Ung dung md hinh hec may vao sang loc 40
cac chat «c che HIV integrase

Phan Tiéu Long, Tran Pinh Xuén Tric,

Trinh Chwong, L& Lai Hoang Son, Nguyén Qui Hién,
Huynh Hoang Thiic, Truwong Ngoc Tuyén*

Khoa Dugc, Pai hoc Y Duoc Thanh phé Ho Chi Minh

Summary

Applications of machine learning in drug design is an emerging and fast-growing field of research.
In silico models allow the speeding up of drug discovery and developments. HIV, once known as
‘the disease of the century”, is currently with no specific treatment. New drugs discovered by
machine learning may have the potential to complement ARV-therapy to help prolong the lifespan of
people who live with HIV. The machine learning model uses the multi-layer perceptron (MLP)
architecture along with the Extra Trees algorithm for feature selection, and handling imbalanced data
with the Tomek Links algorithm gave the results: 95.3% accuracy, 82.6% sensitivity, 86.5%
precision, F1 score of 0.845, area under the ROC curve (0.953) and Average Precision (0.917). The
internal dataset was screened through the PAINS filter and QSAR machine learning models and
substance DI081 was determined to be the best candidate with the probability of inhibiting HIV
integrase up to 98.57%.

Keywords: QSAR, machine learning, HIV integrase, area under curve of ROC, F1 score.

Theo théng ké tlr “Chuwong trinh phéi hop
ctia Lién Hop Quéc vé& HIV/AIDS” (UNAIDS)

Dt van dé
Viéc rng dung khoa hoc may tinh va tri tué

nhan tao vao linh vuwc thiét ké thudc in silico
khéng nhirng rat ngén duoc thoi gian, cdng stc
va tai nguyén ma con tang cwdng hiéu qua sang
loc. Tl d6 c6 thé nghién cru va phat trién thubc
mé&i nhanh choéng, két qua da gat hai duoc
nhiéu thanh céng nhw xay dwng mé hinh dw
doan hoat tinh khang ung thw, déc tinh, kha

nang dap trng cla thudc ™.
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nam 2020, c¢é hon 37,6 triéu nguwoi trén toan thé
gi¢i dang séng cung v&i can bénh thé ky. Hién
nay van chwa cé thudc dac tri hay vaccin, nguoi
nhidm HIV chi c6 thé diéu tri bang liéu phap
khang virus bang thuéc ARV (Antiretroviral),
nham (rc ché céac triéu chirng va gitv cho sw
nhiém tring khong phat trién thanh AIDS .
Enzym integrase (IN) la mét loai enzym dwoc
san xuét b&i virus phién ma ngwoc, tich hop tao
thanh céc lién két cong hoa tri gitva thong tin di
truyén cla virus véi t& bao vat chd ma no lay
nhiém . Chirc nang chinh cta IN 14 tich hop
ADN cua virus vao vat chat di truyén cla vat
cha, mét buéc rat can thiét cho quéa trinh nhan
lén cta virus HIV. Chinh vi vay, viéc (rc ché
enzym integrase, cu thé la trong quéa trinh
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chuyén soi, c6 thé ngdn chan sy lay lan cua
virus, kéo dai thdi gian sdng cho vat chi. Céac
chat e ché integrase thwong dwoc phdi hop
v&i cac loai thubc diéu tri HIV khac dé giam
thiéu sy khang thuéc .

P6i twong va
nghién clu

Thiét bj va phan mém

Nghién ctu in silico trong dé& tai dwoc tién
hanh trén may tinh vé&i Mainboard B550 AORUS
PRO, CPU AMD Ryzen 9 3900X 12-Core
Processor 3.79 GHz, Ram 32 GB, card dd hoa
VGA Radeon RX6900XT 16 GB, hé diéu hanh
Linux 20.04 64 bit va cac phan mém:
ChemDraw 18.1, Python 3.9.7 cung v&i thw vién
hoc may Scikit-learn !,

D@ lidu xay dwng mé hinh

Céc cAu tric hai chidu (2D) duoc lay tir bo
di liéu trén thw vien ChEMBL Database, sau dé
duoc xr ly dé chon lwa cac cau tric ¢ hoat tinh
trc ché HIV integrase véi cung phwong phéap do
ho&c phwong phap do gan giéng nhau. Tap div
liéu Ién va da dang vé c4u tric gdbm 5685 chat
c6 hoat tinh @c ché integrase t thw vién
ChEMBL. Trong d6, tt c& cac chat déu duwoc

phwong phap

Tién xu Iy
di liu
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Xt ly
ngoai lai

