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PHAN LOP VI TRi PROTEIN FARNESYLATION
VOI MAY VECTOR HO TRQ (SVM) VA CAY QUYET DINH

Tréan Thi Xuan', Nguyén Vin Nai®®
lTrwdng Dai hoc Kinh té va Quan tri kinh doanh — DH Thai Nguyén
i ] 2Tyruong Pai hoc Cong Nghé Théng Tin va Truyén Théng — DH Thdi Nguyén
TOM TAT
Protein Prenylation sy bd sung ctia cic phén tir khang nude téi mot protein hodc mot hop chat hoa
hoc. N6 1a mot qua trinh bién d6i hau dich ma (PTM: Post Translational Modification) dong vai
tro rat quan trong, anh huong dén nhidu qué trinh phéan tir ciing nhu anh huong dén nhiéu chirc
ning t& bao khac. Protein S-Farnesyl Cysteine Prenylation 1a mot truong hop dic biét cua
Prenylation lién quan dén sy dich chuyén ctia mot phan nira (moiety) farnesyl t6i mot cysteine té
bao chat tai hodc gan khu vyc dau cudi-C (C-turminus) ciia protein muc tiéu. Nhing phat hién gan
day cho thdy vai tro rat quan trong ciia S-Farnesyl Cysteine Prenylation (SFCP) anh hudong dén
nhiéu qua trinh sinh hoc ciing nhu ¢6 lién quan dén rat nhiéu cin bénh phd bién hién nay. Cho dén
nay, c6 kha nhiéu nghién ctru vé SFCP, ddng thdi mot vai cong cu tinh toan ciing da duoc dé xuat
cho viéc phan 16p, dy doan vi tri SFCP. Tuy nhién, hau hét cac nghién ctru va cong cu du doan nay
hodc chua dap ting dugc cac yéu cau vé kién thirc sau rong lién quan, hodc hiéu ning du doan
chua déap ung duge ky vong. Vi vdy, trong nghién clru nay chung toi dé xuét cach tiép can phan
16p vi trf protein SFCP trén co s¢ két hop sir dung cac phuong phap hoc mdy va cay quyet dinh.
Nhiéu dic trung dugc tién hanh thu nghiém de xdy dung mé hinh du doan c6 hiéu ning tot nhat.
Két qua cho thiy mé hinh ma chiing t6i d& xuét c6 tinh kha thi cao trong viéc dy doan vi tri SFCP.
Diéu nay co thé sé 1a goi ¥ v& mot hudng tiép can ¢ thé gitp ich hitu hiéu cho cac nha nghién ctru
lién quan dén viéc SFCP.
Tir khoa: Bién doi hdu dich ma; mdy vector hé tro; cdy quyét dinh; phdn logi diF liéu; protein S-
Farnesyl Cysteine Prenylation.

Ngay nhdn bai: 23/7/2019; Ngay hoan thi¢n: 15/8/2019; Ngay dang: 19/8/2019

CLASSIFYING PROTEIN S-FARNESYLATION SITES
WITH SUPPORT VECTOR MACHINE AND DECISION TREE

Thi-Xuan Tran', Van-Nui Nguyen®*
*University of Economics and Business Administration — TNU
2University of Information and Communication Technology - TNU

ABSTRACT

Protein prenylation is the addition of hydrophobic molecules to a protein or a chemical compound.
It is a post-translational modification that plays very important roles affecting to many cellular
processes as well as many other cellular functions. Protein S-farnesyl cysteine prenylation is a
specific kind of prenylation related to the transfer of a farnesyl moiety to a cytoplasmic cysteine at
or near the C-terminus of the target protein. Recent findings have exhibited the very important
roles of S-Farnesyl Cysteine Prenylation (SFCP) that affect to many biological processes as well
as have involed in many current common diseases. So far, there has been some researches on
SFCP, and several computational tools have been proposed for the classification, prediction of
SFCP sites. However, almost of them have not met our demand on related extensive knowlegde, or
the predictive performance has not met the requirements. Therefore, in this work, we are motivated
to propose an approach to classify protein SFCP based on the incorporation of support vector
machine and decision tree. Various features have been investigated to generate the optimal model
that has highest predictive performance. The obtained results have demonstrated its ability and
feasiblity in the classification of SFCP sites. This could be a suggestion on an approach that can
useful for researchers regarding to SFCP.
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1. Gidi thiéu chung

