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LOI CAM DOAN

To1 xin cam doan day la cong trinh nghién ctru cia ban than. Luin 4n nay dugc thyc hién
duéi sy huéng dan ciia PGS.TS.Tran Vin Ling. Cac két qua nghién ciru trong lun 4n 14 trung
thue va chua ting duoc ai cong b trong cac cong trinh nao khac. Viéc tham khao cac ngudn
tai liéu dd duoc thyc hién trich dan va ghi ngudn tai liéu tham khao dung quy dinh. Cac bai béo
dugc cong bd chung v6i nhiéu tac gia déu duoc s dong ¥ cua cac dong tac gia trudce khi dua
vao luan an.

3 Pong Nai, ngay ....thdng ...nam 2023
Nguwoi huwdng dan chinh Nghién ciru sinh

PGS.TS. Tran Vin Ling Dwong Thi Kim Chi
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Pé hoan thanh luan 4n nay toi da nhan duoc sy hudng din, quan tAm, giup d& nhiét tinh
tir Quy thay co, ban bé va ngudi than. Toi xin guri 161 cam on chan thanh dén:

Thﬁy da tan tinh chi bao, hudng dan, dong vién va tao moi diéu kién tdt nhat cho toi trong
qua trinh hoc tap va nghién ctru. Thay €6 va cac anh, chi ciia Khoa Cong nghé thong tin, Phong
Sau Pai hoc, Ban Gidm hiéu Truong Pai hoc Lac Hong da cung cip thém kién thirc, tao moi
diéu kién cho t6i va quan tam, hd tro toi trong qua trinh hoc tap.

Ban Giam hi¢éu Truong Pai hoc Thu Dau Mot, Ban Chil nhiém Vién KV thuat Cong nghé
da tao diéu kién dé toi duoc tham gia hoc tap nang cao trinh d§ chuyén moén, cac ban déng
nghiép da khong ngimg dong vién va giup d toi trong sudt thoi gian hoc tap.

Sau cung t6i xin chan thanh cam on sau sac dén gia dinh va nguoi than da giup 45, dong

vién to1 trong subt qua trinh hoc tap va tao diéu kién tot nhat dé t6i hoan thanh luén 4n.

NCS. Duong Thi Kim Chi
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TOM TAT

Tinh toan y sinh (hay con goi la tin y sinh) 1a moét linh vuc nghién ctu lién nganh gitra y
hoc va khoa hoc may tinh. D6 1a su két hop cac phuong phap phan tich dit liéu, hoc may, théng
ké va ly thuyét thong tin dé giai quyét cac van dé trong linh vuc y sinh nhu: phat hién va chan
doan bénh, thiét ké thudc va nghién ciru sinh hoc phan tir. Tinh toan y sinh gitip day nhanh qué
trinh phat trién thudc, tang hiéu qua trong viéc chan doan bénh va diéu tri bénh. Mot trong cong
cu hd tro cho tinh toan y sinh thuan lgi hiéu qua hon 1a cac phuong phap hoc may. Cac phuong
phéap hoc may tao ra cdc mo hinh gitp qua trinh nhan dang, phan loai dugc thuc hién mot cach
tu dong va dat do chinh xac cao. Trong linh vyc tin y sinh cdc md hinh hoc may dugc huan
luyén trén dir liéu dau vao sau do6 str dung céc thuat toan dé phan loai hoic du doan két qua.
M6 hinh hoc may cho dir liéu y sinh c6 vai trd hét sic can thiét va cap bach nhiam phan loai
cac dbi twong dé dua ra cac quyét dinh chinh xéc trong chan doan va diéu tri.

Viéc x@y dung mo hinh phan loai cho di liéu y sinh doi hoi k§ nang chuyén mén, kinh
nghiém va su hiéu biét sau sic vé dir liéu y sinh va cac phuong phéap tinh toan phu hop. Pac
biét, viéc lya chon cac dic trung quan trong, Xt ly dit liéu thiéu, can bang dit liéu va danh gia
hiéu suat caa mé hinh Ia rat quan trong dé dat dugc két qua phan loai chinh x4c va dang tin
cdy. Cu thé luan an da giai quyét cac van dé nang cao hiéu qua cac mé hinh phan 16p, phan
cum trén dir liéu y sinh véi nhitng dong gop nhu sau:

Thir nhat, dit liéu dang trinh tu gene ¢ s6 chiéu rat 16n (hang ngan chiéu), co ché sinh
hoc phic tap, va dit liéu khdng can bang déu 1a cac van dé Ion trong loai dit lidu ndy, day ciing
la théch thac 16n caa wng dung hoc may cho bai toan y sinh trong linh vuc san xuét thudc.
Chang han nhu trong qué trinh san xuat thuéc bang céng nghé tai to hop, viéc tim duoc tap
gene cho biéu hién protein cao, hay viéc chon lwa méi treong vét cha pha hop véi gene gene
muc tiéu® déu gilp cho chat lugng san pham protein tai t6 hop tét hon. Cu thé viéc tim duoc
moéi trudng vat cha thich hop cho gene muc tiéu dong nghia véi viéc quyét dinh muac dap tng

codon cta méi trudng vat chu véi san pham protein tai té hop can san xuat thudc. Thach thic

1 Gene muyc tiéu: gene cua mot loai sinh vat c6 kha niang biéu hién san pham protein tt trong can san xuit thudc
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cua nhiém vy nay 1a 1am sao cd thé sim duwoc tdp gene c6 khd ndng biéu hién protein tot nhat
trong mét hé gene, sé luong gene nay chi chiém 5% tong so trinh tu cia gene trong toan hé
gene chtra hang ngan gene; va 1am sao dé co thé tim duwroc méi trieong vt chai phi hop véi gene
muc tiéu. Cu thé luan &n da dé xuat hai giai phap hiéu qua trén tap dir liéu gene nay la: i) Giai
phap thtr nhat xay dung md hinh "Dy doan gene biéu hién protein cao cho thiét ké gene ding
trong tai té hop": ii) Gidi phap thtr hai 2 xay dung “Mo hinh du doén gene tuong quan véi hé
théng vat chu dung trong tai t6 hop”. Ddi véi giai phép 1, luan an da sir dung ky thuat codon
ddng nghia dé tinh chi sé codon ddng nghia RSCU (Relative Synonymous Codon Usage) qua
d6 biéu dién dic trung cho ting gene; tiép theo luan an da ap dung hai giai thuat PAM
(Partitioning Around Medoids), CLARA (Clustering for Large Applications) cho viéc phan
cum du doan gene cho biéu hién protein cao. D4i véi giai phap 2, luan an da xay dung md hinh
du doan gene twong quan phu hop vai té bao vat cha vai thuat toan XGBoost. M6 hinh du doan
cuia dé xuat nay dat 6 chinh xac cao nhat 0,99. Nhiing két qua nay da dugc cong b trong céac
cbng trinh [CT1][CT2][CT3].

Thi hai, trong cac wng dung phat trién thudc co sir dung dix liéu trinh ty gene (genomic)
thuong c6 cac nhiém vu nhu sau: dinh danh lodi sinh vat, phan tich co ché bénh, phat hién bat
thuong trong trinh tu gene. Viée dinh danh loai gilp xac dinh tén loai, phan tich thay doi tién
hoa, hay hinh thanh loai mai. V&i viéc phan loai loai dya trén kiéu hinh cua sinh vat an chaa
nhiéu kha ning dinh dang sai loai vi vat mau cd thé bi dot bién nén biéu hién bén ngoai thay
d6i nén rat d& nham Ian thanh loai méi. Binh danh loai bang k¥ thuat sinh hoc phan tir gitip xac
dinh lodi tot hon, ¢ thé phat hién loai loai méi va xac dinh dot bién trong loai. S6 luong trinh
tu cac lodi sinh vat tir cAc ngan hang gene quéc té rat 16n nhung phan phdi khong dong déu
giita c&c loai trong cling mot chi. Bén canh d6 d6 dai trinh ty cia cac loai ciing rat khéc biét
trong cuing loai. Pay 1a thach chinh cua nhiém vu dinh danh loai bang ky thuat sinh hoc phan
tir khi trién khai bang cac ky thuat dinh danh loai truyén théng nhu NJ, phuong phép khoang
cach, phuwong phap phan cum. Luén an di dé& xuét giai phap mai str dung hoc may dé dinh
dang tén loai: i) Tu dong trich xuat dic trung trinh tu sinh hoc, ii) Vector héa tir dé sb hoa dir
liéu chudi, iii) Ti wu hoa tham sé, iv) Xay dung bo phan loai. Thuc nghiém trén bo dir liéu
trinh ty nAm méi da cho ra két mo hinh dinh danh loai nAm méi véi hiéu nang va d6 chinh xac

vuot troi. Cu thé luan an da tién hanh thuc nghiém trich xuat thong tin trén gene dit trung ITS
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cua 17 loai nam mai loai bang k§ thuat K-mer. Sau d6 tién hanh phan loai bang cac thuat toan
phan loai két hop, va phan cum phan cap dé xac dinh tén loai. Két qua mé hinh phan 16p dat
két qua vé d6 chinh xéc: 0,91; Multi-class area under the curve: 0.99; Thai gian thuc thi 1.66
s. V6i dé xuat nay cho két qua chinh xac cao thoi gian thuc thi thap va trung khép két qua du
doan v6i phan mém BLAST cua ngan hang gene qudc té NCBI. M6 hinh nay dat hiéu qua cao
vé do chinh xac trong thoi gian ngan nén co thé trién khai khi trong thuc tién. Két qua da cong
bd trong cac cong trinh [CT4][CT7].

Thi ba, dit liéu y sinh bao gém dir liéu can 1am sang va 1am san day 1a dit liéu y sinh
duoc thu thap tu két qua xét nghiém san loc khi kham bénh ctia cac co so'y té. Dit liéu nay co
dic diém chiéu cao, dir liéu thuong chira 161, dir liéu bi thiéu, mat cAn bang nghiém trong d6i
v6i 16p bénh hiém. Pé giai quyét hai van dé nghiém trong dit liéu tréng va mét can bang dir
liéu luan an da st dung hai giai phap: i) Giai phap tht nhat: Sir dung phuwong phap KNNImputer
dé bd sung thém dir liéu trong, va st dung ki thuat SMOTE (Synthetic Minority Oversampling
Technique) dé xir Iy dit liéu trude khi thir nghiém cac thuat toan ting cuong do doc dé xay
dung bod phan loai. Viéc thir nghiém mo6 hinh dy doan nay trén bg dir li¢u lam sang tir xét
nghiém mau mau ctia bénh CoViD-19 cia cac bénh nhan nhip bénh vién Israelita Albert
Einstein ¢ Brazil dé du doan kha ning mic bénh CoViD-19. Hiéu suat cua mé hinh dat do
chinh xac tong thé dat trén 0,998. ii) Giai phap tha hai: st dung két hop hai bo phan loai
LightGBM va XGBoost dé xay dung md hinh phan loai bénh CoViD-19 va Bénh Cim mua,
mo hinh d& xuit dat d chinh xéac 12 0,99. Khi tién hanh so sanh phuong phap dé xuat véi cac
cong bd khac trén cing bo dir lisu COVIDandFLU cho chan doan bénh CoViD-19 va Bénh
CUm mua, md hinh dé clinged két qua vuot troi hon vé d6 chinh xéc ciing nhu d6 nhay Recall,
d6 dac hiéu (Specificity), F1 score, ROC. Két qua tong thé cuia mé hinh déu dat & mic 14 0.99
va di dugc cong bd trén [CT5][CT6].

Tur khoa: Genenomic, dit liéu 1am sang, hoc két hop, hoc may ting cudng do déc, phan loai,

Rung Ngau Nhién.
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ABSTRACT

Biomedical computing ( biomedical informatics) is an interdisciplinary research field that
combines medicine and computer science. It involves the combination of data analysis
methods, machine learning, statistics, and information theory to address issues in the
biomedical field such as disease detection and diagnosis, drug design, and molecular biology
research. Biomedical computing helps accelerate the drug development process, improve
efficiency in disease diagnosis and treatment. Machine learning techniques are one of the useful
tools in biomedical computing. Machine learning techniques create models that facilitate
automatic identification and classification with high accuracy. In the field of biomedical
informatics, machine learning models are trained on input data and then use algorithms to
classify or predict outcomes. Machine learning models for biomedical data play a crucial and

urgent role in classifying objects to make accurate decisions in diagnosis and treatment

Building classification models for biomedical data requires specialized skills, experience,
and a deep understanding of biomedical data and appropriate computational methods.
Specifically, selecting important features, handling missing data, balancing data, and
evaluating model performance are crucial to achieve accurate and reliable classification results.
In particular, the thesis addresses the challenges of improving the effectiveness of classification

and clustering models on biomedical data, with the following contributions:

Firstly, gene sequence data has a very high dimensionality (thousands of dimensions),
complex biological mechanisms, and imbalanced data distribution, which are significant
challenges in this type of data and a major obstacle in applying machine learning to biomedical
problems in the field of the drug production. For example, in the process of producing drugs
using recombinant technology, finding a set of genes for high protein expression or selecting a
suitable host environment for target genes can improve the quality of recombinant protein
products. Specifically, finding the appropriate host environment for the target gene is
synonymous with determining the codon responsiveness of the host environment to the desired
recombinant protein. The challenge of this task is how to identify a set of genes with the highest
potential for protein expression within a gene system, where this set of genes only accounts for
5% of the total gene sequences in the gene system containing thousands of genes. Furthermore,

finding the appropriate host environment for the target gene is another challenge. In this regard,
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the thesis proposes two effective solutions for this gene dataset: i) The first solution is to build
a model for "Predicting high protein-expressing genes for gene design in recombinant
technology™; ii) The second solution is to build a *Model for predicting gene correlation with
the host system used in recombinant technology." For the first solution, the thesis utilizes
synonymous codon techniques to calculate the Relative Synonymous Codon Usage (RSCU)
index, representing features for each gene. Then, the thesis applies two algorithms, PAM
(Partitioning Around Medoids) and CLARA (Clustering for Large Applications), for clustering
and predicting genes for high protein expression. For the second solution, the thesis develops
a gene correlation prediction model with the host cell using the XGBoost algorithm. The
proposed prediction model achieves the highest accuracy of 0.99. These results have been
published in the following studies [CT1], [CT2], [CT3].

Secondly, in drug development applications that utilize gene sequence (genomic) data,
the following tasks are commonly performed: species identification, analysis of disease
mechanisms, and detection of abnormalities in gene sequences. Species identification helps
determine the name of the species, analyze evolutionary changes, or identify new species.
Classifying species based on morphological characteristics of hidden organisms can lead to
misidentifying them as new species, as the external appearance may change due to mutations.
Species identification using molecular biology techniques enables more accurate species
determination and the detection of new species and mutations within species. The number of
sequences of different species in international gene banks is vast, but their distribution is
uneven among species within the same genus. Additionally, the sequence lengths of species
within the same group can vary significantly. These are the main challenges of species
identification using molecular biology techniques when implementing traditional species
identification methods such as NJ (Neighbor-Joining), distance-based methods, and clustering
methods. The thesis proposes a novel solution using machine learning for species name
assignment, which includes: i) Automatic extraction of biological sequence features;ii)
Vectorization of words for sequence data encoding; iii) Parameter optimization; iv)
Construction of a classifier. Experiments on termite mushroom sequence data yielded a model
for termite mushroom species identification with outstanding performance and accuracy.

Specifically, the thesis conducted experiments to extract information from the ITS gene
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features of 17 termite mushroom species using the K-mer technique. Subsequently,
classification was performed using combined classification algorithms and hierarchical
clustering to determine the species' names. The classification model achieved the following
results: Accuracy: 0.91, Multi-class area under the curve: 0.99, Execution time: 1.66 s. This
proposal demonstrated high accuracy, low execution time, and matching prediction results with
the NCBI's BLAST software, which is an international gene bank. This model achieved high
effectiveness in terms of accuracy in a short period, making it suitable for practical
implementation. The results have been published in the following studies [CT4], [CT7].

Thirdly, biomedical data includes clinical and laboratory data, which are collected from
diagnostic screening results during medical examinations at healthcare facilities. This data has
the characteristic of high dimensionality and often contains errors, missing values, and severe
class imbalance for rare diseases. To address the two significant issues of missing data and data
imbalance, the thesis utilized two solutions: i) The first solution: Using the KNNImputer
method to impute missing data and applying the SMOTE (Synthetic Minority Oversampling
Technique) technique to preprocess the data before experimenting with gradient boosting
algorithms to construct a classifier. The predictive model was tested on clinical data from blood
sample tests for COVID-19 patients admitted to the Israelita Albert Einstein Hospital in Brazil
to predict the likelihood of COVID-19 infection. The model achieved an overall accuracy rate
of over 0.998; ii) The second solution: Using a combination of two classifiers, LightGBM and
XGBoost, to build a classification model for COVID-19 and seasonal influenza. The proposed
model achieved an accuracy rate of 0.99. When comparing the proposed method with other
publications on the same COVIDandFLU dataset for diagnosing COVID-19 and seasonal
influenza, the model also demonstrated superior results in terms of accuracy, sensitivity
(Recall), specificity, F1 score, and ROC. The overall performance of the model reached a level
of 0.99 and has been published in [CT5] and [CT6]

Key words: Genenomic, clinical data, ensemble learning, gradient-boosting machine

learning, classification, Random Forest, Ensemble learning.
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CHUONG 1. TONG QUAN

Trong chuong ndy, ludn 4n trinh bay sy can thiét ctia cac mé hinh hoc méy trong cac tng
dung bai toan y sinh. Tiép theo 1a muc tiéu, d6i twong, pham vi, phuong phap nghién ciru va
cac dong gop cua luan an. Cubi cung 1a b cuc cua luan 4n.

1.1. Tinh cép thiét cia luan an

Viéc ap dung tri tué nhan tao va hoc may (Machine Learning-ML) trong cac hoat dong san
xuat da mang lai nhitng hi€u qué uu viét cho hau hét moi nganh nghé trong cudc séng, dac biét
linh vuc cham soc strc khoe [1]. Két hop vai su phét trién vuot bat clia cong nghé phén tich
trinh ty, da thuc ddy nghién ctru linh vyc sinh hoc cau tric, sinh hoc phén tir, y sinh hoc cing
phat trién. Cac nghién ciru quan trong cia linh vuc tin y sinh nhu ¢6 thé ké dén 1a: du bao dich
bénh, phat trién thudc, san xuat vaccine, hay chan doan va diéu tri bénh. Phuong phap hoc may
c6 thé thic day cac chuong trinh nghién ctru co ban va tng dung vé tin y sinh [2]. Hoc may
c6 kha nang phan tich dir liéu y té dé xay dung cac md hinh dy doan bénh. Cac mo hinh nay
c6 thé giup xac dinh nguy co mac bénh, phat hién sém bénh 1y va du doan két qua cua diéu tri.
Diéu nay giup cai thién chan doan, ting kha ning tién lugng va giam chi phi cham soc y té.
hoc may co thé phan tich dir liéu vé cau trac di truyén, hoa hoc, tac dung cua thube va dir liéu
1am sang dé tim kiém cac phan tir méi va phat hién cac lién két giita cac thude va bénh 1y. Diéu
nay co thé giup ting toc qua trinh phat trién thudc va tim ra nhitng phuong phap diéu tri mai.
Viéc tmg dung cic cac mod hinh hoc may cho dit liéu y sinh dang hét strc can thiét mang lai
nhiéu co hoi duoc chira bénh t6t hon, giam tai ti wu hoa duoc chi phi diéu tri cling nhu giam
b6t sy qua tai cua hé thong y té cong khi bung phat dich bénh. Dé x4y dung mé hinh c¢6 hiéu
qua co tinh Gmg dung cao, hau hét cac thuat toan hoc may déu can dit liéu ciu trac dong nhat,
dir lidu cac thudc tinh da dugc s6 hoa va khong tréng. Tuy nhién, diéu nay la rat khé thuc hién
d6i voi dir liéu y sinh vi: i) phan 16n dit liéu sinh hoc phan tir thi ¢6 cdu trac dang chudi ky tu
dai co ché sinh hoc phtrc tap va khéi lwong dir liéu rat 16n; ii) dit liéu ctia bénh vién nhu ho so
y té, két qua xét nghiém y khoa cua céc loai bénh thi bi phan manh, trung 1ap va bi thiéu mat
can bang 16p trong cac bd dir lidu y sinh thé gidi thyc. Cac thach thirc nay 1a dong luc thiic day
ludn an thuc hién nghién ctru quan trong nay.

1.2. Muc tiéu, d@6i twong, pham vi va phwong phap nghién cieu
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Hién tai, cac nghién ctru cac mo hinh hoc may trong linh vuc y sinh tap trung vao hai nhom
dir liéu lon la sinh hoc phan tir va dit liéu lam sang. Viéc xu ly hiéu qua hai loai dir liéu gitp
c4c thuat toan hoc may hoat dong tét va nang cao hiéu ning mé ta dit liéu hay du doan phan
loai [1, 2]. Muc tiéu chinh cta luan an 14 dé xuat cac phuong phap méi cho cac tiép can nang
cao hiéu qua cho mé hinh hoc may trong di liéu y sinh. Luan an tap trung thuc hién hai muc
tiéu chinh 1a giai quyét hai thach thuc 16n dang ton tai trong viéc trién khai cac mé hinh hoc
may tu dong trong hai nhdm dix liéu y sinh, cu thé cac cong viéc nhu sau:

% Dbi véi nhém dit liéu sinh hoc phan tu

o Thiét ké mé hinh hoc may hiéu qua cho dix liéu sinh hoc phan tir trong cac nhiém
vu xac dinh gene cho biéu hién, duoc tng dung trong linh vuc phét trién thudc

o Xay dung mé hinh hoc may hiéu qua cho nhiém vu dinh danh loai sinh vat.

¢ Nhom dix liéu l1am sang, can l1am san.

o Xay dung co ché ty dong tién xu ly dir liéu chan doan 1am sang trong y sinh, cu
thé: xt ly dix liéu 16i, ma hoa dit liéu ciing nhu rat gon tap thudc tinh. Tap dir liéu
da dugc chuan hoa nay duoc dung 1am dau vao cho qua trinh huan luyén cua céc
thuat toan hoc may trong cac tng dung y sinh 1am sang vé chan doan bénh.

Pham vi nghién ctu tap trung vao: i) Thiét ké phuong phap biéu dién, ma hoa, chon loc dic
trung cho dit liéu gene cho bai toan tim gene muc tiéu, lra chon moéi truong té bao vat chi phu
hop véi gene muc tiéu cho muc dich thiét ké thudc bang k¥ thuat tai t6 hop; ii) Dé xuat thuat
toan dinh danh loai dua trén ki thuat Boosting; iii) thiét ké phuong phéap tu dong ma hoa, rat
gon dic trung cho dit liéu 1am sang vé chan doan bénh CoViD-19.

Dé thuc hién nghién cau luan an phan tich, tong hop cac nghién ctu c6 lién quan dén noi
dung nghién ciu tir tai liéu tham khao: sach, luan an cong b trén tap chi va ky yéu hoi thao
c6 lién quan vé céc xur ly gene, rat trich dic trung gene, cac phuong phap dung hoc may chan
doan bénh CoViD-19 tur dir liéu lam san.

Phuong phap thuc nghiém duoc st dung dé dé xuét cac tiép can méi nham nang cao do chinh
xé&c ciia md hinh hoc may cho cac bai toan vé phan 16p gene, chan doan bénh. Tinh hiéu qua
cua cac md hinh phan 16p duoc chitng minh bang két qua thuc nghiém trén di liéu thue duoc
lay tir cac kho dix liéu Ngan hang Gene quéc té NCBI, tir cac luan an cong bé trén céac tap chi

vé tin sinh hoc. Dé danh gia tinh tong quat cia cic mé hinh dé xuét luan an da thuc nghiém
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trén cung bo dit liéu véi cac nghién ctiru khac di cong bd va luan an tién hanh thu thap, xu ly
dir liéu, xay dung, huan luyén va danh gia mé hinh. Cac mé hinh dé xuat duoc danh gia bang
cach so sanh két qua do chinh xéac phan 16p véi cac mé hinh co ban khac. Ngoai ra, luan an
cling do thém thoi gian thyc hién cua cac mo hinh dé phan tich va danh gia hiéu nang giita cac
mo hinh
1.3. Nhiém vu caa luan an

Mic du da co nhiéu nghién ciu thuc hién 4p dung hoc may cho céc nhiém vu vé dir liéu
genomic hay chan doan bénh. Viéc tng dung hoc may cho dir liéu genomic ciing dat ra nhitng
thach thirc méi nhu: viéc xtr Iy dix liéu 16n, dam bao tinh nhit quan va dang tin cay cua két qua
phan tich. Tuy nhién, dac diém sb chiéu Ién va sy hdn don cua dic trung vé dix liéu y sinh 1am
han ché @6 chinh xac caa mé hinh y sinh. Vi vay, hién nay nhiéu nghién ctu van tiép tuc thuc
hién [1] dé tim ra cac md hinh hoc may hiéu qua hon. Nhiém vu chinh cia mé hinh hoc may
cho céc tng dung y sinh nhu kha nang giai thich mé hinh, tang d6 chinh xac caa md hinh dy
doan cang chinh xac cang tot. B4i vai dic thu caa loai dir liéu ndy, luan &n tiép can theo ba
hudng sau.
1.3.1. Thiét ké md hinh hgc may hiéu qud cho di ligu sinh hec phan ti trong cac nhiém v

#ng dung trong phat trién thugc bang ky thudt tai té hep

Co ché xir ly dix liéu chiéu cao cho dir liéu sinh hoc phan tir trong cac bai toan tim gene, phan
loai gene trong thiét ké thubc. Trong cac tng dung sinh hoc sir dung k§y thuat DNA tai t6 hop
cho linh vuc thiét ké thudc, hormone, vaccine , enzyme hay cai tao giong cay trong dac biét Ia
c4c loai thube diéu tri céc loai bénh thiéu hut nai tiét to, hormone, tiéu duong. Trong ky thuat
tao ra DNA tai to hop, tién hanh chon loc hai nguon DNA cua sinh vét khac nhau dé tao ra
gene myc tiéu dung cho san xuét thudc, hormone, vaccine , enzyme hay cai tao giéng cay tréng
[3, 4]. Tuy nhién trong qua trinh san xuat loai protein nay c6 nhiéu van dé xay ra khdng mong
mudn nhu: san lugng thap, protein khéng kich hoat, protein & thé khong tan, protein bi bat
hoat. Do d6 nhu cau can tim gene muc tiéu tét, ciing nhu méi trudng té bao vat cha phu hop
nhét cho viéc tao ra san pham tai to hop tot [5]. Dir liéu cua tirng gene muc tiéu c6 do dai khac
biét dao dong tir 20 nucleotides dén 6 ngan nucleotides. Hé gene (genenome) sinh vat ding
trong k¥ thuat tai to hop nho nhat ciing chtra 4 ngan gene. Ludn &n siz dung cac phwong phdp

hoc may dé gidi quyét van dé tim nhdm gene cho biéu hién protein cao va lia chon méi triong
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té bao vdt chu phu hop véi gene muc tidu. D& xuat ndy nham muc tiéu nang cao hiéu qua san
xuat duoc pham bang céng nghé tai té hop [6, 7]. Phuong phap hoc may tong quat dé giai quyét

nhiém vu nay duogc trinh bay nhu hinh 1.1:

— = 00w

W = w)| (08

Learning Performance /

e e e r‘."
(3) str dung phuong phap giam sét 2
va ban gidm sat dé giai quyét cac
yéu cau clia bai toan sinh hoc.

(2) Tién xtr ly dir liéu:

« Danh gi4, Iwa chon mé hinh t6i vu dya [l (4) K&t qua gene

trén do chinh xac tiru cdc mo hinh

phu hop té bao
vat chh

Tach gene tir genome,
(1) chon gene dung RSCU clia tirng gene
muc tiéu lam théng tin dic truwng
cla gene

Hinh 1.1: Quy trinh tong quéat cua bai toan nghién cau 1,2

Gene biéu hién cao (Highly Expressed Gene, HEG) [5] [3] 1a nhitng gene c6 kha ning tao
ra mot lwong 16n protein cé tinh chat dic biét trong mot té bao hoic hé thdng té bao cu thé.
Nhitng gene nay duoc wa chudng trong san xuat protein tai té hop vi kha ning ting ning suat
san Xxuat protein va giam chi phi san xuit. Cac HEG thudng ¢6 mirc do biéu hién cao hon so
Vi cac gene khéc trong cing mot diéu kién méi truong va diéu kién thuc nghiém. Viéc lya
chon gene mong muédn dé san xuit protein tai to hop thudng dya trén cac thdng tin vé tinh chat
cua gene va san pham cua no, vi du nhu ciu tric cua protein, dic tinh sinh hoc va vi tri trén
gene. Ngoai ra, nhitng gene duoc cho 1a HEG ¢6 thé duoc wu tién lya chon dé ting hidu suét
san xuat protein trong hé thong tai to hop.

