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T OM TAT: Gen muc tiéu la doan gen quy duoc ding dé nhan dong hay tong hop protein trong y hoc, dwoc hoc bang cong nghé tdi
16 hop. Nhu cau sir dung codon ciia gen muc tiéu trong qud trinh dich ma rat khéc biét gitta cdc lodi nén dy dodn tot si tirong quan
vé xu hudng sir dung codon cho qud trinh ndy sé ndng cao hiéu qud biéu hién cho gen muc tiéu. Voi sé lwong gen Ién, phdn bé
codon trong hé théng biéu hién khéng déu (thwa) nén khé xdc dinh mire d¢ dap vmg ciia cdc hé thong biéu hién. Trong pham vi bai
viét chiing t6i dé xudt giai phdp xdy dung mé hinh dir dodn tirong quan ciia gen muc tiéu véi hé thong vt chii biéu hién diwa trén
phuwong phdp hoc may va thudt todn phan I6p két hop Extreme Gradient Boosting M6 hinh dé xudt cho két qua tot hon vé thoi gian
thuc thi va do duw dodn ciing chinh xdac hon so voi mé hinh dwoc xdy dung bdng Random Forest trén cung bo dir liéu hudn luyén va
b dit ligu kiém thir.

Tir khéa: DNA tai té hop, Relative Synonymous Codon Usage, Gradient Boosting Tree, Extreme Gradient Boosting, Regression
Trees, Random Forest.

I. GIOI THIEU

Viéc san xuit cac san phém tai to hop thuong duogc bat dau béng viéc lya chon mdt gen mong mudn (gen muc
tiéu - objecttive gene) lap vao mot vector tao dong; dong thdi chon mot vat chi dé co thé nhan dong hodc duge dich
ma thanh chudi polypeptide; tir 6 tao protein mong mudn [2] con dwoc goi 1a protein tai t6 hop. Viéc chon loc dugc
nhimg doan gen quy gen muc ti€u va lya chon hé thong nhan dong hay hé thong biéu hién gen la cong viéc quan
trong quyét dinh két qua cho tai t6 hop gen muc tiéu ndy. Mdi trudng ndi bao cua vat chu biéu hién 13 noi cung cép cac
nucleotide can thiét cho qua trinh dich ma va déy ciing la cong doan quan trong quyet dinh san luong ciing nhu chat
luong san pham tai t6 hop tir gen muyc tiu. Giai doan nay phu thudc rat nhiéu vao ciu tric gen muc tidu va kha ning
dép tng nhu cau codon cua té bao vat chu - dy 12 loai té bao ding dé nhan cac phan tir DNA 1én nhiéu lan.

Cac phuong phép thuong duge dung dé xac dinh kha ning dap g cho viéc biéu hién gen muc tiéu thuong
dung 13 tim tap gen biéu hién cao (High Expression Gene - HEG) [3] ctia té bao vat chu. Dya vao kha ning biéu hién
cia HEG dé du doan kha ning dap tmg codon ctia vt chii cho gen muc tiéu. Phuong phap duoc dé xuat dé tinh HEG
cho vat chu nhu dung thong ké duge dé xuit boi Pere Puigbd va cong su ndam 2007 [6]. Vi phuong phép nay c6 thé
tom lugt nhu sau: (1) Tinh gia tri CAI (Codon Adaptation Index) ctia cac gen trong nhom gen biéu hién cao thu nhan
dugc tir co so dir liéu HEG-DB. (2) thdng ké khoang tap trung gia tri CAI nham loai bo cac gi tri ca biét. (3) du doan
HEG vé6i lan luot cac gia tri ngudng CAI trong khodng tép trung gid tri CAI tir bude (2). (4) dua vao do nhay
(sensitive): Ti 1& gitra s6 gen md hoa cho Protein Ribosome trong tip gen biéu hién cao dy doan dugc va téng s gen
ma hoa cho Protein Ribosome. Tap gen dy doan 1a HEG cua vat chi dya vao mot chi s CAI thi co hoi tim gen twong
quan c6 ngudng thdp hon mong mudn s& bi bo qua va lam giam co hoi dy doan muc d dap img Host véi gen muc tiéu.
Cong thirc dé tinh CAI la:

cal = exp (5= Yeeclogw,) &)

Trong d6 O : tong sé codon trong gen; we: do thich nghi trong dbi ciia codon loai c.

Mot cach khac dung du doan HEG la dya VA0 céc thuat toan phan cum dir lidu cho hé gen té bao Host: (1) Tinh
chi s6 st dung codon ddng nghia RSCU (Relative Synonymous Codon Usage) [7] cua tirmg gen. (2) Ap dung phan cym
cac gen dya trén ti€u chi dac trung tuong ty nhau, chu yéu la dac trung vé xu hudng sir dung codon dua trén cac gen
von da duge biét 1a HEG, dugc dit tén 1a “kernel”. (3) Danh gid mot nhom duogc phan cum cang c6 nhiéu kernel cang
ching t6 nhom dé cang gin voi kernel va két ludn nhom nay co kha nang cao la HEG. Vé phuong phéap nay gitip xac
dinh gen twong quan t6t hon vi c6 thé khao sat dén 61 loai codon biéu dién cho mot gen. Ap dung viéc hoc khong gidm
sat bang cac phuong phéap phan cum [8] nhu: Pam, Clara s€ cho két qua HEG t6t hon nhung chi c6 thé ap dung riéng
cho tirng Host.

