify technical factors that may influence the interpreta-
tion of computational MSI scores.

Statistical analysis

Descriptive statistics and graphical summaries were used
to characterise MSI score distributions and sequencing char-
acteristics. Due to the limited number of CRC patient sam-
ples, no formal inferential comparisons between the CRC and
healthy-individual cohorts were performed. Correlation coef-
ficients and significance tests were not calculated unless ex-
plicitly specified. Results were interpreted as exploratory, con-
sidering differences in sequencing coverage and the limited
number of microsatellite sites with available coverage.

RESULTS
Analysis of MSIsensor2 scores derived from WES data

Figure 1. MSI profiling results in the healthy WGS cohort (n = 235): (A) MSI score
distribution, (B) MSI sites vs. covered loci, (C) MSI score boxplot, (D) coverage vs. FASTQ
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Figure 2. MSI profiling results in CRC WES samples (BR110 and BR114): (A) MSI score distribution,
(B) MSI sites vs. covered loci, (C) MSI score boxplot, (D) coverage vs. FASTQ size.

from 235 healthy individuals indicated that 205 samples
(87.2%) had scores below 10%, while 30 samples (12.8%)
had scores betwescored 40%. No sample exhibited a score
above the described intervals; intervals were selected to de-
scribe the observed score distribution and do not correspond
to clinically validated MSI categories. Scores were predomi-
nantly concentrated in the 7-10% range, with most observa-
tions clustered around 8-9%. The boxplot demonstrated lim-
ited variability for most samples, with only a small subset
exceeding 11% (Fig. 1C).

The number of unstable microsatellite sites detected var-
ied with the number of loci covered by sequencing (Fig. 1B).
Samples with more covered loci generally had higher counts
of detected unstable sites. This trend was consistent across the
cohort; however, we did not calculate a formal correlation co-
efficient or assess statistical significance. The number of cov-
ered loci therefore provides essential context for interpreting
differences in the absolute number of detected unstable sites.

FASTQ data volume varied among samples and increased
with higher average sequencing coverage (Fig. 1D). This re-
lationship characterises the sequencing properties of the WES
dataset and contextualises the observed differences in the
number of evaluable microsatellite loci. FASTQ file size and
average coverage were evaluated descriptively, without for-
mal statistical analysis of their association.

In the colorectal cancer cohort, BR110 and BR114 exhib-
ited MSI scores of 5.43% and 7.81%, respectively (Fig. 2A).
BR114 demonstrated 26 unstable microsatellite sites among
333 covered loci, whereas BR110 showed 10 unstable sites
among 184 covered loci (Fig. 2B). The workflow evaluated
a total of 1,476 microsatellite sites, with only 184 (12.5%)
and 333 (22.6%) covered in BR110 and BR114, respectively.
Sequencing metrics indicated higher average coverage and
greater FASTQ data volume for BR114 than for BR110 (Fig.
2D).

The higher MSI score in BR114 coincided with greater
microsatellite locus coverage and higher sequencing depth;
therefore, the difference between the samples cannot be at-
tributed solely to biological variation. The limited propor-
tion of covered loci also restricts the interpretation of both
scores. Although both values were below the study-specific
threshold of 10%, they should not be interpreted as definitive
evidence of microsatellite stability or used to assign clinical
MSS, MSI-L or MSI-H status without independent validation
using an established MSI assay. These findings are therefore
preliminary and hypothesis-generating, not evidence of clin-
ical diagnostic accuracy.

DISCUSSION

In this study, computational analysis of whole-exome se-
quencing (WES) data from 235 healthy individuals showed
that 205 samples (87.2%) had MSI scores below 10%,
whereas 30 samples (12.8%) fell within the 10-40% interval.
No sample exceeded 40%. These findings describe the distri-
bution of scores generated by the analytical approach used in
this study and provide a reference for assessing score varia-
tion within the investigated cohort.