Phuong phép ctia Pere Puigho [8] va cong su nam 2007 dé tim HEG dua trén sy khéc biét vé
sir dung codon gitta nhirng gene ma hoa protein va nhirng gene khdng ma hoa protein. Ho sur
dung chi sé thich nghi codon CAI (Codon Adaptation Index- CAI) dé do luong mirc d6 wu tién
st dung mot loai codon nhat dinh trong mét gene so véi mot tap hop cac gene tham chiéu. CAI
duoc tinh bang cach so sanh tan suat st dung thuc té caa mdi codon trong gene dang xét voi
tan suat dy kién caa mdi codon trong mot tap hop cac gene tham chiéu co cung diéu kién moi
truong va dic tinh sinh hoc. Theo Pere Puigbd, mot gene c6 CAI cao hon rat nhiéu so véi phan
phdi caa CAl trong tap hop cac gene thi né c6 thé duoc xem 1a mot HEG. C6 thé chon CAI thi
thiéu dé xac dinh mot gene 1a HEG, va ngudng nay dugc didu chinh duwa trén sy khac biét vé
phan phéi CAI gitta c4c loai. S6 lugng gene biéu hién cao theo phuong phap nay chiém khoang

5% s gene trong bo gene. Tuy nhién, phuong phap nay chi ¢d thé 4p dung cho céc loai co day
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du thong tin vé hé gene va dic tinh sinh hoc cua ching. Ngoai ra, n6 ciing c6 thé bo s6t mot
s6 HEG do chiing khong cé su khac biét vé sir dung codon so véi cac gene khac. Dé c6 thé tu
dong tim tap HEG tur tap hé gene bat ky, thi luan an dé xuat md hinh hoc may dé chon lya HEG
tir hé gene. Phuong phép tién hanh nhu sau:

(1). Biéu dién thong tin dic trung cta tirng gene trong hé gene dua trén chi s codon dong
nghia RSCU (Relative Synonymous Codon Usage) [9]. P4y ciing 1a phuong phép rat gon chiéu
dir liéu cua gene tir 20 nucleotides dén 6 ngan nucleotides thanh con 64 dic trung.

(2). Str dung thuat todn phan cum PAM, CLARA trén tap di liéu ¢ buac (1)

(3). Thay doi gia tri k cum, danh gia chat lugng phan cum theo bién di cua tham sé k

(4) Chon HEG tir cum Kk c6 gi4 tri tot nhat

Bang cach sé hoa hé gene cua sinh vat ¢6 thé 4p dung cac phwong phap gom cum bang md
hinh hoc méy dé tu dong chon lya duogc tit ca HEG cua hé gene cho ki thuat tai to hop trong
thiét ké thudc. Pay 1a nhiém vu dau tién caa luan an.

Sau khi d3 xac dinh duoc nhdm gene cho biéu hién protein cao goi la HEG, budc tiép theo
la can xat dinh gene muc tiéu phi hop (twong quan) voi cac loai té bao vat cha nao. Piéu nay
la rat quan trong dé dam bao protein tai t6 hop duoc biéu hién tét [5]. M6 hinh x4c dinh gene
muc tiéu tuong quan véi té bao vat chu (cu thé 1a hé gene) 1a van dé thir hai can giai quyét cia
luan an. Phuong phap thyc hién nhiém vy nay nhu sau:

(1). Biéu dién thong tin dic trung cta tirng gene trong hé gene dua trén chi s6 codon ddng
nghia RSCU

(2). Ap dung céc thuat toan phan 1ép ensemble-learning cho dir liéu budc (1)

(3). Banh gid md hinh phan 16p.

(4) Chon mé hinh phan 16p tbi wu.

1.3.2. M6 hinh hgc may hiéu qud cho diz liéu sinh hgc phan ti# trong cac nhiém vu dinh danh
loai sinh vit.

Xac dinh tén loai sinh vat 1a mot 12 mot nhiém vu quan trong caa tng dung y sinh. Diéu nay
gilip xac dinh ngudn goc dac diém di truyén loai dé hiéu biét rd vé nguon gbc xuat xa cua loai
sinh vat dang xem xét, tir 6 c6 budc nhan dinh vé co ché sinh tén va phat trién cua sinh vat.

Trudce day cong viéc nay thuong dya va ghi chép vé sinh hoc, va diac diém biéu hién bén ngoai
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dé xéac dinh tén loai. Tuy nhién phwong phap dya vao sin hoc phan tir duoc ding phé bién nhat
hién nay. Phuong phap nay danh gia su tuong quan giira cac trinh ty genomic hoic protein dé
xay dung cac cay phat sinh loai (phylogenetic tree) phan anh quan hé tién héa giita cac loai.
Phuong phép nay dya vao viéc do tim trinh ty dé danh gia su tuong dong gitra, viéc nay co thé
duoc thuc hién bang nhiéu thuét toan khac nhau, trong d6 cac thuat toan so sanh trinh ty nhu
Neighbor Joining (NJ) va phuong phap khoang cach, phuong phap phan cum [10, 11]. Céc
thuat toan nay hiéu qua trén so sanh tung trinh ty, nhung khi tién hanh di sanh trén nhiéu hé
gene thi khdng hiéu qua vé hiéu ning. Dic biét cac hé gene chira cac gene cd chiéu dai rat I6n
va khac biét. Sir dung hoc may c6 thé xac dinh ciing Iic hang ngan gene thudc loi nio ciing
nhu cung cap thng tin di truyén vé céac loai gene nay hiéu qua hon vé thoi gian va giai thich

muc cau tric cac gene. Phuong phap nay dugc md ta bang hinh 1.2.

= [l
(3) Téi wu h6a md hinh:

Xay dung, so sanh, danh gia cac

m #
LA VAR ™

(1) Input: (2) Diing k§ thuat

(4) Output:

Binh danh loai sinh

Dit liéu sinh hoc phén tir k-mer, dé tinh dac 4
va

dang Gennomic. trung gen.

mo hinh hoc may

Hinh 1.2: Quy trinh tong quat cua bai toan nhién ctu
1.3.3. Mb hinh hec may hiéu qud trong c&c #ng dung y sinh vé chdn dodn bénh dwa trén di
ligu 1am sang.

Dir lidu 1am sang tir qua trinh xét nghiém chan doan bénh tir bénh vién hay hd so'y té ciing
dugc xem 1a nguon dit lidu quy va rat hiru ich cho qua trinh huan luyén trong hoc may cho
nhiém vu chan doan bénh trong y té. Pac biét khi c6 xay ra dich bénh md hinh hoc may nay
cang phat huy sic manh trong viéc hd trg bac si trong chan doan va phan tang diéu tri bénh
nhan. Biéu ndy mang lai nhiéu co hoi ctu chira cho bénh nhan mac bénh ning trong bi canh
ngudn luc y té khdm chita bénh trong trang thai qua tai. Thach thtc chinh cua nhiém vy nay l1a
cac loai dir liéu 1am sang cd nhiéu dinh dang, thudc tinh bi thiéu dix liéu, trung l4p, chiéu cao,
s6 mau 16n va xuat hién hién twong mat can bang dit liéu trong cac 16p phan loai. Dir liéu thu
duoc tir cac xét nghiém 1am sang nay c6 thé dugc xem 1a tap dix liéu phic tap va thudc loai

BigData [1, 2]. Xt ly dix liéu y sinh & cdng viéc doi hoi phai can ¢ chuy@n mén vé y té. Mot
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trong cac nhiém vu quan trong ctia cong doan nay la xac dinh nhan ciing nhu cac dac tinh 1am
san mo ta vé bénh. Bén canh d6 dit liéu ndy can phai dugc xem xét nhiéu yéu té phu thugc 13n
gitra cac dic tinh trude khi tién hanh rdt gon chiéu. M4 hoa dit liéu phan loai ciing can duoc
xem Xét vi ¢ thé dan dén viéc 1am sai léch két qua dyu doan. Chon lya thuat toan phan loai phu
hop, ciing nhu diéu chinh cac tham s ciing 1a van dé thach thac trong nhiém vy phan loai bénh.
Dé giai quyét cac thach thic cua nhiém vy nay, luan an dé xuit phuong phap tong quat nhu
hinh 1.3.

{ .- °:°:° . - . Feature Importance
A 5

(1) Input: (2) Hg théng xir Iy

(3) Xay dung mé hinh phan loai, tyr (4) Output:
dong dicu chinh tham s6 cho mo6 hinh Két qua chan doan
huan luyén. So sanh, danh gia cic mo T

hinh hoc may :

Dir liéu y hoc 1am
sang duoc gan nhan
tir cac chuyén gia y

te.

dir liéu; xir ly 161, rat
gon cihéu, ma hoa dir
liéu

Hinh 1.3: Quy trinh tong quét cua bai toan nhién ctu

O giai doan (1): lua chon cac tap dir liéu y sinh dugc cdng bé tir cac bénh vién, cac trung tam
xét nghiém y khoa va dugc gan nhan chan doan tir cac chuyén gia y té vé diéu tri bénh, cu thé
bénh CoViD-19. bay 1a moét loai bénh do virus SARS-COV-2 gay anh huong nghiém trong
dén sirc khoe cua nguoi dan va nén kinh té toan cau. Ngudn dir liéu vé CoViD-19 da duoc
nghién ctru can than, quy trinh ldy mau, gan nhan di liéu déu duoc tién hanh trén di liéu thuc
té tai cac trung tm y té. Trong nghién ctru luan an da sir dung cac ngudn dir liéu duoc chia sé
bai cac tac gia [12] [13] [14].

Giai doan (2): d& xuat mé hinh tu dong xu Iy dit liéu c6 thé hoc truc tiép tir dir liéu thd ma
khong can phai x6a bo cot ¢ dit liéu tréng. M6 hinh duoc dé giai doan (2) danh gia, xir ly di
liéu va rat gon thuoc tinh cua tap dir liéu bang phuong phap LightGBM [15] (Light Gradient
Boosting Model);

Giai doan (3): xay dung mo hinh phén loai tirng nhém bénh dua trén phuong phap XGBoost
[16] (Extreme Gradient Boosting).

Giai doan (4): giai doan nay st dung mé hinh vira xay dung dé du doan cac mau xét nghiém

mai vai tap thudc tinh da rat gon.
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1.4. Cac dong gop cia luan an

Dé thuc hién cac muc tiéu cua cac bai toan di néu, cac nghién ctu vé mit ly thuyét, ciing
nhu thyc nghiém da dwgc thuc hién trong luan an da dé xuat cach giai quyét cac nhiém vu
nghién ctru. Cac dong gop chinh cua luan an bao gom:

Thi nhat, dé giai quyét van dé giam chiéu di liéu cho md hinh hoc may trong @ng dung
sinh hoc phan tir cho cac bai todn vé chon lua gene thich hop trong wng dung san xuat protein
tai to hop. Dua vao phuong phép tinh toan cac chi sé RSCU cua gene dé biéu dién thong tin
dic trung tirng gene dung lam tap dir liéu dau vao cho hai nhiém vu hoc may: chon tap gene
biéu hién cao trong hé thdng biéu hién, va luya chon duoc té bao vat chi phu hop véi gene muc
tiéu trong tng dung sinh hoc phan tir trong san xuat protein tai t6 hop [CT2][CT3].

Thir hai, dé giai quyét van dé biéu dién thong tin chiéu cao cho mé hinh hoc may trong tng
dung dinh danh loai sinh hoc. Dwa vao phwong phap K-mer caa gene dé biéu dién thong tin
dic trung tiing gene, 1am tin gon tap dit liéu dau vao cho nhiém vu hoc méy d dung cac thuat
toan ensemble va k§ thuat phan cum phan cap dé tao mé hinh dinh danh tén loai sinh vat dua
tén cac doan gene chi dinh theo loai. Va luan an da xay dung mé hinh du doan tén caa 17 chi
thugc lodi nAm méi. Mo hinh c¢6 do chinh xéac 98%, va AUCROC dat 91%. [CT4][CT7].

Thir ba, sir dung phuong phap két hop céc thuat toan Gradient Boosting dé xay dung mo
hinh ty dong rat gon tinh ning cho tap dit liéu 1am sang trong nhiém vu chan doan bénh. Cu
thé luan an xay dung md hinh du doan bénh nhan nhiém bénh CoViD-19, va bénh cim dwa
trén bo dix liéu 1am sang vé hai nhém bénh nay. Luan an di st dung két hop hai ky thuat
LightGBM va XGBoost dé ty dong rut gon tinh ning tir tap dit liéu 1am sang vé bénh CoViD-
19 va Bénh Cum. Pong thoi xay dung md hinh dy doan bénh véi d6 chinh xac dén 99,85%
[CT5][CT6].

1.5. B6 cuc caa luan an

Chuong 1: Trinh bay tinh can thiét cta luan an, xac dinh myc tiéu, déi twong va pham vi

nghién ctu, luan &n xac dinh nhiém vu va hudng tiép can cua luan an. Luan an trinh bay céc

dong gop cuaa luan &n va tom tat cau tric caa luan an.
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Chuong 2: Trinh bay cac van dé co ban lién quan dén dir liéu y sinh. Lu4n &n trinh bay nghién
ctru tdng quan cua tirng y&u cau cua ba bai toan da dé& xuét, cach tiép can va cach giai quyét
cho tung bai toan.

Chuong 3: Xay dung Chon tap gene biéu hién cao trong hé thdng biéu hién bang cac thuat
toan phan cum PAM, CLARA. Chon dugc té bao vat chu pht hop véi gene muc tiéu bang cac
thuat todn Random Forest, va XGBoost.

Chuong 4: M6 hinh hoc may dinh danh loai, dé xuat mé hinh dijnh danh loai sinh vat, cac
van dé cua dinh danh loai ciing nhu cach quy trinh xtr ly dit liéu va va mé hinh dy doan tén
loai sinh vat.

Chuong 5: M@ hinh du doan bénh tir dit liéu 1am san. Céch tiép can phuong phép chan doan
bénh tir dit liéu bénh CoViD-19, st dung hoc may dé phan dinh bénh CoViD-19 va bénh cim
mua.

Chuong 6: Trinh bay két luan tom tat cic dong gop cua luan an ciing nhu dé xuat huéng

nghién ctru tiép theo
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CHUONG 2. CO SO LY THUYET VA CAC CONG TRINH LIEN QUAN
Chuong nay trinh bay téng quan vé viéc van dung md hinh hoc may trong cac bai toan co
dit liéu genomic va dit lidu y sinh. Dau tién luan &n trinh bay cac khai niém sinh hoc, y hoc cho
huéng tiép can dit liéu y sinh. Tiép theo luan &n mé ta kién tric cua cac thuat toan cia mé hinh
phan I6p dir liéu biéu gene tong quat va dé cap ¥ nghia va thach thirc quan trong cia cac bai
toan nay trong linh vuc hoc may. Noi dung trinh bay trong chuwong nay ciing da duoc cong bd
trong cac cong trinh [CT1], [CT2], [CT3], [CT4].
2.1. Dir liéu y sinh

Tin sinh hoc (Bioinformatics) la linh vuc nghién ciru vé viéc sir dung cac cong nghé may
tinh va thuat toan dé phan tich va hiéu cac dit liéu sinh hoc nhu: hé gene hoc, chudi nucleotide,
protein, dir li¢u genomic, dir li¢u nguoi bénh, v.v... [10] Tin sinh hoc gitp phan tich va danh
gia tac dong cua cac yéu t6 di truyén dén suc khoe con ngudi va cac loai sinh vat khéc, tim
kiém cac phan tr duoc pham méi va phaét trién cac phuong phap chan doan va diéu tri bénh.

Tin y sinh (Medical Informatics) [10] la linh vuc st dung cac cong nghé thong tin va tri tué

nhan tao trong y hoc dé cai thién chat luong cham soc suc khoe va quan Iy théng tin y té. Tin
y sinh bao gém céc tng dung nhu hd so bénh an dién tar, hé thong hd trg quyét dinh y té, dir
liéu y té va dix liéu sinh 1y hoc, v.v... Tin y sinh cai thién kha ning chan doan va diéu tri bénh,
tang cuong quan ly théng tin y té va giam thiéu sai sot trong cham séc stc khoe. Hién tai trong
linh vuc tin y sinh, di liéu y sinh dang rat duoc quan tam 1 di liéu genomic, dix liéu di truyén,
dir liéu té bao, dix liéu hinh anh y hoc, dir liéu 1am sang. Cu thé cac nhom dit liéu vé tin y sinh
[17] [18]:

- Dit liéu Genomic: Cac dir liéu genomic bao gom thong tin vé DNA va RNA cua céc sinh
vat [3]. Cac nguon dix liéu genomic tir cac loai khac nhau dugc cung cap bai ba ngan hang
dir ligu gene I6n GeneBank - NCBI (Ngén hang CSDL sinh hoc cua My), EMBL-Bank
(CSDL cuaa chau Au vé trinh tu nucleotide) va DDBJ — DNA Data Bank of Japan (Ngan
hang CSDL DNA cua Nhat).

- Dit liéu di truyén: Day la dir liéu lién quan dén di truyén va biéu hién gene.
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- Dt liéu hinh anh y hoc: Pay la cac tap hop hinh anh y hoc nhu hinh anh siéu a&m, hinh
anh CT Scan (Computed Tomography- chup cét 16p vi tinh), MRI (Magnetic Resonance
Imaging- chup cong huong ti).

- Dit liéu 1am sang: Pay 14 thong tin lién quan dén bénh nhan, bao gom thdng tin vé trigu
ching, két qua xét nghiém, lich sir bénh va phan wng véi diéu tri.

Céc nghién ctu irng dung khoa hoc may tinh vao cac linh vuc cho su cham soc suc khoe
cong dong thudng tap trung vao tim céc giai phap tinh toan tét nhat cho céc nhu cau du doan
dich thude, diéu tra ngudn goc sinh vat, co ché hinh thanh bénh hay du doan bénh tat. Viéc
van dung giai phap hoc may cho cac bai toan nay gilp nang cao chat luong ra quyét dinh cho
qua trinh san xuét thudc cling nhu mang lai nhiéu co hoi dugc chira bénh tét hon cho cong
d6ng. Luan an da tién hanh nghién ctiu cac giai phap hoc may hiéu qua trén hai nhom dir liu
genomic va dir liéu lam san.

2.1.1. DNA, h¢ gene, gene, protein

Trong dix liéu genomic bao gom phan I6n cac dbi twong nhu DNA, hé gene va gene. Pay
la cac khai niém quan trong trong linh vuc di truyén hoc va sinh hoc phan tir. Duéi day 1a
giai thich vé mdi khai niém:

DNA (Deoxyribonucleic acid) [10]: DNA chta thdng tin di truyén can thiét dé diéu
chinh va diéu hop cac hoat dong cua té bao. DNA duoc xem nhu 13 bd nhé di truyén cua tat
ca cac sinh vat song, tir vi khuan dén dong vat va cay coi. DNA la chudi xoan kép gom 2
mach don, m&i mach don 1a mot chudi nucleotide. Cau triic caia DNA 1a mot chudi lién tiép
céc nucleotide, trong d6 mdi nucleotide bao gom mot duong goc duong xoan kép (sugar
deoxyribose) va mét trong bon loai nucleobase, gém adenine (A), thymine (T), cytosine (C)
va guanine (G). Hai chudi nucleotide trong DNA quan quanh nhau tao thanh mét cau tric
x0an ¢ goi 1a double helix (xoan kép doi).

Hé gene (genome) [10]: la toan bo tap hop cac gene c6 mat trong mot té bao hay mot
sinh vat. N6 dai dién cho toan bo thdng tin di truyén duoc luu trit trong DNA cua mét sinh
vat. Hé gene bao gom tat ca cac gene don 1¢ va cac viing khdng ma hoa khac nhau trén DNA.

Gene: Gene 1a mot don vi co ban cua di truyén hoc, duge dinh nghia 1a mot doan DNA

cu thé trén mot chudi DNA. M&i gene chira théng tin can thiét dé to chuc va diéu chinh mot
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tinh chat hoic mot sb tinh chat cu thé trong mét sinh vat. Gene chira md hda cho cac san
pham protein, nhung ciing c6 thé chju trach nhiém cho céc hoat dong khac nhu diéu chinh
hoat d6ng gene khac. Chirc ning cua gene duoc thé hién chinh qua co ché tao ra protein dua
trén thong tin dugc méa hoa trong gene.

Protein [10]: Protein 1a két qua cua viéc tong hop protein tir gene. Qua trinh ndy gom hai
giai doan chinh Ia phién ma (transcription) va dich ma (translation). C6 thé hinh dung méi
quan hé gitra DNA, gene, Protein duoc mé td nhu hinh Hinh 2.1. Protein chiém phan 16n
cau trdc cua té bao va dong vai tro quan trong trong nhiéu hoat dong té bao nhu: cung cap su
hd tro co hoc va dinh hinh cho té bao; 1am chat xuc tac trong cac phan ung sinh hoa cua té
bao duoc goi 1a Enzyme; diéu chinh qué trinh sinh Iy trong co thé va tuong tac véi cac té bao
nhu 1a Hormone v.v... C6 tong cong 20 loai amino acid duoc st dung dé xay dung cac protein.
Trong s6 nay, c6 9 loai dugc goi 1a "amino acid thiét yéu" vi ching khéng thé dugc tong hop
boi co thé va phai dugc cung cap qua ché do an udng. Nhitng amino acid thiét yéu bao gdm
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan va
valine. Chiing can thiét cho sy ting truéng, sira chira va duy tri su hoat dong binh thuong

cua co thé con nguoi.

DNA

PHOBODO

Phién ma_|
RNA

PROTEIN

Hinh 2.1: Minh hoa qué trinh tir DNA dén protein cua sinh vat.
2.1.2. DNA téi té hop
DNA téi t6 hop (DNA recombination) duoc nghién ctu thanh cong tir nhitng nim dau cua

thap nién 1970 [3]. DNA tai t6 hop 14 qué trinh ma cac doan DNA dugc cit va ghép lai véi
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nhau dé tao ra cac doan DNA méi. Trong qua trinh tai t hop, cac doan DNA duoc cét bai cac
enzyme cat DNA, sau d6 cac doan nay duoc ghép lai voi nhau dé tao ra cac doan DNA mai.
Qua trinh nay c6 thé xay ra trong cting mot phan ti DNA hoic giita cac phan tir DNA khéc
nhau. Hinh 2.2 Minh hoa hinh thanh DNA tai t6 hop tir Plasmid va DNA muc tiéu, va Hinh
2.3 m6 ta qua trinh tao ra cac san pham cua DNA tai t6 hop. K§ thuat nay thuong duoc dung
trong cac linh vuc y sinh, dugc pham. Cac san pham tai té hop phé bién thuong 12 protein tai
t6 hop duoc str dung nhu thudc, hormone, vaccine, enzyme hay cai tao giong cay trong-vat

nuoi.

O ==

Hinh 2.2: Minh hoa hinh thanh DNA téi t6 hop tir Plasmid va DNA muc tiéu [3]
2.1.3. Codon déng nghia (Synonymous Condon)

Trong sinh hoc, cac codon ddng nghia (Synonymous Codon) [3] ¢6 vai trd quan trong trong
qua trinh dich ma gene , tao ra chudi protein can thiét cho sy séng cua té bao va sinh vat. Cac
codon dong nghia c6 thé anh huéng dén tdc do va chat lugng cua qua trinh dich ma gene.
Nghién ctru da chi ra rang sy str dung ciia cac codon dong nghia khac nhau c6 thé anh huéng
dén toc do dich ma gene va ciing c6 thé anh hudng dén cau tric va chirc ning ciia protein duoc
tao ra.

Co s& khoa hoc cua viéc tdi uu hoa gene dya trén hién tuong codon déng nghia. Mot codon
gom ba nucleotide c6 4% = 64 loai codon. Thuc té 1a c6 61 loai codon ma héa cho 20 loai amino
acid khac nhau. Con 3 loai codon con lai khéng ma hoa cho bat ky amino acid nao, duoc goi

la cac codon stop hoic codon dirng, ching ¢ tac dung 1am két thic qué trinh dich ma gene va
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tao ra cac protein dy du. Vi vay, mdi loai amino acid c6 thé duoc ma hoa boi nhiéu loai codon
khac nhau, c6 nghia 1a cac codon dong nghia c6 thé ma hoa cho ciing mot loai amino acid. Vi
du, Amino acid Ala (hay A) c6 bén codon dong nghia 1a GCA, GCC, GCG, GCU.

cGU UvA vcu

cGC e vce
GCU | CGA GGU Cuv CCU UCA ACU GUU
GCC 1 OGG GGC ALU  CUC CCC UGG ACC GUC UaAA
GCA JAGA AAU GAU UGU CAA GAA GGA CAU AUC Cua A UTU CCA AGU ACA VAU GUA UAG

GCG JAGG AAC GAC UGC CAG GAG GGG CAC AUA CUG AAG ALG UUC CCG AGC  ACG UGG LAC  GUG UGA
Ala JArg Asp Am GOs Gls Gla Gly His Ile Leu Lys  Met Phe Pro  Ser Thr Trp Tyr Val
A R D N C E Q G H 1 L K M F P S T W Y v J

Hinh 2.3: Minh hoa cdc codon dong nghia.

Mot dai luong quan trong dugc dung trong danh gia d6 wu tién str dung codon goi la “tan
sudt ciia codon téi wu” [19], lién quan ti d6 da dang cua thanh phan tRNA trong té bao, mot
s6 luong 16n cac dai lwong tinh toan sy wu tién codon dwoc phat trién cho thiy tim quan trong
vé ¥ nghia sinh hoc ctia xu huéng sir dung codon. C6 hai cach thirc dé tinh toan dai lugng nay
[19] 1&: chi sé sir dung codon dong nghia - RSCU (Relative Synonymous Codon Usage-
RSCU) va CAl. Cong thic duoc dung dé biéu dién gene trong hé gene bang ky thuat RSCU
8],

0(10 Oac

== (2.1)

Tac(9) = ESeccaOac  Oac
Trong do:
rac: RSCU cua codon ¢ ma hod cho amino acid a
Oqc: tan sudt xuat hién cua codon ¢ trong trinh tu gene
Ca: tap hop cac codon cung ma hoa cho amino acid a
Ka: 6 lugng céac loai codon ¢ ma héa cho amino acid a
Dbi v6i cac codon két thuc (UAA, UGA, UGA) va cac codon khong cé codon dong nghia
(AUG — ma héa cho Methionine, UGG — ma hoa cho Trytophan). Do d6, gene duogc biéu dién
bang tap cac RSCU 1a mot vector RSCU 59 chiéu c6 dang nhu sau r(g)={ r1, r2, rs...rso}"
2.1.4. H¢ théng biéu hign
Trong k thuat tai to hop (recombinant DNA technology), hé thong biéu hién duoc sir dung
dé san xuit cac protein dic biét hodc cac san pham khac tir DNA tai to hop. Hé thdng biéu hién

bao gdm mat loai té bao chu (host cell) dugc sir dung dé san xuat protein tir gene duoc tai to
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hop [3]. Céc té bao chu c6 thé 1a té bao vi khuan hoic té bao dong vat nhu té bao cot séng (st
dung trong cdng nghé sinh hoc protein) hoic té bao con triung (st dung trong san xuét protein
recombinant cho dugc pham). Céc té bao nay duoc sir dung dé san xuat protein tir DNA téi to
hop dugc dua vao trong chung. Céc té bao chi dugc chon dya trén tinh chat caa protein can
san xuit va cac yéu té khac nhu kha ning sinh truéng, gia thanh va tién loi trong viéc dua gene
vao té bao chii. Sau khi gene dugc téi té hop duge dua vao té bao cha, qua trinh biéu hién
protein bat dau théng qua qua trinh dich ma gene va cac budc xu ly protein.

Viéc khao sat cac hé thdng biéu hién can dugc lya chon can than trude khi dua vao thuc
nghiém san xuat protein tai to hop. Bang so sanh céc tinh ning dac biét cua hé thdng biéu hién
duoc béo céo tong két & bang 2.1 nhu sau:

Bang 2.1: Bang so sanh ning luc biéu hién caa cac hé thdng biéu hién protein muc tiéu

trong qua trinh san xuat san pham protein tai té hop

H¢ thong biéu Giatri  Thoi Khi ning  Mikc dd Nguy co  Giathanh

hién san gian san mo rong biéu hién nhiém biao quan
xuit xuit san xuit bén

Vi khuén Thap Ngén Cao Cao Noi doc  Trung binh

t6

N4am men Trung Trung Cao Thip-ca0  Nguy co  Trung binh
binh binh thap

Dong té bao con  Cao Trung Trung binh  Thip-cao  Cao Dit

trung binh

Dong té bao Cao Dai Rét thap Thip -  Virus, Dit

dong vat co va Trung binh  céc prion

Pong vt Cao Rét dai Théap Trung binh  Virus, Pit

chuyén gene -cao c4c prion

Dong té bao Thap Ngén Cao Trung binh  Nguy co  Khong dat

thye vat -cao thap

Thuc vat RAt Dai R4t cao Trung binh  Nguy co  Khong dit

chuyén gene thap -cao thip

2.1.5. binh danh loai sinh vat

Cay phat sinh gene con duoc goi 1a cay tién hda, Cay md ta viéc phét sinh chang loai, lich

sir tién hoa cua cac loai hoic nhom dugc md ta bang so d6 duong [10]. Cay tién hoa va céc
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nhanh cua né cho thay mdi quan hé tién hoa giira cac loai sinh vat khac nhau hoic cac nhém
khac. Phat sinh chung loai dwa trén sy twong ddng va khac biét vé dic diém vat Iy hozc di
truyén cua ching. Binh danh loai duoc xay dung dwa trén nguyén tic phan loai nhat dinh, chia
loai thanh cac nhoém phan loai nhu: loai, chi, ho, b, 16p, nganh. Cac nhém nay dugc xép hang
tir cp d6 thap nhét (loai) dén cip d6 cao nhét (nganh). Hé thdng phan loai hién dai dua trén
cac khoa phan loai hinh thai hodc dua trén nhung phan anh méi quan hé tién hoa gitta céc loai.
Hinh 2.4 m ta mdi lién hé giita cac loai sinh vat. Pinh danh loai c6 ¥y nghia quan trong trong
nhiéu linh vic. Di véi cac nha khoa hoc va nha nghién ctru, dinh danh loai gitip xac dinh va
mo ta su da dang sinh hoc, nghién ctu quan hé di truyén va tién hoa, va phan tich méi tuong

quan gitra cac loai.

PHYLOGENETIC TREE

Hinh 2.4: a. Hé thdng phan loai sinh hoc cac bac phan loai chinh; b. Cay phan loai dira vao
gene

Gene ma vach (DNA barcode) 1a mot doan gene chuan ngian nim trong bd gennome
ctia sinh vat. Trong hau hét cac truong hop, viing gene khdng ma hoéa la viing gene rét
dic trung so véi cac viing gene khac. O dong vat, doan DNA barcode dugc str dung cho
phan 16n cac loai 1a doan gene & ty thé cytochrome C oxidase (CO1). O thuc vat gene
vung nhan nhu ITS, ITS2 [20].Gene mi vach ndy dang duoc dung trong rat nhiéu nghién

ctru dé phuc vu giam dinh loai.