Khi can biét gen muc tiéu s& phu hop voi loai Host nao thi ludn phai tinh lai mic do twong quan ciia gen voi
tirng vat chu. M6 hinh xac dinh gen tuong quan hay HEG cua vat chu v6i gen muc tiéu 1a can thiét gitp cac nha sinh
hoc quyét dinh lya chon hé théng vat chi phu hgp cho viéc trién Khai tai to hop cho gen myc tiéu ciing nhu danh gia xu
huéng sir dung codon cua hé thong biéu hién. Vi mong mudn dy doan su thich nghi cua gen muc tiéu véi Host néi
cach khac 13 can phdn 6p dit liéu dé xdy dwng mé hinh phén 16p tir tdp dir liéu cé nhan (I6p) da duoc dinh nghia trude,
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cling nhu du doan nhan tw dong cho gen muc tiéu. C6 nhiéu phuong phap duoc cac nha nghién ctiru vé may hoc -
Machine Learning [14] dé xuit: Classifiation Using Naive Bayes, Classifiation Using Decision Trees and Rules cho
viéc giai quyét vin dé phéan 16p gan nhan ty dong. Tuy nhién khi 4p dung cho cac bai toan vé tin sinh hoc véi sé chiéu
cao, khong dugc bo dir liéu trong thi day ciing 1a mot thach thire. Cac giai phap thuong duoc ap dung cho bai toan dang
nay la ap dung thuat toan phan 16p két hop - Ensemble algorithms [11] sir dung cho bo dir liéu chiéu cao va ap dung
cho dir liéu thua. Ky thuét thuong duge dung Boosting dugc Jerome H. Friedman [12] va cac dong nghiép cua ong dé
xuét 1a xay dung tap hop cac mé hinh phan 16p yéu dé nang cao hiéu qua cua cac bd phan 16p nay. Y tudng chinh cua
giai thudt nay 1a lap lai qua trinh hoc cia moét bo phén 16p yéu nhiéu lan. Sau mdi budc lip, bd phan 16p yeu s€ tap
trung hoc trén cac phan tir bi phan 16p sai trong cac 1an 1ap trude. Cac thuat toan ap dung cho Boosting tiéu biéu nhu:
AdaBoost (Adaptive Boosting), Gradient Boosting. Gan ddy Tianqi Chen [12] dé xuit ¥ tuong XGBoost (Extreme
Gradient Boosting) cho viéc nang cao hiéu qua phan 16p dit liéu thua chiéu cao dua trén y twong Gradient Boosting.

Bai viét nay dé xuét giai phap xdy dung mé hinh dy doan tuong quan cua gen myc tiéu v6i hé thong vat chi
biéu hién dya trén 4p dung phuong phap hoc may va thuat toan phan 16p két hop XGBoost. Két qua tir giai phap nay la
mo hinh c6 kha nang du dodn moi trong quan gen muc tiéu voi hé thdng gen vat cha bang k¥ thuat gan nhan ty dong
cho gen muyc tiéu ndy. Khai niém lién quan dén bai toan duy doan gen twong quan va cach thirc to chuc dir lidu dau vao
cho bai toan ciing nhu cac khai niém vé cay hdi quy va dy doan dugc trinh bay & phan II ciia bai bao. Phan IIl gidi
thiéu thuét toan Gradient Boosting cac k¥ thuét lién quan va van dung cac giai thuat nay cho viéc xay dyng mé hinh.
Phan IV duogc dung dé phan tich cac két qua thuc nghiém ciing nhu so sanh két qua ctia md hinh d& xudt véi mo hinh
duogc xdy dung béng giai thuat Random Forest trén tdp gen cta ba loai té bao vat chu.

I1. CAC KHAI NIEM LIEN QUAN
2.1. DNA tai té hop

DNA tai t6 hop 1a phan tir DNA duogc tao thanh tir hai hay nhiéu trinh ty DNA cua cac loai sinh vat khac nhau.
Trong k¥ thuat di truyén, DNA téi to hop thuong 14 duoc tao thanh tir viéc gin nhitng doan DNA c¢6 ngudn gbc khac
nhau vao trong vécto tach dong. Nhirng vécto tach dong mang DNA tai t& hop ndy c6 thé biéu hién thanh céc protein
tai to hop trong cac sinh vat [9].

2.2. Codon ddng nghia (Synonymous Condon)

Co s6 khoa hoc cua viéc chon lya gen biéu hién cao dva trén hién tugng codon déng nghia. M6t codon g6m ba
nucleotide s& c6 4° = 64 codon. Tuy nhién hién nay méi chi ¢6 20 loai amino acid dé ma hoa cho 64 codon nay. Nhu
vay mdt amino acid co thé dugc ma hoa bai it nhit hai loai codon khéac nhau, cac codon nhu vay dugc goi 1a cac codon
ddng nghia [11].