Protein prenylation (con duoc biét dén véi
cac tén goi khac: isoprenylation or lipidation),
duoc phat hién lan dAu tién & ndm vao nam
1978 [1], 1a viéc bd sung cic phan tir khang
nudc vao protein hoac hop chit hoa hoc.
Protein prenylated dau tién trong cac t& bao
dong vat c6 vi, lamin B, dugc phat hién
khoang muoi nam sau d6 [2, 3]. Trong cac
lodi nhan chuan (eukaryote), prenylation
protein 1a mét PTM quan trong, anh huéng
dén nhidu qua trinh t& bao [4]. Qué trinh
prenyl hoa dugc thyc hién va thic day boi 3
enzymes voi ddc tinh bé miat chdng chéo 1
phan: Farnesyl Transferase, Caax protease
and geranylgeranyl transferase [5]. Protein S-
farnesyl cysteine prenylation (SFCP) lién
quan dén sy dich chuyén ciia mot phan nira
(moiety) farnesyl toi mot cysteine té bao chat
tai hodc gan khu vyce dau cudi-C (C-turminus)
cua protein muc tiéu [6].

Do vai trd rat quan trong giy ra boi SFCP, sb
luong nghién ciru dé tim hiéu sau rong vé dic
tinh cia SFCP da tang nhanh trong nhiing
nim qua [5, 7-9]. Gan day, c6 mot vai mo
hinh phén 16p dwoc nghién ctru, dé xuat dé hd
trg cdc nha nghién ctu trong viéc phan 1dp,
du doan vi tri SFCP [10-12]. Tuy nhién, &
thoi diém hién tai, van con thiéu cac md hinh
tinh toan phu hop va cong cu dy doan voi do
chinh xac cao c6 thé hd trg hiéu qua hd tro
cho viéc dac ta, du doan vi tri SFCP. Bén
canh d6, do su tién bd cta khoa hoc ky thuat
va anh huong ctia cach mang cong nghiép
4.0, dir liéu SFCP di kiém chung thuc
nghiém dang ngay cang dugc bod sung nhiéu
hon. Chinh vi vdy, viéc thiéu hut mé hinh
phan 16p du doan vi tri SFCP 1a mot van dé
cap thiét cin duoc quan tim giai quyét.

Tiép tuc phat trién cac y tuéng nghién ciu
trugc day [13-16], trong nghién ctu nay
ching t6i d& xuat mot cach tiép can khac giai
quyét bai toan phan 16p du doan vi tri SFCP
v6i su két hop ciia SVM va ciy quyét dinh.

2. Xay dung, huin luyén mé hinh

2.1. Thu thdp, tién x ly diz liu

Trong nghién ciru ndy, dit liéu da kiém ching
thuc nghiém SFCP dugc thu thap tir nhiéu
ngudn khac nhau: [6] [17], [18] [19] [20].
Thuc té cac nguodn dir lidu nay co thé cong bd
dir liéu trang lip/chong chéo nhau, vi vy can
phai tién hanh thyc hién mot sé bude tién xir
ly dé loai bo dix liéu trung lap/du thtra. Sau
qué trinh loai bo dir liéu trung lap/du thira,
chung t6i thu dugc 718 dir liéu vi tri SFCP tur
670 proteins khac nhau. Dé xay dung dir liéu
huén luyén (training data) va dir liéu kiém thir
(testing data), trong nghién ctru nay, chiing t6i
tién hanh ldy ngiu nhién 70 proteins tir tong s6
670 proteins da thu dugc trude d6 lam dir licu
kiém ther. Phan con lai gdm 600 proteins s&
duogc str dung dé xay dung dir liéu huén luyén.

Tai nghién ctru ndy, ching t6i tién hanh xay
dung mo hinh dya trén viéc phan tich cac dac
tinh protein nén (substrate protein) dwa trén
dang chudi fasta (cdu tric bac 1 ciia protein).
Theo dang biéu dién nay, mdi protein dugc
biéu dién nhu 13 mot chudi gom cac ky tu dai
dién cho 20 amino acid, trong d6 protein S-
Farnesylated cysteine duoc hiéu 12 tOn tai mot
amino acid Cysteine (C) di duoc khing dinh
la S-Farnesyl cysteine. DPé chuyén d6i tir dir
liéu thd sang dang vector tng dung dugc voi
méy vector hd trg (SVM) va cdy quyét dinh
(Decision Tree), qua trinh tién xu 1y dit liéu
can duoc tién hanh. Trén co sé cic phuong
phap da dugc trién khai tir nhimg nghién ctru
tuong tu trude d6 [13, 14], mot bién window
size =13 dugc su dung dé cét cac doan chudi
nho voi vi tri trung tam la Cysteine (C).
Ngoai ra, dé tranh truong hop hiéu ning mé
hinh bi d4nh gia qua cao hoic qua thap do dir
liéu hudn luyén trang lip hodc twong ddng
qua nhiéu, bd céng cu CD-HIT [21] ciing
dugc ap dung. Véi viéc st dung gia tri tuong
dong 40%, sau khi chay CD-HIT, dif liéu huan
luyén (training data) thu duoc gdm 296 positive
data and 1051 negative data; dir li¢u kiém thir
doc 1ap (independent testing) thu duoc bao gdm
28 positive and 332 negative data.
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2.2. Trich chon va ma hoéa dic trung