2.1.6. Dir liéu 1am sang, cdn lam sang

Dix liéu 1am san (biomedical data) [21] bao gom thong tin tong quét va chi tiét hon vé sic

khoe va bénh tat caa bénh nhan. Cu thé cac nhom dir liéu gdm: i) Ho so y té: cac thong tin tir



Trang 17

viéc kham bénh, bénh an, két qua xét nghiém, dau hiéu va triéu chang, lich sir bénh ly, chan
doan va diéu tri ciia bénh nhan; i) Di liéu hinh anh y té: cac hinh anh tir cac phuong phap hinh
anh y té nhu tia X, siéu am, cat 16p vi tinh (CT), hinh anh coéng huéng tir (MRI) va hinh anh
vo khuan (endoscopy); iii) Dir liéu di truyén: cac thong tin vé cac bién thé di truyén, gene, dau
hiéu di truyén va tiém ning nguy co bénh tat di truyén.

Dt liéu can 1dm sang (sub-biomedical data) la mét tap con cua dir liéu 1am san va tap trung
vao mét loai bénh trong linh vuc y hoc. Cac nhom dir lidu ciing thuong giéng cac dang dit liéu
cua lam sang.

Thu thap dit liéu thuong duoc goi 1a thiét bi dugc sir dung dé 1ay dix lidu tr thir nghiém 1am
sang, quy trinh ldy mau dix liéu lubn phai tuan thu theo cac nguyén nghiém ngat khi tién hanh
thuc hién. Chat lugng cua dix liéu thu dugc phu thuéc hoan toan vao chat lugng cua cong cu
duoc sir dung dé thu thap dix liéu. Hau hét dir liéu vé 1am san trong nghién ciu vé y sinh dugc
thu thap tir cac cong ty dugc pham, cac bénh vién, hay hd so kham chita bénh. Cac phan mém
hd tro chan doan tir dit liéu 1am san thuong duoc dung thuong ¢é hai nhém: i) Phan mém
thurong mai: ORACLE CLINICAL, MACRO, RAVE, CLINTRIAL, eClinicalSuite, EZ-entry;
i) Cac phan dang mg; OpenClinica, TriallDB, openCDMS.

2.2. Cac nghién cwu lién quan cé sir dung thuat todn hec may cho dir liéu y sinh

Tin sinh hoc la mét linh vuc lién nganh, trong d6 cac phuong phap tinh toan méi duoc
phét trién dé phan tich dix liéu sinh hoc va thuc hién cac kham pha sinh hoc. Trong di truyén
hoc va genomics, cac cong cu tin sinh hoc da dugc ap dung cho céc qua trinh giai trinh ty va
cha thich bo gene. Trong tin sinh hoc c6 cac loai dit liéu dic trung omics nhu 1a: biéu hién
gene, biéu hién microRNA, bién thé sb luong ban sao, da hinh nucleotide don (single nucleotide
polymorphism —SNP). Céc loai dir liéu nay thuong dugc xem 12 loai Big Data voi dac diém la
loai dit liéu phuc tap, chiéu cao nén yéu cau phai c6 phuong phap phan tich dac biét, quy trinh
dic biét va doi hoi thoi gian xir Iy nhiéu hon. Hoc may lién quan dén viéc phan tich va phat
trién cac mé hinh giai quyét cac van dé caa cac loai dit liéu 1on thudc nhiéu linh vire khéc nhau.
Do dé c4c van dé phirc tap cua sinh hoc ciing dugc giai quyét bang cac thuat toan caa hoc may.
Véi thuat toan hoc may cé thé hoc tir dit liéu dé thuc hién phan tich du doan. “Viéc hoc” nay
c6 thé hiéu 12 md hinh hoc c6 kha nang tu diéu chinh cau hinh caa ching dé giai thich téi wu

dir liéu quan sat dugc. Cac k¥ thuat quan trong cac caa hoc may duoc ap dung trong y sinh hoc
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dugc liét ké theo [22] nhu sau: Rat gon chiéu, ki thuat hoc giam sét, ki thuat hoc khéng giam
sat, Ky thuat hoc hoc phéi hop. Cu thé céc k¥ thuat nay duoc trinh bay trong cu thé sau day
2.2.1. Rat gon chiéu

Ky thuat rat gon chiéu (dimensionality reduction) 14 phwong phéap giam s6 chiéu cua dit liéu
ma khong mat di quan trong thdng tin cua nd. Ky thuat rat gon chiéu duoc st dung dé giam
kich thuéc cua di liéu va gilp giam thiéu su phuc tap tinh toan khi xi ly dit liéu Ién. Trong
do, phuong phap PCA (Principal Component Analysis) Ia mot trong nhiing phuong phép rat
gon chiéu pho bién nhat. PCA gilp tim ra cac thanh phan chinh (principal components) cua di
liéu, d6 1a nhitng thanh phan c6 dong gdp 16n nhét vao su bién thién caa di liéu. Cac thanh
phan chinh nay duoc sip xép theo do quan trong giam dan, véi thanh phan chinh dau tién co
dong gop 16n nhat. Phuong phap PCA duogc &p dung rong rai trong nhiéu linh vyc nhu xir ly
anh, xtr ly tin hiéu, nhan dang giong néi va cac linh vuc khac. Trong sinh hoc, PCA dugc su
dung dé phan tich va rat gon sé chiéu cua céc tap dir liéu sinh hoc, chang han nhu di liéu gene
va dit liéu khao sat 1am sang [23]. Pac tinh dir liéu cua cac bai toan sinh hoc nay la dit liéu
chiéu cao, nén viéc can giam kich thudc caa tap dir liéu & bude budc tién xu Iy trude khi thyuc
hién cac phan tich tiép theo. C6 hai céch tiép can chinh dé dat duoc diéu nay, dé 1a ki thuat
giam kich thudc chiéu va chon loc tinh nang. Vi dy, trong nghién cau genetic, PCA c6 thé duoc
sir dung dé giam sb chiéu caa dir liéu gene va tim ra nhitng gene quan trong nhat trong qua
trinh phat trién bénh hoic diéu tri [23]. N6 ciing ¢ thé duoc st dung dé phan tich dix liéu dich
t& hoc va tim ra cac yéu t quan trong nhat anh hudng dén stc khoe cua cac cong dong va cé
nhan. Bén canh k§y thuat rat gon chiéu bang PCA, cac phuong phép tat gon chiéu bing cac ky
thuat théng ké, hoc may ciing dap (ng tbt viéc giam kich ¢& chiéu. Luan an ap céac k¥ thuat rat
gon chiéu bang ky thuat nay trong cac md hinh phan 16p dé xuat cho di liéu y sinh.
2.2.2. Phwong phdp hoc tdp khong giam sat

Phan tich cum 1a mot trong dai dién cua k¥ thuat hoc tap khéng giam sat dung dé xac dinh
cau trdc tir dix liéu ma trude day chua c6 kién thirc nao trude ddy chua nhan dinh vé tap dir liéu
huan luyén. Tu twong chinh cua phan cum dua vao két qua do cia do do twong tu va phuong
phap dinh nghia d6 do nay. Chang han nhu dbi véi tu twang chinh cia viéc Phan hoach, phan
cap, phan cum dua trén mat d6. Trong cac bai toan tinh sinh hoc phan cum c6 ung dung rat 16n

tir phan loai sinh vat dén phat hién gene gay bénh hay dung dé phan cum bénh nhan. Ky thuat



Trang 19

phan cum rét hiéu qua trong rdt trich thdng tin cho bo dit liéu. Luan an giéi thiéu & muc 3.2 hai
két qua &p dung dua trén ki thuat phan cum phan hoach dung dé du doan tap gene cho biéu
hién cao va ap dung phan cum phan cip dé phan loai sinh vat.

2.2.3. Phwong phdp hoc tdp giam sat

Phan lop (Classification) 1a dwoc goi phuwong phap hoc c6 giam sat. Hoc c6 giam duoc dinh
nghia 1 van dé udce tinh mi quan hé chirc nang gitra tap thudc tinh xi va bién két qua yi, Véi
yi ~f(xi). Ty vao dic tinh cua bién yi ma xac dinh 1a phan 16p hay hdi quy. Véi yi 1a nhém gia
tri 6 dinh thi mé hinh bai toan dugc duoc goi 1a phan 16p. Néu bién tap bién yi. ¢ nhiéu gia
tri thi duoc goi md hinh bai toan 12 hdi quy (Regression). Luan &n tap trung vao loai mé hinh
phén lop.

M6 hinh dyu doan trong bai toan sinh hoc con c6 thé phan thanh hai nhém dwa vao kiéu md
hinh d3 biét trudc tap xi hay Kiéu mé hinh chua xac dinh dugc tap tham s xi . Mat khac, cac
md hinh khong tham sé khong gisi han méi quan hé gitta cac tinh nang dau vao cua tap di lidu
va bién két qua cho mot ho ham cu thé. Do phuc tap caa cdc md hinh khdng tham sé duoc tu
dong diéu chinh trong budc dao tao dit liéu. Ung dung vé phan 16p nhiéu muc vai tap tham sb
dau vao dugc dinh nghia trude ding dé du doan hé théng biéu hién pha hop véi gene muc tiéu.
2.2.4. Phwong phdp hoc may hoc két hop

Hoc két hop (Ensemble learning) 1a mot phuong phép hoc may ma huan luyén nhiéu md hinh
cung luc dé giai quyét cing mot van dé, va sau do két hop dau ra caa chung dé cai thién do
chinh x4c. Phuong phap hoc két hop thuong duoc sir dung dé ting tinh tong quat hoa va giam
thiéu overfitting cia mot moé hinh don 18. C6 nhiéu phuong phap hoc két hop theo k¥ thuat
Boosting 1a mot trong nhitng phuong phap phd bién va hiéu qua nhat cua hoc phdi hop. Y
tuéng chinh caa Boosting [24] 1a 13p lai qua trinh hoc ciia mot bo phan 16p yéu nhiéu lan. Sau
mdi budc lap, b phan 16p yéu tap trung hoc trén cac phan tir bi phan 16p sai trong cac lan lip
trudc. Cac thuat todn ap dung cho ky thugt Boosting nhu AdaBoost (Adaptive Boosting),
Gradient Boosting va XGBoost (Extreme Gradient Boosting). Cac phuong phap hoc két hop,
dic biét 1a ky thugt Boosting, di dwoc sir dung rong réi trong nhiéu linh vuc, bao gdm ca sinh
hoc. Vi duy, Ky thugt Boosting c6 thé duoc sir dung dé phan loai cac mau dir liéu vé bénh nhan

hodc dé dy doan phan ¢ng ciia mot loai thudc trén mot bénh nhan cu thé. Ngoai ra, ki thuat
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Boosting ciing c6 thé duoc sir dung dé xac dinh cac yéu té quan trong nhat trong dit liéu sinh

hoc, chang han nhu gene quan trong trong qué trinh phat trién bénh.

2.3. C4c nghién cwu lién quan

2.3.1. Nghién citu vé iing dung cac md hinh hec may trong cac viéc gidi quyét cac vin dé
trong sinh hgc phén ti

Viéc nhan ra c&c muc tiéu thubc méi 1a rat quan trong trong khi tién hanh nghién ctu khdam
pha thudc dé tim ra cac loai thudc 1am sang. Ba c6 nhiéu thanh cong trong viéc kham pha thuée
duogc hd trg bai ML, diéu nay cho thay kha ning ctia cac cong ty tich hop Al trong viéc kham
pha nhanh chdng céac loai thudc cé thé tng cir vién. Chang han nhu Deep genomics da sir dung
nén tang ban lam viéc Al dé tao ra muc tiéu di truyén mai va ang cir vién thudc oligonucleotide
tuong tng DG12P1 dé quan ly mot dang bénh Wilsons di truyén bat thuong [25] [26].

Cac nghién ctu trude day da tuyén bd rang cac thuat toan khac nhau nhu: Extreme Leaning
Machines, DNN, ring ngau nhién (RF), may vecto hd trg (SVM) ¢6 thé hd tro du béo trong
doc tinh va tuong tac thudc vai sic khoe con nguoi [25] [26].

Bén canh do, viéc nghién ciu cac cau trlc protein cua virus (vi du nhu spike protein) ciing
nhiém vu quan trong ciia ML trong phét trién vac-xin. Viéc sir dung ML dé xac dinh thanh
phan nao c6 kha nang tao ra phan wng mién dich manh mé nhat [27]. Hon nira, Sy phat trién
cua hé théng ML trong dinh danh tén chung loai sinh vat va kiém soat doat bién cua chudi gene
cling hd tro dat luc cho viéc phat trién vac xin va thudc,chang han nhu xac dinh tén loai vi rit
CoViD-19 va cac bién thé cua n6 [28]. Khong nhitng vay diéu nay con hd trg dé co dugc cac
tac nhan phong ngtra va chita bénh tich cuc hd tro kiém soat cac dich bénh c6 thé xay ra trong
tuong lai.

2.3.2. Nghién cieu vé viéc ap dung cac mo hinh hoc may trong cac chdn dodn bénh dua trén
de ligu 1am sang.

Trong cac dé xuat vé md ang dung hoc may trong céc chan doan bénh duya trén dit liéu 1am
sang duoc ding gan day, tac gia Norah Alballa [29], da tong két xu hudng sir dung cho cac md
hinh trong chan doan bénh CoViD-19 nhu hinh 2.5
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Machine Leaming

Maive Bayes Decision Trees

Support Vector Machines

COVID-19 Datasets COVID-19 Applications

K-nearest-neighbor  Logistic Regression

Clinical oi s
= Artificial Neural Metwarks =
Laboratory Mortality and severity
prediction

Random Forest AdaBoost
Extremely Randomized Trees

Gradient Boosted Decision Trees

Hinh 2.5: Quy trinh tong quéat hudng tiép can ap dung hoc may trong chan doan bénh
CoViD-19 dua trén dir liéu lam sang [29]
Trong nghién ctiru Norah Alballa da khao sat trén 93 luan an di cong b tir thang 1/2020 dén
thang 1/2021 trén cac tap chi uy tin nhu PubMed, Scopus, IEEE Xplore, and Google Scholar
vé &p dung ML dé chan doan bénh CoViD-19, va nguy co nhap vién. Tac gia di thong ké cac

nhom thuat toan duoc 4p dung nhu mo ta hinh 2.6.

L. '
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FAL algsr ithm

Hinh 2.6: Cac xu hudng st dung thuat todn ML trong chan doan bénh CoViD-19 dwa

trén dix liéu can 1am sang [29].
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Trong c&c cbng trinh da tham khao [29] c6 ciing muc tiéu nghién ctu véi luan an nhan thay:
thuat toan cho két qua du doan cao nhat I cua tac gia Patrick Schwab [30] st dung thuat toan
SVM cho méd hinh hoc may chan doan bénh CoViD-19 va kha ning nhap vién, d6 chinh xéc
dat 98% trén bo dir ligu bénh vién Israelita Albert Einstein ¢ Brazil [13]. Ciing cung b dir liu
nay tac gia Maryam AlJame [31] chon loc cac mau dir liéu xét nghiém mau va ap dung thuat
toan XGBoost cho md hinh du doan bénh COVI1d-19 cho c6 két qua mé hinh tét hon véi do
chinh xac 12 99,4%. Chi tiét thong ké vé cac nghién ciu cling muc tiéu vai luin an duoc mo ta
chi tiét & bang 2.2.

Bang 2.2: Bang tong hop cac nghién cau vé chan doan bénh CoViD-19

. Kich co dir
Dacdiémcac | Tacgiacua | np o qion | Ky thuat hoe may | 1eu SW dung Hiu niing
nghién ciru nghién ciru : trong mo :
ﬂ hinh
Chan dodn 10,504 (1353
A 1 , . bénh LN AUC of 76%,
Do chinh xac | Liang et al . .. hospitalized,
X z CoViD-19, | Decision tree-DT accuracy 68%,
thap nhat [32] N 83 ICU
va kha nang admission) and recall 71%
nhap vién.
Du doan 11,095
L% 1. N n patients (8499 | AUCs of 86%, 82%,
S6 mau 16n Levy et al. bénh nhan i
£ . LASSO survivors, and 82%,
nhat [33] CoViD-19 i
< 2596 respectively for
nang. . .
nonsurvivors) | internal and
Du doan
S6 mau it bénh nhan | LR- logistic 47 patients (24 0
nhét Hanetal [34] | ~5vip-19 regression. severe) AUC of 95.28%
nang.
Chan doan
N . Patrick bénh
B(;? Chm}} XaC 1 schwab et al CoViD-19, LR, SVM- s_upport 564?4(553 AUC of 98%;
thap nhat N vector machine patient)
[30] va kha nang
nhap vién.

2.3.3. Céc thudt toan hoc may hiéu qud cia ing dung y sinh trong cdc bdi todn dé xudt.

C6 ba bai toan c6 lién quan vé sir dung hoc may trong cac ang dung y sinh chiéu cao nhu mé
ta & muc 1.2, két hop cac khao sat vé cac nghién ciru lién quan nhu dd moé ta & trén. Mot sb
thuat toan hoc may da ap dung hiéu qua nhu sau:

+«» Thuat toan PAM (Partitioning Around Medoids)

PAM la mot thuat toan phan cum (clustering) duoc sir dung dé tim cac cum (clusters) trong

dir liéu [35] . Thuat toan PAM Ia mot phién ban cai tién cua thuat toan k-means va noé tap trung

vao viéc chon céc diém dix liéu lam "medoids" dé dai dién cho cac cum. Céc budc chinh cua
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thuat toan PAM nhu sau: i) Khéi tao: Chon ngau nhién k diém dir liéu 1am cac medoids ban
dau, vai k 1a s6 lwong cum duoc xac dinh trude. i) Gan nhan: Gan cac diém dix liéu con lai vao
cac cum dua trén khoang cach Euclid giira cac diém dit liéu va medoids. Mdi diém dir liéu
duoc gan vao cum c6 medoid gan nhat. iii) Cap nhat medoids: Véi mdi cum, thir thay thé
medoid hién tai bang mot diém dir liéu khac trong cum va tinh toan tong khoang céch tur tit ca
cac diém dix lidu trong cum dén medoid méi. Medoid méi dugc chon 1a diém di liéu c6 tong
khoang cach nho nhat. Lap lai budc 2 va 3: Tiép tuc qua trinh gan nhan va cap nhat medoids
cho dén khi khéng co sy thay dbi ndo trong viéc gan nhan va medoids. iv) Két thic: Thuét toan
dirng lai khi khong c6 sy thay d6i trong viéc gan nhan va medoids. Cac diém dir liéu duoc phan
vao cé4c cum dua trén medoids cudi cting. Luan &n st dung PAM cho viéc phan cum cac gene,

giai thuat PAM duoc sir dung cho phan cum gene dugc md ta bang giai thuat 2.1 nhu sau:

Thuat toan 2.1: sir dung PAM ap dung cho mé hinh phan cum gene

Input:
Tap dit liéu D Tap hop cac chudi gene G = {01,92,....gn},
S6 cum k
Output: Tap hop gene da dugc phan vao k cum.
Begin
(1) Chon tily y k gene gii vai tro 1a cac gp ban dau;
(2) Repeat
(3) Vé6i moi gp
Lan luot xét cac gene gi khong 1a gp
Tinh S 13 d6 loi khi hoan doi gp véi gi
S=Egp - Eqi
(4) If S<0 then swap gi with gp
(5) until no change;
End

Trong d6: Egp, Egi lan luot 1a gid tri ham muc tiéu trudc va sau khi thay gp boi gi
E=Xi, Ypec,d(gp, gi)®
Thuat toan PAM gitp tim ra cac medoids tot nhat dé dai dién cho cac cum. So véi thuat toan
K-means, PAM c6 do phtc tap tinh toan cao hon do can tinh toan khoang cach téi tat ca cac
diém dit liéu trong cum trong qué trinh cap nhat medoids. Tuy nhién, PAM thuong cho két qua

t6t hon trong cac trudng hop dix liéu ¢d nhiu hoac cac cum khong co hinh dang cau. Pay ciing
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1a ddc diém noi troi cua thuat toan khi &p dung cho céc bai toan véi dit liéu trinh tu gene [36].
Trong luan an d3 ap dung thuat toan nay cho bai toan tim gene cho biéu hién protein cao.
% Thuat toan Clara (Clustering Large Applications)

Thuat toan Clara [37] 1a mot thuat toan phan cum dir liéu khong giam sat duoc sir dung dé
xur ly cac tap dit liéu 16n. Thuat toan Clara bt dau bang céach: i) chon ngau nhién mét tap hop
con cua dit liéu ban dau va ap dung thuat toan PAM (Partitioning Around Medoids) trén tap
hop con nay dé tao ra k cum Sau d6, thuat toan Iap lai hai buéc cho dén khi khéng cé sy thay
d6i nao trong cum: i) Ap dung PAM trén mét tap hop con méi cua dir lidu, duoc lay ra ngau
nhién tir dit liéu ban dau; ii) Déi voi mdi cum, tinh toan tong khoang céach caa cac diém dix liéu
dén medoid cua cum va luu trit cum c6 tong khoang cach nho nhat. Trong luan an da ap dung
thuat toan nay cho bai toan tim gene cho biéu hién protein cao.

¢ Thuat toan RF (Random Forest RF)

Thuat toan Random Forest [38] dua trén phuong phap tap hogp mé hinh (ensemble learning)
cua nhiéu cay quyét dinh. RF sir dung mot tap hop cac cay quyét dinh (decision tree) dé xay
dung mot mo hinh du doan. Gia sir tap dit liéu c6 m phan tir X1, Xz,.. Xm trong khong gian n
chiéu c6 16p twong tng 12 y1, Y2,..ym. M6 hinh cay quyét dinh T xay dung cay bit dau tir nat
goc dén nat 1a. Mdi cay quyét dinh duoc xay dung tir mot tap dix liéu con dugc 1y ngau nhién
tir tap dix liéu huan luyén ban dau. Sau do, cac cdy quyét dinh nay duoc két hop lai véi nhau dé
tao ra mot mé hinh dy doan cudi ciing. Phuong phap hoc may nay duya trén tap hop mé hinh

(ensemble learning) caa nhiéu cay quyét dinh, cach phan chia cay dugc nhu minh hoa hinh 2.7.
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Hinh 2.7: Minh hoa k¥ thuat xay dung cay quyét dinh thuat toan RF.
¢+ Thuat toan Gradient Boosted Decision Tree (GBDT)
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Thuat toan Gradient Boosted Decision Tree (GBDT) [24] la m6t phuong phap hoc may
két hop giira hai ky thuat chinh 12 ting cuong dé doc- Gradient boosting va cay quyér dinh
-Decision tree. GBDT xay dung mot loat cay quyét dinh theo cach tuan tu, mdi cay ¢ gang
cai thién nhing sai s6 con lai ciia mo hinh trude d6. Gia sir chling ta muén xay dung mot
md hinh GBDT véi T cay va n mau thi qua trinh du doan theo phuong phap GBDT dugc
mo ta tong quat nhu hinh 28.

Data set D: (X,Y)

------

Resicual Resichial
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Hinh 2.8: Minh hoa k§ thuat xay dung cay quyét dinh thuat toan GBDT.

Qua trinh huan luyén GBDT bat dau bang viéc xay dung maot cay quyét dinh don gian,
sau d6 tinh toan sai s6 gitra két qua dy doan va gia tri thuc té. Tiép theo, mot cly quyét dinh
khac dugc xay dung dé du doan sai s6 con lai. Qua trinh nay duoc lap lai cho dén khi dat
dugc mot s6 luong cay quyét dinh du 16n hoic dat dwoc mét tiéu chi ding nhét dinh.

Uu diém cua GBDT la nd c6 kha ning hoc duoc cac md hinh phuc tap va c6 kha ning xu
ly ca dix lidu s6 va dix liéu hang muc. N6 ciing ¢6 kha nang xir 1y cac truong hop dit liéu
thiéu va nhidu. GBDT da duoc ung dung rong réi trong nhiéu linh vuc nhu du doan tin
dung, xt Iy ngdn ngit tu nhién, nhan dang hinh anh, va nhiéu bai toan khéc trong linh virc
hoc may va khoa hoc dir liéu.

Cac gia tri cay quyét dinh dugc trinh bay theo cong thirc (1).
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y_(O) =0
yi(l) = fl(xi) = yi(O) + fl(Xi)
yi(Z) = fl(xi) + fz (Xi) = yi(l) + fz (Xi) (1)

K
yi(K) = Z fk (Xi) = yi(K_l) + fK (Xi)
k=1

% Thuat toan XGBoost (Extreme Gradient Boosting)

XGBoost Ia mot phuong phap hoc may dua trén moé hinh Gradient Boosting Machine cua
Jerome H. Friedman [24]. Tuy nhién, XGBoost [38] [39] d& duoc phét trién va cai tién dé ting
tinh hiéu qua va do chinh xac ciia mé hinh. Str dung nhiéu ky thuat téi uvu hoa dé ting toc do
tinh toan va giam thiéu overfitting. Xay dung céc cay quyét dinh tuan ty, mdi cay duoc xay
dung dé téi thiéu hdéa ham mat mat cho cac diém dir liéu bi phan loai sai bai cac cay trude do.

Quié trinh xay dung cay duoc md ta tong quat nhu hinh 2.9.
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Hinh 2.9: M0 hinh xay dung cay phéan loai vdi thuat toAn XGBoost
V& cach xay dung cay hdi quy trong XGBoost, né sir dung thuat toan Split Finding dé tim
cac diém chia tét nhat va tinh toan gia tri du doan bang cach thém céc gié tri du doan tir cac
cay trude d6. Cac cdy hoi quy duoc xay dung theo kiéu tuan tu, mdi ciy duoc xay dung dé tdi
thiéu hda ham mat mat cho cac diém dir liéu bi phan loai sai boi cac cdy trude do. Bidu nay
cling 1a diém manh caa XGBoost 1a téc do tinh toan nhanh, kha nang xir ly di liéu 16n va do
chinh xéc cao. Bac biét véi dit liéu co dic tinh thwa thot, Tiangi Chen dé xuit ¥ tuang XGBoost

cho &p dung Gradient Boosting cho ma tran thua vai Thuat toan 2.2 Split Finding nhu sau:
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Thuat toan2.2: Split Finding
Input

Tap hop I, Ik = {i € I|xik = missing}, X
Ouput: gid tri split .

Begin
(1)-Pat:G « Yy g1 H<e Xier hy
f(x) =0, ri=y; cho tat ca cac i trong tap training
(2). Fork=1tomdo
/Ixtr ly dix liéu missing bén nhanh tréi
G, 0,H «< 0
For j in sorted(lk, ascent order xj) do
G,< G+ g;, H <« H + hj
Gr< G— G,, Hp< H— H,
2 2 2
score « max (score, Hfi - Hii - HGH )
/Ixtr ly dix liéu missing bén nhanh phai
Gr < 0,Hp < 0
For j in sorted(lk, descent order xj) do
Gr < Gp+ gj, Hp « Hp+ hy
G, G+ Gi, H <« H— Hpy
G} G3 G2
score <« max (score, HLI-;-X HRix -7
EndFor
EndFor
(3). Output hudng va gié tri Split
End

% Thuét toan LightGBM (Light Gradient Boost Machine)

LightGBM [40] la m6t phuong phap hoc may dugc tao ra boi Microsoft Research Asia vao
nam 2017. LightGBM dugc thiét ké dé tang tdc do tinh toan va giam thiéu sir dung tai nguyén
S0 V&i cac phuong phap hoc may khac. LightGBM di dat dugc nhiéu két qua an twong va dat
duoc giai thuong trong cac cudc thi khoa hoc dir liéu va hoc may. Bé co dugc hiéu qua an
tugng nhu vay 1a do LightGBM sir dung mot sé ky thuat téi wu hoéa dac biét nhu Gradient-
based One-Side Sampling (GOSS) va Exclusive Feature Bundling (EFB) dé ting toc do tinh
toan va giam thiéu str dung bd nhé trong qua trinh huan luyén md hinh. GOSS 1a mét ki thuat
t61 wu hoa duoc sir dung dé l1ay mau cac diém dit liéu va giam thiéu s lugng diém dit lidu duoc

sir dung trong qua trinh huan luyén mé hinh. EFB 1a mot Ky thuat téi uvu héa duogc st dung dé
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gom nhom cac dic trung twong ty véi nhau dé giam thiéu sir dung bo nhé trong qua trinh huan
luyén md hinh. EFB duoc hiéu nhu Gdi tinh nang déc quyén/Goi tinh nang logi trir lan nhau.
Déi voi dit liéu c6 cac dic trung thua chiéu cao, nhiéu dic diém loai trir 13n nhau (nghia 1a
nhiéu nhat mét dic diém trong sb nhiéu dic diém c6 gia tri khac 0), EFB tao thanh mot "dic
trung 16n" bang cach gop nhiéu dic diém loai trir 13n nhau, tir d6 giam dang ké s luong tinh
nang tuong duong vdi phuong phap giam kich thudc dir liéu. Nhu mé ta ¢ hinh 2.10, gia tri
cua tinh nang F1 12 0 ~ 10, gi& tri cua tinh ndng F2 14 0 ~ 20, F1 va F2 1a cac tinh nang loali trir
Idn nhau, sau d6 F1/F2 dwgc nhom lai dé tao thanh tinh ning F3 va gia tri cua tinh ning F3 1a
0 ~30, vay F1=5 tuong duong véi F2=15.

Xiy dymg
F1/F2|F3 histogram
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Hinh 2.10: Minh hoa k¥ thuat EFB trong thuat toan LightGBM

Viéc tim s6 luong két hop goi téi vu trong LightGBM da duoc giai quyét 4p dung thuat
toan xap xi tham lam. Nghia 13, n6 duoc thuc hién nhu mét bai toan t6 mau dd thi. Cac diém
trong d0 thi 13 cac dic diém. Cac dic diém khong loai trir 1an nhau dugc két ndi bai mot canh.
Trong s caa canh 14 tong gi4 tri xung dot cua cac dic diém duoc két ndi. Khi do, cac diém co
cing mau 13 cac diém (dic diém) loai trir 13n nhau.