Chi s6 sir dung codon dong nghia RSCU:
Dic trung cho cac gen duoc st dung 14 chi s6 RSCU ciia cac codon trong gen [6]:

_ Oac _ Oqac
Tac(g) = T recca0u Duc (2)
Trong do:
I,.: RSCU ctia codon ¢ ma hoa cho amino acid a;
O, tan sudt xuét hién cua codon ¢ trong trinh ty gen;
C,: tap hop cac codon cung ma hoa cho amino acid a,
Ka: s6 lugng cac loai codon ¢ ma hoa cho amino acid a.

Viéc tinh toan RSCU cho cac codon két thuc (UAA,UGA,UGA) va cac codon khong c6 codon déng nghia
(AUG - mé hda cho Methionine, UGG - mé héa cho Trytophan) 1a khong cén thiet. Do do6, gen duge bicu dien lai bdi
mdt vector RSCU 59 chiéu c¢6 dang nhu sau:

r(@)={ ry, rz ra...rso}’ 3)

Bai viét st dung chi s6 RSCU biéu dién tap gen cua cac hé thong Host thudng dugc dung trong tai tb hop nhur:
E.coli, B.subtilus, Latococcus Lactis va ding 1am tap dit liéu dau vao (tdp dit liéu Training) dé xay dung mé hinh cay
ké so bo viéc phan b loai amino acid va s6 lugng tong hop codon ctia cac Host nhu (hinh 1). Trong d6 Host Ecoli hoi
quy du doan gen tuong quan tuong quan cua vat chi vai gen muc tiéu (tdp dir liéu Testing). Viéc xay dung mo hinh du
do4n nay co thé xem 14 bai toan phan 16p, gan nhan cho gen muc tiéu dya vao su tuong tu cua xu hudng sir dung
codon cua gen muc tiéu va xu hudng dap tmg ciia cac gen trong cac hé thong Host.

Yéu cau dit trung déi voi cac bai toan sinh hoc 1a ton trong dir liéu tw nhién khong can thiép bang céc bién phap

hiéu chinh cho cac gia tri trong, hay dién gia tri trung binh cho nhimg vi tri dit liéu thiéu. Nén khi tinh toan biéu dién
tap dir li¢u Training cho hé thong bang cong thuc (2), chung t6i gilr nguyén nhirng dac trung dir li¢u cua ting Host.

Théng c¢6 12/20 loai amino acid va khuyét hai loai codon Lysin_AAG va Threnin_ACG. Host Subtilus co
khoang 13/20 amino acid khuyét Isoleuxin AUU. Host Latococcus Lactis ¢6 13/20 amino acid cling bi khuyét
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Isoleuxin AUU. Nhung ddi v6i Isoleuxin AUU cua Host Ecoli lai ¢6 ngudn cung tng t6t. Vi mdi Host chi co
khoang 12 dén 13 loai amino acid dugc dung va mat do phén b céac loai codon trén timg gen ciing khic nhau dao dong
tir 26-28 loai cho mdi Host. Nhur vay tir ta ¢6 thé biéu dién lai cong thirc (2) cho bd dir liéu dau vao:

r(@)={ ry, 1z, ra...r}" 4

Thong ké phan b RSCU cua timg Host
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Hinh 1. Khao sat tong quan phan bd cac loai Acid amin ciia timg Host

Do can giit nguyén gia tri dit trung RSCU cho ting codon (sau ndy s& goi 1a dic trung hay bién phu thudc hay
chidu cua dir liéu) nén bai viét 4p dung ma tran thua (Sparse Matrix) dé luu trit va dit liéu cho tap dir liéu huan luyén
v6i 1:28 bién phan loai va bién TypeH duogc dung lam bién phan 16p, duge minh hoa (hinh 2) véi 6 dong dau cua tap
dit liéu huan luyén.

6 x 29 sparse Matrix o' class cq(’v.:lrn(
suppressing 29 lumn nane rcepet alanin_cca’, ‘ad_Alanm

1 1 3.0000000 - 000000 . 2 1.500000 0.5000000 0.5714286 0.5714286
21 0.7741935 0 21 uSu:’i‘: 0.9411765 1.2307692 1,2307692
3 1 0.8135593 2 1. - 3750000 0.5 2.2857143
4 1 0.2809524 2 2 1.200000 0.4000000 0. 5000000 1. 7506000
51. . 4,000000 2 2.0 ) . .

€ 1 B,0000000 3.500000 5,000000 2 1 1.6666667 2.0000000

Hinh 2. Minh hoa mot ph?m bd dir liéu Host dudi dang ma trén thua

2.3. Cay hdi quy-Regression Trees, Tree Ensemble

Véi tap dit liéu dau vao véi n mau gen, va m thudc tinh thi D = {(x;;)} (ID| =n, xi R, yi eR ) tap gen duoc
phan 1ap tir cac Host va biéu dién thanh tap dir liéu déu vao c6 dang:

LX) N (5)

Trong do:

X; = {x1x5...x,} ding md ta céc gia tri RSCU cua ting loai codon diing 1am tiéu chi m6 ta gia tri mirc 46 dap
ung cla té bao vat chu,

Y; = {¥1.Y2..., Vi} 12 tap bién dich gan nhin cho b¢ dit liéu méi.