Panh gia hiéu nang

xac dinh la c6 IC50 dao déng tr 0,46 nM dén
10000 nM. Tuy nhién, tap di liéu nay dwoc thu
thap t& nhiéu ngudn khac nhau véi cac dich tac
déng, cling nhw phwong phap thir riéng biét nén
tap div liéu can dwoc xt ly thd dé chuan hoa vé
cung hé quy chiéu. Phép chuén hoa duogc thuc
hién b&i thw vién ChEMBL Database bang cach
xap xi cac gia tri thwc nghiém gitva cac phép do
khac nhau thanh gia tri “pChEMBL value”. Gia trj
nay ciing da dwoc nhiéu nghién clu trén cac
tap chi uy tin chap thuan st dung ©.

Dir liéu sang loc

Thw vién ndi bd bao gdbm 1.000 chat chwa
dwoc cdng bd trén SciFinder (truy cap vao ngay
20/03/2021) c6 thé téng hop dwoc trong diéu
kién ctia Phong thi nghiém Hoa Hiru Co, Khoa
Duwoc, Dai hoc Y Dwoc Thanh phé HS Chi Minh
bao gdm céac khung di vong pyrazol, oxadiazol,
thiadizol, benzotriazol, benzimidazol.

Phwong phap nghién ciru

Quy trinh xay dwng mé hinh 2D-QSAR cla
dé tai dwoc thé hién tom tat & hinh 1. Céc gia tri
ngau nhién (random_state) trong nghién ctu
déu dwoc dé vé sb6 42 dé& dam bao tinh lap lai
cua cac thir nghiém.

Tap hun
luyén da
chuén

!

Chon
thong so
mo ta

|

Huén
luyén mo
hinh

Mo hinh
o0an chin
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’ gia noi

Tinh chinh mé hinh
(toi wu tham s6 mo
ta, siéu tham sd)

20% &

{ Ngon ngir Iap trinh Python

; (bét dAu str dung tir budc nay)

Hinh 1. Quy trinh xay dwng mé hinh 2D-QSAR (rng dung hoc may
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Chuén bi co’ s& di¥ liéu

Céc cAu trac hai chiéu (2D) dwoc 4y twr thw
vién ChEMBL Database, sau d6 dwoc sang loc
ra dé chon lwa cac cau trdc c6 hoat tinh trc ché
HIV integrase v&i cung phwong phap do hoac
phwong phap do twong déng véi nhau. Nghién
ctu st dung ngbn ngl lap trinh python va thw
vien RDKit dé& tdi thiéu hod ndng lwong, tinh
toan 1.613 thong s6 mo t& c4u trac hai chiéu ti
thw vién Mordred .

Phan chia tap dir liéu

Nghién cru xay dwng mé hinh phén loai nén
phai bién déi gia tri “pChEMBL Value” sang hé
nhi phan, cac d liéu dwoc gan nhan “1” cho
“chét c6 hoat tinh” va “0” cho “chét khoéng cé hoat
tinh” dwa trén ngwdng phéan loai dwec chon.
Trong pham vi cGa nghién ctru, chon nguwdng
hoat tinh 1a 7 (twong dwong IC50 = 100 nM).

Tap di¥ liéu dwogc phan chia thanh tap huén
luyén (training set) va tap kiém tra (test set) theo
ty 1& 80 : 20 theo nguyén ly Pareto. D liéu
duoc chia theo nguyén téc “phan tang”, bang
thw vién Scikit-learn.

Tién xtr ly di liéu

Tap huan luyén dwoc x ly 1an lwot qua cac
buwdc:

+ Loai bé di liéu trung l&p va céc thong sbé
mo ta trung lap

+ X ly di¥ liéu bi méat:

- D6i v&i cot: Néu ty 1& div liéu bi thiéu
trong 1 cot Ién hon 50% s6 lwong dir liéu trong
cot thi sé tién hanh xo4a cot.

- Péi v&i hang: X ly bang thuat toan hoc
may lang giéng gan nhat, KNNImputer t&r thw
vién Scikit-learn.

+ Loai bd céc théng sé c6 phuong sai thap:
Tinh toan phwong sai cla tirng théng sb, chon
ngudng phwong sai la 0,05.

