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TOM TA TI—Dy doan gen biéu hién cao HEG (Highly Expressed Gene) la mgt cong doan quan trong trong viéc tim gen 16 wu cho
qud trinh tai 16 hop. Cdc gen biéu hién cao trong 1é béo thuong cé xu hudng c6 cdc dac trung twong ty nhau, chu yéu la dac trung
vé xu hudng s dung codon. Bdi viét nay dé xuat mot hudng tiep cgn moi dé phan cum di liéu img dung dé xdc dinh nhém cdc gen
co ddc trung giong nhau vé xu huwong s dung codon dé du dodn HEG. Céc thuc nghiém dwoc trién khai trén hai thudt toan PAM
(Partitioning Around Medoids), CLARA (Clustering for Large Applications) cho viéc phdn cum di dodn HEG. Cdc két qud thu dwoc
cho thay CLARA vueot trgi hon PAM vé thoi gian, chat lwong phin cum.

Tir khéa— DNA tai t6 hop, gen B.subtilis, PAM, va CLARA, HEG, HSCU (Relative Synonymous Codon Usage).
I. GIOI THIEU

Dy doan gen, phén loai gen dé hiéu rd hon vé cau tric va chire ndng cua gen phuc vu cho cac myc dich nghién
clru co ban vé sinh hoc phan tir, chan doan bénh, san xuat dugc pham, cai tao moi truong, cai tao gidng cay trong Mot
ng dung khac cua phén loai gen dang dugc quan tam hién nay 1a chon lya dwoc gen tét nhat cho cong nghé tai t6 hop.
Viée san xuit protein tai to hop thuong duge bit dau bang viéc lya chon mot gen mong mubn, tiép theo 13 phan lap
gen va cat gen bang cac enzyme han ché. Gen tach dugc gin vao mot vécto tao dong (plasmid) va dua vao mot vat chu,
& do6 doan gen nay s€ dugc dich ma thanh mét protein dac biét duoc goi 1a protein tai td hop. Dé c6 thé chon duoc mot
doan gen mong mudn, gen ndy phai dwoc dy doan 1a c6 kha ning ning cao biéu hién gen muc tiéu. Gen véi dic tinh
nhu vay dugc goi l1a gen biéu hién cao HEG. C6 hai phuong an du doan HEG duogc st dung:

Phuong 4n 1: dya vao chi §6 thich nghi codon CAI (Codon Adaptation Index) va dung thong ké dé x4c dinh
HEG, phuong phap nay dugc dé xuat bdi Pere Puigbo va cong sy nam 2007 [4]. Co thé tong quan phuong phap nay
nhu sau:

(1) Tinh gia tri CAI ctia cac gen trong nhom gen biéu hién cao thu nhan duogc tir co sé dit liéu HEG-DB.
(2) Dung biéu d6 Boxplot thong ké khoang tap trung gia tri CAI nham loai bo cac gia tri ca biét.

(3) Thuc hién du doan gen biéu hién cao véi lan lugt cac gia tri ngudng CAI trong khoang tap trung gié tri
CAI tir budce 2, khoang cach gitra cac gia tri khao sat 1a 0,05.

(4) Panh gia két qua du doan gen biéu hién cao dé chon ngudng CAI thich hop theo hai tiéu chi:
- S lugng gen bidu hién cao: khoang 5% sb gen trong bo gen.

- Do nhay (sensitive): Ti 1¢ gitta s6 gen ma hoa cho Protein Ribosome trong tip gen biéu hién cao du doan
dugc va téng s6 gen ma hoa cho Protein Ribosome.

Phuwong 4n 2: dua vao chi sb sir dung codon dong nghia RSCU (Relative Synonymous Codon Usage) [5] cua
timg gen va phan cum céc gen dya trén tiéu chi nay. Cac gen biéu hién cao trong té bao thudng co xu hudng c6 cac dic
trung twong ty nhau, chii yéu 1a dic trung vé xu huéng sir dung codon. Phuong phap nay dua trén cac gen von da dugc
biét 1a HEG, dugc dat tén 1a “kernel”, 6 thé khai quat phuong phéap nay nhu sau:

(1) Tinh RSCU cho tirng gen.
(2) Ap dung cac thuat toan phan cum dit liéu tim ra ¢ budc (1), hinh thanh cac cum va tim nhan “kernel mai”.

(3) Panh gia mot nhoém duge phan cum cang co nhidu kernel cang ching to nhom d6 cang gan véi kernel. Do
d6, nhém nay co6 kha nang cao 1a HEG.