Cay hdi quy: 1a cay dugc xay dung mé hinh cdy hoi quy thuong don gian thong qua viée tach dé quy theo hang
cua tap dir liéu dau vao L thanh céc tap dit 1liéu nhé hon. Viéc hinh thanh nut va 1a cta cay dugc tinh dya vao ky vong

t6i thiéu ham mat mat [10,13] thuong |1a tdng hdm 16i binh phuong sai sé cia nit dang xét. Tai mdi 1an tach nit, mot
thudc tinh va gia tri tdch cua thudc tinh nay dugc chon dé chia nat thanh 2 nut con, nit con trai va nut con phai.

Xay dung mé hinh du doan dung cay hdi quy di xdy dung, cn phai tinh toan gi tri wi(xi,0) cho mdi miu x; €
L cho nat tap nat 14 cua cdy. Voi dir liéu X va tdp dy doan Y ta ¢6 ham dy doan va hoi quy tir cdy nhu sau:

Ji=ZiLawi (6,0 Y; (6)

Tree Ensemble: 1ay ngau nhién céc tip con tir tap huin luyén T (hinh 3 ), sau d6 xay dung cdy quyét dinh véi
mdi tap con d6 (Ty, Ta,... Tk). Céy dic diém cac cdy hoan toan doc 1ap véi nhau, r0i két hop tat ca cac cay lai dé tao ra
mot mo hinh dy bao bang cach lay trung binh hodc binh chon theo s6 dong cac két qua du bao tir cac cay quyét dinh
n6i trén. Mdi cay ké tiép duoc xdy dung bang cach sir dung két qua tir nhirng cay trudc do.
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Hinh 3. M6 hinh cay hdi quy [12]

Ham héi quy thu dugce tir cdy hdi quy theo Boosting:

fG) = bifi(x) + byfy(X)+ .ot brfr(x) (7)
Do do mirc d6 hiéu qua ctia md hinh dy doan 1a ham hdi quy tong quét:
Y =01+ BoXoit+ BaXsi o PuXii + & (8)

Trong do:
X1, Xp,.. Xy : céc bién phu thudc,
B Po... B cac hé sb hdi quy.
Gia tri sai s6 dy doan (Residual) c6 dang:
e=Y~- f(x) 9)
Cac giai thuat thuong tap trung vao viéc nang cao hi¢u cua mé hinh dy doan ciing c6 nghia la lam lam giam
quan sat bi dy bao sai hay cu thé 1a giam &. Phuong phap thuong dwuoc dung phuong phap binh phuong tbi thiéu bai
toan hdi quy da bién con duoc goi 1a Residual of Squares. Theo dé xuat ciia Chen and Guestrin [12] mdi mot cdy méi
s€ dugc xay dung voi muc tiéu t6i thiéu dan tong mét mat (Loss) cua cdy trude do bang viéc st dung phuong phap
Gradient descent dé ham so6 (7) dat gié tri nhd nhat. V6i viée ket hgp cua K 16p va cdy hoi quy (K Classification and
RegressionTrees - CART) c6 dang {T1(Xi, ¥i) ... T(Xi, Y1)} cho ra két qua dy doan §; boi viée tong ket va danh gid cua
cac ham tir cay hoi quy khac theo cong thire:
9i = Xii=a fie Cx) f €F, (10)
Trong d6 f, dai dién cho cdu trac cay hdi quy doc 1ap véi gia tri 14 cia cac cdy trong khong gian F.
Gia trj ctia ham dy doan ¢6 chinh xac va hiéu qua duoc xat dinh béng viéc thiét 1ap qua ham muc tiéu sau:

Obj =37 1 v 9:)+ Xk 2(fi) (11)
Trong do:
I: 1a d¢ do sy khac biét giita ham du doan ¥ va nhén dich y; cua bién quan sat tai [,

Q: 1a ham phat ctia md hinh dé tranh overfitting, va cong thirc ham phat nay c6 dang:
1
Q) =T + 2037w (12)

V6i T 1a s nat cua cay, w 1a tong diém s6 cta cac nut 14 trén cay, hai gia tri A y 1a cac hang s6 diéu chinh d¢
chinh xac cua mé hinh.