However, these operational categories should not be in-
terpreted as clinically validated microsatellite-stable (MSS),
MSI-low (MSI-L), or MSI-high (MSI-H) classifications.
Computational MSI algorithms differ in their underlying
methods, selected microsatellite loci, coverage requirements,
and scoring procedures. Consequently, numerical scores and
classification thresholds are not necessarily interchangeable
across tools or sequencing platforms [6—10]. Previous stud-
ies have demonstrated that MSI assessment using sequenc-
ing data can be informative, but interpretation depends on
the analytical method and the characteristics of the sequenc-
ing data [7,9,10].
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The distribution observed in the healthy cohort is therefore
best considered a study-specific reference rather than a univer-
sal baseline for MSI in healthy individuals. In particular, the
presence of scores between 10% and 40% does not by itself
indicate biological microsatellite instability or mismatch-re-
pair deficiency. Establishing the clinical significance of these
scores would require comparison with an independently vali-
dated MSI assay and, where appropriate, mismatch-repair pro-
tein immunohistochemistry (MMR IHC).

The number of microsatellite loci covered by sequencing
is an important consideration when interpreting computational
MSI scores. In the present cohort, the number of covered loci
generally increased with the number of detected unstable sites
(Figure 1B). This pattern is descriptively consistent with the
expectation that the ability to detect unstable loci depends, at
least in part, on how many loci can be evaluated. Neverthe-
less, because no formal correlation analysis was performed,
this observation should not be described as a statistically es-
tablished association.

Previous studies have evaluated computational MSI de-
tection using WES and targeted next-generation sequencing
data, demonstrating that sequencing-based approaches can
identify MSI-associated patterns but that their performance
depends on the data and analytical pipeline [7,9,10]. Tools
such as MANTIS and MSIsensor use distinct computational
approaches to evaluate instability, and results should there-
fore be interpreted within the context of the specific method
employed [8,10]. More broadly, analyses across cancer types
have demonstrated that microsatellite instability can vary in
its genomic distribution, further supporting the importance of
the loci interrogated and the analytical strategy used [9,12].

In the current study, the number of covered loci should
consequently be considered alongside the MSI score rather
than treated as a secondary technical detail. Samples with lim-
ited locus coverage may provide an incomplete representa-
tion of microsatellite instability across the targeted genomic
regions. Conversely, a larger number of covered loci does not
automatically establish that an MSI classification is clinically
accurate. Reliable classification requires adequate data qual-
ity and validation against an appropriate reference method.

Figure 1D shows the relationship between FASTQ file size
and mean sequencing coverage in the investigated samples.
The observed pattern is descriptive and indicates that larger
sequencing data volumes were accompanied by higher mean
coverage in this dataset. However, FASTQ file size is not a di-
rect measure of MSI analytical sensitivity: it can also reflect
read length, compression, sequencing format, and other tech-
nical characteristics. Similarly, mean coverage alone does not
indicate whether individual microsatellite loci meet the min-
imum requirements for reliable evaluation.

Computational MSI analysis using WES has been eval-
uated in colorectal cancer cohorts, while other studies have
investigated MSI detection using targeted sequencing data
[7,9,10]. These studies support the use of sequencing-based
methods under appropriate analytical conditions, but they do
not establish that every dataset with a given file size or mean
coverage is suitable for reliable MSI classification.

The distinction is particularly important in the present
study because the two colorectal cancer samples had low
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mean coverage and differed in the proportion of covered mi-
crosatellite loci. Therefore, differences in their MSI scores
cannot be interpreted independently of differences in sequenc-
ing depth and locus coverage. A larger number of detected un-
stable sites may reflect a greater number of evaluable loci as
well as underlying biological differences.

Future analyses should incorporate prespecified qual-
ity-control criteria, including minimum coverage require-
ments at individual loci, the proportion of evaluable loci, and
the number of loci contributing to the final score. Such mea-
sures would make comparisons between samples more trans-
parent and help distinguish technical limitations from poten-
tially meaningful biological variation.