Bai viét nay tiép can theo phuong an 2 dé tim HEG, thuat toan dugc chon dé ap dung 1a PAM va CLARA dé
phan cum dit liéu nhdm tim HEG cho qua trinh thiét k& gen cho tai t& hop. Cac phin con lai ciia bai viét bao gdm: phin
2 gidi thiéu bai toan tim HEG, cach tinh cac chi s6 RSCU va cac do do duoc dung trong cac thudt toan phan cum, phﬁn
3 giGi thiéu hai thuat toan PAM va CLARA trong thuc nghiém, phén 4 trinh bay két qua thuc nghiém trén bd gen
B.subtilis va cudi cung la phan két luan.
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I1. BAl TOAN TIM HEG
Bai toan tim HEG cho thiét ké gen tdi té hop
DNA tdi té hop:
DNA t4i t6 hop 1a phan tir DNA duogc tao thanh tir hai hay nhiéu trinh tw DNA cua céc loai sinh vat khac
nhau. Trong ky thuét di truyén, DNA tai t6 hop thuong 1a dugc tao thanh tir viéc gan nhitng doan DNA ¢ nguon goc

khac nhau vao trong vécto tach dong. Nhiing vécto tach dong mang DNA tai to hop nay co thé biéu hién hanh
C&c protein tai to hop trong cac sinh vat. [7].

Codon dong nghia (Synonymous Condon)

Co s& khoa hoc ciia viéc chon lya gen biéu hién cao dua trén hién tuong codon dong nghia. Mot codon gom
ba nucleotide, nén c6 43 = 64 codon. Nhung chi ¢6 20 amino acid, nén mot amino acid c¢6 thé duge ma hoa boi it nhat
hai codon khac nhau, cac codon nhu vay dugc goi la cac codon ddng nghia [9].

Vi dy: Nhu minh hoa ¢ hinh 1- duge dong khung do, Amino acid Ala (hay A) c6 bon codon ddng nghia 1a
GCA, GCC, GCG, GCU.

CGL LUA ve

G G vec
GCU © GGU cuu CCU  UCA  ACU GuU
GCC C GGC AU  CUC CCC UG  ACC GUC TUAA
GCA A AAl GAU UGU CAA GAA GGA CAU AUC CUA  AAA UUU CCA AGU ACA UAU GUA UAG
GOG AGE AA@ GAC UGC CAG GAG GGG CAC AUA CUG AAG AUG LTC CCG AGC ACG UGG UAC GUG  UGA

Als Ar| Asj An  Os  Glu Gin Gly His e Lew Lys Met Phe Pra Ser The Trp Tyr  Val
l! D I N C E Q G H 1 L K M F P s T W Y v

Hinh 1. Minh hoa céc codon ddng nghia
Codon hiém:

Trong qua trinh tién hoa, cac loai khac nhau cé tinh thién vi véi mot loai m3 bd ba nhét dinh trong s6 cac
codon dong nghia cing ma héa cho mot amino acid. Do d6 co thé codon duoc wu tién st dung & loai nay nhung lai tré
thanh codon hiém & loai khac. Vi duy tan sudt st dung AGG, AGA mé hoé cho Arg & ngudi 1a 11,2%, trong khi do, gia
tri nay ¢ E. coli 1a 2,1% va 2,4% [8].

Chi s6 sir dung codon dong nghia RSCU:

Chaperon la cac protein gitip hd trg cac phan tir peptide gap cudn chinh x4c dé tao thanh protein c6 hoat tinh.
Céc protein nay thudng ton tai trong té bao v6i sd lwong 16n. Ca ribosomal va chaperone protein gen deu la HEG va c6 xu
hudng sir dung codon cao [5,11]. Y twong chinh ciia viée du doan HEG duya trén cac HEG c¢6 quan hé gan giii nhau, trong
khi nhitng gen con lai thi khéng. Pic trung cho cac gen duge sir dung 1a chi sé RSCU ciia céc codon trong gen [4]:

Tac(9) :#:% 1)
EZCECQ Oac  Oac

Trong do:

I'ac: RSCU cua codon ¢ ma hoa cho amino acid a.

Ogc: tan sudt xuat hién ctia codon C trong trinh ty gen;

Ca: tap hop céac codon cung mé hoa cho amino acid a;

Ka: s6 luong cac loai codon ¢ ma héa cho amino acid a.

Céc gen biéu hién cao trong t& bao thuong c6 xu hudng co cac dic trung tuong ty nhau, chu yéu 1a dic trung
vé xu huong sir dung codon. Do d6, phuong phap phan cum dir liéu dugc Gmg dung dé x4c dinh nhom céc gen c6 dic
trung giéng nhau vé xu hudng sir dung codon nham dy doan HEG.