2.4. Gradient Tree Boosting

Boosting [12] hoat dong theo cach lay ngau nhién céc tap con tir tap T (hinh 3) ban dau sau do xdy dung cay quyét
dinh v&i moi tp con d6 (Ty, T,..Ty) Tai moéi budc thém mét ciy méi, déu két hop cac “weak learner” dé tao thanh mot
“strong learner” va déu tap trung vao nhiing quan sat bi du bao sai. V6i Gradient Boosting, mdi mot cay méi s& duoc
xdy dyng v6i muc ti€u minimizes dan tbng mét mat cua cy trudc d6 bang viéc sir “dung phuong phap Gradient descent.
Trong Gradient Boosting[4], mdi mot cdy méi duoc xay dung véi muyc tidu cuc tiéu dan tong mat mat cia cy trude do
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bér}g viéc sir dung phwong phap Gradient Descent. Viéc tinh tong ’mét mat dua vao viéc lya chon loai “Lo§s fungtion”,
chang han nhu: square loss. Ham dy doan tai bq('yc d6 st dung két qua dy doan tir nhitng cay trudc d6 dé quyét dinh
xay dung cay hién tai, nén cong thuc (8) duoc viet lai [13]:

LO =0bj =301 (y,90“ ™ + £(x)) (13)
Ham tdi uvu cua ham du doan & budc t:
LO = Y2 10090 ™) + g:ifiG) + Shif ()] + 2(F) (14)
Véi gi =0 wol(ye9“TV) v =07 @ul(veg ) (15)
Nhur véy ta c6 thé viét (11):
LO =YL [gife (e + shf2G)] + Q(f) (16)
bat I; = {ilq(x;) = j} 1atap hop nit 14 cua khong gian q, Két hop voi cong thire (13), thi cong thuc (16) viét lai
LO = ¥ [gife ) + shf2C)] + VT + 50 8]y w? (17)

= ZJT'=1[( Zielj gow; + %K(ZJT-_l h; +2) WJ.Z] +9T

Véi wj la trong $6 t6i wu duoc tinh cho tap I co6 dang

Yiel; 9i
* = J 18
Wi Tier; hith (18)
Va gia tri toi wu twong tmg tai budc t, cua khong gian q:
N Cier; 9i)°
®(gy=1 yr 277
L'9(q) =3 Xj= Sy +yT (19)
Néu xem khong gian xay dung cay q gOm tép cac nit | = I Nlg | thi ta c6 cach tach t6i wu tai cac nit nhu cong
thie (18), va day ciing co6 thé cach tinh Gain cua phuong phap phan 16p bang cay quyét dinh.
1 G 90)® | Ciergi)® | Cier 90)°
Lopiic == L R - === 2
sptie =3 [ Sier, hith Sierghith  Zier hi+h (20)

I1l. THUAT TOAN

Viéc phan 16p va dy doan tap gen twong quan vai vat chi Host nhu dé phan tich ¢ trén 1a bai toan phan 16p
nhiéu 16p véi tap dir liéu hun luyén c6 dic tinh thwa va chiéu cao. Ap dung mé hinh cay hdi quy [12] dé xay dung md
hinh phan 16p va dy doan thi X = [ Xy, Xa,... Xg] 18 mot vécto hang chira thong tin input, y 1a mét sb biéu dién output.
Cong thire hoi quy (7) (8), thuat toan Boosting cho Regression Tree [12] dugc phat biéu nhu sau:

Thuit toan 1: Booting cho Regression Tree

Piu vao: Tap hop cic chudi gen X=[ Xy, Xz, .. Xz

Piu ra: Mo hinh dy doan.

.Pit: f(x) = 0, r=y; cho tat ca cac i trong tap training
.Forb=1toBdo

. Fit cAy f? vai d splits (d+1 niit trong) cho tép dir liéu (X, r)
. Cap nhit gid tri f 1 f(x) « f(x) + 2f°(x)

. Cap nhat lai residuals: r; « 1, + Af?(x;)

. EndFor

o o0~ WO N

7. Output mé hinh Boosting: f(x) = ¥5_, Af°(x)

Y tuong Boosting nhu da phan tich & trén mdi cay ké tiép dugc xdy dung bang cach sir dung két qua tir nhimg
cdy trudc do. Vi Gradient Boosting, mbi mot cdy moi sé duge xay dung dya trén giam thp nhit tong ham Loss (17)
clia cay trude d6 bang viéc sir dung phuong phap Gradient descent [13]. Véan dung ¥ tuong nay, Tiangi Chen [12] d¢
xuét ¥ tuong XGBoost cho ap dung Gradient Boosting cho ma tran thua véi thuat toan Split Finding nhu sau:
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Thuit toan 2: Split Finding

Piu vao: Tap hop |, I, = {i € I|x; = missing}, X
Piu ra: Gia tri split .

LDt G« Yy 91 He Xig Nl

2. f(x) = 0, r;=y; cho tit ca cic i trong tap training
3.Fork=1tomdo

//x1r Iy dir 1iéu missing bén nhanh trai

4. G, 0,H <0
5. For j in sorted(lk, ascent order xj) do
6. G,< G,+ gj, H <« H, + hj
7. GR(_ G_ GLIHR<_H HL
2 2
8. score « max (score, o 4 SR Gk _ G )
Hp+A HR+1 H+A
9. EndFor