LightGBM duoc st dung rong réi trong nhiéu linh vuc, bao gom ca xu ly ngén ngix tu nhién,
xir Iy anh, dy doan gié tri bat dong san, va nhiéu linh vuc khéc. Trong luan an LightGBM duoc
dung dé toan wu hoa dit liéu dau vao cho md hinh phan loai bénh dya trén dix liéu can 1am san.

+« Thuat toan CatBoost (Categorical Boosting - CatBoost)

CatBoost [41] cling 12 mot thuat toan dugc phat trién dya trén cay quyét dinh. Pay 1a thuat

toan 1am viéc vai tap dir lieu ma c6 sé luong 16n thude tinh dau vao cd dang phan loai
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(categorical type). Trong cac bai toan sinh tin hoc da sir dung CatBoost cho nhiéu muc dich
nhu xéac dinh vi khuan & cap do gene trong trinh tu 16S rRNA [42] hay dung cho xay dung goi
trich xuét tinh ning cho chudi DNA, RNA va protein [43]. Dé xuit cua luan &n di sir dung
thuat toan CatBoost trong qua trinh xay dung md hinh dinh danh loai sinh vat.

2.4. Panh gia mé hinh mé hinh hoc may

Do do danh gia (evaluation metrics): trong hoc may la qua trinh danh gia @6 chinh xac va
hiéu qua caa mot mo hinh dy doan trén tap dir liéu kiém tra. Muc tiéu ctua danh gia mé hinh 1a
xéac dinh do chinh xac va tinh tong quéat hda cia md hinh trén cac tap dir liu méi.

Céc phuong phap danh gia mé hinh duoc sir dung phu thudc vao bai toan cu thé va tinh
chat caa dir liéu. Viéc sir dung nhiéu phuong phap danh gia khac nhau ciing gitip dam bao tinh
chinh xac va do tin cay cua két qua danh gia.

Véi mot bo dix liéu cu thé khi sir dung dé phan 16p can xéac dinh dau 1a dit liéu duong tinh
(positive) mang tinh khang dinh tich cuc, dau 1a dit liéu &m tinh (negative). Chang han, trong
mua dich bénh CoViD-19, duong tinh dé chi d6 1a két qua xét nghiém bi nhiém virus SAR-
CoV-2. Trong trudng hop nay két qua xét nghiém cia nguoi bi bénh thi dir liéu nay dugc coi
la positive. Nhung khi dich bénh trg thanh binh thuong, nén khi chon ngudi dé giao cong viéc,
thi yéu to tich cuc (positive) phai 1a khdng bi nhiém SARS-CoV-2 virus; nén duong tinh
(positive) phai la khong bi nhiém virus.

Chinh vi vay, can phai phan biét rd rang dau la dit liéu positive, dau 1a dir liéu negative. Tir
d6 cac ky hiéu viét tait TP, FN, TN, FP duoc ly giai chinh x4c nhu sau khi st dung trong cong
thae tinh hiéu nang caa mo hinh hoc may:

e TP (True Positive): duong tinh thyc su, hay két qua du doan dung & duong tinh

e FN (False Negative): am tinh gia, hay dit liéu 1a 4m tinh nhung doan nham la duong
tinh (negative nhung do4n nham Ia positive)

e TN (True Negative): am tinh thyc su, hay két qua dy doan ding 13 4m tinh

e FP (False Positive): duong tinh gia, hay dit liéu la duong tinh nhung du doan 1a &m
tinh (positive nhung doan nham thanh negative)

Dé danh gia hiéu suat cia mo hinh dé xuat, luan an da sir dung cac phuong phéap do dac do

chinh xac ciia mé hinh hoc may bao gém:



0

0

L)

0

Trang 30

Accuracy: Cho biét ty 1& cac truong hop duoc du doan ding (TP va TN) trong tong
sb can du doan (ca positive va negative) cua tap dir liéu, Accuracy duoc tinh theo
cong thuec:

TP+TN
TP+TN+FP+FN

Accuracy =

Sensitivity (Do nhay): Hay con goi la True Positive Rate (TPR — Ty Ié duong tinh
that), hoic con duoc goi la Recall (PR), Hit Rate (Ty I¢ trang dich) nham xac dinh
trong tat ca cac truong hop thuc té positive (TP + FN), thi c6 bao nhiéu du doan
positive la ding (TP).

TP
TP +FN

TPR = Sensitivity =
Specificity (D¢ dac hi¢u): Hay True Negative Rate (TNR - Ty I¢ &m tinh that). Pay
1a d6 do nguoc véi TPR: nham xac dinh trong tat ca cac truong hop thuc té negative
(TN + FP), thi cd bao nhiéu phan du doan negative 1a ding (TN)

TN
TN + FP

Specificity =
FPR (False Positive Rate/Fall-out): La ty 1¢ duong tinh gia, nham xac dinh trong tat
ca cac truong hop thuc té negative (TN + FP), thi ¢6 bao nhiéu phan du doan positive
la sai (FP).

FP TN+FP—TN
TN +FP TN+ FP

FPR = = 1 — Specificity

Precision: Hay Positive Predictive Value (PPV - tri s6 tién luong duong tinh): nham
xéc dinh trong tat ca cac du doan vé positive (TP + FP), thi ¢ bao nhiéu phan dy doén
positive la dung (TP). Céng thire tinh dugc tinh nhu sau:

TP

p . . _
recision TP + FP
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F1-score: 1a mot d6 do két hop gitta Precision va Recall cia mot mé hinh phan loai.
F1-score gitip danh gia hiéu suat cia mo hinh phan loai bang cach két hop ca kha nang
du doan chinh xac cac trudong hop Positive (Precision) va kha ning tim ra tit ca cac
treong hop Positive trong tap dir liéu (Recall). F1-score gia tri cang cao, md hinh phan
loai cang tot.

Precision x Recall
Fl=2x

Precision + Recall

ROC (Receiver Operating Characteristics): Nnam md ta mdi lién hé giita Do nhay
va Do dac hiéu (specificity). Biéu d6 ROC nay chinh 1a d6 thi ciia ham y = f(x) tao
nén bai cac gia tri twong tng cua giita ty s dwong tinh gia véi x = FPR (1a 1 -
Specificity) va ty so duong tinh that y = TPR (Sensitivity). Ving dién tich gigi han
trong viing gom: do thi ROC, truc hoanh y = 0 va duong thang x = 1 goi la chi sd
AUC (Area Under the Curve). Chi sé6 AUC thé hién hiéu suat phan loai cua mé hinh.
Nhu vay, biéu d6 ROC dé hién thi tirng cip (TPR, FPR) cho cac ngudng khac nhau
v6i mbi diém trén duong cong biéu dién 1 cap (TPR, FPR) cho 1 ngudng, tir d6 suy
ra chi s6 AUC cho duong cong nay. Chi sé AUC duoc tinh bang dién tich phia duéi
duong cong ROC. Gié tri AUC cang gan 1, md hinh phan loai cang tét. Buong cong
ROC va chi s6 AUC thudng duoc sir dung trong cac bai toan phan loai nhi phan, dic
biét 12 khi tap dir liéu bi mat can bang gitra cac 16p.

Puwong cong Precision-Recall: 1a mot biéu d6 biéu dién quan hé giita Precision va
Recall trong cé&c bai toan phan loai. Precision (d¢ chinh x&c) la ty Ié giita s6 luong du
doan dang thudc mot 1op cu thé va tong sé du doan thudc 16p do, trong khi Recall (do
phu) 14 ty 18 giita s6 luong du doan dung thuéc mot 16p cu thé va tong sé mau thyc té
thudc 16p d6. Puong cong Precision-Recall thé hién mic do can bang gitra Precision
va Recall khi ngudng quyét dinh thay doi.

K-fold cross-validation (CV): La mét phuong phép phan tich thdng ké da dugc cac
nha nghién ciru st dung rong rai dé danh gia hiéu suit cua bo phan loai hoc may. K-
Fold Cross Validation (CV) la mét phuong phap danh gia mé hinh va do luong do
chinh xac ciia mé hinh trong hoc may. K-Fold CV chia tap dir liéu thanh K phan bang
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nhau, goi 1a fold, va thuc hién qua trinh huan luyén va kiém tra trén K lan. Cu thé, qua
trinh K-Fold CV ¢6 cac budc sau:

(i) Chia tap di liéu thanh K phan bing nhau, mdi phan dugc goi 12 fold:;

(i) Lan lugt chon mot fold 1am tap kiém tra va su dung cac fold con lai ¢é huan luyén md
hinh;

(iii) Panh gia do chinh xac caa mé hinh trén fold kiém tra bang cach tinh toan gia tri caa
mot s thdng sé do chinh xac nhu do chinh xac (accuracy), dd phan loai chinh xac
(precision), d6 phu (recall) hoac F1-score;

(iv) Lap lai qua trinh 2 va 3 K 1an, mdi 1an chon mot fold khac 1am tap kiém tra.

(v) Tinh trung binh ciia cac gié tri do chinh xac duoc tinh toan trong K lan dé danh gia do
chinh xac caa mé hinh.

Quaé trinh K-Fold CV gitp danh gia do chinh x&c caa mé hinh mot cach chinh xac hon va
giam thiéu tac dong cua viéc chon ngau nhién cac tap huan luyén va kiém tra. Ngoai ra, K-Fold
CV ciing gitp phat hién ra mot s6 van dé nhu hoc qué du thira (overfitting) hoic hoc chua du
(underfitting) cuaa mé hinh.

2.5. Dir liéu thuc nghiém

Hiéu vé co ché hoat dong cua DNA, gene, protein gilp qua trinh dat hiéu qua cao. Trong
qua trinh diéu ché thudc viéc tdi uu hoa protein dé thiét ké protein ¢ cac hoat tinh sinh hoc cu
thé. O day ludn an tap trung cho viéc téi wu hoa protein. COn tdi wu héa protein 13 qua trinh
thiét ké va tao ra protein véi cac dac tinh cu thé, chang han nhu chirc ning, d6 6n dinh hoic do
hoa tan. Cu thé luan an da thuc hién nhiém vy nay bang cach chon lya gene c6 kha ning cho
biéu hién Protein cao, Tim duoc té bao vat chu phu hop véi gene muc tidu dé nang cao hiéu
qua biéu hién protein cua gene muc tiéu. Pay ciing 1a nhiém vu thir nhat ca luan 4n doi véi dit
liu nhom dit liéu genomic voi hon 10000 trinh ty thudc ba nhém sinh vat té bao vat chi. Trong
nhiém vu tht hai, luan an van dung dit liéu trinh ty cho nhiém vu dinh danh tén loai sinh vat
Vi trén 2000 trinh ty ITS thudc vé& 29 loai nam mdéi. Nhiém vu cudi cing 1a dit liéu can 1am
san duoc thu thap vai sé mau tong 1én hon 7000 ca caa bénh nhan CoViD-19 va Cum H1IN1.

Chi tiét cu thé vé nhom dit liéu duoc trinh bay trong bang 2.3.
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Bang 2.3: Dir liéu y sinh duoc st dung trong cac nhiém vu caa luan an

Stt Tén S6 lwong Nhiém vu
) Tim gene bang k§ thuat phan cum voi
B.Subtilus 4100 )
1 thuat toan PAM, CLARA [CT2]
2 Ecoli (Class 1) 4288 Tim hé thdng biéu hién phd hop véi
3 B.Subtilus (Class 2) 4100 t¢ bao vat chu [CT3]
4 Latococcus (Class 3) 2264
5 Uncultured Termitomyces 799 binh danh loai sinh vat: dir liéu thuc
5 Termitomyces sp. 483 nghlem dua vao 1,7 Ioaj nam m(zl Yl
s6 luong trinh tu t6i thiéu cho moi 16p
7 Termitomyces intermedius 94 la 10 [CT4][CT7]
8 Termitomyces symbiont 60
9 Termitomyces microcarpus 34
10 Termitomyces clypeatus 33
11 Termitomyces cylindricus 30
12 Termitomyces striatus 29
13 Termitomyces DKA-2007 24
14 Termitomyces heimii 24
15 Termitomyces bulborhizus 17
16 Termitomyces fuliginosus 16
17 Termitomyces eurrhizus 15
18 Termitomyces albuminosus 14
Termitomyces sp. symbiont of Macrotermes 12
19 bellicosus
Termitomyces sp. symbiont of Macrotermes 10
20 subhyalinus
21 Bénh giéng cim CoViD-19 5564 Nhiém vu du doan méc bénh CoViD-
22 Bénh CoViD-19 553 19[CT5]
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23

Bénh Cam H1N1

1072

24

Bénh CoViD-19

413

Nhiém vu phéan biét bénh Cam H1N1,
mac bénh CoViD-19 [CT6].

Nang cao hiéu qua cia cdc mé hinh hoc may trong linh vuc y sinh la muc tiéu chinh cua

luan &n, cac dé xuat chinh tap trung va hai nhém dix liéu quan trong 1 dir liéu genome va di

liéu 1am san. Chi tiét vé dix liéu duoc sir dung trong cac mé hinh dé xuit duoc md ta trong bang

2.4. Qua d6 cho thiy cac thach thirc tiém an trong cac sé liéu trong cac mau caa cac nhom, dir

liu khong dong déu trong cac nhiém vu phan loai. Trong cac chuong tiép theo cua luan an giai

quyét cac nhiém vu nghién ciru tir tap dix liéu nay ciing nhu cac dac tinh chi tiét caa dit liu

2.6. Két chuong

Trong chuong nay luan an da trinh bay cac khai niém lién quan trong nghién ctru cling nhu

c4c van dé tong quan vé dén cac bai toan nghién ctru. Trong cac chuong sau luan &n trinh bay

chi tiét vé cac cong trinh da nghién ciru va cach thic giai quyét cac thach thirc bai toan da néu.
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CHUONG 3. MO HINH HQC MAY TIM GENE CHO HE THONG BIEU HIEN
TRONG KY THUAT DNA TAI TO HQP

Chuong nay trinh bay cach xay dung mé hinh hoc may hiéu qua cho dir liéu Genomic. Trién
khai hai phuong phap hoc may khéng gidm sat va gidm sat cho dix li¢u trinh ty cho hai bai
toan bai toan tim gene c6 kha nang biéu hién protein cao va du doan gene phi hop véi hé thong
biéu hién. Noi dung trinh bay trong chwong nay ciing di duoc céng b trong cac cong trinh
[CT1] [CT2][CT3].

3.1. Giéi thigu.

Trong nhitng ndm gan day, ky thuat tai to hop DNA da ¢ su tién bo déng ké va da duoc sir
dung rong rai trong san xuat thudc, vaccine, gidng cay tréng va vat nudi [3, 4]. K¥ thuat tai to
hop DNA, cho phép cac nha nghién ctru can thiép vao cau trdc gen ciia mot sinh vat va tao ra
cac bién thé gen méi. Trong linh vuc san xuat thudc, vaccine cac nha nghién ctu sir dung ky
thuat nay dé chén cac gen ma héa cac phan doan protein cua vi khuan, virus hoic vi sinh vat
khac vao cé4c té bao vi khuan hoic té bao thuc vat. Qua do, cac té bao nay c6 kha ning san xuat
cac protein dic hiéu cung cap kha ning phong ngira hodc diéu tri bénh. Cu thé ky thuat nay
phdi hop céc tir hai nguon DNA ciia sinh vat khac nhau dé tao ra cac protein dich hay gene
dich. Qua trinh tao ra cac san pham cia DNA téi t6 hop c0 thé tom tat theo cac budc nhu sau:
(i) Tao ra cac doan DNA téi t6 hop va lua chon vector mang gene; (i) Chén DNA da chon vao
mot vector nhan ban dé tao DNA tai to hop. (iii). Pua cac vector téi té hop vao té bao chu. (iv)
Biéu hién cua gene trén té bao vat cha (Host cell) dé tao ra san pham protein tai to hop.

Hinh 3.1 minh hoa giai doan quan trong cua qua trinh san xuat protein ti té hop. Trong giai

doan dau cua viéc tién hanh k¥ thuat tai té hop can phai chon lra mot gene muc tiéu sau cho
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thich hop véi céc thao tac & cac giai doan tiép theo dé tao ra san pham cudi cung dat chat luong

nhét [3]. Tong quan qua trinh tao ra cac san pham protein cia DNA tai to hop sau:

| ‘ onnm v (3> LA
. N s A i recombinant DNA W :. \
@\} g = e A §C) 0w
: me L | \ ¢ W) st oll 1akes up recombingd plasmid | ) "
\ “/‘ ["" \/ bk DNA ,'1l'l‘\"ll(}‘l“"hlﬂ ‘ @0\ (O:ﬁ
0 k] I Ow s~
« Tao ra céc doan « Chen DNA da chon : 4 18 T a—
DNA tdi t6 hop va Va0 mét vector nhan *Bua cac vecto tai o « Biu hién cua

hop vao té bao chd

| h " > 2 LSy
wra chon vector ban dé tao DNA tai to (Host cell).

mang gene hop.

gene trén Host
cell dé tao ra
sén phém protein
tdi té hop

Hinh 3.1: Cdc giai dogn tién hanh thyc ky thugt tai té hop

Hé gene sinh vat ding trong k¥ thuat tai té hop nho nhat ciing chira bén ngan gene. Dit liéu
cua ting gene muc tidu c6 do dai khac biét dao dong tir 20 nucleotides dén 6 ngan nucleotides.
Dit lidu gene dung trong ki thuat nay sb chiéu rat 16n (hang chuc nghin chiéu) va sé mau ciing
kha 16n (vai ngan mau). Cac giai phap thuong duoc lya chon dé tim hé thong biéu hién phu
hop véi gene muc tiéu 1a thdng ké chon loc tir thuc nghiém [8]. Ap dung giai phép hoc may
cho viéc tim gene muc tiéu phd hop 12 mot dé xuat dau tién caa luan an. Véi muc tiéu tim gene
biéu hién cao phl hop véi hé thdng biéu hién gia ting san lugng cling nhu chét luong cua
protein tai t6 hop, luan an thuc hién nhiém vu nay vai cong viéc: i)tim nhém gene cho biéu
hién; ii) ké tiép 1a tim Host cell pht hop véi gene muc tiéu.

Qua trinh tao ra DNA tai to hop can phai tim duoc nhém gene biéu hign protein cao
(Highly Expressed Gene, HEG), ciing nhw méi trwong té bao vit chii phi hep nhét cho viéc
tao ra san pham tai t6 hop dé nang cao chat luong san pham protein tai t6 hop [5] [3]. Theo
Pere Puigho va cong su dé tim dugc HEG thi ho dua vao chi s thich nghi codon CAI (Codon
Adaptation Index) va dung théng ké dé xac dinh HEG [8]. Hé gene sinh vat dung trong k¥
thuat tai to hop nho nhat ciing chira 4 ngan gene. Dit liéu cua tirng gene muc tiéu c6 do dai
khéc biét dao dong tir 20 nucleotides dén 6 ngan nucleotides. Day 1a hai cong viéc kho, ton
nhiéu thoi gian va chi phi dé thuc hién. Luan an da dé xuat hai mé hinh hoc may dé giai quyét
van dé tim nhém gene cho biéu hién protein cao va lira chon méi triong té bao vdt chi phu
hop vé&i gene muc tiéu dé nang cao hiéu qua san xuat duoc pham bang cong nghé tai to hop.

Phuong phap hoc may tong quat dé giai quyét nhiém vu nay dugc trinh bay nhu hinh 3.2.
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Hinh 3.2: Quy trinh tong quét cua bai toan tim gene biéu hién cao, va tim host cell phi
hop vai gene muc tiéu.

3.2. Bai toan tim gene biéu hién cao (Highly Expressed Gene - HEG)

3.2.1. Bai toan tim HEG

Gene biéu hién cao 1a nhitng gene cé kha ning tao ra mot luong 16n protein c6 tinh chat
dic biét trong mot té bao hoac hé thong té bao cu thé [5]. Nhitng gene nay dugc ua chudng
trong san xuét protein tai té hop vi kha ning ting ning sut san xuat protein va giam chi phi
san xuét. Cac HEG thuong ¢ mirc do biéu hién cao hon so véi cac gene khac trong cling mot
diéu kién méi trudng va diéu kién thuc nghiém. Tim duoc tap gene HEG cho hé théng biéu
hién bang phuong phap hoc may la mét giai phap

3.2.2. Phwong phdp gidi quyét

Phuong phéap phén tich cum thuong duoc thuc hién bang cac ky thuat hoc khéng giam sat.
Nguyén tic co ban cua phan cum Ia tim cach tao ra cac nhém dit liéu co tinh déng nhat cao
trong cling mot nhom va c6 do khac nhau gitta cac nhom 1a I6n nhat. Do do, luan an sir dung
phuong phap phan hoach duoc sir dung dé phan cum nham lya chon cac nhém gene c6 xu
huéng sir dung codon twong ty nhau trong cting mot nhém va cé thé chon dugc cac HEG c¢é
khuynh huéng gan nhit dén trung tim cua mdi nhém. C6 thé khai quat phuwong phap nay nhu
sau:
(1). Ma hoéa gene dung ki thuat RSCU cho toan bo gene trong hé gene
(2). Ap dung céc thuat toan phan cum PAM, CLARA dit liéu tim ra ¢ budc (1), hinh thanh céc
cum va tim tam cum mai.
(3). Panh gia mot nhom duoc phan cum. Chon nhdm gene gan tdm cum nhat nay c6 kha niang
cao la HEG.
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Giai doan (1): Chi s6 RSCU (Relative Synonymous Codon Usage) 1a mot chi s6 duoc st
dung dé phan tich su str dung cua cac codon dong nghia trong ma di truyén. Cong thic duoc

dung dé biéu dién gene trong hé gene bing ky thuat RSCU [8].

Oac _ Oqc¢

Tac (g) = (31)

#oSceCqOac  Oac
Trong do:
rac: RSCU cua codon ¢ ma hod cho amino acid a
Oqc: tan suat xuat hién ctia codon c trong trinh tw gene
Ca: tap hop cac codon cung ma hoa cho amino acid a
Ka: s6 luong cac loai codon ¢ ma héa cho amino acid a
Dbi v6i cac codon két thuc (UAA, UGA, UGA) va cac codon khong c6 codon dong nghia
(AUG — ma hda cho Methionine, UGG — ma hoa cho Trytophan). Do d6, gene dugc biéu dién
bang tap cac RSCU 1a mot vector RSCU 59 chiéu c6 dang nhu sau r(g)={ r1, rz, rs...rso}"

B dir liéu h¢ gene duoc biéu dién lai c6 hinh dang nhu sau:

ID_gen GCU|GCC|GCA|GCG|CGU|CGC| CGA|CGG|AGA[AGG AAUIAACIGAU|GAC|UGU|UGC|CAA|CAG| GAA|GAG| GGU|GGC|GGA| GGG CAU|CAC|UUA| UUG|CUU|CUC|CUA|CUG| AUUJAUCIAUA AAA/
NC_000964.3 cds_YP_054573.1 864 0] 1 1 o o 3 1f 2] 2 0 0 o 0 o 0 3 0 0 2 0 0 1 1f 0 0 o o

NC_000964.3 cds NP 389485.1 1634| 0| 3| 6 2| o 2| 1f 1] 5 1| o 2 o S5 of o0 & 4 15 10 0 9 2 1f 0o 5§ of o

NC_000964.3 cds NP 390868.1 3045| 0| 3| 2 2| o 3 1f 3 2 o o 6 o 6 o o0 3 2 11 &6 0 7 2 2 0o 2 of o

Hinh 3.3: . Minh hoa cho biéu dién gene véi RSCU
Giai doan (2): phan cum PAM, CLARA

Phuong phép phan hoach dugc dung dé gom cum cac nhém gene cé ciing xu hudng sir dung

codon vao cing mot nhém va co thé chon HEG c6 khuynh huéng gan nhan cia nhém nhat.
Cach xac dinh gia tri khoang céch giir cac gene dugc tinh nhu sau:

Gia st hé gene cua té bao c6 n gene duoc biéu dién bang p chiéu 1a 59, va tap dit liéu nay
la cau triic ¢ dang bang quan hé, hay ma tran n x p véi n gene; p chiéu la tén cac codon. Tap

dir liéu gene duoc biéu dién lai bang ma tran dix liéu c6 dang:

r11 T12 T'sg
Ti1 T2 .. Ti59g
rnl drnz rn59

Swr dung khoang cach Euclid

d(i,j) = \/(|ri1 - r]'1|2 + |r,-2 - rl'2|2+... +|r,-p - ij|2) (3.2)
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Xay dung ma tran khoang cach giita cac gene trong khdng gian di liéu gdm n gene theo
thuoc tinh RSCU ta dung ma tran phén biét vai d(i, j) 1a khoang cach gitta gene i va gene j;
khoang cach nay duoc tinh theo céng thuc (3.2)

0
d21) 0
d(3,1) d3B2) 0

dn,1) dm2) .. .. 0

Ap dung céc thuat toan phan hoach 1&n bo dir liéu vira xay dung, mot trong cac thuat toan
su dung la PAM, CLARA.

Thuat toan PAM (Partitioning Around Medoids) la mot thuat toan phan cum dix liéu khong
giam sat, duoc sir dung dé tim cac cum dit liéu dua trén cac diém trung tam (medoids) [35].
Thuat toan PAM bit dau bang cach chon ngau nhién k diém dit liéu ban dau lam cac medoids
cua k cum. Sau do, thuat toan Iap lai hai bude cho dén khi khdng cé su thay doi nao trong cum:
i)Gan mdi diém dir liéu vao cum c6 medoid gan nhat; ii)Tinh toan tong khoang cach cia cac
diém dir liéu dén medoid cta cum va chon mot diém dit liéu khac nhu 1a medoid méi cho cum
d6, sao cho tong khoang cach nay 1a nho nhat; iii) Cac budc trén duoc Iap lai cho dén khi khdng
c6 su thay d6i ndo trong cum. Két qua cua thuat toan 1a cac cum di liéu duoc xac dinh bai céc
medoids. Luan an da ap dung Thuét toan 2.1 vao bai toan phan cum gene véi dir gene nhu min
hoa hinh 3.3.

Thuat toan CLARA (Clustering LARge Applications) la mot thuat todn phan cum dir liéu
khong giam sat duoc sir dung dé xur Iy céc tap dix liéu 16n [37]. Thuat toan Clara bat dau bang
cach: i) chon ngau nhién mot tap hop con cua dir liéu ban dau va 4p dung thuat toan PAM
(Partitioning Around Medoids) trén tap hop con nay dé tao ra k cum Sau dé, thuat toan lap lai
hai budc cho dén khi khdng co su thay d6i ndo trong cum: i)Ap dung PAM trén mét tap hop
con mai cua dit lidu, duoc lay ra ngau nhién tir dix liéu ban dau; ii)Ddi véi mdi cum, tinh toan
tong khoang cach caa cac diém dir liéu d¢én medoid cua cum va luu trit cum c6 tong khoang

cach nho nhat. Thuat toan 3.2 duoc 4p dung duoc md ta dudi dang ma gia twong wng
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Thuit toan 3.2: CLARA
Goi S la kich thudc mau duoc trich tir tip gene G = {01,092, ...,gn},

k: s6 cum,
n: sb gene.
S: tap hop cac gene duogc dua vao cum
Input:
Tap hop cac chudi gene G ={g1,02....gn },
Sé cumk
Output: Tap hop gene da dugc phan vao k cum.
Begin:

(1). Fori=1to Sdo

(2). Lay mot mau c6 Sj gene ngau nhién tir tap dit liéu G. Ap dung thuét toan PAM cho mau dit
li¢u nay nham dé tim cac gene medoid dai di¢n cho cac cum.

(3). i voi mbi dbi twong trong tap dit lidu ban dau, xac dinh gene medoid twong tu nhét trong
sd k ddi tuong medoid.

(4). Tinh d6 phi twong ty 2 trung binh cho phan hoach cic d6i tugng thu dugc & budc trudc,
Néu gi4 tri nay bé hon gia tri toi thiéu hién thoi thi sir dung gia tri ndy thay cho gid tri toi thiéu & trang
thai trude, nhu vy, tap k ddi tuong medoid xac dinh & bude nay 14 tt nhat cho dén thoi diém nay.

(5). Quay vé budc 1.

End

Ky thuat phan cum K-means [44] dya trén viéc tinh toan khoang cach Euclidean gitra céc
diém di liéu va trung tam cum. K¥ thuat K-means khong yéu cau tinh toan ma tran khoang
cach hoan toan ma chi tinh toan khoang céch giita cac diém dir liéu. Thuat toan nay nhay cam
VGi céc gia tri ngoai 1¢. Bai toan Tim gene biéu hién cao 1a tim chinh x4c tén gene hay diém
medoid (diém dix liéu dai dién cho cluster). Trong bai toan Tim gene biéu hién cao, c6 ton tai
cac diém dit liéu c6 céc gia tri ngoai 1¢ c6 thé anh huong dang ké dén két qua phan tich. Ky
thuat phan cum CLARA/PAM dap g duoc diéu ndy bang cach tinh d6 tuong dong giita cac
gene bang so sanh gia tri mo ta gene bang ma tran khoang céch. Do d6 cac ky thuat phan cum
bang PAM, CLARA c6 kha nang xu ly dir liéu ngoai 1¢ tét hon. Bén canh d6 CLARA/PAM
hiéu qua hon khi xtr ly dit liéu 16n dac biét la dir liéu genomic.