Xw ly ngoai lai

Tap huan luyén tiép tuc dwoc x&r ly div liéu
ngoai lai, gdm c6 x& ly ngoai lai don bién
(univariate outliers) va ngoai lai da bién
(multivariate outliers), 1an lwgt qua cac buéc:

+ X ly ngoai lai don bién:

- Anh xa div lieu dén phan phdi chuan
hodc phan phdi déu bang cong cu
QuantileTransformer ttr thw vién Scikit-learn.

- Cac thdng sb mé ta co chira ngoai lai
dwoc bién dbi thanh bién dinh tinh bang cong cu
KbinDiscretizer tir thw vién Scikit-learn. Pay la
qué trinh bién d6i mot bién dinh lwong thanh
mot tap hop gdm hai hay nhiéu nhém dinh tinh
(con goi la danh muc).

+ X ly ngoai lai da bién:

- Lwa chon céng cu x& ly ngoai lai dé& han
ché lwong di¥ liéu phai xo4 ma van x& ly ngoai
lai da bién hiéu qua.

- Nghién cru st¢r dung cbng cu Local
Outlier Factor (yéu té ngoai lai cuc bo), xac dinh
ngoai lai dwa trén mat dé cuc bd cuda tirng diém
d¥ liéu. Local Outlier Factor (LOF — yéu tb ngoai
lai cuc bd) dwgc xac dinh dwa trén mat do cuc
bd (local density).

Chuan hod di liéu
Tap huén luyén sau khi xt ly ngoai lai sé&

dwoc chudn hoa vé khoang [0,1] bang
MinMaxScaler véi cong thirc y = _x-min_
max—min

Lwa chon théng s6 mé ta

D liéu c6 sb chiéu ban diu kha I&n véi 1613
thong sb mé ta, nén viéc st dung hét cac théng
s6 mod ta nay dé xay dwng md hinh 13 didu bat
kha thi. Vi vay, viéc lwa chon céc thong sb mo ta
d&c trwng nhét cho viéc xay dwng md hinh la
diéu can thiét. Phwong phap lwa chon théng sb
mo ta cla dé tai dwoc chon bang cach so sanh
hiéu nang cua cac thuat toan hoc may, thong
qua danh gia chéo noi gap 10 Ian, 13p lai 3 lan
(RepeatedStratifiedKFold). So sanh két qua F1
score clia cac mo hinh bang diém trung binh va
dod léch chudn cda diém danh gia chéo duwoc
tinh toan badng ham cross_val_score trong thw
vién Scikit-learn. Fl-score, hay con goi la F-
measure, f-score 1a trung binh diéu hoa
(Harmonic mean) clia do chinh xac (precision)
va do nhay (recall), 1a théng sb phé bién nhat
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dung trong danh gia mé hinh véi bd dir liéu méat
can bang ®. Néu chi dung dd chinh xac va do
nhay dé danh gia thi khéng thé dién ta hét toan
bd khd nang cla mé hinh, chiing ta cé thé co
thé do chinh xac cwc ky cao nhwng ddé nhay
(recall) lai thdp va nguoc lai. Do d6, F1 score
gilp ching ta giai quyét van dé nay .
2 X Precision X Recall

F1 score =
Precision + Recall

Lwa chon mé hinh hoc may

DPé c6 thé tan dung dwoc hét hiéu ndng cla
cac md hinh hoc may, nghién ciu s dung
phuwong phap danh gia chéo néi gap 10 lan, 1ap
lai 3 14n cho 15 mé hinh hoc may khac nhau v&i
cac théng sd dwoc d& méac dinh theo thw vién
Scikit-learn. So sanh két qua cta cac md hinh
bang diém trung binh va dé léch chuan cua
diém danh gia chéo twong tw nhw Iwa chon
théng s6 mo ta

X ly mat can bang di liéu va téi wu mé
hinh

D liéu mat can bang la tinh trang khi ty I&
di¥ liéu cua cac I&p chénh léch I&n, viéc nay dat
ra mét thach thirc ddi véi mé hinh dy doan vi
hau hét cac thuat toan hoc may s dung dé
phan loai duwoc thiét ké dwa trén gia dinh vé sb
lwong mau quan sat bang nhau cho mdi I&p.
Diéu nay dan dén cac mé hinh c6 hiéu suét dw
doan kém, dac biét 1a véi I6p thidu sb, mac du
day 1a 16p thwdng dwoc quan tdm nhiéu hon.
Nghién ctu st dung phwong phap “ldy mau div
liéu” (Data sampling) dé xt ly tinh trang méat can
bang nay, bao gdm cac phuong phap:

+ Oversampling: La cac phuwong phap gia
tang kich thwéc mau thudéc nhom thiéu sé.