. Bén canh d0, viéc tinh toan RSCU cho cac codon két thic (UAA,UGA,UGA) yé céq codon khong c6 codgn
dong nghia (AUG — ma héa cho Methionine, UGG — ma héa cho Trytophan) 1a khong can thict. Do d6, gen dugc bicu
dién lai boi mot vécto RSCU 59 chiéu c¢6 dang nhu sau:

r@={ru ra r3~--”59}T (2)
Hinh 2 1a mé ta cho viéc biéu dién tap gen bang tap cac RSCU.
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Hinh 2. Minh hoa cho biéu dién gen v6i RSCU
Bai toan tim HEG

Trong hoc may, phep phén tich cum thuong dya trén hoc khong giam sat. Khong gidng nhu phan loai, phan
cum khong dya trén cac 16p da dinh nghia trudc va cac mau di liéu huan luyén di gan nhan 16p [6]. Nguyén tac chinh
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ctia phan cum van 1a 1am sao cho d6 gléng nhau trong cung mot cym la cao va do gléng nhau gitta cac cum la thap [6].
Do vay trong bai viét nay chon phuwong phap phan hoach dé phan cum véi muc dich chon ra cac nhom gen c6 cung xu
hudng sir dung codon vao mot nhém va c6 thé chon HEG ¢ khuynh hudng gan nhan ciia nhom nhét.

Dé do khodng cdach
Ma tran dir li¢u:
Tap dit lidu duoc phan cum Ia n gen dwoc biéu dién bang p bién chinh 14 RSCU cua ting gen va tap dir liéu

nay 1 ciu tric c6 dang bang quan hé, hay ma tran n X p v6i n gen; p bién con duge goi 1a cac phép do hay céac thude
tinh. Tap dit liéu gen duoc bicu dién lai bang ma tran dit liéu c6 dang:

[7”11 59 l
I T'f'l L rlsg I (3)
' |

lr,'ll drnz Tn59
Ma tran phéan biét:
Dé biéu dién khoang cach gitra hai gen trong khong gian dir liéu gdm n gen theo thudc tinh RSCU ta ding ma
tran phan biét:

0
[d(z,l) 0 ]
|d(3,1) a2 o | e\
lam 1) am2 .. .. ol

d(i, j) 1a khoang cach gilra gen i va gen j; khoang cach nay dugc tinh theo cong thirc (5).
P§ do khoang cach Euclidean [11]:

d@i.j) = \/(lril - j1|2 +|riz - j2|2+"'+|rip _ijlz) ()

Chi s6 Silhouette
Gia str cac HEG duoc chia thanh k cum. Vi mdi cum gen i, dat:

- a(i) 1a khoang cach trung binh tir i téi tit ca cac gen trong cting cum Vi i.

- b(i) 1a khoang cach trung binh ngén nhét tir i t6i bt ky cum nao khong chua i.

Cum tuong (g véi b(i) nay dugc goi 1a cum hang xom cua i. Khi d6 chi sé Silhouette s(i) duoc dinh nghi nhu
sau:

: b(i)-a(i)
S(l) - max{a(i), b(z)} (6)

V6i chi s6 s(i) ndm trong doan [-1,1] cho thay s(i) cang gan 1 thi gen | cang pht hop v6i cum ma nd dugce
phan vao, s(i) = 0 thi khong thé xac dinh duoc gen i nén thudc vé cum nao gitta cum hién tai va cum hang xom cua no,
s(i) cang gan -1 ching t6 i bi phan sai cum, nd nén thudc vé cum hang x6m chtr khong phai cum hién tai.

I11. THUAT TOAN PAM VA CLARA TRONG THUC NGHIEM

Céc phuong phap phan chia ndi tiéng va thuong dugce dung nhét 1a k-means (MacQueen 1967), k-medoids
(Kaufman va Rousseew 1987) va cac dang bién ddi ciia chung [6]. D4i voi phuong phap k-means thudng dwoc ap dung
khi trung binh cua mét cum dugc xac dinh. Déi véi mot sb gen c6 loai codon hiém thi c6 thé ¢ nhitng codon khéng
dugc sir dung trong tat ca tap gen nén c6 thé gay kho khan cho viée tinh trung binh cum. Hon nira, né nhay cam véi cac
diém dir liéu nhiéu vao outlier, mot sb lwvong nhé dir liéu nhu vay vé cin ban c6 anh hudng t6i gia tri trung binh. Nén
chon Iva PAM hay CLARA vao bai toan du doan HEG c6 nhirng thuén 1gi nhat dinh.

A. Thudgt toan PAM

PAM (partition around medoids) - phén chia xung quanh cac medoid — trung tam: Pay la mot giai thuat phan
cum kiéu k-medoids. Tim k cum trong n gen bang cach: trudc tién tim mot gen dai dién gp hay PHEG (Predicted
Highly Expressed Gene) hay medoid cho mdi cum. Tép cac medoid ban dau duoc lya chon tuy y. Sau d6 lap lai cac
thay thé mot trong sb cac medoid bang mét trong sb nhimng ddi tugng khong phai medoid mién 14 tong khoang cach clia
két qua phan cum dugc cai thién [6].