Giai doan (3): Panh gia phan cum
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Phwong phap phan hoach dé phan cum thuong st dung chi sé Silhouette dé do chat lwong
cuia cac cum duoc tao ra [45]. Chi s6 Silhouette 1a mot phwong phap danh gia cum duya trén céc
gia tri khoang céch giira cac diém trong cung mét cum va gitra cac diém caa cac cum khéc
nhau Chi sb Silhouette dugc sir dung dé do do tach biét gitra cac cum va do twong dong gitra
cac diém trong cing mot cum. Gia tri cua chi s6 Silhouette dao dong tir -1 dén 1, véi gié tri
cang gan 1 thi cum cang tét, gia tri cang gan -1 thi cum cang khong tét va gié tri 0 cho thiy céc
diém khong rd rang thudc vé cum nao.

Cong thirc (1.2) tinh chi sb Silhouette cho mot diém dit liéu i nhu sau [45]:
0= mfx(iiafﬂi.» (2
Trong do:
a(i): 1a khoang cach trung binh giita gene i va tat ca cac gene trong cuing mét cluster.
b(i): 1a khoang céch trung binh gitra gene i va tat ca cac gene trong cluster 1an can gan nhat
Chi s Silhouette cd thé dugc tinh toan cho tirng chi s6 RSCU cua gene trong tap di liéu va
sau d6 c6 thé lay trung binh dé c6 mot chi s6 tong thé cho toan bd phan cum. Gia trj cang gan
1 cho thay phan cum tét, trong khi gia tri gan 0 hozc am cho thay phan cum khong tét.
Chi sé Silhouette c6 thé duoc sir dung dé so sanh hiéu qua cia cac phuong phap clustering
khac nhau hoic dé tim s6 luong clusters toi wu trong thuat toan phan cum.
3.2.3. Két qud thuc nghigm
Thuat toan hoc may khong giam sat duoc st dung 1a: thuat toan PAM, va CLARA dé phan
cum dit liéu dé tim HEG trén bo gene B.Subtilis. Panh gia hiéu ning cua hai thuat toan PAM-
CLARA
s Thai gian thuc thi PAM, CLARA trén b¢ dir liéu B.subtilis
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Tiéu chi thoi gian thuc nghiém rat duoc quan tdm khi chon lwa céc thuat toan ap dung tinh
toan véi cac bo dir liéu 16n. Théng ké thoi gian thuc thi cia PAM va CLARA trén clng tap

gene B.Subtilis

Thai gian thwre hicn tren cung bo dir licu B.Subtilis
cua Pam-Clara

c mPam

A

bt

:Em Bclara
k2 k3 k4 kS kb6 k7 k8 K9 K10 K11 k12

Hinh 3.4: . Thong ké thoi gian thuc thi PAM, CLARA

% Chiso Silhouette (Silhouette Index): duoc ding dé danh gia chat luong phan cum.
Trong thuc nghiém, thuc todn CLARA cho két qua tét nhat nhu hinh 3.5. Thong tin
ma s6 gene HEG dugc chon nhu mé ta nhu hinh 3.6.

silhouette plet of clara(x = dif1:59]), k = &)
o 8 custers G

1 obfective fencticn: 83,8459

Al iy 5 3
100wl Clustering vector: for [1:3543] 12345673819101302309012.

8| D63 Cluster sizes: 86 53 €0 72 56 66 75 33 €5 20 17 53 S1 94 7S 27 42 76
21 185 25 31 &4 48 20 72 70 76 56 46 35 110 14 46 50 74 60 69 26 39 71 27 9 &0
99 70 29 54 &6 44 11 30 26 &1 6 36 13 40 40 10 30 21 26 20 30 46 57 50 3 35 5%
38

2
3 5 0sT
d o

6| D&T

» B

011 05

I

G0 10 | QAT
7 6| 05D
& 5| 0A7
oo 02 od (1 (1] '..tl
Sibouctie width 5
Ay i GFaouene width | 051
Hinh 3.5: Hinh anh phan cum bing CLARA Hinh 3.6: 5% HEG dugc chon

3.3. Bai toan tim hé théng biéu hién phu hep véi gene muc tiéu.
3.3.1. Phéat biéu bai toan
Quy trinh san xuat protein tai to hop thong thuong bao gom 5 giai doan dugc mé ta & hinh
3.6. Host cell duoc chon & giai doan 4 véi muc dich 13 nhan dong gene muc tiéu thanh nhiéu
ban nhat c6 thé va dé cho thao tac tach dong. D4i véi giai doan (v) thi té bao vat chi dugc chon

phai dap tmg du cac yéu té hd tro cho viéc dich ma ma quan trong nhat 1a 1a can phai dap tng
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du xu hudéng sir dung caa gene muc tiéu. Van dé then chét trong ki thuat biéu hién chinh 1a
kha ning ma (codon usage). Truéc khi bat tay vao thi nghiém, can so sanh kha ning mi cta
vat chu véi thanh phan codon trong gene ma héa protein muc tiéu. Kiém tra lai trinh ty protein
quan tAm va sau d6 thi Iya chon hé thdng biéu hién phd hop cho nd. Rat nhiéu protein tir sinh
vat eukaryote chi cd hoat tinh khi ¢ dang duong hoa (glycosylated). Thong thuong, cac hé
thdng biéu hién ¢ vi khuan khdng c6 kha niang duong hda protein. Néu protein quan tam doi
hoi phai duoc ché bién sau dich ma méi cd hoat tinh thi chac chan hé biéu hién ¢ vi khuan
khong thé 1a giai phap. Do d6 viéc tim Host Cell phi hop véi gene muc tiéu 1a bai toan phan
I6p quan trong dwoc luan an chon ap dung phuong phap hoc may dé nang cao chat luong duy

doan. C6 thé mo ta vi tri cua bai toan trong qué trinh san xuat protein tai to hop nhu hinh 3.7.

GO (ii): Lyra G (i): Phan GD(iii): Gen GB {Iv): Chon GD(v): thu

nhan
protein

N lap genva cét tach dugc gan té bao vat chu
Cioi T gen bang cac vao mot vector (Host cell) dé
gene Tong enzyme han tao dong nhan dong cac
muon ché (plasmid); plasmid

Hinh 3.7: Cac giai doan trong qué trinh san xuat protein tai to hop;
(i)Lwa chon mot gene mong mudn, (ii) phan 14p gene va cit gene bang cac enzyme han ché,
(iii)Gene tach dugc gén vao mét vector tao dong (plasmid); (iv) Chon t€ bao vét chu dé nhan dong
cac plasmid; (v) Sir dung gene da nhan dong dwa vao mét hé thong biéu hién thich hop dé thu
protein mong mudn.
3.3.2. Phwong phép gidi quyét
Phuong phap phan 16p gene duoc thuc hién bang cac ky thuat hoc giam sét trong hoc may.
Nguyén tic co ban caa phan 16p 1a xac dinh 16p hoic nhan ciia mot mau dix liéu méi dya trén
thong tin tir cac mAau dit liéu huan luyén da biét 16p hodc nhan caa ching. Trong phan 6p gene,
moi gene duge coi nhu mot dic trung cua mau dir liéu, va muc tiéu 1a phan loai cac mau dir
liéu thanh cac lop khac nhau dua trén cac gia tri cia cac dac trung nay. Cac k¥ thuat hoc giam
sat duoc sir dung dé xay dung cac moé hinh phan Iép tir cac mau dir liéu huan luyén, va sau d6

4p dung mo hinh nay dé phan l6p cac mau di liéu méi.
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Viéc xay dung mot mod hinh phan 16p chinh xac va tin cay doi hoi cac budc tién xir ly di
liéu va lya chon dic trung thich hop, cling véi viéc danh gia va diéu chinh cac tham sb ciia mo
hinh dé dat duoc hiéu suét tot nhat. Co thé khai quat phuong phap nay nhu sau:

(1). O giai doan tién xu ly dir liéu: ma héa gene dung ky thuat RSCU cho toan bd gene
trong h¢ gene .

(2). Ap dung céac thuat toan phan 16p Random Forest, XGBoost dé xay dung b dir dit liéu
da ma hoa & budc (1). Panh gia chon lya mé hinh

Cu thé cac cong viéc trién khai cho dé xuat nay nhu sau:

Giai doan (1): Sir dung phuong phap biéu dién tap gene cua cac té bao vat chu bang chi
s6 cac codon dong nghia RSCU. Cac ¢ cong thirc (3.1). Do d6, gene duoc bicu dién bang tap
cac RSCU 1a mét vector RSCU 59 chiéu c6 dang nhu sau r(g)={ r1, 2, r3...rso}" . Bo dir liéu hé

gene cia timg Host cell duoc biéu dién lai c6 dang nhu hinh 3.8.

1D gen GLNGOCHGLA GOGIDGY EG:':EJ\.':GE AGH AGGASLLAACI GAUIGAC] GG CAR :J"E'Gl'-'-‘-:E:-G'JE\-‘Wf A GGG ALY CAC UUA JVGE:-\.-L ':J:l':w!\-': JElﬁ-JJ;ﬂL': AAAAY class
NC 0003643 ods YP 0S4ST31 884 of 1| o of of 3 o o A o of o of of of s of of o of of o o of of of of of of o of of of of 2
NC 0009643 ods e 30451 164] 0| 3| 6| 2 o 2 1| 1| 3| 1| o 2 o 5| o o 6 4 15 1 o o 2 1| of 5 o o o o o o o o o 1 2
ne ooossdy ods e 3sossat soas] ol 3 ) 2 ol &l ol s[ A ol o e ol el ol o 3 o waf & ol A A A ol 2 of of of o of of of of of 5] 2

Hinh 3.8: Minh hoa cho biéu dién tip gene cua cac HostCell voi RSCU
Giai doan (2): Cac thuat toan hoc may phan Iép truyén théng nhu SVM, K-NN, Naive
Bayes, thuong ding cho cac bai toan phan loai. Tuy nhién véi dic diém dic thd liéu y sinh
thuong cé dic diém chiéu cao, va han ché xo6a dir liéu tréng thi hiéu ning tir cAc thuat toan nay
khong dap ting tot. Luan an di dé st dung hai thuat toan dién hinh caa phuong phap hoc may
nay la Random forest (RF) va XGBoost dé xay dung mé hinh phan loai. Quy trinh dé xuat duoc

mo ta o hinh 3.9.
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(a) Training huan luyén

TR XGBoost
Dir liéu gene ciaa  est Training
cac Host Cell  rscu - 80%
oGl
sl Testing (20%) " Model
(b) Prediction- dw doan
Il Classifier Gene gan
Gene muc tiéu -+ RSCU:Codonr .. Model nhan

Hinh 3.9: So d6 xay dung md hinh dy doan gene twong quan Véi té bao vat chu.

Nhu vay voi tap dir liéu dau vao 1a cac trinh tu n caa cac hostcell R, ¢ m thudc tinh thi
D = {(x; )} (D] =n, xi €R, yi eR ) tap gene biéu dién thanh tap dir li¢u dau vao cho bai toan
phan loai c6 dang:

LY (33)

Trong d6 Xi: la predictor features c6 X; = {x; x,...x,} la cac gia tri RSCU cua tirng loai
codon, Y; 1a response features, Y; = {y; y, ... v;} la tap bién dich gan nhan cho bo dit li¢u.

Xay dung cay quyét dinh 1a giai phap cét 15i ciia bai toan phan 16p gene tuong quan véi té
bao vat chu.

Luan an sir dung phan mém Rstudio cuing g6i Random Forest, XGBoost c6 chira cac thuat
toan vé cac mé hinh hdi quy. Quy trinh thuc nghiém trién khai nhu hinh 3.9, Sir dung tir ba hé
gene thuong duoc dung lam Host cell 1a: E.coli, B.subtilus, Latococcus Lactis MG1363, sau
d6 dung mé hinh nay dé du doan gene twong quan phu hop véi cac host cell nay.

3.3.3. Xar ly di# ligu thuc nghigm

Bén canh E. coli, vi khuan chang Bacillus subtilis (goi 1a B.subtilis) va Latococcus Lactis
cling 12 mét trong sé cac hé thdng biéu hién dang dugc quan tdm nghién ciu va sir dung hién
nay trong linh vuc san xuat protein tai to hop [3]. Quéa trinh chuan bi dir liéu dwoc mé ta nhu
hinh 3.10
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th(‘2) Iilgh . (5)Ta0 bang dir liéu
(1) B0 gen anh tung 113 A1 T A (4)Tinh chi so _ gom:
&) X“ul)&ﬂgchell:) 6%1; LG RSCU ciia cac - 50 gen n: 10652
A gen dong

Host dwge tai gen
ve tir NCBI (s6 lwgng . do .
10652) - 50 chiéu: 28 cot

Hinh 3.10: Quy trinh xt ly dix liéu tong quat [46]

Dir liéu sau khi tai vé tir ngan hang gene quéc té NCBI, tach thanh tung gene, Sé luong
mau thu duoc 12 10652 gene. Tuy nhién, chi hon mot nira s6 loai codon cua tirng vat chia ¢6 hd
trg cho qué trinh dich mé, tic 1a c6 mét sé codon khong tham gia vao qua trinh dich ma. Do
do, s6 chiéu cua tap dix liéu huan luyén nho hon 59, tap dit liéu huan luyén duoc chia thanh ba
loai vat chu E.coli, B.subtilus, Latococcus Lactis MG1363. Tap dir liéu huan luyén nay cé 29
chiéu (29 loai codon duoc st dung trong qua trinh dich ma) va c6 thé duoc biéu dién dudi dang
ma tran kich thuéc 10652 x 29, trong d6 mdi hang twong (rng véi mot gene va moi cot tuong
ung véi mot loai codon.

3.3.4. Thuc nghiém md hinh du dodn gene twong quan

Ap dung g6i phan mém XGBoot tién hanh thuc nghiém trén moi truong R Statistic voi giai
phép XGBoot dung cho dit liéu thua nhu dd mé ta ¢ phan 11, va g6i phan mém Random Forest
dung dé kiém chang két qua cho mé hinh d& xuat. Luan &n da thuc nghiém tir tap gene 10652
va 28 tiéu chi RSCU Codon vai 80% tap gene nay dung lam dit liéu huan luyén- Training, va
20% dung dé lam dix liéu kiém tha- testing mé hinh. Quy trinh xay dung md hinh héi quy duoc
md ta trong cau hoi bao gom céac budc sau:

1. Str dung k¥ thuat kiém tra chéo 5-folds dé danh gia mé hinh. Trudc khi thuc hién kiém
tra chéo, ta phai chon gié tri n_round (s6 lugng cdy trong ensemble) dé sir dung trong mo
hinh. Luan 4n da chon gié tri n_round = 10 va thyc hién kiém tra chéo dé danh gia hiéu

suat caa cac mé hinh véi cac gié tri ham loss khac nhau.
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2. Thuc nghiém mé hinh véi XGB.CV trén tap training dé liét ké cac gia tri ham loss.
XGB.CV la mot phuong thic trong thu vién XGBoost dé thuc hién kiém tra chéo va tim
gia tri ham loss tdi vu.

3. Chon gi4 tri ham loss thap nht tir budce trén va thuc hién didu chinh n_round dé tim gia
tri nho nhat véi ham loss nay.

4. Thuc hién kiém tra mo hinh trén tap dir liéu testing va xay dung ma tran hén don
(confusion matrix) dé danh gia hiéu suat caa mé hinh.

Sau khi tim duwoc md hinh tét nhat, luan an da st dung n6 nhu mot classifier model dé gan
nhan cho tap gene muc tiéu gom khoang 21 gene.

Luan an da tién hanh thuc nghiém quy trinh trén 10 1an véi s6 n-round dao dong tir 10 dén
400 dé tim tap cac gié tri ham Loss nho nhét va tim md hinh tét nhat cho mé hinh dy doan, Cac

két qua vé hiéu nang ctia md hinh lan luot trinh bay nhu cac hinh 3.11 va hinh 3.12

Confusion Matrix D¢ chinh xac mo hinh
o Reference Accuracy : 0.9876
Prediction 1 2 3 95% CI : (0.985, 0.9898)
1 3281 12 g No Information Rate : 0.3908
) 4 3?82 23 P-value [Acc > NIR] : < 2.2e-16

3 22 36 1852 Kappa : 0.9808

Mchnemar 's Test P-value : 0.006375
Hinh 3.11: Confusion Matrix cia mé hinh Hinh 3.12: Hiéu ning vé do chinh xé4c cua
dé xuat [46] mo hinh dé xuét [46]

Cac chi sé quan trong vé cac 16p dy bao ciia mé hinh dé xuit nhu do nhay-Sensitivity, do
dic hiéu — Specificity. Cac thong tin nay déu cho thdy mic do dang tin cdy ctia mo hinh dé

Xuit. C4c thong tin chi tiét vé cac chi s6 nay dugc trinh bay trong bang 3.1
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Bang 3.1: Thong ké hiéu nang ciia mo hinh dé xuat [47]

Classl Class2 Class3
Do nhay (Sensitivity) 0.9921 0.9856 0.9830

D§ dic higu ((Specificity) [NOREE 0.9948 0.9913

Bén canh d6 luan an con danh gia do quan trong cua cac dic trung trong dir liéu, chi tiét vé
cac dugc trinh bay trong hinh 3.13.

Feature importance

T4_Threnin_ACC -

Q2_Glutamin_CAG -

D2_AxitAspartic_GAC -

13_lsoleuxin_AULU -

Ad_Alanin_GCC-

RE_Arginnin_AGA -

Ad_Alanin_GCG-

P4_Prolin_CCC -

Q2_Glutamin_CAA-

® G4_Glyin_GGG - TS Cluster
2 G4_Glyxin_GGC - — . 1

® | E
w T4_Threnin_ACG -

RE_Arginnin_AGG -

RE_Arginnin_CGG -
E2_AxitGlutamic_GAG -
RE_Arginnin_CGC -
G4_Glyxin_GGA-
P4_Prolin_CCA-

RE_Arginnin_CGA -

K2_Lysin_AAG - e

P4_Prolin_CCG -

0.000 0.025 0.050 0.075
Importance

Hinh 3.13: Két qua dic trung quan trong dung trong mé hinh dy doan [46]
% Thuc nghiém véi thuat toan Random Forest
Luan &n da tién hanh thuc thi Random Forest véi cing tap dit liéu huan luyén va kiém tra
nhu d3 thuc nghiém véi XGBoost, ciing da 4p dung véi ciing sb lugng cay 1a 100. St dung md
hinh du doan thu duoc tir viéc thuc thi nay (rfhost) ap dung du doan nhan cho tap 21 gene muc
tiéu dd dung v6i moé hinh da dé xuat bang thuat toan XGBoost di nén trén. Két qua du doan
nhan duoc tir hai thuat toan gidng nhau hoan toan.

 Danh gia hiéu ning cia hai thuat toan trén tirng loai dir liéu Host cell
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Luan an da thuc nghiém va danh gia thoi gian thuc thi cua hai thuat toan Random Forest va
XGBoost trén tap di liéu huan luyén gom 8520 gene. Bo dir liéu huan luyén duoc téng hop tir
ba bo té bao vat chu la: Host Ecoli (Class 1); B.Subtilus (Class 2); Latococcus (Class 3). Két
qua hai mé hinh thu dwoc tir hai thuat toan trén dugc danh gia vé do chinh xac va thoi gian
thue thi. Thong tin chi tiét vé hiéu ning duoc trinh bay trong bang 3.2.

Bang 3.2: D6 chinh x&c cua hai thuat todn tuong ing vai cac mo hinh du bao [46]

Host cell Random Forest XGBoost
Do chinh xac Ecoli (Class 1) 0,97 0,99

B.Subtilus (Class 2) 0,94 0,99

Latococcus (Class 3) 0,88 0,97
Thai gian thyec thi (S) 30,22 22,37

Nhu vy cac giai phap dé xuat st dung loai hé gene caa hé théng biéu hién 1a vi khuan nhu
E.coli, B.subtilus, Latococcus Lactis MG1363. Day la cac loai hé thong biéu hién co gia thanh
ré va thuong duoc ding trong cac nghién cau vé protein tai té hop. Két qua thuc nghiém cho
thay két qua du doan cta cac moé hinh déu trung khép nhau tuy nhién thoi gian thyc thi cua
thuat todn XGBoost nhanh hon. Nén XGBoost dugc chon lam mé hinh dé xuat chinh cho bai
toan du doan host cell phu hop vdi gene muc tiéu. Hon nira véi thoi gian thuc thi thuat toan
dao dong tir 22 dén 30 gidy, day 1a khoang thoi gian cd thé chap nhan duoc cho cac (ng dung
thoi gian thyuc, do d6 viéc &p dung mo hinh dé xuat nay trong thyc té 1a rat kha thi.

3.4. KET LUAN

Dé tao ra san pham protein tai to hop chat lwong cao, can tim ra gene muc tiéu tét va moi
truong té bao vat chu phi hop nhat dé dat duoc nang suat san xuat cao. Dit liéu cia tirng gene
muc tiéu c6 d6 dai khac nhau va hé gene cua sinh vat ding trong k§ thuat tai to hop c6 thé chua
hang ngan gene. Day 1a mot thach thac khi can chon loc gene cho san xuat protein tai t6 hop,
Vién dé nay c6 thé duoc giai quyét bang sir dung cac phuong phap hoc may dé tim ra nhém
gene c6 biéu hién protein cao, ciing nhu lya chon méi truong té bao vat chi phu hop véi gene
muc tiéu. Luan an di dé xuat hai phuong phip hoc may nhu hoc may khong giam sét
(unsupervised learning) va hoc giam séat da duoc ap dung dé phan tich dix lidu gene va tim ra
nhém gene c6 biéu hién protein cao. Cac thuat toan phan cum (clustering) bang PAM va Clara

va phan loai (classification) RF, XGBoost ciing dugc sir dung dé xac dinh méi truong té bao
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vat chi pha hop cho ting gene muc tidu. Céc két qua tir mo hinh dé xuat c6 do chinh xéc tong
thé trén 98%, véi thoi gian téi thiéu 1a 30 gidy. Tom lai, cAc phuong phap hoc may nhu da dé
cap da ching minh 1a hiéu qua ddi vai dir liéu genomic trong nhiém vy tim nhém gene ¢6
biéu hién protein cao va lya chon méi truong té bao vat cha ph hop. Dit liéu genomic cua di
liéu y sinh trong hai nhiém vu nay déu dua trén ki thuat ma héa codon ddng nghia dung chi s6
RSCU. Trong nhiém vu tiép theo cua luin 4n dé xuat phuwong phap hoc may phan loai gene
dwa trén trinh tu gene dang tho. Pay 1a phuong phap hoc may két hop ma héa thdng tin di
truyén theo phuong phap ngdn ngir tu nhién két hop véi ki thuat tdi vu hoa tham sé md hinh

hoc dé xay dung mé hinh hoc may hiéu qua hon cho dit liéu genomic.
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CHUONG 4. MO HINH PINH DANH LOAI SINH VAT

Biét rd ngudn gdc loai sinh vat co thé gitp nha nghién ctru xac dinh mdi quan hé di truyén
giira cac loai, xac dinh cac mé hinh tién hoa va phan loai chiing. Cong viéc nay gilp bao ton
loai, phat hién loai méi, hay trong y sinh thi hd trg chan doan va diéu tri. Trong chuong nay,
luan &n @& xuat mé hinh hoc tap két hop (Ensemble learning) cho nhiém vu dinh danh loai sinh
vat dua trén dir liéu genomic. Noi dung trinh bay trong chuong nay dugc cdng bd trong cac
cbng trinh [CT4], [CTT].
4.1. Gioi thi¢u
4.1.1. Dinh danh loai sinh vt

Dinh danh loai sinh vat 12 qua trinh gan cho maot loai sinh vat mét cai tén duy nhit va chuan
xé4c dua trén cac dac diém di truyén, hinh thai, hé thong hoc va dic diém sinh hoc khéc cua loai
d6. Qua trinh nay dwoc goi la phan loai sinh hoc (biological classification) va dugc thuc hién
bai cac nha sinh hoc va cac chuyén gia dinh danh loai. Dinh danh loai sinh vt rat quan trong
trong nghién ciru va bao ton da dang sinh hoc. N6 gitip x4c dinh va phan loai cac loai sinh vat
khac nhau, do Iuvong su da dang sinh hoc cua cac khu vuc va gitp quan ly va bao vé cac loai
hoang da.

Trong viéc dinh danh loai sinh hoc, cac cong cu tinh toan nhu BLAST (Basic Local
Alignment Search Tool) va MEGA (Molecular Evolutionary Genetics Analysis) dugc su dung
dé so sanh cac chudi gene va phat hién cac moi quan hé giira cac loai sinh vat. Cac phuong
phap tinh toan dac hiéu cho sinh hoc phan tor nhu UPGMA (Unweighted Pair Group Method
with Arithmetic Mean), Maximum Parsimony, Neighbor-Joining va Maximum Likelihood
duogc sir dung dé xay dung cay phan loai sinh hoc. Cac cdy phan loai ndy gilp hiéu rd hon vé
méi quan hé gitra cac loai va cung cap thdng tin quan trong cho cac nghién ctru vé da dang sinh
hoc va tién hoa. B co rat nhiéu giai phap hd tro cho viéc dinh danh loai sinh hoc tai cac ngan
hang gene 16n trén thé gioi nhue BLAST, MEGA. Cac giai phap nay thuong dung dit liu vé
gene hién co két hop ding cac ki thuat tinh toan dic hiéu cho sinh hoc phan tir nhu UPGMA,
Maximum Parsimony, Neighbor-Joining, va Maximum Likelihood dé xay dung cay phan loai
sinh hoc. Giai phap hoc may ciing da c6 nhiéu giai phap hiéu qua (ng dung cho viéc dinh danh
loai. M6t sé nghién ciru ndi bat c6 thé ké dén nhu Prabina Kumar Meher va cac cong su dé xay

dung mot mé hinh phan loai thuc vat [47] dua vao ki thuat Random Forest dé dinh danh loai
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sinh vat. B6i vi md hinh phan loai dong vat thi Mulyati ciing 4p dung md hinh hoc may thuat
toan SVM [48]. Két qua nghién cttu cho thay riang phuong phap hoc may cé thé tao ra cac mo
hinh phan loai loai sinh vat véi d chinh xac cao. Trong luin an di két hop nhiéu phwong phéap
hoc may dé xay dung mé hinh du doan tén loai sinh vat dua trén dit liéu sinh hoc phan tu.
4.1.2. Gidi thigu dinh danh loai ném

N4Am 12 mot nhoém sinh vat thudc vé gidi nam (Fungi) trong hé thong phan loai sinh vat.
Chuing 12 mot nhom da dang, bao gdm hang triéu loai khac nhau trén khap thé gi¢i. Nam khong
thugc vé gigi thuc vat do ching khong cé kha niang tong hop ning luong tir &nh sang mat troi
théng qua quéa trinh quang hop nhu cay co va cay cbi. Nam ¢ vai trd rat quan trong trong tu
nhién nhu: Chung déng vai tro trong qué trinh phan hay va tai sinh chat hitu co trong méi
truong; Nam ciing c6 gia trj kinh té cao trong linh vuc thuc pham, y hoc va céng nghiép; Mot
s6 loai nAm duoc sir dung lam thyc pham, nhu ndm meéo, nim rom, ndm huong, va ndm bao
ngu; Nam con dugc sir dung trong y hoc dé diéu tri mot sé bénh va lam nguyén liéu cho viéc
san xuét thudc; trong céng nghiép, ndm ciing duoc st dung dé san xuat men, enzyme va cac
hop chét sinh hoc khéac. Xac dinh duoc dang tén loai ndm cé y nghia quan trong trong viéc
phén loai va xac dinh dac tinh ung dung quan trong trong tu nhién. Binh danh loai sinh vat
bang ky thuat sinh hoc phan tir 1a qué trinh xac dinh va phan loai cac loai sinh vat dua trén
thdng tin di truyén duoc ma héa trong phan tir DNA hoic RNA cua ching.
4.1.3. Pinh danh loai ném méi bing phwong phdp hoc may

Phuong phap dinh danh loai truyén thdng thuong dua trén cac khoa phan loai con goi la
dac diém hinh théi cua tirng loai, tuy nhién véi cac loai ma mau vat thu thap khdng nguyén
ven, hay bao quan khong dung cach thi rat kho phan dinh chinh x4c. Phuong phap sinh hoc
phan tir 13 mot ki thuat duoc str dung dé xac dinh loai dia trén phan tich cac dic trung di truyén
ctiia chung. Phuong phap nay dua trén viéc phan tich cac doan DNA hoic RNA ciia cac mau
nghién ctu, tir 46 dua ra cac két qua lién quan dén su khéc biét giira cac loai. Mot trong nhitng
phuong phap phd bién nhat dé dinh danh loai bang phuong phéap sinh hoc phan tir 1a sir dung
ky thuat ma vach DNA (DNA barcoding). Trong phuong phap nay, mdt doan nhé cua DNA
dugc chon dé ma hoa cac loai khac nhau, va sau d6 duoc sir dung dé so sanh véi cac co so dir
licu da biét dé xac dinh loai. Ngoai cac phuong phap trén, con c6 cac phuong phap khac nhu

sir dung k¥ thuat hoc may dé phan loai va xac dinh céc loai. Trong pham vi nghién ctu cua
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luan an d& xuat mot giai phap méi ding hoc may dé dinh danh loai nAm méi. Phuong phép nay
déu cung cap cac két qua dang tin cdy dé xac dinh va phan loai cac loai nam, nham hd tro
nghién ciru va quan |y bao ton cac loai nam quy hiém.

N4m méi thudc chi Termitomyces 12 mét loai ndm c6 gi4 tri dinh dudng cao va huong vi
ngon, chi moc trong méi trudng tu nhién. Ngoai gié tri dinh dudng cao, loai nAm nay con duoc
biét dén voi tinh chat duoc pham & nhiéu qudc gia trén thé gisi. Termitomyces clypeatus ciing
hd tro trong diéu tri bénh thuy dau [49]. Céc hop chit quy gia cua cac loai nim dic biét nay
duoc thu duge thdng qua qué trinh nudi cdy sinh khéi. Termitomyces Albuminosus dé kiém tra
hiéu qua cua nd trong giam dau va chdéng viém trong khi Termitomyces striatus duoc sir dung
dé chiét xuat cac hop chat khac. Termitomyces heimii va Termitomyces microcarpus dugc sir
dung trong diéu tri s6t, cam lanh va nhiém nam va trong viéc thlic day liéu phap ung thu [50].
C6 khoang 30 loai nam méi trén toan thé gisi, va 10 loai ¢ Viét Nam, trong d6 Termitomyces
clypeatus va Termitomyces microcarpus phd bién ¢ Binh Dwong. Mac du rat hiéu qua kinh té,
san luong tu nhién caa nhitng loai nAm nay dang giam dang ké, va ching van chua dugc nudi
cdy mot cach bén virng, vi chding chi moc theo mua.