The two colorectal cancer samples, BR110 and BR114,
had MSI scores of 5.43% and 7.81%, respectively. BR110 had
184 covered loci out of 1,476 total loci, corresponding to ap-
proximately 12.5% coverage, whereas BR114 had 333 cov-
ered loci, corresponding to approximately 22.6%. The num-
bers of detected unstable sites were 10 and 26, respectively.
Although BR114 had both a higher score and more detected
unstable sites, it also had a greater number of covered loci and
higher mean sequencing coverage. The observed difference
therefore cannot be attributed solely to biological variation.

Computational MSI assessment has been investigated in
colorectal cancer using WES and targeted sequencing data
[7,10,11]. Nevertheless, MSI scores require careful interpre-
tation when sequencing coverage is limited, and a score gen-
erated by one computational method should not be directly
equated with an MSI classification obtained using another as-
say. Comparative clinical studies have shown that the agree-
ment between sequencing-based MSI assessment, MSI-PCR,
and MMR [HC depends on the assay and the criteria used for
classification [15]. These findings reinforce the need to distin-
guish exploratory computational results from clinically vali-
dated MSI status.

An additional limitation concerns the source of the sam-
ples. BR110 and BR114 were analysed using DNA from pe-
ripheral blood. Consequently, their scores cannot be used to
establish the MSI status of the corresponding colorectal tu-
mours. In this setting, the values of 5.43% and 7.81% should
be reported as computational scores obtained from the anal-
ysed blood-derived DNA, not as definitive evidence that the
tumours were MSS.

This distinction is clinically important because MSI and
mismatch-repair deficiency are established biomarkers rel-
evant to treatment selection, including immune checkpoint
inhibition in appropriately assessed tumours [14]. However,
the clinical significance of MSI depends on reliable identifi-
cation of the biomarker in the relevant tumour context. The
present two-sample analysis does not provide sufficient evi-
dence to infer tumour MSI status, predict immunotherapy re-
sponse, or establish the diagnostic performance of the com-
putational method.

Regarding score interpretation, the 20% threshold recom-
mended in the MSIsensor2 documentation serves as an algo-
rithm-derived reference for MSI-H classification within the
intended sequencing context. Its clinical applicability to the
peripheral blood DNA analysed in this study, however, has not
been established. The 10% and 40% boundaries were used ex-
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clusively to describe the distribution of scores within the study
cohort and should not be interpreted as alternative diagnostic
thresholds. Similarly, the descriptive interval of 10-40% does
not correspond to the conventional MSI-low (MSI-L) cate-
gory. Accordingly, these boundaries represent study-specific
analytical choices rather than clinically validated criteria, and
the clinical significance of the observed scores remains unde-
termined. Further validation against an established MSI ref-
erence method is required to assess their clinical relevance.

The observed differences in MSIsensor2 scores between
the healthy cohort and the two CRC-associated blood sam-
ples should be interpreted cautiously. The number of evalu-
able microsatellite loci differed between BR110 and BR114
(184 and 333, respectively), potentially affecting the number
of detected unstable loci and the resulting MSI scores. Al-
though BR114 had a higher MSI score and a greater number
of unstable loci, the available data do not establish whether
this difference reflects biological variation or differences in lo-
cus coverage and evaluability. Moreover, the analysis of only
two CRC samples does not allow robust conclusions regard-
ing differences between the healthy cohort and patients with
CRC. These findings should therefore be considered descrip-
tive, and further analyses using adequately covered samples
and a larger clinical cohort are required to investigate the in-
fluence of sequencing coverage and the number of evaluable
loci on MSIsensor2 scores.

Limitations and future directions

Several limitations should be considered when interpret-
ing these findings. First, the study-specific score intervals
were used to describe the distribution of computational re-
sults and were not validated as clinical MSI categories. Sec-
ond, although the healthy cohort included 235 individuals, the
colorectal cancer analysis comprised only two samples and
therefore cannot support robust conclusions about MSI pat-
terns in colorectal cancer. Third, both cancer-associated sam-
ples were analysed using peripheral-blood DNA rather than
tumour material, preventing direct determination of tumour
MSI status from these results.