bé phuc vu cho viéc xay dung va huén luyén
md hinh phan 16p SFCP, chung tdi tién hanh
két hop st dung SVM va Decision Tree.
Trude tién, cic dic trung phd bién thuong
duoc st dung phuc vu cho xay dung, huén
luyén moé hinh, géom: AAC (Amino Acid
Composition), AAPC (Amino Acid Pairwise
Composition), PSSM (Evolutionary
information). Cac ddc trung nay duoc trich
xuit va mi héa nhu sau:

AAC: Str dung mét vector 21 chiéu v=(class,
X1, Xo, ..., Xp0) dé biéu dién, trong d6: Gia tri
class thuong duoc chon bing 1 (SFCP site)
hodc bang 2 (non-SFCP site); Mdi gia tri x;
(i=1..20) dugc tinh bang sb 1dn xuét hién ciia
1 trong s6 20 amino acids twong tmg chia cho
tong s6 amino acid ciia chudi.

AAPC: Sir dung mdt vector 401 chiéu
v=(class, x;); i,j=1..20 dé biéu dién, trong d6
mbi gié trj x; (i,j=1..20) dugc tinh bang sb 1an
xudt hién cia 1 cip trong s 20 amino acids
tuong Ung chia cho téng sé cip amino acid
ctia chudi.

PSSM: St dung mdt vector 401 chiéu
v=(class, X;); i,j=1..20 dé biéu dién. Cac budc
chi tiét dé ma hoa dic trung PSSM dugc hién
thi nhu & Hinh 1 dudi day.

| Ceast =]

Hinh 1. Céc bude trich xudt va ma héa dic trung PSSM

Ngoai cac dac trung riéng 1€, ching téi con
tién hanh két hop lai ghép cac dic trung sau
day trong viéc xay dung, danh gia va tim
kiém mé hinh phan 16p tdi wu nhat, bao gom:
AAC_AAPC, AAC_PSSM, AAPC_PSSM,
va AAC_AAPC_PSSM.

2.3. Xay dung va hudn luyén mé hinh

My vector hd trg duoc str dung két hop voi
ciy quyét dinh dé xay dung mo hinh phan
l6p. Trong nghién ciru nay, b cong cu Weka
cung véi thuat toan may vector hd tro va cay
quyét dinh duoc sir dung dé phan tich, danh
gia hiéu niang ctia mo hinh. Ciy quyét dinh
(decision tree) 1a mdt moé hinh hoc may thude
nhom thuét toan hoc cé giam sat (supervised
learning). N6 1a mdt phuong phap hoc may
manh va phd bién di duoc biét dén va ap
dung thanh cong cho bai toan khai pha dit liu
va phan 16p. Cay quyét dinh chinh 13 cdy ma
mdi nat biéu didn mét dic trung, mdi nhanh
(branch) biéu dién mot quy lut (rule), mdi
nit 14 biéu dién mot két qua (gia tri cu thé
hodc mdt nhanh tiép tuc). Cay quyét dinh c6
thé dugc dung cho bai toan phan 16p dit liu
bang cach xuat phat tir gbc cia ciy va di
chuyén theo cac nhanh cho dén khi gap nit 14.
Mot vi du vé cdy quyét dinh duoc md ta quyét
dinh CHOIT hay HQC cua 1 sinh vién dugc
minh hoa nhu & Hinh 2. (Quy tic dé cau SV
nay dua ra quyét dinh hoc hay choi nhu sau:
Néu con nhiéu hon hai ngay nita méi téi ngay
thi, cau s& CHOL Néu con khong qua hai
ngay va dém hom doé cdé mot tran bong da
hay, céu s€ sang nha ban CHOI va cung xem
bong dém d6. Cau sé chi HQC trong cac
truong hop con lai)

Con 2 ngay nra
men i ??

2} t]ug'_,,:;_’/;' > N, Sai

" N
CHOI " Tbinay ¢6 trdn
T~ béng &4 hay??