+ Undersampling: La viéc giam sb lwong
cac quan sat clia nhdm da sd dé né trd nén can
bang v&i sb quan sat ctia nhém thiéu sé.

+ Két hop Oversampling va Undersampling.

Danh gid kha nang téng quét hod cua mé
hinh

DPanh gia kha nang téng quat hoa cia mé
hinh bang tap danh gia ngoai (20%), v&i cac dai

lwveong twong tw véi danh gia noi.

Sang loc do

D@ liéu sang loc 1an lwot dwoc di qua luéi loc
PAINS va m6 hinh 2D-QSAR.

Lwoi loc PAINS loai bd nhitng hop chét
thwong xuat hién nhw la mét hit trong sang loc,
ching thwc chét la chat duwong tinh gid. Cac
hop chéat nay cho thay cé tac dong & nhiéu muc
tiéu hon 1a mot muc tiéu cu thé, diéu nay duwoc
giai thich do sw gan két khéng dac hiéu hoac sy
twong tac clia nhirng chat nay véi nhivng thanh
phan trong qua trinh dinh lwong. Baell va CS. da
nghién clru nhitng cau trac thlr cap can thiép
vao tin hiéu dinh lwong. Ho mé t& nhirng cau
tric thir cAp nay co thé gilp xac dinh PAINS va
dwa ra danh sach cé thé dwoc st dung dé loc
cAu trtc ther cap M.

Két qua

Xay dwng mo hinh 2D-QSAR

Tién xa ly di liéu

5685 di¥ liéu tr thw vien ChEMBL dwoc loc
theo gia tri “pChEMBL Value” con lai 2296 chat
va dugc chia thanh 1700 chéat cha tap huén
luyén va 426 chét cua tap kiém tra. Ty 1& méat
chénh léch ctia nhém c6 hoat tinh so v&i nhém
khéng hoat tinh la 1:2,9 & ca tap huén luyén va
kiém tra.

1613 thong sb mbd ta dwoc tinh toan béng thw
vién Mordred, sau khi qua buéc kiém tra cot co
dir liéu gibng nhau con 1245 co6t (bao gém ca
gia tri “pChEMBL Value”).

Sau khi loai bd cac cot c6 dir lieu thiéu hon
50%, con lai 982 cot. Kiém tra lai dir liéu bi
thiéu, xac dinh dwoc c6 821 chét cha tap huan
luyén va 203 chét cla tap kiém tra chira dir liéu
bi thiéu, st dung cong cu KNNImputer dé dién
vao cac di liéu bj thiéu do.

Thyc hién phan tich ngwdng phwong sai cac
théng sé mo ta, loai 355 théng sb c6 nguwdng
phuwong sai dwdi 0,05.

X ly ngoai lai

Tap dir lieu dwoc kiém tra ngoai lai bang
phuwong phap bach phan vi.
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Tuy nhién, viéc x& ly ngoai lai bang cach xoéa
cac dir lieu thwong dan dén thiéu hut div liéu
nghiém trong, nén nghién ctu str dung phwong
phap anh xa di liéu dén phan phdi déu
QuantileTransformer. Sau khi &nh xa sang phéan
phéi déu, van c6 22 dat théng s mo ta xuat
hién di liéu ngoai lai, nghién ctu tién hanh xu
ly bang cdng cu KbinDiscretizer. Két qua di liéu
dwoc tinh sach, khdng con gia tri ngoai lai.

Tiép tuc x& ly ngoai lai bang phwong phap
phan tich da bién, nhan té ngoai lai cuc bd Local
Outlier Factor. Két qua loai 16 chét tir tap huén
luyén va 10 chét tir tap kiém tra.