//xtr 1y dit 1iéu missing bén nhanh phai
10. Gr < 0,Hy < 0

11. For j in sorted(lk, descent order Xx;() do

12. Gpe Gp+ gj, Hp e Hp+ N

13. G,« G+ Gy, H,« H— Hy

14. Hf];l % - HG_+2,1 )
15. EndFor

16. EndFor

17. Output hudng va gia tri Split

Vi muc tiéu 1a xay dung mé hinh hoc, budc dau sé khoi tao véi cay hdi quy va ham 13i cho trudc cong thic (14)
giai thuat tim mé hinh cyc tiéu hoa 18i hdi quy. Sau do ap dung giai thuat Boosting cho Regression Tree: (1) Budc dau
dung giai thuat du doan bién dau ra §. (2) Tiép theo 1ap lai K 1an (s6 cay hdi quy K 1a tham s6 cia mé hinh) dé thyuc hién.
(3) Tinh toan phén du & ¢ cong thirc va xdy dung md hinh cay héi quy dung phéan du € 14 bién dich v6i muc tiéu cuc tiéu
hoa 16i. Dy doan miu ding mé hinh cay hdi quy & bude trude do. Cac tuong xdy cdy ciia XGBoost cling 4p dung tuong
tir va ddi v6i bai toan dy doan gen tuong quan thi dp dung Split Finding tai moi budc xdy cay va tinh toan cap nhat § bing
cach thém cac gia tri dy doan ¢ lan lap trude vao cac gia tri dy doan dugc tao ra trong budce trude do.

IV. THUC NGHIEM

Trong pham vi bai viét, chung toi sir dung phin mém Rstudio cung goi xghoost co chira cac thuat toan vé cac
mb hinh hodi quy liét ké & muyc I1I déu duoc tich hop trong goi phan mém nay, dugc thir nghiém trén may tinh v6i RAM
4 GB, Intel Core i3. Quy trinh thyc nghiém nhu Hinh 4, véi hai ndi dung chinh 1a xay dung mé hinh huén luyén tir cac
tap ba hé gen E.coli, B.subtilus, Latococcus Lactis MG1363. Sau d6 dung mé hinh nay dé du doan gen tuong quan
(gan nhan dir ligu)

(a) Training- huin luyén

fi XGBoost
Xir Iy dit ligu Gene | Rscu Training

Host codon?

Host
Train(80%0)
Test 20%

; “* =Model
Testing H
b) Prediction- Du doan U
Gene muyc tieu |—————— RSCU-Codon e——Classifier = Gene gan
Model nhan

Hinh 4. So db xay dung mo hinh du doan gen twong quan
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4.1. Xir ly dir liéu thwe nghiém

Bén canh E. coli, vi khudn ching Bacillus subtilis va Latococcus Lactis cling 1a mot trong wsf') c4c hé thdng biéu
hi¢n dang duoc quan tim nghién cru va sir dung hién nay trong linh vic san xuat protein tai t6 hop [1]. Qua trinh
chuan bi dit liéu dugc mo ta nhu sau:

(1) B4 gen Host (2) Tach thanh @) Xir Iy dir liéu (4) Tinh chi s (5) Tao bang dif li¢u
duge tai vé tir tirng gene thu nhin u RSCU ciia cic - 56 gen ng 10652 dong
NCBI (s6 lwgng 10652) dugrc: 10652 gene - 56 chidu: 28 cot

Hinh 5. Quy trinh xtr 1y dit liéu tdng quét

Dir liéu sau khi tai vé tir ngdn hang gen qudc té NCBI, tach thanh timg gen. S6 luong mau thu duge 1a 10652
gen. Tir trinh tu thu dugc ciia cac gen tinh RSCU cho tirng gen, tao bang dir liéu cho miu gdm 10652 gen va 59 codon
nhu da mo ta ¢ trén. Khao sat so b dir liéu phan bd téng céac loai codon cua tirng vat chu theo Hinh 5, nhan théy chi co
hon phan ntra s6 trén téng $6 59 loai codon cta timg vat chil c6 hd trg cho qué trinh dich ma, téng s6 loai codon cua
cac vat chu cling c6 sy khac nhau. Do d6 tap dir li¢u huén luyén dé theo mo ta & cong thire (2) 1a b dir liéu thua c6 29
chiéu va thudc ba loai vat chi

4.2. Xay dung mé hinh du doan gen twong quan

Ap dung g6i phin mém XGBoot [12] tién hanh thyc nghiém trén méi truong R Statictics véi giai phap XGBoot
ding cho dir liéu thua nhu dd mé ta & phan II va géi phan mém Random Forest diung dé kiém chimg két qua cho md
hinh d& xuat. Bai viét da thyc nghiém tir tap gen 10652 va 28 tiéu chi RSCU Codon véi 80% tap gen nay dung lam dir
liéu huén luyén va 20% dung dé lam dir liéu kiém thir mé hinh. Khi xay dung mé hinh héi quy, ching toi sir dung k¥
thuat kiém tra chéo 5-folds voi quy tic: (1) Cho ngu nhién s6 lan 1ap n-round = 10. (2) Thuc nghiém mé hinh véi
XGB.Cv trén tap huan luyén liét ké cac gia tri ham mat mat. (3) Chon gia tri ham loss thap nhat. (4) Thyc nghiém diéu
chinh n_round vé gia tri nho nhat vira tim duoc, tim duge mo hinh hoan chinh. Ap dung mb hinh vira tim dugc trén tap
dir lidu kiém tra. Xay dung ma tran hdn don - ConfusionMatrix dé danh gi4 mo hinh hudn luyén. V&i mé hinh nay
chang tdi gan nhan cho tp gen muc tiéu (khoang 21 gen).