.
Piang 47 N Sai
&7 _

v , |

CHOI BOC

Hinh 2. Cay quyét dinh vé viéc hoc hay choi ciia 1 SV
Pé danh gi4 hiéu ning ctia md hinh, 2 phurong
phap phd bién duoc st dung d6 1a: danh gia
chéo 5-mit (5-fold cross-validation) va kiém
thir doc 1ap (Independent testing) sir dung bd
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di liéu doc lap (independent testing dataset
voi bd dir liéu huan luyén (training dataset).
Véi phuong phap danh gid chéo 5 mat (Nhu
hién thi & Hinh 3), tap dir liéu huan luyén s&
dugc chia ngiu nhién thanh 5 tap con bang
nhau, 1an lugt mdi tap con s& dugc dung cho
vai tro kiém thir trong khi 4 tdp con lai duoc
dung 1am dir liéu huén luyén.

Training dataset

Fold 1 I Training ITest I\.
Fold )I I TeStI I\ ‘\\
Fold :| IT&' I ------ 3y Average

Fold 4 I

Final Measure
of Performance

[=] 17 &

Fold 5 Testl

Hinh 3. M6 hinh dénh gid kiém tra chéo 5-mdt
Nhu hién thi & Hinh 4, theo phuong phap
danh gia kiém thir doc lap, hiéu ning ciia mo
hinh s€ duogc xac dinh b?mg viéc su dung mot
bo dit liéu kiém thir hoan toan khac biét va
khong trung 1ap v6i bo dir liéu huan luyén da
ding cho viéc huin luyén moé hinh
(Independent testing dataset). Viéc st dung

SEN = ———; S§PE=—"—: ACC=—r:;
TE+FN TN+FF TE+FN
MCC = ([TERTNI—(FN=FF)

JITF+FN) TN +FPITP+FEIITN+FN]

Trong d6 cac dai lwgng TP, TN, FP va FN
biéu dién s6 lwong phan I6p tuong tng TRUE
SFCP, TRUE non-SFCP; FALSE SFCP va
FALSE non_SFCP.

3. Két qua va mot so thao luan

3.1. Két qua hudn luyén va dinh gid mé
hinh phan lép theo phwong phdp dinh gid
chéo 5-mat

Nhu da trinh bay trudc do, trong nghién ciru
nay, ching toi tién hanh st dung két hop
thuat toan ciia may vector hd trg va ciy quyét
dinh dé xay dung va huén luyén mé hinh trén
co s6 3 dac trung riéng 1é co ban AAC,
AAPC va PSSM. Theo thong tin tong hop &
Bang 1, voi dac trung AAC, mo hinh dat hiéu
nang phan 16p voi do chinh xac 1a 91,91%,
gia tri MCC = 0,80. Tuong tu, mo hinh dugc
xay dung dua trén dic trung AAPC dat do
chinh xéac 88,27%, gia tri MCC = 0,74. M0
hinh xay dung dua trén déac trung PSSM dat
d6 chinh xac 92,68%, gia tri MCC = 0,81.

Bang 1. Bang két qua danh gic mé hinh bang phirong
phap danh gia chéo 5-mat

bo dit liéu kiém thir doc 18p nay s& gilp ta Fearure SEN  SPE ACC  McC

kiém tra, danh gia mot cach khach quan nhat ~aac 96,95% 90.49% 9191% 0,80
hi¢u nang phén 16p cua mo hinh. AAPC 98,31% 8544% 8827% 0,74
PSSM 96,28% 91,76% 92,68% 0,81
AAC_AAPC  96,66% 92,96% 93,78% 0,84
AAC_PSSM  9533% 93,62% 94,00% 0,84
AAPC_PSSM  9533% 93,52% 93,93% 0,84
ﬁ?S%R'AAAPC 98,31% 92,96% 94,14% 0,85

- ﬁ " Trong hoc mdy, huéng tiép can két hop hai
e B hay nhiéu phuong phap khac nhau dé khai

‘(" thac lqi’ thé cua chung dugc hiéu nhu la m(f):c
cach tiép can tuy nhién, dé¢ hiéu va kha pho

Independent
Testing datasct

Hinh 4. M6 hinh kiém thit doc lip
Céac dai lugng thong dung duoc st dung dé do
ludng va danh gia hiéu nang ctia md hinh bao
gom: SEN (Ty 1¢ phan 16p ding dir liéu
SFCP), SPE (Ty 1€ phan 16p ding dir li¢u
non-SFCP), ACC (Ty 1¢ phan 16p chinh xac
noéi chung), va MCC (Gia tri tuong quan theo

bién. Chinh vi vay, trong nghién ciru nay,
chung t6i cling tién hanh két hop lai ghép cac
dic trung riéng 1& dé xay dung cac dic trung
phirc tap hon hd tro trong viéc huin luyén
md hinh phan 16p vi tri SECP. Cuy thé, 4 dic
trung lai ghép: AAC _AAPC, AAC PSSM,
AAPC PSSM, va AAC AAPC PSSM da
dugc xay dung tir viéc Kkét hop 3 dac trung
riéng 1¢ trude do.