Fourth, sequencing coverage was limited in both colorec-
tal cancer samples. The proportion of covered loci was ap-
proximately 12.5% for BR110 and 22.6% for BR114, which
constrains interpretation of their scores and comparison with
samples having more complete locus coverage. Fifth, the
study did not include an independent validation of the re-
ported scores using MSI-PCR or MMR IHC. Such valida-
tion is important because sequencing-based MSI classifica-
tions may differ according to assay design and classification
thresholds [7,11,15].

Future studies should evaluate the approach in a larger
and clinically characterised colorectal cancer cohort using
tumour-derived DNA. Where feasible, computational scores
should be compared with established MSI-PCR and MMR
IHC results, and the analytical workflow should include pre-
defined coverage and quality-control criteria. The clinical rel-
evance of any proposed score thresholds should be established
independently rather than inferred from the distribution in
healthy individuals. Further validation would also help deter-
mine whether the method is suitable for exploratory genomic
profiling or whether it can achieve sufficient analytical per-
formance for clinical MSI assessment.

Overall, the present study characterises the distribution
of computational MSI scores in a cohort of healthy individu-
als and illustrates how locus coverage and sequencing depth
affect the interpretation of results. The two colorectal cancer
samples provide preliminary examples of the analytical chal-
lenges encountered with low-coverage WES data, but they
do not establish the MSI status of the corresponding tumours.
The findings should therefore be considered exploratory and
hypothesis-generating.

CONCLUSION

This study reports MSIsensor2 scores derived from
whole-exome sequencing data of peripheral blood DNA from
235 healthy individuals and two patients with colorectal can-
cer. The score distribution provides a descriptive overview
of MSI-associated computational signals in the analysed co-
hort. The 10% and 40% boundaries were applied for explor-
atory data stratification, while the 20% threshold corresponds
to the algorithm-derived reference recommended in the MSI-
sensor2 documentation. However, none of these thresholds
has been clinically validated for the samples analysed in this
study. Consequently, the observed scores cannot determine
patients’ MSI status or be classified into conventional MSI-L
or MSI-H categories. The clinical relevance of these findings
remains unclear and requires further validation using appro-
priate reference methods and tumour-derived material.
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MPOP®PUJITUPOBAHUE MUKPOCATEJUVIMTHON HECTABUJIBHOCTH C TIOMOIIbIO
MSISENSOR2 B JAHHBIX IOJTHOI'EHOMHOI'O 3K30MHOI'O CEKBEHUPOBAHMN S 3JOPOBbIX
JIMID U HTAIIMEHTOB C KOJIOPEKTAJIbHBIM PAKOM

Axo0ora AiliTkynoBa',*, Hypaii TeinblmThikOaeBa', Accetr Jlanuspos’', Aiinyp Axkukanona', loc Cap6accon’

! [{enmp nayk o socusnu, Y «National Laboratory Astanay, Hazapbaes Yuusepcumem, 010000, Acmana, Kazaxcman
Asmop 05 koppecnondenyuu: akbota.aitkulova@nu.edu.kz

AHHOTANNUA

MukpocarennutHas HectaduibHOCTh (MSI) npencrasiser co00i MONEKYISIPHBIA (DEHOTHI, CBI3aHHBIN C HAPYLIICHUSIMA
cucTeMbl penapaiuy HecnapeHHbslx ocHoBanui JJTHK (MMR), u ciryxxut 6nomapkepom npu kosnopektaisHoM pake (KPP).
BrruucnutensHas oneHka MSI Ha OCHOBE JaHHBIX CEKBEHHPOBAHHUS HOBOTO NMOKOJEHHUS MO3BOJISAET OXapaKTepHU30BaTh
MHKPOCATEeIUIUTHYIO HeCTaOUIBHOCT 0e3 NPOBEeHNUs CHelHaIn3UpOBaHHOrO Tecta Ha MSI. B HacTodIeM ucciaenoBaHuu
olleHMBaIM TIoKazaren MSIsensor2 B JaHHBIX TOJTHOT€HOMHOTO K30MHOTO cekBeHnpoBanust (WES), momy4eHHbIX 13 00pa3ios
KpPOBH 3/IOPOBBIX JIUIT U ABYX NanueHToB ¢ KPP.