Thyc nghiém quy trinh trén 9 1an véi s6 n-round dao dong tir 10 dén 400 dé tim tap cac gia tri ham mat mat nho
nhat va tim mo hinh t6t nhat cho mé hinh dy doan, Bang 1 trinh bay két qua thong ké qua trinh kiém tra trén n-round
nhu da néu.

Bang 1. Khao sat thong s6 co ban cia cic mé hinh dy bao

‘ Ten Loai N_round  Min.merro.id Accuracy 95% ClI _1 95% Cl _2 Kappa |
Modell test 10 10 0,9376 0,9265 0,9475 0,9037
Modell train 10 10 0,942 0,9369 0,9469 0,9107
Model2 test 20 20 0,9376 0,9265 0,9475 0,9037
Model2 train 20 20 0,942 0,9369 0,9469 0,9107
Model3 test 50 48 0,9376 0,9265 0,9475 0,9037
Model3 train 50 48 0,942 0,9369 0,9469 0,9107
Model4 test 100 89 0,9639 0,9265 0,9475 0,9037
Model4 train 100 89 0.9876 0,9369 0,9469 0,9107
Model5 test 150 146 0,9376 0,9265 0,9475 0,9037
Model5 train 150 146 0,9920 0,9899 0,9938 0,9877
Model6 test 200 163 0,9779 0,9708 0,9838 0,9659
Model6 train 200 163 0,9945 0,9927 0,9959 0,9915
Model7 test 250 201 0,979 0,9724 0,9850 0,9681
Model7 train 250 201 0,9974 0,9961 0,9984 0,996
Model8 test 300 203 0,9789 0,9718 0,9846 0,9674
Model8 train 300 203 0,9974 0,9961 0,9980 0,996
Model9 test 350 232 0,9789 0,9718 0,9846 0,9674
Model9 train 350 232 0,9982 0,997 0,9990 0,9973

Nhan thdy su khac biét gitra mo hinh huén luyén va kiém tra & Model 4 1a nhé nhat 0,0237 véi n_round = 100
v6i dy doan chinh xac - khodng 97%. Model 5 c6 sy sai khac 16n nhat 0,0544 gitra mo hinh huén luyén va kiém tra voi
n_round = 150. Nhu vdy mé hinh dugc chon dé lam md hinh Classifier Model cho du doan gen tuong quan sé& la
Model4. Két qua cia md hinh Model4 nay nhu sau:
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Confusion Matrix:

reference Accuracy @ 0.9876
N 95% €1 : (0.985, 0.9898)
Prediction 1 2 3 No Information Rate : 0.3508
1 3281 12 9 p-Value [Acc » NIR] = < 2.20-16
2 4 3282 23
xappa : 0,98
322 36183 Mcnemar ‘s vest P-value : 0.00 3 5
Hinh 6a. Confusion Matrix cia Model4 Hinh 6b. Cac thong tin théng ké ctia Model4

Béng thong ké danh muc cac t{ién (RSCU codon) ctia md hinh duoc trinh bay ¢ Hinh 7 véi tap cac bién dugc
tinh dung dé xay dung mé hinh cay hoi quy theo cong thtc tinh da trinh bay ¢ muc I1.

TRV hewmn A
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0 AstAn parte_ Cae
1A 00 e AL
AL _MNarwn GO0
A AGA
Ad_MNerwn QOGS
o 0K

G2 _Ghasmin A - -

O4_Gtpwn, GOO —
j O4_ Gy _G0C . ‘
. »

TA_Themin Aco

i

PR A AL
WLy AAG

N _Acgewn COG
T2 _AsGndures  GAG
M Ar g 0K
A Gy 00A
AP O0A

A Av e COA
Pa_Mee 0O

0 600 o0 0 080 vors
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Hinh 7. Théng ké cac bién quan trong ding dé xay dung ciy

Random Forest 1a mot thuét toan phan 16p manh dugc dé xuat boi Breiman [15] va cling la mot trong nhirng
phuong phap Ensemble dién hinh. Két qua cua giai phap nay ciing tao ra mot tap hop cac cay quyét dinh, mdi ciy dugc
xay dung trén tap mau Bootstrap voi hiéu qua phan 16p chinh xac cao va co thé ap dung phén 16p chiéu cao cho dit liéu
thua duoc sir dung rat pho bién hién nay. Van dung phuong phap Random Forest xay dung mo hinh du doén trén ciing
bo dit liéu da thir cho mé hinh dé xuét dé so sanh tinh hiéu qua cua md hinh dé xuit béng XGBoost.