Xéc dinh chinh xé&c tén caa mot lodi nAm méi 1a mot cdng viéc quan trong trong nghién cau
sinh hoc. Thong tudng cac chuyén gia st dung khoa phan loai truyén thong dé xac dinh céc
loai nAm mai dua trén hinh thai caa ching. Va cac dac diém nay gom: nim nam, thit, mang va
than, c6 thé c6 vong [51]. Tuy nhién, cau triic caa nam thay doi tir loai nay sang loai khac, dic
biét la khi xay ra dot bién. Hon nita, viéc xac dinh cac mau khéng c6 dic diém hinh théi co thé
kho khin [52]. Mot phuong phap dé xac dinh cac loai méi ciia cac sinh vat thuong duoc sir
dung dé xac dinh cac loai ndm an dugc va duoc pham dua trén céc ki thuat phan tir. Trong
phuong phap nay, cac ky thuat phén tir nhu ma vach DNA da duoc stir dung thanh cong trong
nhitng nam gan day dé xac dinh céc loai [53]. Cac phuong phap phan tir nay dya trén phan tich
cac danh dau di truyén va da chang to rat hiéu qua trong viéc xac dinh cac loai, dic biét 1a khi
két hop véi cac phuong phap hinh thai truyén thong. Nhin chung, két hop cac ki thuat phan ti
vao qué trinh xac dinh cac loai ndm mdi c6 thé cung cap viéc xac dinh chinh xac va hiéu qua
hon, dic biét 1a trong nhiing trudng hop phuong phap hinh théi truyén théng khong du.

Mot nhdm gene thuong dugc s dung trong viéc xac dinh phan tir Ila nhdm méa hdéa rRNA.

Nhom nay rat hiéu qua trong viéc tim su tuong dong va khéc biét khi so sanh cac sinh vat khac
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nhau do tinh bao toan twong d6i cao cua hau hét cac phan tir rRNA (Van de Peer 1996). i
véi nam, viing rDNA TS (Internal Transcribed Spacer), bao gom hai chudi ITS1 va ITS2, ké
hai bén chudi 5,8S, dugc chip nhan rong réi 1a ving phan tir dé xac dinh loai boi hau hét cac
nha nghién citu nam [54], nhu dugc thé hién trong Hinh 4.1. Vung ITS ciing dwoc st dung dé
du doan cac loai ndm bing céach sir dung cac phuong phap hoc may . Phuong phap nay bao
gom sir dung dit liéu chudi ITS dé huan luyén mot mé hinh hoc may, sau dé c6 thé duoc sir
dung dé phan loai va xac dinh cac loai nam khac nhau mét céch chinh xéac. Bang cach két hop
cac ky thuat phan tir nhu hoc may véi cac phuong phap xac dinh hinh thai truyén thong, cac
nha nghién cau c6 thé dat duoc viéc xac dinh céac loai nAm chinh xac va hiéu qua hon, gop

phan trong ca nghién cau va bao ton.

ITSI1 ITS2
185 5,85 l 285

Hinh 4.1: C4u tr(c cua gene ITS [54]

Véi mot mau nam nhé qua qua trinh phan tich trinh tu ¢ thé duoc sir dung dé xac dinh
duoc loai. Cac doan DNA nay duoc goi 1a DNA Barcode dé dinh danh lodi ndm. Cac doan
gene la trinh tu ITS cho ndm hay thuc vat thi st dung gene rRNA 18S, 5S va 16S. Céc gene
nay thuong dugc dung dé danh gia méi quan hé tién hoa giira cac sinh vat. So véi chi thi hinh
thai va chi thi hoé hoc, chi thi DNA cho d¢ chinh x4c cao hon ma khong 1¢ thudc vao bat ct
yéu té khach quan nao [11]. Quy trinh dé c6 duoc doan gene ITS cua nim thudng duoc tién
hanh theo 5 budc [11]:

1. Lay mau DNA tir mau nam thuan da duoc phan lap.

2. Sir dung DNA d¢é thuc hién phan tmg PCR dé khuéch dai doan DNA dic hiéu trong
khoang 900-1200 bp trén ving rDNA 1TS1, 5.8S, ITS2, 28S cua nam bang thiét bi PCR
Thermal Cycler (Bio-Rad).

3. San pham PCR dugc dién di trén gel agarose 2%, sau d6 gel dwgc chup hinh lai bang
thiét bi Gel Doc (Bio —Rad).

4. San pham PCR duoc tinh sach bang bo kit QIA quick PCR Purification Kit cua
QIAGENE, sau do6 dién di trén bo dién di Agilent 2100 Bioanalyzer (Agilent Technologies).
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PCR san pham d4 tinh sach truéc khi giai trinh tu trén hé thong may ABI 3130XL (Applied
Biosystems).

5. Két qua duoc phan tich bang phan mém Sequencing analysis 5.3 va so sanh véi cac trinh
tu da biét trén co sé dir liéu NCBI. CAc trinh tu vé nhan dang loai thuong duoc st dung trinh
ty ITS I1a viing DNA nam giita cac gene hay con goi 1a DNA chi thi lodi. C4c trinh ty ITS nay
thudng duoc cac nha nghién cau cdng bd 1én cac ngan hang gene quéc té phuc vu cho viéc
nghién ciru chung. Cac dit liéu chudi ITS cho nim c6 thé dugc truy cap tir hai bo swu tap 16n,
BOLD (Barcode of Life Data) va Trung tdm Thang tin Sinh hoc Quédc gia (NCBI). Ca hai ngan
hang gene nay déu chira mot bo suu tap 16n cac chudi ITS cho tat ca cac loai nam.

Phan loai cac loai nAm dwa trén hoc may sir dung chudi ITS da duoc dé xuat bai mot sé nha
nghién ctiru nhu: Schloss PD 2009; Delgado-Serrano L 2016; Deshpande V 2016 va Prabina
Kumar Meher 2019. Mot danh s&ch toan dién vé cac ky thuat va di liéu duoc sir dung trong
cac nghién ciu phan loai nim duoc cung cap trong Bang 4.1.

Bang 4.1: Cac nghién ctru vé dinh danh nam bang phuong phap Hoc may

N L . Do chinh
A s 1ea )\ A Ky thuat tich thuéc Sz
Tham A x Nguon dir li€u\so . .y Xac tot
. Phan mém x tinh, thuat toan hoc £ .
khao mau ma nhat cua
4 mé hinh
The SILVA Database K-mer (k=5), The k-
Project, Bremen, nearest neighbor
March 2009 (KNN) algorithm, and
[55] MOTHUR PGMA (unweighted- 0.86
pair group method
using average
linkages) algorithms
6 Mvcof NCBI GeneBank K-mer (k=5), Naive 0.87
[56] ycotar Bayes classifier '
The Warcup dataset .
N + | K-mer (k=8) B n
[57] | RDP (18878 chudi thude vé | reessi(on 8) Bayesian | ) o7
8551 loai) g '
RDP Warcup ITS .
N + | K-mer (k=8)N
[58] | SINTAX | (18878 chudi thuge vé | - eesi;n ;;s:l;‘l’sr 0.87
8551 loai) y
[59] funbarRF BOLD systems K-mer (k=4) 0.89




Trang 56

Random Forest.

UNITE + INSDC
(4504529 chudi thuoc | K-mer (k=6), CNN 0.86
vé 44167 loai)

Cac nghién ctru da thanh cong trong viéc st dung cac phuong phap hoc may giam sat nhu

CNN_FunB

[60] ar

phan loai Naive Bayes, KNN va cac md hinh hdi quy Bayesian dé phan loai c4c loai nAm. Tuy
nhién, chi c6 Delgado-Serrano [56] xac dinh dugc cac lodi ndm ¢ mac chi, trong khi cac nghién
ctru khac chi xac dinh duoc tén lodi. Pa sb cac nghién ctu st dung dit liéu chudi gene ITS nam
tir NCBI dé 1am tap dix liéu chinh cho viéc huan luyén tap hoc, tuy nhién nguén dit liéu nay
khong day du. Vi dy, chudi ITS caa chi ndim méi Termitomyces euripus trong NCBI gene bank
chi c6 mot chudi, trong khi ¢6 sau nhan thudc chi nim nay trong BOLD. Ngoai ra, d6 dai cua
chudi ITS c6 su khéc biét 16n, dao dong tir 200 dén 2000 base, va sé lwgng chudi gitra cac chi
nam khac nhau ciing c6 su khéac biét 16n, dao dong tir 1 mau dén 500 mau. Do nhitng han ché
nay véi dir liéu ITS cho nAm méi, céc thuat toan hoc may ¢ dién gap kho khan trong viéc phan
loai chinh x4c c&c nhan cua cac loai nAam mdi. Nghién ciru cua luan an tap trung vao xac dinh
cac nhan cua cac chi nam madi bang cach su dung dir liéu chudi ITS dugc thu thap tir hai ngan
hang gene NCBI va BOLD. Luan an két hop k§ thuat K-mer va xir ly ngdn ngi tu nhién (NLP)
dé trich xuat dac trung va thir nghiém cac phuong phap phan loai hién dai nhu XGBoost
(Extreme Gradient Boosting), Random Forest va CatBoost dé xay dung mot bo phan loai l0ai
nam méi ty dong.
4.2. Mb hinh dinh danh loai nam bing k§ thuat hoc két hep

Lu4n an d3 phat trién mot quy trinh tw dong gdm bdn giai doan dé du doan tén loai ctia mot
loai nAm mdi méi. Giai doan dau tién lién quan dén viéc thu thap dir liéu ndm médi tr cac kho
luwu trit chudi gene ITS. O giai doan tht hai, cac dic trung chudi duoc trich xuit va ma hoa.
Giai doan thtr ba lién quan dén viéc xay dung mot bo phan loai bang cach xay dung va diéu
chinh cac thong s6 dé tim bo phan loai tdi wu. Cudi cung, & giai doan thr tu, bo phan loai duoc
sir dung dé dy doan cac mau ndm mbi méi. Hinh 4.2 cung cip mot mo ta chi tiét vé quy trinh
nay. Quy trinh xay dung mé hinh du doan tén loai nAm méi dugc tién hanh theo 7 budc dugc

liét ké nhu sau:
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a. Colected Data .
- b. Data preprocessing ¢, Building the best classifier

J L] BayesianOptimization, 5-fold Cross-validation of XGBoost model
g K-mer I'TS sequence )

B I Drre et XGBoost "=} Best Model
4 i b
N, sequences: ; CountVectorizer ITS B0% Training .
BGie 101 sequence 1 |
T 20% Testing
S.Equerlcm: if |
final dataset =
d. Predicting |
Classifier
K-mer, CountVectorizer new ITS sequence | . Aodel — Result

Hinh 4.2: Quy trinh dur dodn tén loai nam mai.

a. Thu thap dix liéu (collected data): Nghién ctru di thu thap téng cong 1796 chudi ITS cua
cac lodi nam tir Gene Bank NCBI va BOLD. Sau khi loc cac chudi loai nAm méi c6 it hon
10 chudi, s6 lugng chudi ITS cudi cing 1a 1704.

b. Tién xir ly dir liéu (Data preprocessing): Cac chudi ITS duoc chia thanh cac chudi nho
hon, theo cac quy tac duoc md ta trong Hinh 2, bang cach sir dung K-mer véi kich thudc
7. Chudi ITS dai nhat c6 do dai 2470 co so, twong tng v6i d6 dai vector 1a 14425 khi duoc
mé hoa.

c. Xay dung mé hinh phan l6p véi tham s6 da dwoc toi wu héa (Building the best
classifier): Quéa trinh huan luyén sir dung ty 18 chia 80:20 va téi wu héa siéu tham sé cho
md hinh huan luyén. M6 hinh duoc téi uu hoa bang cach sir dung ki thuat Cross-Validation
v6i k = 5, va BayesianOptimization duoc thuc hién dé diéu chinh cac thdng sé sau:
'max_depth': (5,10), 'gamma’: (0,1), 'learning_rate":(0,1), 'n_estimators':(100,400). Mé hinh
c6 do chinh xac cao nhat duoc chon dé phan loai.

d. Duw doan (predicting): Cac mau nim duoc thu thap tai tinh Binh Duong, Viét Nam, va tai
xuéng tir NCBI duoc sir dung lam tap kiém tra. Nhitng mau nay duoc chia thanh cac K-
mer véi kich thuée 7 va sau d6 dugc &p dung CountVectorizer. Cudi cuing, md hinh tét nhat
tir giai doan ¢ duoc ap dung dé du doan loai cua cac loai nam mdi méi.

4.3. Céc thuat toan hiéu qua cho mé hinh dinh danh loai nim
Thuat toan dé xuéat xay dung md hinh dinh danh loai dwa trén Hoc phdi hop (Ensemble

learning). Luan an da tién hanh khao séat trén ba thuat todn Random Forrest, CatBoost,
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XGBoost. CatBoost 1a mot lya chon kha thi cho phan tich dir liéu chudi gene, nhu da chi ra
trong nghién ciru gan day bai Robson P. Bonidia [61]. Trong céc thi nghiém vai dit liéu nam,
CatBoost hoat dong turong dwong véi XGBoost vé d6 chinh xéac du doan. Tuy nhién, thdi gian
huan luyén caa CatBoost khd 1au hon so voi XGBoost dé dat duoc mirc d6 hiéu suat twong
duong. Do do, XGBoost dugc sir dung lam thuat toan chinh cho moé hinh du doan.

Hiéu suat caa md hinh XGBoost phu thudc vao mét s tham sé quan trong nhu 'max_depth’,
‘gamma’, 'n_estimators' va 'learning_rate'. Nhitng tham sé nay dwoc goi 12 siéu tham sé va co
thé duoc diéu chinh tha cdng trong qua trinh huan luyén hoic tu dong. M6 hinh dugce dé xuét
st dung ky thuat Toi wu Bayesian [62] va cu thé 1a tim kiém ngau nhién (Random search) dé
diéu chinh siéu tham sb. Luan an da ap dung T6i uu Bayesian dé diéu chinh bén tham sé chinh
ctia bo phan loai XGBoost: 'max_depth’, ‘gamma’, 'n_estimators', va 'learning_rate’, chi tiét vé

thuat toan 4.1 dugc trinh bay nhu sau:

Thuat toan 4.1: xay dung mot md hinh phan loai téi vu

Pau vao: D, ={(x,Yy,) e R"x{0,1},Vi =1,_n}; hyperparameter is © = {'max_depth": int(max_depth),
'‘gamma’; gama, 'n_estimators': int(n_estimators), 'learning_rate':learning_rate }
PAu ra: Best_Model
Begin

1: Khoi tao: Featurelmportances={}

2: Model < XGBoostClassifier (O)

3: KFold« StratifiedKFold (n_splits=5, shuffle=True, random_state=2020)

4: For i=1 to KFold

e Divide the D;,, datasetinto D.

Train

and early-ending hyperparameters

and D

Test
e Train the model based on D

Train

5: Tinh the roc_auc_score, accuracy_score, precision_score, recall_score, and f1_score over
iterations

6: Chon best_model mé hinh tét nhat & budc 4
7: Truc quan the mean value ¢ budc 4
8: Return the Best_Model from step 4

End

Pé cai thién hiéu suat du doan ctia mo hinh, da thuc hién xac thuc chéo véi k = 5 dé lya

chon mé hinh phan loai tét nhat, bén canh sir dung Tdi wu Bayesian dé diéu chinh siéu tham
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s6. Bo dit liéu méi tir két qua giai doan 1 dwgc st dung, bao gom n mau di liéu va m dic trung.
Sau d6, mot tham s6 téi vu duoc sir dung lam dau vao cho Thuat toan 4.1 dé xay dung mot md
hinh phan loai téi uu.
4.4. Két qua thuc nghiém
4.4.1. Xay dwng tap di# ligu cho mé hinh dinh danh loai ndm

Viéc chuan bi dit liéu trong hoc may 1a giai doan rat quan trong, luan an da tién hanh khao
thu thap va khao sét di liéu trinh tw ndm mdi tir cAc ngan hang gene quéc té. Dix liéu sau khi
tai vé tir ngan hang gene qudc té NCBI theo dang Fasta, tach thanh tiring gene, trich chon cac
dic trung chudi ITS nAm mdi bang k§ thuat K-mer,

K-mer 12 mot doan ngan gom k nucleotide lién tiép nhau ciia mot trinh tu. Cac doan k-mer
¢ duoc tir viéc ding cira so truot ¢ Kich thude k dich chuyén tir vi tri dau chudi trinh tu cho
dén hét chiéu dai cua chudi trinh tu. Voi 4 base co ban (A, G, T, C) ¢d thé c6 4k vi tri cho

chudi trinh tu. Hinh 4.3 minh hoa qua trinh trich chon théng tin bang k¥ thuat K-mer

Split TTS sequence using
CCCACCTGTGC k-mers size=7 CCCACCT, CCACCTG, CACCTGT, ACCTGTG, CCTGTGC

i=2 =47

i=3 J CountVeclonzer
4470 4333 3741 1339 |, 5048

Hinh 4.3: Minh hoa céch tinh k-mer cho chudi trinh tu vai k=7.

Nhu d3 phan tich nhu trén cho thay, dit liéu vé chudi ITS cho cac loai nAm méi trong céc
ngan hang gene 1a khong day du, tén goi ciing khong théng nhét gay khé cho viéc tra ciru thong
tin. Luan an da téng hop dit liéu chudi ITS tir hai ngan hang gene, BOLD va NCBI dé c6 duogc
101 chudi ITS tir BOLD, véi s6 luong chudi cho mdi chi dao dong tir 1 dén 12. Vi ngan hang
dit liéu tir NCBI, luan &n thu dugc 1740 chudi ITS, véi s6 lugng chudi cho mdi loai dao dong
tir 1 dén 799. Sau khi tong hop dit liéu chudi ITS tir hai ngan hang gene nay va loai bo cac loai
nim méi c6 it hon 7 chudi, c6 dugc 1704 chudi thudc vé 17 lodi nAm mdi. Cac nhan cua mdi

loai nAm méi duoc trinh bay chi tiét trong Bang 4.2.
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Bang 4.2: CAc nhan caa mdi loai nAm mdi

T Tén loai Solugng | pre
trinh tu

1 | Uncultured Termitomyces 799 16
2 | Termitomyces sp. 483 10
3 | Termitomyces intermedius 94 8
4 | Termitomyces symbiont 60 14
5 | Termitomyces microcarpus 34 9
6 | Termitomyces clypeatus 33 3
7 | Termitomyces cylindricus 30 4
8 | Termitomyces striatus 29 13
9 | Termitomyces DKA-2007 24 0
10 | Termitomyces heimii 24 7
11 | Termitomyces bulborhizus 17 2
12 | Termitomyces fuliginosus 16 6
13 | Termitomyces eurrhizus 15 5
14 | Termitomyces albuminosus 14 1

15 | Termitomyces sp. symbiont of
. 12 11

Macrotermes bellicosus

16 | Termitomyces sp. symbiont of

. 10 12
Macrotermes subhyalinus

17 | Uncultured Ascomycota 10 15

Tap dit liu dugc st dung 1am tap kiém tra 1a ca&c mau nim duoc thu thap tai tinh Binh
Duong, Viét Nam, va tai xuéng tir NCBI dwoc mé ta chi tiét ¢ bang 4.3.

Bang 4.3: Tap dit liéu duoc str dung lam tap kiém tra la cac mau ndm duoc thu thap tai tinh Binh Duong

Tén loi ndm méi Chiéu
ID_sequences r e Website dai ciia
- ¢ Binh Dwong

trinh tw
KU569480 Termitomyces https://www.ncbi.nlm.nih.gov/search/all/?term=KU569480 | 980
clypeatus
MF163136-BD5 | Termitomyces https://www.ncbi.nlm.nih.gov/search/all/?term=MF163136 720
clypeatus
MF163152.1 Termitomyces https://www.ncbi.nlm.nih.gov/search/all/?term=MF163152 | 938
clypeatus

MF163445-BD3 | Termitomyces sp. https://mww.ncbi.nlm.nih.gov/search/all/?term=MF163445 669

MF163446-BD6 | Termitomyces sp. https://mwww.ncbi.nlm.nih.gov/search/all/?term=MF163446 1020

MT672480.1 Termitomyces https://www.ncbi.nlm.nih.gov/search/all/?term=MT672480.1 | 721
microcarpus

MT730584.1 Termitomyces https://www.ncbi.nlm.nih.gov/search/all/?term=MT730584 | 608
clypeatus

MF163149-BD4 | Termitomyces sp. https://www.ncbi.nlm.nih.gov/search/all/?term=MF163149 | 812
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4.4.2. Pdnh gia higu néing ciia mé hinh dé xuat

Trong qué trinh thuyc nghiém dugc sir dung Python 3.9 va cac thu vién Scikit-learn,
Biopython, XGBoost, CatBoost va Bayesian optimization dé xay dung mot mé hinh phan loai
nim theo quy trinh dugc dé xuat nhu dugc md ta trong Hinh 4.2. Luén 4n d tién hanh thuc
nghiém trén cing bo dix liéu voi bén thuat toan khac nhau dé so sanh hiéu ning vé cac do do
dic trung ctia mo hinh hoc may nhu: AUROC, Accuracy, Precision, Recall, F1 score. Két qua
chi tiét duoc trinh bay trong bang 4.4.

Bang 4.4: So sanh hiéu nang cac thuat toan hoc may trén cung bo di liéu.

Method AUROC Accuracy Precision Recall F1 score
Naive Bayes 0.93 0.60 0.84 0.60 0.62
RandomForest 0.98 0.88 0.88 0.88 0.88
XGBboost 0.99 0.91 0.90 0.91 0.90
Catboost 0.99 0.87 0.87 0.87 0.87

Ngoai ra AUCROC cua tung l6p dugc tinh theo phuong phap ROC OvR macro-average
cho moé hinh da 16p dugc st dung [63]. O day st dung 16p cudi (12 16p 16) 1am I6p tich cyuc cac
I6p con lai la tieu cuc. Va két qua AUCROC cua mdi I6p dugc trinh bay trong hinh 4.4.

ROCs of One-vs-Rest multiclass to predict Termitomyces species

T
st

Micrg-aversged One-vi-Rest ROC AUC soone LAUC = 1.000
v Macro-averaged One-vs-Rest ROC AUC score (AUC = 0.99)
class [0] (ALC = 1.00)
class [1] (&UC = 1.00)
class [2] {aUC = 1.00)
class [3] (AUC = 1.00)
class [4] (AUC = 1.000
class [5] (AUC = 1 001
- ¢lass [6] (AUC = 1.00)
class [7] (AUC = 0.95)
class [8] (AUC = 1.00}
elasd [9) (AUC = 0.97)
class [10] (AUC = 0.9T)
class [11] (AKC = 0.97)
class [12] (AUC = 0.99)
—  class [13) (AUC = 1.00)
— class [14] (AUC = 0.949)
class [15] [ALC = 1.000
class [16] (AUC = 0.99)
ROC curve (AUC = 0U5)

e Pogstrve Rabe [Postive label §

Hinh 4.4: Puong cong ROC sir dung phuwong phap OvR macro-average cho méi lép trong
phuong phap XGBoost voi kich thuéc K-mer=7.
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< S0 sanh hiéu ning véi cac bd phan 16p vé nam ciing sir dung trinh tw ITS.

Do chinh xéac cua cac md hinh dy doan loai nim trudc day da dung phwong phap K-mer
va céc k¥ thuat toan hoc may nhu: k-NN, Naive Bayes, Random Forest. Cac két qua lan luot
duoc trinh bay trong bang 4.5. Két qua dé xuat cé hiéu ning cao hon cac mé hinh phén 16p
khac khi ap dung K-mer size vai kich ¢ la 7 vai thuat toan phan loai duoc chon la XGBoost.

Bang 4.5: So sanh hiéu nang vai cac bo phan 16p vé ndm ciing st dung trinh ty ITS.

Do chinh
Nghién ctru Phwong phap .
Xac

K-mer (k=5),The k-nearest neighbor (kNN) algorithm
[55] _ 0.86

and PGMA algorithms
[56] K-mer (k=5), Naive Bayes classifier model 0.87
[57] K-mer (k=8) Bayesisn regression. 0.87
[59] K-mer (k=4), Random Forest. 0.89
Pé xuit cia luan an K-mer (k=7), XGBoost 0.91

% So sanh két qua du dosn ciia mé hinh dé xuat véi két qua dw doan ciia BLAST

C4c trinh tu ITS cua ndm méi duoc thu thap tai tinh Binh Duong da duoc cng bd trén
NCBI va duoc md ta chi tiét & bang 4.3. Céc trinh ty nay duoc du doan bang mé hinh phan
loai dugc dé xuat ciing cho két qua giéng nhu cuia két qua dinh danh loai dugc luu trén NCBL
Bén canh d6 céc trinh tu thugc chi nim méi MF163445-BD3, MF163446-BD6, MF163149-
BD4 nhung chua rd thudc loai nao. B phan loai ndy da dinh danh dugc hai trinh MF163445-
BD3, MF163446-BD6 thudc loai Termitomyces striatus gidng kiéu hinh cua miu ndm duogc
thu thap khi giai trinh ty. Con véi mau nam MF163149-BD4 thi c6 két qua giéng nhu dinh
danh loai trén NCBI. Chi tiét vé két qua dinh danh loai duoc trinh bay trong Bang 4.6.

Bang 4.6: Két qua so sanh viéc dinh danh loai cua trinh tu ITS cia nAm mdi thu thap tai tinh
Binh Duong, Viét Nam véi dinh danh trén NCBI.

KU569480 Termitomyces clypeatus Termitomyces clypeatus
MF163136-BD5 | Termitomyces clypeatus Termitomyces clypeatus
MF163152.1 Termitomyces clypeatus Termitomyces clypeatus

MF163445-BD3 | Termitomyces sp Termitomyces striatus
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MF163446-BD6 = Termitomyces sp Termitomyces striatus
MT672480.1 Termitomyces microcarpus Termitomyces microcarpus
MT730584.1 Termitomyces clypeatus Termitomyces clypeatus
MF163149-BD4  Termitomyces sp Termitomyces sp

4.5. Giao dién md hinh du doan tén loai
Dé thuan lgi cho viéc thuc nghiém, luan an xay dung mot Website dé hién thi két qua
Training dir liéu duoc luu trir boi hé quan tri PostPreSQL Server. Chuc nang co ban la cho
phép nhap trinh ty can dinh danh va chon cach xem dir liéu theo cum. Hinh 4.5 hién thi minh

hoa cac str dung phan mém du doan tén loai nAm moi.

Demo ket qua du doan ten loai

Place your gene test:

ccctgecctttgtacacaccgeccgtogeta
ctaccgattgaatggcetiagigaggiciceg F1

~hoose number of Concepts for DendPlot

' a
F2

The resutl of rediction are: 2

F3 Ket qua phan loai nam moi Binh DUong _TT XGBoost
F4

100 200 300

-
_}
|
!
5y

Termitomyces chype:

Termitomyces clypeatus 5
Termitomyces clypeatus &
Termitomyces clypeatus 2
Termitomyces chypeatus 4
Termitomyces clypeatus 3 —
Termitomyces clypeatus —
Termitomyces clypeatus 1 —
Termitomyces clypeatus 13 —
Termitomyces clypeatus 12 —
Termitomyces clypeaius 9 —
Termitomyces clypeatus & —
ermitomyces clypeaius 16 —
Termitomyces clypeatus 17
Termitomyces clypeatus 7

Termitomyces clypeatus 11 —
Termitomyces clypeatus 10 —
Termitomyces clypeatus 14
Termitomyces clypeatus 15
Termitomyces clypeatus 23
Termitomyces clypeatus 22
Termitomyces clypeatus 21
Termitomyces clypeatus 19
Termitomyces clypeatus 20
Termitomyces clypeatus 24
Termitomyces clypeatus 25

Hinh 4.5: Minh hoa giao dién dinh hd trg ngudi dung sir dung thuat toan [64]
Céc chirc nang chinh ctia phan mém hd tro
F1: Nhap trinh tu ndm méi can phan dinh loai
F2: Chon sé cum hién thi quan sat d6 twong dong

F3: Hién thj két qua nhom loai dinh danh
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F4: Hién thi cay phan loai cia nAm can dinh danh véi cac trinh tu gene nam cuing loai gan

véi két qua tap mau caa CSDL TerDB nhit.
4.6. Két luan

Véi dit liéu duoc sir dung 1a 17 loai nAm méi duoc téng hop tir hai ngan hang gene NCBI
va BOLD. Dit liéu dugc chon 13 Nam méi véi s6 luong mau khéa han ché phai thu nhan tir nhiéu
ngudn khac nhau nhung hiéu nang cua mé hinh dé xuat cé két qua vuot troi va cé ¥ nghia trién
khai trong thyc tién. Cho thiy phuong phap nay khong chi dat hiéu qua trén du doan tén loai
nam méi, ma co thé trién khai trén loai sinh hoc, y hoc néi chung. Nén dy ciing la giai phap
c6 thé ap dung chung cho céc loai khac trong sinh, y hoc.