B nccrienoBanuy ucnonb30BaHbl JaHHEIE MTOTHOAK30MHOTO cekBeHnpoBanus (WES) IHK nepudepnueckoit kposu 235
3JJOPOBBIX JIUII Ka3aXCKOW MOIYISNY, Ioxy4yeHHble n3 bruodanka JJHK JlabopaTopnu reHOMHOM M NepCOHAIN3NPOBAHHON
menunuHbl National Laboratory Astana, HazapbaeB YuuBepcurer (Acrana, Kazaxcran). JlomoJHATEIBHO TPOaHATN3UPOBAHBI
naaasle WES JTHK nepudepuyeckoll KpoBH BYX MAIEHTOB C KoJopekTaibHbIM pakoM (KPP), o6o3nauennbx kak BR110
n BR114. bubnuorexn 11 ceKBEHUPOBAHUS ITOATOTOBIEHBI C UCIIOJIb30BaHNEM IpoTokosoB [llumina, cekBeHMpoBaHue
BBINOJTHEHO Ha ruiargopme NovaSeq 6000. J{ist BRIMUCTUTENBHOM OLIEHKHU ITOKa3aTeNneii MUKpOCaTeINIUTHON HecTaOMIIbHOCTH
(MS]) ncnionp3oBanu MSIsensor2. AHanu3 BKIIOYAN ONpe/IelIeHHE KOJIMYEeCTBA MUKPOCATEIUIUTHBIX JIOKYCOB, IOCTYITHBIX JIIS
OLICHKH, YHCia JIOKYCOB, KJIACCH(UIIMPOBAHHBIX aJITOPUTMOM KaK HECTaOMIIbHBIE, 1 COOTBETCTBYIONINX TOKa3areneil MSI.
B3anmocsszu Mexay nokazareastMu MSI, HOKpBITHEM MHUKpPOCATEIUINTHBIX JIOKYCOB X 00bEMOM CEKBEHHUPYIOIINX JaHHBIX
OLICHUBAJI OIIUCATENIEHBIMU METOAAMU.

Cpenu 235 3nopoBbix un y 205 (87,2%) nokazarens MSIsensor2 6sut Hmke 10%, a 'y 30 (12,8%) Haxoauics B Anana3oHe
ot 10 no 40%. Hu B omHOM 00pasiie mokasarens He mpeBbiman 40%. Yka3saHHbIe HHTEPBAJIBI HCTIOIb30BATH HCKITFOYATEIBHO IS
OIMCAHMS PACTIPEACIICHNS 3HAYEHHI B HCCIIEAYEMOI KOTOPTE; OHM HE SABISIOTCS KIMHUYECKH BAJIMANPOBAHHBIMH KaTCTOPHAMHU
MSI. B o6pasuax kposu nanuentos ¢ KPP BR110 u BR114 nokazarenu MSIsensor2 cocrasunu 5,43 1 7,81% COOTBETCTBEHHO.
B o6pasie BR110 BersBiieHo 10 HecTaOMIIBPHBIX MHKPOCATEIUTUTHBIX JIOKYCOB U3 184 JIOKYCOB C TOCTaTOYHBIM ITOKPHITHEM,
Torna kak B oopasie BR114 - 26 u3 333. Boxee Bricokuii mokasarens B oopasie BR114 compoBokaancs: OONBIIAM YHCIOM
JIOKYCOB, TOCTYITHBIX JUIS OLEHKH. DTH PE3yJIbTaThl IEMOHCTPUPYIOT BapnaOebHOCTh BBIYUCINTEIBHBIX OKa3areseil MSI B
nmarabIX WES nepugeprdeckoil KpoBH, HO HE TMO3BOJIAIOT YCTaHOBUTH MSI-cTaryc omyxomm.