Ching t6i da tién hanh thuc thi Random Forest voi phuong phép chia tap dit liéu hudn luyén va kiém tra nhu da
thuc nghiém véi XGBoost, ciing 4p dung véi ciing s6 lwong cdy 1a 100. M6 hinh du doan thu duoc 1 rfhost (hinh 8a)
kiém chimg dy doan nhan cho tdp 21 gen muc tiéu da dung véi Model4 (hinh 8b), nhan thiy két qua du doan cia hai
mo hinh 1 giéng nhau hoan toan

> dgentest<-read_xTs("testGene.x15") - #2kiem tra tren bo du lieu 21 gen test

» result <~ predict(rfhost, newdatasdgentest .

S result . - ar‘lslwer'5<—pr'ed'|ct(m0de'l ,dtestgen)

1 2 3 4 %5 6 7 & 910111215 14 15 16 17 18 19 20 21 = print(answers)

312121211231111111113 [1] 312121211231 111111113
Hinh 8a. Két qua gan nhan cho gen muyc tiéu voi Random Forest Hinh 8b. Két qua gan nhén cho gen myc tiéu véi XGBoost

Tir két qua Confusion Matrix ctia hai md hinh da thuc nhiém, ching t6i tinh d6 chinh xac cua viéc phan 16p
ding cho ting loai Host nhu mo ta Bang 2. Nhan thay véi mo hinh d€ xuat bang XGBoost ¢c6 do chinh xac cao hon khi
so sanh cho voi cac 16p khac nhau ctia cac Host.

Béng 2. So sanh d¢ Accuraccy cua tung host cua hai thuat todn twong trng v6i cac mé hinh du bao

Tén Host Random Forest-rfhost Xgboost-model
Host Ecoli (Class 1) 0,97 0,99
Host 2 B.Subtilus (Class 2) 0,94 0,99
Host 3 Latococcus (Class 3) 0,88 0,97

 Tiéu chi thoi gian ciing duge xem xét cho qua trinh thyc thi céc thuat toan, cu thé thoi gian can cho [né hinh
huén luyén voi Random Forest la 30,22 gidy, voi XGBoost la 22,37 gidy. Thoi gian can cho tép dir liéu huéan luyén
gom 8520 gen cho ca hai thuat toan dao dong 22 - 30 gidy la c6 thé chap nhan cho nhitng trng dung thoi gian thuc.

. Két qua dy doér} nhan cho tap gen muyc tiéu véi moé hinh du doan M,ode1’4, v6i 21 gen muc tiéu guqc biéu Qién
bang RSCU dé dugc gan nhan phu hop voi thoi gian thuce thi hop 1y. Cac yeu sO quan trong da duge kiém ching bang
phuong phdp Random Forest cho két qua tot hon veé dd chinh xac khi phan 16p cling nhu vé thoi gian thyc thi.
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V. KET LUAN

Bai bao trinh bay céc trinh bay cac khai niém lién quan mo hinh hdi quy, ciing nhu ky thuat Gradient Boosting
dugc dung cho bai toan phan 16p va du doan cho loai dir liéu thua chiéu cao. Dy doan gen twong quan cho cac hé théng
vat chii ding trong cong nghé tai to hop 1a mot cong doan quan trong dé xac dinh cac ngudng RSCU thich hgp cho
ting gen muc tiéu. Cac mé hinh hdi quy tuyén tinh thong dung nhu k lang giéng, cay quyét dinh,... 1a cac thuat toan hd
trg tot cho du doan va phéan 16p gan nhan. Tuy nhién cac thuat toan nay c6 kha ning chiu nhidu thap va thudng phai
loai bo nhiéu trudc cho bd dir liéu huan luyén. Loai bo gia tri tréng thuong lam giam di dc tinh sinh hoc cling nhu kha
ning du bao cua hé thong. Gradient Boosting Tree va XGBoost da dugc nghién ciru, phan tich dé 4p dung cho xay
dyng md hinh dy doan va gan nhan. Két qua thyc nghiém cho thdy mé hinh dé xuat c6 kha nang dy doan co d¢ chinh
X4C cao kha niang gan nhin tot va hoan toan khong ding dén k¥ thuat loc nhiu khi tién hanh thyc nghiém. Ngoai ra,
d6 do su quan trong cua céc tiéu chi ciing dugc tinh toan tir md hinh va hién thi tryc quan gitp nha sinh hoc c6 théng
tin can thiét dé nang cao kha nang duy doan mirc d6 kha thi khi chon lya hé théng vat chu.
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PREDICTING THE CORRELATION OF OPJECTIVE GENE WITH THE HOST SYSTEM
USING IN RECOMBINANT TECHNOLOGY

Dwong Thi Kim Chi, Tran Van Lang

ABSTRACT: Objective genes are precious gene that are used to multiply or synthesize proteins in medicine, medicine, and
pharmacy by recombinant technology. The need to use the codon of the Objective gene during translation is very different among
species, so a good prediction of the correlation of codon use trends for this process enhances the expression efficiency of Objective
genes. With the large number of genes, codon distribution in the expression system is sparse, it is difficult to determine the level of
response of the expression system. This paper proposes a solution for modeling predictive correlations of Target gene with Host cell
systems based on machine learning methods and the Extreme Gradient Boosting; The results from the proposed model when
compared to the Random Forest built model on the same training data set and the test data set provide better test results and
accurate prediction.
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