Lwa chon théng s6 mé ta

Sau khi xt ly ngoai lai, di¥ liéu sé duwgc
chuén hoa bang phwong phap MinMaxScaler va
tién hanh danh gia chéo noéi dé& chon ra thuat

+

0.783
+

F1 score

0.65 L] *

Chi2 Mutual_info Random Forest

Extra Tree

toan chon théng s mé ta phu hop. Trong do,
phuwong phap loc théng sé mé ta bang théng ké
dwoc sir dung la chi binh phwong (Chi2) va
théng tin twong hdé (Mutual_info). Phwong phap
Ilva chon néi tai s dung cac thuat toan nhuw
rirng ngau nhién (Random Forest), Extra Tree,
AdaBoost, XGBoost, hdi quy Logic (Logistics) va
may vector hé trg (SVM). Nghién ctru st dung
dai lwgng F1 score lam tiéu chi chinh khi so
sanh cac phwong phap véi nhau, véi két qua
dwoec mo td nhw Hinh 2.

Két qua la thuat toan Extra Tree cho két qua
tdi wu nhéat, vi trung binh F1 score ca 30 lan
danh gia ndi cao nhét (0,783 + 0,050). Nghién
ctru chon thuat toan nay va thu dwgc 154 théng

sd mo ta.

¥

AdaBoost XGBoost Logistics SVM

Hinh 2. So sanh céc phuong phép lwa chon théng sé mé ta

Lwa chon mé hinh hoc may

Nghién cu st dung 15 md hinh hoc may
khac nhau dé thyc hién danh gia chéo ndi nham
lya chon thuat toan tét nhéat, bao gbm cac thuat
toan nhw hoi quy logic (Logic), lang giéng gan
nhat (KNN), may vector hd tro (SVM), Gaussion
Naive bayes (GNB), Bernouli Naive bayes
(BNB), phan tich phan biét tuyén tinh (LDA),
phan tich phan biét bac 2 (QDA), cay quyét dinh

(Dtree), rixng ngau nhién (RF), Extra Tree (EXT),
Adaboost (ADA), Gradient Boosting (Grad),
XGboost (XGB), Catboost (Catbst) va mang
noron truyén thang nhiéu 16p (MLP), két qua
dwoc md ta tdng quat trong hinh 3. Nghién ctu
lwa chon md hinh MLP vi mé hinh nay cho két
qua trung binh F1 score danh gia |a cao nhat
(0,818 £ 0,043).
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Hinh 3. So sanh cac thuéat toan xay dung mé hinh

X ly mat can bang di liéu va téi wu mé
hinh

Nghién ctu s dung 5 ky thuat
Oversampling, 6 ky thuat Undersampling va 2 ky
thuat két hop dé& chon ra ky thuat pha hop cho
bd di¥ liéu nay. 13 thuat toan sampling két hop

0.90

0.819 0.819

(3 ¢

F1 score

-

ROS SMOTE B_SMOTE SVM_SMOTE ADASYN RUS

cung mé hinh MLP da duwoc Iya chon, tién hanh
danh gia chéo noi dé tim ra ky thuat phu hop
nhét. Két qua dwoc mo ta nhw hinh bén dudi, kj
thuat Tomek Links cho két qua tét nhat (0,824 +
0,043).

CNN TomekLinks ENN 0ss NCR SMOTETmk SMOTEENN

Hinh 4. So sénh céc phuong phép xt ly méat can bang di liéu
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Danh gia kha nang téng quét hod cia mé
hinh

Thuc hién danh gia ngoai v&i mé hinh da toi
wu va so sanh véi 12 thuat toan khac. Két qua

twong tw nhw danh gia ndi, mé hinh MLP cho
két qua t6i wu hon so v&i cac thuat toan vé hau
hét cac chi sé nhw F1 score, Average precision,
ROC AUC.

Bang 1. Két qua danh gia ngoai véi 12 thuét toédn khac nhau

AUC ROC pﬁ\;iir:i?)i Accuracy Recall Precision F1 score
Héi quy Logic 0,931 0,872 0,875 0,734 0,777 0,755
Lang giéng gan 0,943 0,854 0,906 0,798 0,837 0,817
May vector hé tro 0,913 0,854 0,877 0,725 0,790 0,756
Cay quyét dinh 0,740 0,548 0,841 0,569 0,765 0,653
Rimg ngéu nhién 0,952 0,907 0,911 0,725 0,919 0,810
Extra Tree 0,962 0,910 0,904 0,761 0,856 0,806
Ada Boost 0,933 0,870 0,894 0,743 0,835 0,786
Gradient Boost 0,956 0,905 0,901 0,752 0,854 0,80
XGBoost 0,953 0,905 0,887 0,688 0,852 0,761
CAT Boost 0,959 0,916 0,911 0,752 0,891 0,816
MLP 0,955 0,917 0,921 0,826 0,865 0,845
Gaussian 0,831 0,627 0,796 0,743 0,587 0,656
Bernoulli 0,885 0,775 0,815 0,771 0,618 0,686