Taxum o6pazom, MSIsensor2 mo3BoJIriI 0XapaKTepU30BaTh MOKa3aTeNH, CBI3aHHbIE C MUKPOCATEIUTUTHOW HECTAOMIIBHOCTHIO,
B nanubsix WES JIHK nepucdeprnueckoir kpoBu 310poBBIX JUIl U ABYX manueHToB ¢ KPP. ITopor 20%, ykazaHHBIA B
nokyMmeHnTtarmu MSIsensor2, paccMarpuBalics Kak arOpUTMHIECKU OpHEHTHD, TorAa Kak rpanuts! 10 u 40% ucnons3oBanich
HCKITFOYMTEINBHO /IS OTMCATENBHON cTpaTi()UKAIMU pe3yasTaToB. Hu ONMH U3 STHX MOPOroB He ObUT KIIMHUYECKH BaIUAUPOBAH
B paMKax HACTOSIIIEro uccienoBanus. KiimHuueckas 3HauMMOCTh MOJYYSHHBIX MOKa3aresiell U ux cBsa3b ¢ MSI-cratycom
OITYXOJI OCTAIOTCS HEYyCTAHOBJICHHBIMU. J{Jis ManbHeIel OleHKN KIIMHUYECKOH MPUMEHHUMOCTH HEO00XOANMBI UCCIIEIOBAHNUS
C UCTIOJIb30BAaHHUEM OITyXOJIEBOTO MaTepHala, BAUANPOBAHHBIX peepeHCHBIX MEeTOI0B omnpeeneHus MSI u Gonee KpymHbIX
HE3aBHUCUMBIX KOTOPT.

KitodeBbie ciioBa: MUKpocaTreUTuTHAsT HecTabmibHOCTh, MSIsensor2; moJTHOTeHOMHOE SK30MHOE CEKBEHUPOBAHMUE;
KOJIOPEKTaNBHBIN paK; penaparys HecmapeHHbIX ocHoBanuil JJHK.
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AHJATIIA

MukpocaremmuTTik Typakco3aslk (MSI) - JIHK-narer kate »ynrackaH HyKJICOTUATEPAl Ty3eTy xyhecinig (MMR)
Oy3bUIBICTapbIMEH OalIaHBICTHI MOJIEKYIANBIK (EHOTHI XaHE KonopekTanbabl o0bipna (KPO) 6uomapkep peTinae
Konmaneliaasl. JKana OybIH cekBeHHUpIIey JepekTepine HeriznenreH MSI-ni ecentey apKpiibl Oaranay apHaiiel MSI Tectin
KYprizoeli-ak MUKpOCaTeIUTUTTIK TYPaKChI3/IBIKTHI CUIIaTTayFa MYMKIHIIK Oepeni. by seprreyne neni cay agamnap mexn KPO-
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MCH aybIpaThIH €Ki MAIIMEHTTIH KaH YJIT1LJICPIHCH allbIHFaH TOJBIK 3K30MIbIK cekBenupiey (WES) nepexrepingeri MSlsensor2
KepCeTKITepi OaraaaHIbl.

KazakcTanapIK MOy ISIUSHBIH AeH] cay 235 oKUTIHIH IeTKepi KaH YITiJIepiHeH aJbIHFaH TOJBIK AK30MJIBIK CEKBEHUPIICY
(WES) nmepextepi Acrana xamaceiHgarsl Hazap6aer YauBepcurerinin National Laboratory Astana [eHOMIBIK jXoHE
nepOecrennipinren meaunuHa 3eprxanacelHbH JJTHK Onobankinen ansiaasl. ConsiMeH Katap BR110 xone BR114 nen
Genrinenren konopekranasik Karepii iciri (KKI) 6ap exi manuenTTiH meTkepi KaH yaritepinin WES nepexrepi TanmaHzsl.
CexBennpiiey kitanxananapsl [llumina xartamanapbina coiikec naibHaansi, cekBenupiey NovaSeq 6000 miardopmacsiiia
KYPpriziai. MUKpocaTesuMTTiK Typakch3apiKka (MSI) GaiiiaHbICThI KOPCETKIMITEPAl €CENTey JKOHE TYPAKCHI3 /IS XKIKTeJIreH
MHKDPOCATEJUINTTIK JIOKYCTap CaHbIH aHBIKTAy yiIiH MSlsensor2 Garnmapmamacsl Kosnnaneuiasl. MSI kepceTkimrepi,
MHKPOCATEIUINTTIK JIOKYCTapABIH KaMTBUIYHl )KOHE CEKBEHHpJICY JEPEKTEepPiHiH KeJieMi apachlHAarbl OaiinaHbicTap
CHIATTaMaJIbIK 9J[icTepMEH OaraaH/IbI.