cong thic cia Matthews - Matthews
Correlation Coefficient):
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Két qua danh gia chéo 5-mat (Bang 1) cho
cac mo hinh xay dung dua trén cac dic trung
lai ghép 6 hiéu ning phan 16p SFCP t6t hon
cac dac trung riéng 1é. Trong do, dac trung lai
ghép AAC_AAPC PSSM duoc coi la dic
trung t6t nhat khi mo hinh phan 16p tuwong
mg c6 hiéu nang tét nhat, véi do chinh xéac
dat 94,14% va gia tri MCC=0,85. Két qua nay
chi ra ring dic trung lai ghép
AAC_AAPC PSSM gitip tao ra md hinh c6
hiéu ning tot nhat trong viéc phan 16p, du
doan vi tri SFCP.
3.2. Két qud dinh gid mé hinh sir dung
phuwong phdp kiém thir déc 1gp
Nhu di dé cap truée do, phuong phap danh
gia doc lap giup kiém chimg kha ning thuc
nghiém cta md hinh trong truong hop thuc té,
khéch quan nhét. Bé thuc hién duoc viée nay,
mot bo dir liéu kiém thir doc 1ap da duoc xay
dung bao gém 28 dit liéu positive va 332 dit
liéu negative.
Két qua kiém tra ddnh gia hiéu ning ciia mo
hinh khi tién hanh béi phuong phép kiém thir
doc duge thé hién chi tiét & Bang 2. Qua céc
con sb thé hién & Bang 2, ta thdy ring mo
hinh dat d§ chinh xac tuong ddi cao va co
tinh kha thi tot trong viéc du doan vi tri
SFCP. Pac biét, mo hinh xay dung boi thude
tinh lai ghép AAC_AAPC _PSSM cling mang
lai hiéu ning phan 16p cao nhét, v&i d6 chinh
xéc dat 95,00% va gia tri MCC=0,75. Két qua
nay cho thiy tinh kha thi va hiéu qua phan 16p
du doan ciia md hinh ma ching toi dé xuat
Bén canh do, két qua thu dugc ciing goi ¥ ring
cach tiép can lai ghép cac dac trung riéng 1€ ¢6
thé dugc coi 1a mot cach tiép can hiéu qua va
htra hen trong viéc xay dung mo hinh phan 16p,
du doan vi tri protein SFCP sites.

Bing 2. Bing két qud dénh gid mé hinh bing

phuwong phap kiem thir doc Idp

5. Két luin

Protein Prenylation su bd sung cua cac phin
ti khang nudc t6i mot protein hoac mot hop
chat hoa hoc. N6 1a mot qué trinh bién d6i
hau dich ma (PTM: Post Translational
Modification) déng vai trd rat quan trong anh
huong dén nhiéu qua trinh phan tir ciing nhu
anh hudong dén nhiéu chirc ning té bao khac.
Protein S-Farnesyl Cysteine Prenylation la
mot truong hop déac biét cua Prenylation lién
quan dén sy dich chuyén ctia mot phan nira
(moiety) farnesyl téi mot cysteine té bao chét
tai hodc gan khu vuce dau cudi-C (C-turminus)
clia protein muc tiéu. Nhimng phat hién gin
day cho thiy vai trd rat quan trong cta S-
Farnesyl Cysteine Prenylation (SFCP) anh
huéng dén nhidu qua trinh sinh hoc ciing nhu
¢6 lién quan dén rat nhiéu cin bénh phé bién
hién nay. Trong nghién ciru nay ching toi dé
xudt cach tiép can phan 16p vi tri protein
SFCP trén co sé két hop sir dung cac phuong
phap hoc may va cay quyét dinh. Nhiéu dic
trung dugc tién hanh thir nghiém dé xay dung
moé hinh du doan c6 hiéu ning tot nhat. Két
qua cho thdy mé hinh ma ching t6i d& xuat
dat két qua phan 16p cao nhat voi dic trung lai
ghép AAC_AAPC PSSM, c6 tinh kha thi cao
trong viéc phan 16p du doan vi tri SFCP. Diéu
nay duge ky vong s& 1a mot hudng tiép can hiru
ich, hd tro tot cho cac nha nghién ctru phan tich,
xir 1y dit liéu c6 lién quan dén SFCP.
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