Ngoai trtr dai lwong F1 score, cac dai lwgng
nhw Average precesion va ROC AUC ciing phu
hop trong viéc danh gia mé hinh mét can bang.
Két qua thu dwoc, diém AP (trung binh dd chinh

DPuong cong ROC

1‘0

xac) co gia tri 0,92, diém ROC AUC cé gia tri
0,955, déu cao hon 0,9 va chénh léch khéng
qua 0,1 don vj so véi tap huan luyén, ching té
mé hinh khéng bi qua khép khi huén luyén.

Puong cong do chinh xac-do nhay
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1 - d0 déc hiéu D0 nhay
Hinh 5. Két qua dwong cong ROC va duong cong Precision Recall
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Sang loc ao

Sang loc qua lwéi loc PAINS: 199 cdu tric
khung pyrazol thuéc bd dir liéu ndi b duwgc xac
dinh la khéng thuéc danh sach PAINS.

Sang loc qua md hinh MLP-QSAR. Két qua
sang loc c6 5 chéat tiém ndng Gc ché HIV
integrase, trong dé chi cé cu trac DIO81 ¢ xac
suét dy doan cho hoat tinh khang HIV integrase
I&n hon 90% (98,57%).

/
Q

Hinh 6. C4u tric cta chat DI081

Ban luan

ng dung khai pha di¥ liéu (data mining) vao
viéc xay dwng mé hinh da gidp cai thién hiéu
nang ctia mé hinh dang ké. Théng thudng, cac
di¥ liéu ngoai lai trong m6 hinh QSAR sé bj xoa
bd do khong cé phwong phap xt ly phu hop,
nhwng viéc str dung phwong phap anh xa d
liéu dén phan phdi déu sé giai quyét nhanh
chéng cac dir liéu ngoai lai d6. Phwong phap
nay c6 tac dung gidm tac doéng cla gia tri ngoai
lai, do d6 day la mét chu trinh tién xcr ly manh
mé. Sy bién dbi nay dwoc ap dung trén ting
théng sb mé td mot cach doc 1ap. Dau tién, wéc
tinh v& ham phan phdi tich luj (CDF) cta mét
thong sé mod ta clu tric dwoc st dung dé anh
xa Cac gia tri ban dau thanh mét phan phdi déu.
Céac gia tri thu dwoc sau d6 duwoc anh xa toi
phan phéi dau ra mong muén véi ham lwong tr
lién quan. Ngoai ra, cac thong sé md ta cta div
liéu m&i hodc ndm dwéi hodc trén pham vi phu

hop (mién ng dung), sé& dwoc anh xa t&i cac
gi¢i han cGa phan phéi dau ra. Chinh vi vay,
viéc 4p dung anh xa toi phan phéi déu sé bé
qua viéc xac dinh mién (rng dung cta md hinh,
Vi C&cC gia tri nam ngoai mién (rng dung sé dwoc
anh xa thanh dung cac gi¢i han trén va dwoi
ctia phan phdi dau ra.

Nghién ctru str dung phwong phap Intrinsic
dé Iwa chon théng s6 mé ta, thay vi cac phuong
phép chon théng sé mé ta dya trén twong quan
(CFS) thwc hién bang phan mém Weka.
Phuong phap Intrinsic Ia thuat todn thwc hién
viéc lwa chon théng s mé ta trong qué trinh
huan luyén mé hinh. Wu diém cla phwong phap
nay la cho két qua tét hon phwong phap CFS
v&i thdi gian twong tw. Két qua da chon ra duoc
thuat toan Extra Trees (F1 score = 0,783 *
0,050) la phu hop nhét dé lwa chon théng s6 mé
td cho b6 di liéu nay. Phuwong phap danh gia
ndi dé chon ra thuat toan phu hop dé xay dwng
mé hinh & mang noron truyén thang nhiéu 16p
(MLP) (F1 score = 0,818 + 0,043). Sau do, nhan
thay div liéu mét can bang mdc d6 trung binh (ty
lé mat can bang la 34,6%), nén viéc xt ly dir
liéu méat can bang nay bang céc thuat toan nhw
SMOTE, Tomek Links,... cé thé gilp gia ting
hiéu nang cta mé hinh. Va két qua so sanh da
chon ra phuwong phap Tomek Links (F1 score =
0,824 + 0,043).