Heni cay 235 agamusig 205-ia1e (87,2%) MSIsensor2 kepcetkinti 10%-mgan Temen 6onapl, ax 30 agamna (12,8%) o
10-40% apanerrsiana 6onabl. bipae-0ip ynrine kepcerkim 40%-maH ackaH KOK. byi apanbIKTap 3epTTENreH KOropTaiarsl
KOPCETKIIITEePiH TapalyblH CHIIATTAy YLIIH FaHa ITaii1aaHbLIIbl )KOHE KIMHUKAIBIK TYPFBIAAH BaluaanusuianFad MSI
canartapsl 6ombin TadsuMai el KKI 6ap BR110 xore BR114 nmanmentrepiniH KaH yirinepiaaeri MSIsensor2 kepcetkimrepi
tuicinme 5,43% xone 7,81% kypaner. BR110 ynricinae xeTKUTIKTI KaMThuFaH 184 MUKpocaTemIuTTIK JIOKYCTHIH 10-b1, an
BR114 yariciage 333 mokycTsiH 26-CBI TYpaKchI3 Aer xikrenai. BR114 yariciageri »xorapbl kepceTkim Oaranayra KODKETIMI1
JIOKyCTap CaHBIHBIH KOIT 00ITybIMeH KaTap Oaitkanasl. by Hotmkenep metkepi KaHHeIH WES nepexrepinen ecentenres MSI
KOPCETKIMITePiHiH 03repMeINiJIiriH KepceTeni, anaiaa iciktig MSI MmopTebeciH aHbIKTayFa MYMKIHIIK OepMei .

Oceunaitima, MSIsensor2 meni cay agamaap meH KKI Gap eki marmeHTTiH meTkepi KaH yiarinepinig WES nepexrepi Herizinae
MSI-re OalimaHBICTHI ecenTey KOPCETKIMTEPiH CUIaTTayFa MyMKiHIIK O6epai. MSIsensor2 KyxarTaMachlH/1a YCHIHBUIFAH
20% mIeKTi MOH aNTOPUTMIIK OaFaap peTinae KapacThIpsuLasl, an 10% xone 40% miexapamapbl HOTIDKEIEPIi CHITATTaMaIIbIK
XKIKTEY YIIiH FaHa naiganansuiabl. OCkl 3epTTey asChlH/Aa aTalFaH IIEKTI MOHCP/IH SIIKAHCHICH KIMHUKAIBIK TYPFbIIaH
BAJIMIAIUSIIAHFAH JKOK. AJIBIHFaH KOPCETKIMTEPAiH KIMHUKAJIBIK MaHbI3bl KoHE onapablH icikTiH MSI MopTebeciMen
OaifTaHBICHI 93ipre aHBIKTaJIMaraH. bysl KepceTKimTepaiH KIMHUKAIBIK KOJIJaHbUTY MYMKIHAITIH OaFajay YIIiH iCiK TiHiH,
MSI-nai aHBIKTayaBIH BaTHIaNHAIaHFaH peepeHCTIK SiCTepiH KoHe KoJieMi YIKSHIPEK TOyeJICi3 KoropTaaapasl KAMTUTHIH
KOCBIMILIA 3ePTTEYNIEpP KAKET.

Tyiiin ce3aep: MUKPOCATEIUTUTTIK TYpaKchI3AbIK; MSIsensor2; TONBIK 9K30MBIK CEKBEHUPIIEY; KOJIOPEKTAJIbIbI OOBIP;
JHK-narb! KaTe )KynTackaH HyKJICOTHITEP Ty3eTy XKyieci.
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