T6m lai, cac phuong phap hoc may nhu di dé cap da chung minh 13 hiéu qua dbi véi dir
liéu genomic trong nhiém vu dé xuat phuong phap hoc may phan loai loai sinh vat dua trén
trinh tu gene dang thd. Pay 13 phuong phap hoc may két hop ma hoa thong tin di truyén theo
phuong phap ngdn ngit ty nhién két hop véi ki thuat téi wu hoa tham sé mé hinh hoc da xay
dung mé hinh hoc may. Vi cach két hop nhu da mang dén két qua tot hon so véi cac dé xuat
cho bai toan tuong tu. Trong phan tiép theo cua luan an, trinh bay phwong phap hoc may hiéu
qua cho dir liéu y sinh thugc loai can 1am san. Pay la loai dit liéu quan trong trong linh vuc y
sinh, cling véi dic diém thua thot va ciing nhu s6 mau dir liéu mat can bang nghiém trong. Mo
hinh hoc may dé xuat giai quyét cac thach thirc ndy cua dit liéu nay mot cach tu dong va md
hinh phan loai d& xuét c6 hiéu niang t6t hon cac nghién ciru cdng bd mai nhat trén cung bo dir
liéu y sinh nay.
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CHUONG 5. MO HINH HQC MAY CHO CHAN POAN BENH DUA TREN DU
LIEU CAN LAM SANG.
Bén canh dit liéu genomic, dit liéu y sinh con bao gom di liéu can 1am sang va 1am san.
Loai di liéu y sinh nay duoc thu thap tir két qua xét nghiém san loc khi khdm bénh cua céc co
oy té. Dit liéu nay thuong chua 161, dir liéu bi thiéu, mat can bang nghiém trong di véi 16p
bénh hiém. Can cé cdng cu maéi hiéu qua hon hd tro cho viéc du doan bénh. Trong chuong nay
luan an trinh bay hai dé xuat mé hinh du doan bénh dua trén dit liéu 1am sang va mé hinh phan
biét bénh nhan bénh CoViD-19 hay bénh Cum. N6i dung trinh bay trong chuong nay dugc
cong b trong cac cong trinh [CT5], [CT6]
5.1. Giéi thigu
Dix liéu 1am sang, can 1am san bao géom cac thong tin nhu triéu ching, tién st bénh, két

qua kham 1am sang. Dit liéu can 1am san bao gom cac két qua xét nghiém méu, nudc tiéu, xét
nghiém hinh anh (nhu X-quang, siéu &m, CT scan, MRI), xét nghiém vi sinh, xét nghiém gene
va nhiéu phuong phap khac. Thong tin tir dit liéu 1am sang va can 1am sang gitip cho bac si va
chuyén gia y té dé dua ra quyét dinh chan doan va diéu tri bénh. Di liéu nay gitp xéac dinh loai
bénh, danh gida mirc d6 nghiém trong, phan loai va phan biét cac bénh co maot sé triéu ching
twong tu nhau, va theo dai su tién trién cta bénh. Bén canh d6 dit liéu nay con dugc sir dung
dé xac dinh céc yéu t6 nguy co, mé hinh du bao, phan tich két qua diéu tri va danh gia hiéu qua
cua cac phuong phap diéu tri méi. Viéc sir dung mot cong cu phan tich dit liéu, chan doan tu
dong dé phan tich két qua kiém tra caa bénh nhan 1a can thiét. Hién nay cac phuong phap hoc
may duoc st dung trong cac chan doan y t& mang lai hiéu qua cao cho cac co sé y té, bénh
vién. Muc dich cua luan an nay la phat trién cac mé hinh dy doan kha nang mac bénh, va phan
biét cac loai bénh c6 triéu ching gan gidng nhau dya trén phuong phap hoc may. Cu thé, luan
an trinh bay hai mé hinh: i) M6 hinh du doan méc bénh CoViD-19 duya trén dit liéu can 1am
san; ii) M6 hinh phan biét hai loai bénh ¢ triéu ching gan gidng nhau 1a CoViD-19 va Cim
HIN1.

5.2. M0 hinh dg doan bénh dwa trén dir liéu can lam san

5.2.1. Gidi thigu.
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Dit liéu tir két qua xét nghiém maéu, 12 loai dit liéu can 14m san thuong duoc ding nhiéu
trong chan doan bénh ban dau. Pay ciing 1a loai dir liéu dugc luu trir nhiéu trong hd so y té.
Chan doan bénh véi sy hd trg tu dong bang hoc may dira vao két qua xét nghiém mau co thé
phét hién cac vé bénh vé méu, bénh tim mach (bénh nhdi méau co tim, suy tim, nhdi mau co
tim, va rdi loan nhip tim), bénh vé gan (viém gan, xo gan). Vi s6 ¢& mau dir liéu da 16n va
cuing véi su kiém tra va xac minh bagi cac chuyén gia y té trén tap mau tét cho két két qua du
doan t6t nhat. Ciing xuat phat tir muyc tiéu xay dung md hinh hd tro chan doan bénh dua trén
bo dit liéu da duoc gan nhan boi cac chuyén gia y té. Luan an nay | phat trién mot mé hinh duy
doan kha nang bénh nhan nhiém bénh CoViD-19 dya trén phuong phap hoc may. Cu thé luan
an ciing trinh bay veé tap dir liéu duoc str dung dé dao tao md hinh, mé hinh tong quat cho dy
doan, cac phuong phap hoc may dugc dung khao sat thuc nghiém va céch thirc danh gia mo
hinh thuc nghiém.

Bénh do virus SARS_CoV-2 gay ra duoc bao cdo lan dau tién vao thang 12 nam 2019
tai Trung Quéc. Ban dau cua cac dot bung phat bénh, bénh nhan CoViD-19 thudng gap cac
triéu chung gidng nhu cam nhu: sét, ho khan, mét mai, kho tha. Tat ca cac triéu ching 1am san
va cac két qua xét nghiém mau tir bénh nhan mac bénh CoViD-19 hoic twong tu nhu CoViD-
19 duoc ghi nhan lai, dix liéu két qua khang dinh mac bénh bang phuong phap PCR Cac bo dir
liéu nay dugc xem 1a bo dir liéu can 1am san duoc cac nha nghién cau sir dung cho nhiéu hd
trg chan doan bénh trong bénh vién va cac co so y té. Nhiéu nghién ctru da sir dung véi muc
tiéu du doan mac bénh CoViD-19 tir dit liéu 1am sang cua bénh nhan di dat duoc két qua tich
cuc. Nhiéu nghién ctiu tap trung vao phan tich va xac dinh bénh CoViD-19 dya trén két qua
cua cac thr nghiém méu; ho thudng chon cac tham sé tir cac chi sb két qua xét nghiém mau
ctia bénh nhan méc bénh 1am dit liéu dau vao cho cac mé hinh du doan. Do chinh xac cua cac
mé hinh nay twong d6i thip, dao dong tir 81% dén 99,4%. Trong vai nghién ciru sir dung bo
dir liéu Iam sang cho cac mé hinh du doan cua ho, @6 chinh xac chi trong khoang 84-92%. Viéc
tong hop cac nghién ctru cung linh vuc cling nhu hiéu ning cua cac céng bd duogc trinh bay &
bang 5.1. Cac ung dung phuong phap hoc may trong chan doan bénh ciing duoc ap dung co
chinh xéc cao [65]. Bén canh d6 ciing c6 nghién citu cho thay cd thé phét hién bénh nhan nhiém
CoViD-19 tir xét nghiém mau dinh ky bang hoc may [66] [65].
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Bang 5.1: Tong hop cac nghién ctiu ciing muc tiéu du doan bénh nhan CoViD-19 bang mau mau

[65]

[31]

[68]

[69]

Dir liéu ngudn Kich c& b
dir lidu
(CoViD-19)

IRCCS Ospedale San 279 (279)

Raffaele, Italian

Scientific Institute for

Research,

Hospitalization and

Healthcare

Albert Einstein 5564/(553)

Hospital, Brazil

Albert Einstein 5564/(553)

Hospital, Brazil

Hospitals in Wuhan, 294 (208)

China

[67]

S6 lwong thugc

tinh

14 Blood features
are available from
the clinical data.

19 Blood features

14 Blood features

15 Blood features
are available from
the clinical data.

5.2.2. M0 hinh du dodn bénh dwa trén diz ligu lam san

Thuat toan dung P chinh
trong cac nghién caeu  xac

Decision Tree (DT); LR =
Extremely 85%
Randomized Trees
(ET);K-nearest

neighbors (KNN);

Logistic Regression

(LR); Naive Bayes

(NB); Random Forest

(RF);

XGBoost. 99,4%
RF, LR, GLMNET, 86%
ANN.

RF, SVM, ANN. 84%

Véi tap dir liéu dau vao T v6i n mau bénh nhan di duoc xac dinh 1a bi bénh gidng bénh

CoViD-19 (5644 mau) va bénh CoViD-19 (553 mau), va M=18 thudc tinh thi. M6 hinh duoc

ap dung dugc mo ta nhu hinh 5.1.

1.Xir Iy di liéu

2.Quii trinh huiin luyén: ap dung ky thuit: k-fold cross-

validdation (CV), chon k=5

M=4202

KNNImpler+ I

SMOTE

3.Dy dodn mau mii

[ 1
_1 Mau xét nghidm mau i [

M:18
Xoa thudc tinh i e e
I

% XGBoost

Training

Best Model

20% Testing

‘\

Classifier
Model = Result

Hinh 5.1: M0 hinh tong quan d& xuat cho bo phan phan 16p bénh CoViD-19
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Trong hinh 5.1, mé hinh d& xuét chi tiét da thuc hién qua cac budc nhu sau: (1)Xir 1y trudce
cac thudc tinh cua sé liéu, bao gom khao sét cac gia trj dir liéu con thiéu, phén tich twong quan
cua céc thudc tinh va loc céac dit liéu nhidu. (i) Str dung k¥ thuat KNNImputer va SMOTE dé
xu ly dit liéu tréng va giam mat can bang dix ligu. (iii) Xay dung bd phan loai bénh dua trén
thuat toan XGBoost v&i mé hinh tdi wu, di dugc danh gia vé d6 chinh xac. Cac mau thi nghiém
méi ¢6 cung thudc tinh nhu dit liéu mau mau c6 ty Ié chia cho qué trinh huan luyén 1a 80:20,
trong d6 80% dit liéu ding cho viéc huan luyén, 20% dung cho viéc testing. Trong qué trinh
huan luyén, luan &n da sir dung phuong phap k-fold cross-validation (CV). K-Fold CV 1a mét
phuong phap phén tich théng ké da duoc cac nha nghién cau sir dung rong rai dé danh gia hiéu
suat ciia b phan loai hoc may [70]. Qua trinh nay duoc tiép dién tu dong va lap lai nam 1an
nham muc tiéu tdi wu héa cac dir liéu. Cu thé vé giai phap duoc trinh bay qua cac giai doan
sau:

% Giai dogn 1: Chudn bj dé# ligu cho md hinh hgc
B6 dir duoc dung trong qua trinh thir nghiém duoc thu bénh vién Israelita Albert Einstein
& Brazil day 1a bo dit liéu do Teich tong hop tir cc cac bénh nhan nhap vién thang 4 dén thang
5 ndm 2020 va dugc xuat ban cong khai trén tap chi Einstein Journal [31]. Theo cac nghién
ctru 1am sang vé bénh CoViD-19 [71] [31] [72] céc thudc tinh vé mau méu c6 thé khang dinh
kha ning mic bénh CoViD-19. Dy trén cong bé [71] [31] [72] [73] luan &n d trich xuat 19
thudc tinh vé mau mau cho mé hinh dy doan bénh CoViD-19, thdng tin chi tiét vé cac dic tinh
lam sang dugc mo ta ¢ bang 5.2.
Bang 5.2: Thong tin chi tiét cac thuoc tinh 1am sang caa cac mau mau tir dit lidu bénh vién Israelita
Albert Einstein [67]

diagnosis Chéan doan 5644
patient_age_quantile Tuoi 5644
hemoglobin huyét sic tb 603
platelets s6 luong tiéu cau 602
leukocytes bach cau Lympho 602
lymphocytes bach cau Lympho 602

basophils bach cau da mai wa kiém 602
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eosinophils bach cau da mui ua axit

neutrophils bach cau trung tinh

monocytes bach cau MONO

urea Acid Uric trong mau
proteina_c_reativa_mg/dl protein C

creatinine Chi s6 dao thai creatin phosphat ¢ co
potassium Kali trong mau

sodium Natri huyét thanh
alanine_transaminase Mtrc do téng thuong gan

alanine_transaminase
aspartate_transaminase Murc do dong mau aspartate transaminase

international_normalized_ratio_(inr international_normalized_ratio

)

albumin Mt d6 tham thau albumin

602
513
601
397
506
424
371
370
225

226
133

13

% Giai dogn 2: Xu Iy di¥ ligu 11, cac thugc tinh c6 mere dé lién quan cao trong tdp di ligu

Trong dit liéu y sinh thuong chiza nhiéu thudc tinh 6 gia tri 13i do thudc tinh chira gia

tri null tin trong két qua xét nghiém mau caa cac bénh nhan [67]. Nhiing thudc tinh c6 do 13i

cao ciing anh hudng dén két qua qua du doan. Bé c6 duoc dit liéu tét nhat cho mé hinh phan

loai, luan 4n da ap dung phuong phap loai bo thudc tinh ¢6 ti 1& 16i (null) hon 99,9% va loai bd

cac thudc tinh c6 mae do lién quan cao trong tap dit lieu. Bé bo tat ca cac thugc tinh cua dir

licu dau vao cd ty 18 18i 16n hon 99,9 %. Luan &n da dé xuat loai bo thudc tinh co ty 1é 16i cao

bang Thuat toan 5.1 [67]

Thuat toan 5.1:  Thuat toan loai bo thudc tinh co do 15i cao

chiéu, Y €[0,1], thresh: ngudng dung dé loai bo dit liéu
D?IU ra: Diean
Begin
1: missing_total «— Tinh gi& tri null trong cac cot
2: missing_percent «— missing_total /len(Dogr)
3: data_missing «— Dogr.index[missing_percent >= thresh]
4: Clean < Dog.drop[ data_missing]

End

PAu va0: set Dy, = Xoo =%, Y1)y (%, V5 )re (o0 Vo)1 X € R™, y € {0, +1} 12 khong gian m-
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MAi trong quan gitta cac thudc tinh 1a mot yéu té quan trong trong qué trinh danh gia
va chan doan bénh ciing nhu ¢ thé anh hudng truc tiép dén két qua caa md hinh du doan. Cac
thugc tinh c6 méi twong quan cao khdng cé nhiéu thdng tin hiru ich (hoic chi rat it), nhung
chdng 1am ting d6 phuc tap cua thuat toan [74]. Bé loai bo cac thudc tinh ndy, luan an da tinh
toan do tuong quan cho toan bo tap dir liéu dinh lugng thudc tinh trong tinh toan, sau doé loai
bo cac thugc tinh c6 do twong quan cao. Phép do hiéu niang caa mdi quan hé gitra hai bién lién
tuc duogc sir dung béi md hinh Pearson. Gia tri mdi twong quan cung cp théng tin vé ca ban
chat va mirc do lién quan gitra cac méi quan hé cua cac dac trung. Cac gia tri twong quan nay
lubn nam trong khoang tir 0 dén |+1|. Ngudng duoc chon cho viéc loai bo cac thugc tinh twong
quan 1a 0.95 va céac twong quan Ién hon ngudng déu bi loai bo.

% Giai doan 3: Xir Iy mdt can bang di liéu cia di liéu hudn luyén:

Str dung k¥ thuat KNNImputer va SMOTE dé xu ly dit liéu trong va giam mat can bang
dir liéu. Cu thé dé xuat thuc hién qué trinh xir Iy mat can bang dit liéu qua hai budc:

Buoc 1: Ky thuat KNNImputer dé dién gia tri bi thiéu: i) xac dinh sé lugng lang giéng
gan nhat (k) can tim cho mdi diém dix liéu bi thiéu; ii) k 1ang giéng gan nhat cua diém di liéu
bi thiéu bang cac do khoang cach Euclidean hoic cac phép do tuwong ty; iii) Tiép theo, ching
ta str dung gié tri ciia cac lang giéng gan nhat dé udc luong va dién vao gia tri bi thiéu.

Buoc 2: sir dung ki thuat SMOTE (Synthetic Minority Over-sampling Technique) dé
tao ra c4&c mau nhan tao trong cac I6p thiéu s6 dé giam mat can bang dix lidu, cu thé: i) xac dinh
16p thiéu s6 va 16p da s trong tap dit liéu; ii)Chon mot mau ngau nhién tir 16p thiéu sé va tim
k lang giéng gan nhat caia n6 trong cing 16p; iii)Tao ra c&c mau nhan tao bang céch lay mot ty
16 ngau nhién cta do chénh léch gitta cac dic trung cua miu ban dau va lang giéng gan nhat,
va thém chung vao tap dir li¢u.

% Giai dogn 4: Xay dwng bé phan loai bang kj thugt Gradient Boosting

Luan &n giai thuat cai tién vuot troi cua Gradient Boosting XGBoost. Khi xay dung mé
hinh du doan, luan an sir dung k thuat kiém tra chéo 5-folds véi quy tic: (i) lan dau cho ngau
nhién s6 lan lap n-round=30; (ii) thuc nghiém md hinh vai bo phan 16p (Classifier) trén tap
training va liét ké céc gia tri ham Loss; (iii) chon gia tri ham loss thap nhat; (iv) thuc nghiém

diéu chinh n_round vé gia tri nho nhat vira tim duoc, tim dwoc mé hinh hoan chinh.
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5.2.3. Két qud thuc nghigm

Luén an da tng dung mo hinh thuc nghiém bang phan mén Python va két hop sir dung céc
g6i Sklearn, Missingno, XGBoost. Hiéu suat ctia phuong phap dugc kiém tra bang cac thi
nghiém trén cac bo dir liéu 1am sang 1a mau mau duoc, két qua thuc nghiém cua nghién ctu
cling duoc trinh bay va dugc danh gia so sanh vadi cac nghién cau lién quan.

% Két qua xir ly di ligu 14i.

Dir liéu duogc str dung trong thuc nghiém la caa bénh vién Israelita Albert Einstein ¢ Brazil
vé bénh nhan CoViD-19. Dit liéu nay duogc thu thap thang 4 dén thang 5 nam 2020, gdm 5644
ca nhap vién trong d6 c6 553 truong hop mac bénh CoViD-19 [31] bao gém 110 thudc tinh md

ta vé cac ca bénh. S6 lugng mau cua bo dit liéu duoc phan bd nhu hinh 5.2.

S00e)

counk

Non COVID-19 COVID-19
HaQnosIs

Hinh 5.2: S6 mau dit ligu cua hai 16p dit liéu [67]

Luan &n tién hanh loai bo dir liéu 15i bang thuat toan 5.1. Két qua cua giai doan nay la két
qua bo 1 thudc tinh “albumin”. Bé o thé khang dinh thudc tinh nay c6 that su 1a nén x6a duoc
hay khong, luan an con khao sat mtc do tuong quan 13i cua toan bo tap thudc tinh bang ki
thuat kiém tra tuong quan 15i cia thu vién Missingno [75], két qua kiém tra thuoc tinh
“albumin” 1a thudc tinh ¢ muc twong quan 18i thap nhat va khdng anh huong khi loai bo, két

qué kiém tra dugc trinh bay trong hinh 5.3.
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alburmin
international_normalized _ratio_(inr) 01
alanine_transaminase 02
aspartate_transaminase 02
sodium 03
potassium 01
urea 0}
creatinine 0.1
proteina_c_reativa_mg/dl 01
neutrophils 01
monocytes 01
basophils 01 oS
lymphocytes 01
leukocytes 01
platelets o1

eosinophils 01

hamoglobin 0.1 \
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Hinh 5.3: Mi twong quan giita cac thudc tinh khao sat
Ngoai ra luan &n con kiém tra muic d6 twong quan cua toan bo thugc caa tap di liéu va lya
chon céc thudc tinh c6 do twong quan cao trén 95% dé x06a, két qua 1a khong co thudc tinh
turong quan dat mic do da néu, nén khong co6 dit liéu can loai bo cling vai ky thuat so sanh méi
tuong quan giita cac thudc tinh. M4i quan hé twrong quan gitta cac thudc tinh duoc minh hoa
trong hinh 5.4.
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Ma tran tuong quan cla cac thudc tinh trong tap dir liéu khao sat

diagnosis
hemoglobin -
platelets
leukocytes

Iymphocytes
basophils

-06

epsinophils
neutrophils
monocytes -
patient_age_guantile - 04

urea

proteina_c_reativa_ma/dl -

-02

aeatinine -

potassium

sodium
alanine_transaminase -
aspartate_transaminase -

international_normalized_ratio_{inr)

albumin -

diagnosis -
platelets -
basophils -
urea
aeatinine -
potassium -
sodium -
albumin

leukacytes
lymphocytes -
eosinophils -
neutrophils -
manocytes

hemoglobin -

alanine_transaminase

patient_age_guantile

aspartate_transaminase

proteina_c_reativa_mag/dl

international_normalized_ratio_{inr) -

Hinh 5.4: Mdi twong quan giira cac thudoc tinh khao sat.
< Két qua md hinh phan logi tir di# lidu 1am sang
Tap dit liéu sau khi loai bo dix liéu 16i duoc goi 1a Datasmall va duoc chia thanh hai phan
vGi 80% tap dit liéu ndy dang lam dit liéu huan luyén va 20% dung dé lam dit liéu kiém tra mo
hinh. Luan an d3 st dung nhiéu thuat toan khac dé xay dung bo phan Iép dya trén Datasmall
nhu: XGBoost [39], LGBMClassifier [76], CatBoost [41]. Két qua danh gia AUROC cua tirng
thuat toan dugc mo ta nhu hinh 5.5. Nhan thdy XGBoost, cho gia tri AUROC tbt nhat nén
dung chon dung dé xay dung bd phan 16p. Céc két qua chi tiét vé hiéu ning ciia mé hinh duoc

xay dung bang XGBoost dugc mé ta boi cac hinh 5.5
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ROC diagram of classification
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Hinh 5.5: S0 sanh hiéu ning ROC cua cac thuat toan ting cuong do doc
% So sanh hié¢u nang mé hinh thuc nghiém véi cac nghién ciru khac.
Céc két qua cia mo hinh dé xuat con dugc so sanh véi két qua du doan ciing chirc ning
nhu nghién ctu cua tac gia Maryam AlJame [31]. Cac do do hiéu ning ctia mé hinh dé xuat
duoc liét ké chi tiét & bang 5.3.

Bang 5.3: Bang so sanh hiéu ning cua mo hinh dé xuét véi tac gia Maryam AlJame

B§ phan 16p Ky thuat | AUC Precision Recall F1 score
str dung (Specificity) (Sensitivity)

Mb hinh dé xuat cia | XGBoost | 0.998 1.0 1.0 1.0

luén an

M6 hinh dé xuét | XGBoost | 0.994 0.98 0.99 -

Maryam AlJame [31]
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Hinh 5.6: Hiéu ning ROC cua c4c thuat toan dé xuét
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Hinh 5.7: Murc d quan trong chi tiét cua cac thudc tinh tir cia mé hinh dé xuat

0

Nhan thay mé hinh dé xuat véi cac cach xir Iy dit liéu dau vao nhu loai bo thude tinh c6 do
15i 16n (hon 99%), dién khuyén dit liéu trong bang ky thuat KNNimputer, giam mat can bang
giita hai 16p bang ky thuat SMOTE. Viéc két hop nay gidp cho md hinh phan loai dé xuat c6
két qua du doan tét hon nghién ctiru ciing muc tiéu va bo di liéu.

5.3. M0 hinh phéan loai bénh CoViD-19 va bénh cim mua
5.3.1. Gigi thigu
Dir liéu 1am san va can 1am san khi duoc thu thap tai cac cac bénh vién hay hd so bénh &n

lubn tim an chaa dyng rat nhiéu thudc tinh bi thiéu, 15i. Trong khi d6 hau hét cac thuat toan
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trén cac nén tang hoc may doi hoi dir liéu dau vao cd dang s6 hoc va khong duoc tréng. Cé thé
sir dung céc ky thuat KNNImputer dé xu ly dir liéu bi thiéu, hoic phuong phap ma hoa cho tap
thudc tinh d6 str dung céc gia tri trung binh cho dit liéu va c6 thé xda dit liéu véi ti 1 13i cao.
Véi cach xir ly dix liéu nay gidp giai quyét van dé dir liéu trong va chuyén d6i dix liéu thanh
dinh dang sé phu hop cho cac thuat toan hoc may. Tuy nhién, viéc xir 1y truéc nay co thé anh
huong dén két qua du doan bang cach bo qua dir liéu chua cac thudc tinh quy gia dugc ding
trong chan doan va diéu tri. Luan an dé& xuat mot mé hinh xu Iy dix liéu tu dong di liéu 15i va
phan biét hai loai bénh c6 triéu ching gan giéng nhau 1a bénh CoViD-19 va cim H1IN1. M
hinh ¢c6 thé hoc truc tiép tir dix liéu thd ma khdng can s can thiép dé xo6a dix liéu tréng.
5.3.2. M0 hinh phén biét b¢énh CoViD-19 va Cam H1N1

Phuong phép va ky thuat hoat dong trong hai giai doan: O giai doan dau tién, n6 danh gia
va xir ly dit liéu dé giam céac thuoc tinh khdng c6 gia tri du doan trong tap dit liéu bang thuat
toan Light Gradient Boosting (LightGBM); & giai doan tha hai, n6 xay dung mot mo hinh phén
loai cho m&i nhém bénh dya trén phuong phap XGBoost. Két qua nghién ctru cho thay viéc
két hop hai mé hinh gradient-boosting ca LightGBM va XGBoost dé tao ra cac bo phan loai ty
dong CoViD-19 va cim tir dir liéu 1am sang di cho két qua tot va hiéu suat vuot troi hon so
vGi mot mo hinh don 1€, véi @6 chinh xac tong thé trén 99,96%. M6 hinh dé xuét téng quat nhu
mo ta hinh 5.8
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Hinh 5.8: M0 hinh tong quan dé xuat phan biét COVID-19 va Cam HIN1
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5.3.3. Cac thudt toan ding trong md hinh dé xut

Trong nghién citu nay, luin an d3 trich xuét va sir dung 1485 mau két qua xét nghiém 1am
sang tir bénh nhan nhiém cim mua hoiac CoViD-19. Theo dé, tap dir licu chia 51 thudc tinh
duoc liét ké trong dit liéu 1am sang CoViD-19 va cm mia. Qué trinh phat trién cho nghién
ctru ndy bao gom bén giai doan chinh:

- Giai doan 1: Tién xt ly cac thudc tinh cua dir liéu, bao gom xac dinh gia tri dit liéu bi thiéu,
thuc hién phan tich twong quan cua cac thudc tinh va loc dit liéu nhiéu. Thuat toan duogc sir
dung trong giai doan nay la thuat toan 5.2,

- Giai doan 2: Str dung md hinh LightGBM d¢ phan tich cac thudc tinh noi bat c6 thé anh
huong dén két qua du doan. Thuat toan dwoc sir dung trong giai doan nay 1a thuat toan 5.3,

- Giai doan 3: Xay dung mé hinh du doan vai tham s6 duoc tdi wu héa bang GridSearch.
Thuat toan dugc ap dung trong giai doan nay la 5.4.

- Giai doan 3: DBanh gia mo hinh.

Céc thuat toan duoc dung trong cac dé xuét lan luot trinh bay nhu sau:

% Thuit toan 5.1 loai bé thudc tinh c6 dd 15i cao.

Dit liéu y sinh thuong chira nhiéu thudc tinh c6 gia tri 16i do qui trinh xét nghiém hozc do
nhap liéu cac két qua xét nghiém 1am san cua bénh nhan. Luan &n da sir dung mot thuat toan
dé phat hién va loai bo tat ca cac thudc tinh cua dit liéu dau vao co ty 18 13i 16n hon 99,9%.
Luan an da ap dung Thuat toan 5.1 dé loai bo thudc tinh c6 do 15i cao.
¢+ Thuat toan trich chon cac thugc tinh c6 gia tri khac khéng dung k¥ thuat LightGBM

Pay 1a mot phuong phap tong hop dé tich hop cay quyét dinh vao ky thuat rat trich dac
trung. Ky thuat LightGBM huan luyén nhiéu md hinh cay theo cach thém vao mdi md hinh cay
méi dugc huan luyén dé du doan céc sai sé (tirc 12 15i) cua cac mo hinh trude d6. Phuong phap
nay tang do chinh xac cua tinh toan loi ich thong tin so véi cac phuong phap 1y mau déng nhat
nhu thuat todn GBDT. Chtrc ning dong goi dic trung doc quyén (EFB) cua LightGBM 14 hiéu
qua d6i véi dir liéu chiéu cao va thwa. Gia tri khac khéng cho cac thudc tinh duoc goi 1a cac
thudc tinh doc quyén (EF) vi ching khéng bao gid c6 gia tri khac khong dong thoi. Déi véi
nghién cau nay, tap dir liéu cho bénh nhan CoViD-19 va cum chaa dir liéu cao va thua, vi vay

luan &n da sir dung LightGBM dé lya chon céc thudc tinh quan trong trong tap dit liéu 1am sang
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tir nén tang CoViD-19 va cim. Sau d6, mo hinh cay st dung phuwong phép tinh toan loi ich
thong tin (IG) dé tinh toan gia tri cho cac thudc tinh quan trong. Qua trinh trich xuét cac thuoc
tinh quan trong duoc thuc hién baoi thuat toan 5.2, dugc mo ta nhu sau:

Thuat toan 5.2. Trich chon cac thudc tinh

Pau vao: Diearn; iter = number of iterations, hyperparameters = {objective = 'binary’, boosting_type =
'goss’, n_estimators = 1000, class_weight = 'imbalanced'}

Piura: D__, : The dataset

small
Begin
1: Initialize: Featurelmportances={}

2: Model < LGBM classifier (hyperparameters)
3: Repeat iter times
e Divide D

e Train model based on Dy, ,;, and early-ending hyperparameters

and D

dataset into D. et

lean Train

e Featurelmportances = model. Featurelmportances
End repeat
4: Tinh trung binh Featurelmportances
5: Chon ZeroFeaturelmportances //Chon cac thudc tinh c6 gia tri 1a khong

6: Return D, < Diearn - ZeroFeaturelmportances
End

Tap dit liéu cho bénh nhan CoViD-19 va cim mua chua hai loai thugc tinh: phan loai va
dinh lwong. Ca hai thuc tinh nay déu quan trong cho phan loai va du doan nhém bénh cua bénh
nhén khi thuc hién cac thir nghiém [am sang. Trong mé hinh, luan an ma hoa céac gia tri phan
loai bang k¥ thuat ma hoé nhan: cy thé luan an chuyén doi mdi gia tri trong mot cot trong so d6
cay thanh mét s6. Cac nhan sé ludn nam trong khoang 0- n danh muc. Sau d6, luan an st dung
tinh ning categorical feature cua LightGBM dé xac dinh tap thudc tinh quan trong cho dit lidu
lam sang caa bénh nhan.