So sanh hiéu nang cia md hinh khi trai qua
cac phwong phap xi ly di liéu, nhan thay F1
score ctia md hinh ting I&én dang ké, t 0,783
khi chon loc thdng sé mé ta c4u tric bang Extra
Trees, 1én 0,818 khi chon dwoc mdé hinh MLP,
tang 1én 0,824 khi st dung Tomek Links dé& xc
ly mat can bang. Cudi cung, dé khang dinh kha
nang téng quéat hoa ctia mé hinh, danh gia ngoai
da dwoc thwc hién va cho két qua rat tét la
0,845, khéng chénh léch qua nhiéu khi so véi
phuong phap danh gia ndi.
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Bang 2. So sénh két qua nhém thurc hién véi nghién ciru cda Zhou va CS. M

Zhou va CS. Nghién cdu nay
S6 chét 1785 2293
Méc hoat tinh 4600 pM 100 nM
Ty |6 méat can bang di liéu 0,618 0,346
Sé lwong thong sé 8 154

M® hinh tét nhat

Naive Bayesian

Multilayer Perceptron

D6 chinh xac = 88,3%
D06 dac hiéu = 87,2%

Chi sé dénh gia

P6 chinh xac = 86,5%
D6 dac hiéu = 94%

Khi so sanh nghién ctu cla nhém thwc hién
v&i clia Zhou, két qua clia ching t6i c6 phan tét
hon du ty 1&6 méat can bang di liéu cao hon. Két
qua nghién clru ctia Zhou tuy kha tdt, cac tri sb
trén 85% dbi véi thuat toan Naive Bayesian, tuy
nhién van cé mot sé van dé:

+ Mbc hoat tinh 4600 pM dwoc chon cla
Zhou la khéng thuyét phuc. Cac chét (rc ché hién
cO trén thi trwong cé IC50 dao déng tr 1 — 10
nM, chinh vi vy méc hoat tinh téi thiéu nén lay
phai la 100 nM (twong dwong véi pIC50 = 7).

+ Tht hai, nghién ctru clia Zhou chi si¢ dung
8 thong sb mo ta, khé bao quat hét dwoc dic
diém phan tlr cta khéng gian hoa hoc, nén kha
nang tdng quat hoa clia mé hinh ciing sé& khiém
tbn. Chinh vi vay, thuat toan tét nhat cla tac gia
Zhou 14 Naive Bayesian chi trinh bay két qua
danh gia noi, khéng phai két qua danh gia ngoai,
nén kha nang khai quat hoa cia md hinh nay
chwa dwoc chirng minh.

+ Khi so sanh v&i Zhou, dé tai nghién ctu
nay s dung méc hoat tinh hop ly hon va chép
nhan ty I& mat can bang dir liéu cao, bu lai két
qua doé chinh xac lai tét hon.

Tién hanh sang loc do qua loc PAINS va mé

hinh QSAR da chon ra dwoc 5 chét tiém nang
c6 hoat tinh (pIC50 = 7), c6 mdt chat ma sb
DIO81 c6 x&c sudt dy doan dung lén dén
98,57%.

Két luan

Nhom nghién ctru da xay dwng thanh cong
dwoc md hinh QSAR bang thuat todan MLP v&i
cac két qua danh gia ngoai déu cao nhw dé dung
95,3%, do nhay 82,6%, dd chinh xac 86,5% va
F1 score dat 0,845. Bén canh dd, cac chi sé dién
tich dwéi dwdng cong ROC (0,953) va trung binh
dé chinh xéc (Average Precision) (0,917) ciing
dat dwoc két qué cao hon 0,9 va khdng chénh
léch qua 0,1 don vi khi so v&i bd huén luyén.
Nghién ctru ciing da sang loc ra dwoc chat DI081
c6 hoat tinh (rc ché HIV intergrase v&i xac xuat
dw doan dung lén dén 98,57%. Két qua nay la
tién dé dé tbng hop va ther hoat tinh khang HIV
intergrase cta hop chat nay.
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