% Thuat toan Xay dwng b phan loai dung ky thuat XGboost
Luén &n st dung phuong phap tim kiém ludi dé tim tham s t6i wu cho md hinh dé xuat.
Qua trinh tim kiém ludi trén tap huan luyén, sir dung k¥ thuat cross-validation véi k = 5 dé

chon ra mé hinh phan loai tét nhat. Mot tap dix liéu méi Dsman duge thu duoc tir két qua cua



Trang 79

giai doan 1, trong d6 n 1a sé lwong mau dit liéu va m 1a sé luong thudc tinh. Ba tham s6 chinh
duogc sir dung cho qua trinh diéu chinh: sé cdy K (n_estimators), d6 sau cua cay quyét dinh d
(colsample_bytree) va hé sé co gidn (learning_rate). Bo tham sé duoc tdi wu dugc sir dung
nhu dau vao cho thuat toan dé phan loai va danh gia toan bo qué trinh. Chi tiét thuat toan 5.3
duoc md ta nhu sau:

Thuat toan 5.3: Xay dung bd phan loai bénh dung k¥ thuat XGboost

o ={0%, y,) € R™x{0,1}, Vi =1,n}; hyperparameter is © = {"n_estimators",
‘colsample_bytree’, 'learning_rate', 'eval_metric":'auc'}
Piu ra: Best_ Model
Begin
1: Initialize: Featurelmportances={}
2: Model — XGBoostClassifier (0)
3: KFold« StratifiedKFold (n_splits=5, shuffle=True, random_state=2020)
4: For i=1 to KFold
e Divide the D

e Train the model based on D

Train

Pauvao: D

dataset into D

Train

and early-ending hyperparameters

and DTest

small

: Tinh cac diém roc_auc_score, accuracy_score, precision_score, recall_score, and f1_score
: Chon the best_model ¢ budc 4

: Visualize the mean value ¢ budc 4

: Return the Best_Model ¢ budc 4

oo N O O1

End

Vé6i phuong phap XGBoost khdng sir dung bién muc tiéu y truc tiép nhu gia tri du bdo, ma
thay thé né bang sai sé cia mo hinh trude d6. Céc sai sé dugc cap nhat dan dan theo hé sé co
gidn, dé chuyén doi chudi mé hinh thanh céc cay quyét dinh da dang hon. Cac md hinh nging
dugc thém vao khi dat dén s6 lwong mo hinh dy doan téi da hoac tat ca cac quan sat duoc phan
loai hoac du doan dtng.

5.3.4. Két qud thuc nghiém
% Khao sat dir liéu 16i

Dix lidu 15i trong y khoa rat thuong xuat hién vi nhiéu 1y nhu do dit liéu c6 thé dén tir viéc thu
thap; ldy mau tir cac thr nghiém 1am sang khéac nhau, trong phong thi nghiém hoic theo co ché
truyén thdng lay mau khéac nhau. Hién thi toan canh vé dix liéu 13i gitp viéc chon lya dic trung

t6t hon cho mé hinh hoc méy va khdng 1am giam d6 chinh xac caa mé hinh. Thong thudng khi
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xtr ly dit liéu 16i cho md hinh hoc may thi viéc loai bo missing values 1 rat thong dung. Tuy
nhién ddi voi dix liéu dung trong y té thi viéc ndy khong nén thuc hién vi dit liéu c6 thé c6 do
151 cao nhung c6 thé chtra nhiéu thdng tin quan trong cho qué trinh chuan doan. Viéc truc quan
hoa cac mdi quan hé giira cac cot bi 16i gitip danh gia tong quan toan canh dit ligu trudc khi tién
hanh céc qua trinh xir 1y dix liéu tranh x6a nham cac dic trung quan trong. Luan &n da sir dung
ky thuat tryc quan hoa dit liéu bang goi thu vién Missingno [75]dé truc quan hoa dit liéu 15i.
Tap dix liéu Dogr duoc dé cap trong nghién cau [66] gdm 1072 bénh nhan méc ciim mua hoic
cim H1N1 va 413 bénh nhan méic CoViD-19. Tap dit liéu chaa 50 thude tinh, duoc coi la 50
dic trung, va mot bién chan doan duoc danh dau duoc str dung nhu bién phan loai. Trong hinh
5.9, ma tran twong quan thé hién chi tiét mtc d6 16i cua ting dic trung theo thang do ting thap
dén cao. Két qua & ma tran twong quan & hinh nay cho thay cac dic trung c6 mitc d6 18i cao nhat
la: 'Cancer’, 'SmokingStatus', ‘Monocytes', "Thrombocytes', 'DaysToDeath’, 'VapingStatus',
'Eosinophils’,  'Hematocrit',  ActivatedPartialThromboplastinTime’, 'Red blood cells',
'Basophil', 'Fibrinogen'. Tuy c6 d6 I8i cao nhung ciing can phai xem xét can than trudc khi x6a
Vi ¢6 thé cac chi tiét co do 18i cao nhung néu ching c6 mdi lién hé vai nhiéu nhiéu dic trung
khac thi khdng nén x6a vi day co thé 1a nhitng thudc thudc tinh ¢é gia tri quan trong quyét dinh
viéc chuan doan bénh Covid-19 hay bénh ciim. Luan an di xem xét tdng quét cac méi quan hé
15i ndy bang biéu d6 dendrogram nhu hinh hinh 5.10, biéu d6 dendrogram thé hién méi quan hé
giita cac cot dya trén mdi quan hé gitra chiing dang phan cip. Viéc nay gidp nhém céc cot co
cuing mire d6 13i lai véi nhau. Két qua hién thi cho thiy dic trung RiskFactor c6 d6 do 16i 84,78%
nhung c6 lién quan dén lién quan dén hai nhém thuoc tinh khac & nhdm 2.1 va 2.2. Nén thudc
tinh nay khong x6a dugc. Hay d6i véi thudc tinh “GroundGlassOpacity” c6 ty 18 151 d¢én 93,6%,

nhung lai c6 lién quan dén tat ca cac thudc tinh cia nhom 2.1.
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Hinh 5.10: Hién thi gié tri 13i cua cac cot va mdi lién quan theo biéu do dendrogram

Két qua ciia giai doan tién xir Iy dir liéu
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Tap dit liéu Dogr dugc dé cap trong nghién ciru [66] gdm 1072 bénh nhan mic cim mua
hoac ciim HIN1 va 413 bénh nhan mac CoViD-19. Tap dir liéu chira 50 thude tinh, dugc coi
la 50 dic trung, va mot bién chan doan duoc danh du dugc st dung nhu bién phan loai. Ap
dung thuat toan 5.2 cho tap dir liéu Dogr d3 tw dong loai bo 12 thudc tinh (danh dau**) chi tiét
vé tap dit liéu Dogr cUNg Véi cac ty 16 161 dugc mo ta Bang 5.4.

Bang 5.4: Thudc tinh cta bo dir liéu Dorg

7T Thue tinh Type S6 lugng gid tri ciia | S6 mAudir | Ty 1§ ’gié tri b
tirng thugc tinh liéu thiéu (%)

1 Diagnosis int64 2 1485 0

5 A-ctiv.atedPartiaIThrombopIa floated 9 9 99.39

stinTime**
3 Age float64 09 1457 1.89
4 Basophil** float64 1 1 99.93
5 DayslnlIncubation float64 14 38 97.44
6 DaysToDeath** float64 3 3 99.80
7 DurationOfllIness float64 30 88 94.07
8 Eosinophils** float64 3 8 99.46
9 Fibrinogene** float64 9 9 99.39
10 Hematocrit** float64 7 7 99.53
11 Hemoglobin float64 18 24 98.38
12 Monocytes** float64 1 1 99.93
13 Neutrophil float64 91 103 93.06
14 NumberOfAffectedLobes float64 5 24 98.38
15 NumberOfFamilyMembersinfe floatea o £ 96.36
cted

16 Platelets float64 44 50 96.63
17 Procalcitonin float64 23 33 97.78
18 | RedBloodCells™ float64 4 4 99.73
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19 s float64 27 151 89.83
20 Temperature float64 35 629 57.64
21 Thrombocytes** float64 1 1 99.93
- Timel?etweenAdmissionAndDi float6d 15 47 96.84
agnosis

23 Urea float64 13 19 98.72
24 | VapingStatus” float64 0 0 100

25 | Asymptomatic object 2 21 98.59
26 BabyDeath object 3 40 97.31
27 Cancer** object 1 2 99.87
28 CommunityTransmission object 7 249 83.23
29 Coughing object 3 862 41.95
30 CReactiveProteinLevels object 22 139 90.64
a1 CReactiveProteinLevelsCatego object A 158 89.36

rical

32 CTScanResults object 6 161 89.16
33 Diarrhea object 2 450 69.7
34 Fatigue object 2 531 64.24
35 Fever object 3 926 37.64
36 GroundGlassOpacity object 2 95 93.6
37 InitialPCRDiagnosis object 4 104 93

38 Lymphocytes object 28 158 89.36
39 LymphocytesCategorical object 6 195 86.87
40 NauseaVomitting object 2 422 71.58
41 NeutrophilCategorical object 4 148 90.03
42 Pregnant object 3 65 95.62
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43 PrematureDelivery object 3 15 98.99
44 Region object 63 318 78.59
45 RiskFactors object 65 226 84.78

SerumLevelsOfWhiteBloodCel )
46 ] object 8 191 87.14
IsCategorical

47 Sex object 2 1409 5.12
48 ShortnessOfBreath object 3 75 94.95
49 SmokingStatus** object 3 10 99.33
50 SoreThroat object 2 670 54.88
51 XrayResults object 2 47 96.84

% Ap dung thuit toan 5.2 cho qua trinh trich xuit thong tin

Sau khi 4p dung thuat toan 5.1, Luan &n tiép tuc sir dung thuat toan 5.2 dé chon lya thudc
tinh c6 d6 loi thong tin cao dé xay dung bo phan loai. Két qua cua qua trinh nay ching toi di
rat trich dugc 24 thudc tinh quan trong va tap thuoc tinh maéi nay duoc goi la cho tap dir liéu
SmallData. DBé danh gia mirc d6 ding dan va hiéu qua cua két qua dix liéu thu duoc, Luan an
d3 so sanh két qua thu thu duoc & giai doan nay vai két qua cua Wei Tse Li. Thong tin chi tiét
vé két qua dugc trinhg bay ¢ Bang 5.5

Dé danh gia d6 chinh xéac va hiéu qua cua két qua duoc thu dugc tir mé hinh, luan an so
sanh két qua & giai doan nay véi két qua caa Wei Tse Li [77] . Chi tiét ciia so sanh duoc trinh
bay trong Bang 5.5

Bang 5.5: Két qua so sanh gitra viéc lva chon dic trung ctia md hinh cua luan an va md
hinh cua Wei Tse Li [77]

Tac gia Phuwong phap chon lya thugce Céac dic trung quan trong trong chon
tinh lya tir mo hinh phan loai
Wei Tse Li [77] | St dung két hop: Lua chon tha Diagnosis, Neutrophils,

cong dua vao théng ké va két hop | NeutrophilsCategorical,
SerumLevelsOfWhiteBloodCells,
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mang neural SOM dé chon thudc SerumLevelsOfWhiteBloodCellsCategoric
tinh. al, Lymphocytes, LymphocytesCategorical,
CTScanResults, RiskFactors, Diarrhea,
Fever, Coughing, ShortnessOfBreath,
SoreThroat, NauseaVomitting,

Temperature, Fatigue, XrayResults

Pé xuét cua Str dung cac thuat toan 5.1, thuat Diagnosis, Neutrophils,
luan an toan 5.2 cho qua trinh trich xuét NeutrophilsCategorical,
thong tin SerumLevelsOfWhiteBloodCells,

SerumLevelsOfWhiteBloodCellsCategoric
al, Lymphocytes, LymphocytesCategorical,
CTScanResults, RiskFactors, Diarrhea,
Fever, Coughing, ShortnessOfBreath,
SoreThroat, NauseaVVomitting,

Temperature, Fatigue,
CReactiveProteinLevels,
GroundGlassOpacity,

InitialPCRDiagnosis,
NumberOfFamilyMembersinfected,

Region

Nhu dugc thé hién trong Bang 5.5, md hinh caa luan &n da c6 24 thudc tinh duoc lya chon,
va két qua ma luan an thu duoc phan anh gan nhu toan bo tap thudc tinh duoc dé xuat bai Wei
Tse Li . Tuy nhién, c6 mot thudc tinh bo sung - két qua X-quang. Mot uu diém caa mé hinh
caa luan an la n6é chon hon nam thudc tinh so véi mé hinh caa Li, trong d6 thudc tinh
GroundGlassOpacity trong d6 thudc tinh nay cé vai trd dac biét quan trong cho chan doan
CoViD-19, vi thudc tinh nay ludn xuat hién trong trong hau hét cac truong hop nhap vién diéu
tri véi ty 18 89%. Piéu nay dic biét quan trong cho chan doan va diéu tri bénh nhan nang. Do
do, viéc md hinh da chon thém tinh ning nay trong mé hinh dé xuat dé du doan CoViD-19 va
ciim rat c6 ¥ nghi vé viéc phét hién hiéu niang tiém an cua dir liéu. Két qua da rd rang cho thiy
rang viéc lya chon dic trung cho moé hinh phén loai cua luan &n 1a phi hop, chon ra cac dic

trung quan trong cho md hinh du doan.
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< Ap dung thuat toan 5.3. xay dwng mé hinh phan loai

Véi bo dir liéu DataSmall thu duoc sau khi ap dung thuat toan 5.2, Luan an ap dung thuat
toan 5.3 dé xay dung bo phan loai. Hiéu nang caa md hinh phan loai dugc xay dung dugc danh
gia hiéu ning bing cac d6 do dudng cong ROC, va Precision-Recall Curve doan va Confusion
Matrix dé danh gia mé hinh huan luyén. Sau qua trinh huan luyén dix liéu, luan an da kiém tra
quéa trinh phan loai ndm 1an cho thuat todn XGBoost. Két qua trung binh cho mdi budc cua
cross-validation dwogc thé hién trong cac hinh 5.11 dén hinh 5.14, cung véi két qua danh gia
hiéu suat ciia phuong phap cross-validation nim 1an trén tap SmallData.

XGBROC curve by folds for predict COVID-19 and Influenza ¥GB P|R curve by folds

10 — | L0
- T
bE o’ 08 ~
& %
3 .~
!\._. o0& ~ 1 5 06 .
= 2 -
5;‘ 04 ’ ROC fold 1 AUC = 99 99% | £ T .
B ROC fodd 2 AUC = &9 96% PIR fold 2 Y
_ ROC fodd 3 AUC = 100, D0% | PIR fokd 3
L - ROC fold 4 ALUC = 99 77% 63 L
ROC fold 5 ALC = 59 96% PIR fold 4 “a,
'R B —— Mean ROC AUC = 59 94% | PR fodd 5 .
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Recall

Hinh 5.12: Precision recall curve cho mo
hinh du doan

Hinh 5.11: ROC curve cho mé hinh du

doan

Xgb Confusion matrix [averaged/folds]
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Hinh 5.13: Confusion matrix cho mé hinh du doan.
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Feature importance

Age
RiskFactors 21
Region 20
serumlevelsOfWhiteBloodCell 17
Sex 17
CommunityTransmission 14
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Hinh 5.14: Thudc tinh quan trong ciia mé hinh dy doan

< Thoi gian thuc hién ciia mé hinh dé xuat
Bén canh viéc tinh toan hiéu nang cua mé hinh phan loai dugc xay dung, luan an con do dat
thoi gian thuc nghiém. XGBoost hd trg co ché xir Iy song song nén viéc tinh toan thoi gian
duoc khao sat theo ludng (threads) trong qua trinh huan luyén. Két qua thoi gian thuc

nghiém duoc mo ta nhu hinh 5.15

XGBoost Training Speed vs Number of Threads

55 1

Speed (seconds)

45

T T T
10 15 20 25 30 35 40
Number of Threads

Hinh 5.15: Thoi gian thyc nghiém xay dung mé hinh phan loai
5.3.5. So sanh higu néing ciia mé hinh dé xudt véi md hinh phan loai khac trén cung bé dir
ligu va nhi¢m vu dw dodn
Tap céac dac trung quan trong thu dugc tir moé hinh phan loai ciing dugc so sanh vai tap dac

trung ciia mo hinh dugc xay dung bai Li. Trong nghién ctru cua Li da su dung k¥ thuat ma hoa
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one-hot dé ma hda tap dit liéu dinh danh vai tap dic trung dau vao c6 20. Thuat toan phan loai
XGBoost di giam s6 lugng dic trung quan trong tr 24 xubng 14. Thuoc tinh
GroundGlassOpacity van dugc git lai boi mo hinh trong 14 dic trung quan trong duoc sir dung
dé du doan CoViD-19 hoic cum. Dé kiém tra tinh chinh xac cua md hinh cua luan an, luan an
d3 so sanh hiéu suit cua n6 véi mé hinh cua Li. Li d3 st dung nhiéu phwong phap hoc may dé
xay dung mé hinh phan loai, chang han nhu héi quy RIDGE, rirng ngau nhién, hoi quy LASSO
va XGBoost. Ba ky thuat du tién di duoc thir nghiém, va st dung phuong phap danh gia AUC,
két qua lan lugt 13 96,6%, 95,3% va 96,3%. Uu diém cia phuong phap cua luan an 12 sir dung
cac phuong phap danh gia mé hinh AUC, ROC, do nhay va dic hiéu. Chi tiét két qua danh gia
dugc trinh bay trong Bang 5.6.

Bang 5.6: . S0 sanh hiéu suat cia mo hinh dé xuat vai mé hinh caa Li

Accuracy | AUC Recall Precision | F1
B¢ phan loai
(%0) score (%) | score (%) | score (%) | score (%)
M6 hinh XGBoost 99.9 99 99 100 99
dexudt | Gradient-Boosting |  99.6 99 98 100 99
cua luan
4n LGBM 99.7 99 99 100 99
Random Forest 99.8 99 99 100 99
Li [77] XGBoost 99 97.7 92 92 92
RIDGE regression - 96.6 - - -
Random Forest - 95.3 - - -
LASSO regression - 96.3 - - -

DPuoc xay dung tir tap dir liéu tdng hop céc triéu ching 1am san cua bénh CoViD-19 va
cim, luan &n nay da xay dung mot bo phan loai va du doan cho CoViD-19 va cum. Viéc két
hop hai phurong phap hoc may LightGBM va XGBoost trong md hinh dé xuat ¢a mang lai hiéu
qua tot hon trich xuat dix liéu thd. M hinh hoat dong tét trong viéc kham phé cac bién quan
trong cho md hinh du doan tir két qua thr nghiém 1am sang. Diéu nay ting do hiéu qua caa dix
liu dau vao cho qué trinh danh gia va giam sé lugng mau bj 15i. Két qua cho thiy phuong

phap dé xuat c6 thé kiém soat va xur ly ty dong cac bién phan loai tir mot tap dit liéu tho, qua



Trang 89

d6 tdi da hoa gia tri cua tap bién sb dau vao cho mé hinh phan loai. Két qua caa mé hinh 6n

dinh va c6 thé phuc vu 1am co sé trién khai trén cac tap dir liéu 1am sang 16n hon tai cac bénh

vién, tir d6 lam cho qua trinh chin doan va phat hién bénh, cing véi diéu tri, hiéu qua hon.
5.4. KET LUAN

Dir liéu 1am san va can 1am san déu 1a dix liéu quan trong caa nghién ctu vé y sinh. Dya
trén céc bo dit liéu ndy, luan an da dé xuét hai phuong phap xay hai mé hinh hoc may hd trg
chan doan bénh va phan biét bénh. Déi vai md hinh thi nhat luan 4n da dé xuat phuong phap
tich hop cac thuat toan ty dong loai bo cot thiéu dir lieu, ki thuat KNNimputer va MOTE dé
xu ly dir liéu trong va giam mat can bang dit liéu. Khi so sanh két qua caa cia mé hinh tha
nhat véi cac nghién ciru ciing muc tiéu va bo dit liéu, hiéu nang cia mé hinh dé xuét cho két
qua tét hon. M6 hinh dé xuit thir hai ciing sir dung di liéu can 1am san 1am dix liéu huan luyén
dé xay dung bo phan dinh bénh CoViD-19 va bénh Cim. Nghién ciru nay da chitng minh viéc
st dung hoc may théng qua mé hinh két hop tir viéc phdi hop céc phuong phap xu Iy dit liéu
tu dong bang ky thuat LightGBM cho viéc rat gon chiéu va md hinh phan loai bang XGBoost.
Phuong phap dé xuat nay gitip mé hinh phan loai bénh nay da phat huy hiéu qua khi phét hién
thém cac bién quan trong cho md hinh dy doén tir két qua xét nghiém 1am sang. Piéu nay lam
tang s6 liéu dau vao trong qua trinh danh gia va giam di s6 lwgng mau 13i. V& do chinh xac
cling nhu céc hiéu niang khac da duoc kiém chiing véi cac cong trinh da cong bd co két qua tot
hon vé hiéu ning ciing nhu ¥ nghia thyc tién.

Luén an da trinh bay mot phuong an hoc may c6 thé hd trg cho viéc phat hién cac ca bénh
c6 cac trieu chiing 1am sang gan gidng nhu cim. Két qua ciia mé hinh dé xuat chi thir nghiém
trén bo dir liéu duoc cong ddng nghién ctru cung cap véi céc triéu chang 1am sang cua bénh
thugc chang loai virus corona. Ngoai ra, phuwong phép nay c6 thé ap dung cho céc loai bénh
khac nhau. Viéc 4p dung hoc may vao chan doan bénh dwa trén dit liéu 1am san hay can 1am
san doi hoi sy can than va kiém soat chat ché. Pé dam bao tinh chinh xac va déng tin cay, mo
hinh can duoc bd sung dit liéu huan luyén da 16n, ddng thoi dir liéu ndy can dugc xac minh va
kiém tra boi cac nghién cau 1am sang va chuyén gia y té. Két qua caa md hinh ludn 6n dinh va
1am co s& dé c6 thé trién khai trén tap di liéu 16n hon tir nguon di liéu 1am sang thuc té tai cac
bénh vién. Phuong phap duoc dé xuat tir cac mé hinh dé xuat cua luan an doéng gop cho viéc

san loc, phan loai va du doan chinh x&c bénh nhan mac bénh. M6 hinh dé xuat giam thiéu chi
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phi phat sinh trong qué trinh kham chita bénh va giam &p luc vé thoi gian tra két qua xét nghiém
cua bénh nhan. Trong twong lai, mé hinh duoc phét trién gidp cho viéc chan doan bénh nhan

tro nén don gian va chinh xac hon.
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CHUONG 6. KET LUAN VA HUONG PHAT TRIEN

6.1. Kétluan

Céac md hinh hoc may cd thé dam nhan tét vai tro dy doan, phan loai, va truc quan hoa cac
loai dir liéu phuc tap cua sinh hoc, y hoc. Ludn an da dé xuit céc giai phap hiéu qua hd trg tinh
toan trong cac van dé sinh hoc cip bach nhu san xuat thudc trong tai to hop, dinh danh loai va
chan doan y khoa. Tim giai phap méi dé nang cao hiéu qua cho mé hinh hoc may trong dit liéu
y sinh 1a nhiém vu chinh cua luan an. Trong cac dé xuat, luan an da tap trung thuc hién ba
nhiém vu chinh 1a giai quyét hai thach thirc 16n dang ton tai trong viéc trién khai cac mé hinh
hoc may cho hai nhém dit liéu y sinh: dir liéu sinh hoc phan tir va dir liéu 1am sang, can lam
san. Trong tirng nhiém vuy luan an da thyc hién duoc céng viéc nhu sau:

- Thiét ké mé hinh hoc may hiéu qua cho dit liéu sinh hoc phan tir trong cac nhiém vu xéc
dinh gene cho biéu hién, duoc ung dung trong linh vuc phat trién thuéc;

- Xay dung mé hinh hoc may hiéu qua cho nhiém vu dinh danh loai sinh vat.

- Xay dung mé hinh hoc may hiéu qua chan doan bénh trong y sinh,

Cu thé c4c giai phap dé xuat tap trung vao thuc hién cac cong viéc nhu: i) Thiét ké phuong
phap biéu dién, ma hda, chon loc dic trung cho dit liéu gene cho bai toan tim gene muc tiéu,
lya chon moéi truong té bao vat chi phi hop véi gene muc tiéu cho muc dich thiét ké thude
bang k¥ thuat tai to hop; ii) Dé xuat thuat toan dinh danh loai dua trén ky thuat Boosting; iii)
thiét ké phuong phap tw dong ma hda, rit gon dic trung cho dit liéu 1am sang va can 1am san
trong vé chan doan bénh.

Trong nhiém vuy thir nhét, ludn an da dé xuat hai phuong an dé chuyén ddi dir liéu tir dang
trinh tu gene thd thanh dang cd thé xu Iy bang hoc may nhu dung chi s6 RSCU dé biéu dién
mtc d6 codon tuong dong cho trinh ty gene ¢ bai toan 1, phuc vu cho muc tiéu téi uu hoa viéc
chon lya mé trudng tong hop protein tai to hop cho té bao vat chu.

O nhiém vy tha hai luan 4n da dé xuat phuong phép trich xuat thong tin caa gene cho mo
hinh hoc bang phwong phap K-mer. Phuong phéap nay chuyén dbi tir dinh dang trinh tu cua tap

gene thd thanh thong tin dang s6 va dwa vao mo hinh hoc may dé dinh danh loai sinh hoc. Pay
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la mot phuong phap dinh danh mai vai @6 chinh xac cao va thuan lgi cho viéc truc quan dir
liéu phan loai

Trong nhiém vu tha ba, viéc xt ly dit liéu 16i va chon céac thdng tin quan trong tir dir ligu
lam sang vé chan doan bénh trong y sinh 1a mot van dé duoc luan an giai quyét bang cach két
hop hai md hinh hoc Gadient Boosting 1a LightGBM va XGBoost. Dé xuat nay gitp viéc chon
lya thudc tinh quan trong duoc thyc hién mot cach tu dong trude khi dua vao mé hinh hoc chan
doan bénh vai quy tic tranh mat thdng tin quan trong ma van gitt do chinh xac tét nhat cho mé
hinh du doan.

Cac déng gop trén da gitp giai quyét cac van dé trong linh vuc sinh hoc phan tir va chan
doan bénh bang str dung cac phuong phap hoc may va thuat toan khac nhau. Chlng cung cap
nhitng phuong phap va ky thuat méi dé xa Iy dir liéu va xay dung cac md hinh dy doén hiéu
qua trong cac tng dung sinh hoc.

Céc phuong phap thuc nghiém da mang lai hiéu niang tét hon cho cac mé hinh hoc may
trong cac bai toan vé phan 16p gene, chan doan bénh. Tinh hiéu qua ciia cac md hinh phan 16p
dugc chirng minh bang két qua thuc nghiém trén di liéu thuc duoc 13y tir cac kho di liéu Ngan
hang Gene quéc té NCBI, tir c4c luan &n cong bd trén cac tap chi vé tin sinh hoc. Pé danh gia
tinh tong quat cia cac mo hinh dé xuat luan an da thuc nghiém trén cing bo dit liéu vai cac
nghién ctru khac da cong bo va luan an tién hanh thu thap, xa ly dit liéu, xay dung, huan luyén
va danh gid mé hinh. Cac mé hinh dé xuat di dugc danh gia bang cach so sanh két qua do chinh
X&c phén I6p véi cac mo hinh co ban khac. Ngoai ra, luan an ciing do thém thoi gian thuc hién
clia cac md hinh dé phan tich va danh gia hiéu nang giita cac md hinh. Két qua tong thé cua
c4c giai phéap tong thé dé dat hiéu ning cao hon cac nghién ctru hién tai trong cting pham vi dit
lieu va myc tiéu nghién ciru. Trong twong lai cac dé xuat nay co thé trién khai trén nhiéu bai
toan khac nhau trong cung linh vuc y sinh.

6.2. Huéng phat trién

Ung dung y sinh 1a mot linh vuc rong va rat tiém ning cho viéc nghién ciru cac giai phap
tinh hd tro cac ng dung sinh hoc trong chim soc stc khoe con nguoi. Viéc tiép tuc nang cap
d6 chinh xac caa cac mo hinh du doan & bai toan 1 va bai todn 2 ciing 1 van dé dat ra. Giai
phap c6 thé sir dung hoc sau trich xuat thdng tinh ty dong ¢ bai toan 2 thay gi phai sir dung k¥

thuat K-mer dé trich xuat tinh nang vi rang phuong phap K-mer c6 thé da phu hop véi dinh
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danh loai nAim méi nhung khong phu hop véi cac loai c6 bo gene véi do dai lon hon nén viéc
trich xuét tinh nang tu dong 1a can thiét. P6i vai bai toan thir 3, ciing c¢6 thé bd sung tinh ning
cho md hinh dy doan 14 ty dong phan ting muc d6 bénh dé viéc trién khai vao thuc té cho thiét

thuc hon.
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