Goi 1a gp hay la goi la gen mediod.
Goi gi: gen khac vaigp (i=1..n)

Thuit toan PAM

Pau vao: Tap hop cac chudi gen G = {g1,0z.....8n}, 50 cum k
Piu ra: Tap hop gen da dugc phan vao k cum.

(1) Chon tly y k gen giit vai tro 1a cac gp ban dau

(2) Lap lai
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(3) Véi mdi gp
Lan luot xét cac gen gi khong 1a gp
Tinh S 1 d6 loi khi hoan ddi gp vai gi
S =Egp - Elgi

4) If S <0 thenhoan vi gi vdigp

(5) Cho dén khi khong thay ddi gi véi gp

B. Thudt toan CLARA

D6i v6i bo gen 16n viée ding PAM dé phan cum ton thoi gian va chét lugng phan cum thip va quan trong la
khé xdc dinh dugc tép cac HEG; thuét toan CLARA khic phuc nhugc diém cua thuat toan PAM trong truong hop nay
CLARA tién hanh trich miu cho tap dir liéu c6 n phan tir, né ap dung thuat toan PAM cho mau ndy va tim ra cac dbi
tuong trung tdm medoid cho mau duoc trich ra tir dir liéu nay. Néu mau dir lidu dugc trich theo mot cach ngau nhién,
thi cac medoid cua nod xap Xi voi cac medoid cua toan bg tap dir liéu ban dau. De tién toi mot xap xi t6t hon, CLARA
dua ra nhiéu cach ldy mau va thyc hién phan cum cho mdi trudng hop, sau d6 tién hanh chon két qua phan cum tot nhét
khi thyc hién phan cum trén mau nay. Dé do chinh xéc, chat luong ciia cac cum duoc danh gia thong qua do phi tuong
tu trung binh cta toan bo cac ddi twong dir liéu trong tap dbi twong dir liéu ban dau [6]. Sau day la thut toan CLARA:

Goi S la kich thuéc mau dugc trich tir tip gen G = {g1, g2, ..., gn}, trong dé:
k: s6 cum,
n: s6 gen.
S: tap hop cac gen dugc dua vao cum.

Thuit toan CLARA
DPiu vao: Tap hop cac chudi gen G ={gl, g2,..., gn}, s6 cum k
Piu ra: Tap hop gen da dugc phan vao k cum.
(1) Fori=1toSdo
(2) Lay mot mau c6 Sj gen ngau nhién tir tap dir liéu G. Ap dung thuat toan PAM cho méu dit liéu nay
nhim dé tim céc gen medoid dai dién cho cac cum.
3) Dbi voi mdi dbi twong trong tap dir liéu ban dau, xac dinh gen medoid twong tu nhat trong sé k dbi
twgng medoid.
4) Tinh d6 phi twong tw 2 trung binh cho phén hoach cac ddi twong thu duge & budc trude. Néu gia tri
nay bé hon gié tri tdi thiéu hién thoi thi sir dung gié tri nay thay cho gia tri toi thiéu ¢ trang thai
trudce, nhu vay, tap k ddi twgng medoid xac dinh & budc nay 1a tdt nhat cho dén thoi diém nay.
(5) EndFor

IV. THUC NGHIEM

Bai viét st dung phﬁn mém Rstudio cung goéi thu vién Cluster ¢6 chira cac thuat toan PAM va CLARA. Thuat
toan dugc thir nghiém trén mdy tinh ca nhan c6 RAM 4 GB, Intel Core i3. Tién hanh thyc nghiém trén bo dir liéu
B.Subtilus nhu d3 mo ta véi cac tiiy chon k = 2 dén * = 12 cho cé hai thuat toAn PAM va CLARA. Két qua phan cum
thu duoc tir hai thuat toan nhu sau:

A. Thu nhén, xi¢ Iy s6 liéu thuwe nghigm
Bén canh E.coli, vi khuan ching Bacillus subtilis goi 12 B.subtilis ciing 1 mot trong s6 cac hé thong biéu hién dang
duogc quan tm nghién ctru va str dung hién nay trong linh vuc san xuat protein tai to hop. Hién nay, hé thong bi€u hién trén

B. subtilis dang thu hut cac nha nghién ctru thude linh vye protein tai to hop bi tinh an toan khi sir dung tryc tiép trong linh
vuc y dugc, my pham ciling nhu trong qua trinh thyc nghiém. Qua trinh chuén bi dit li€u dugc mo ta nhu sau:

(2) Tach (5)Tao bang dir

(1) B gen thanh t0 . .
2 3laen“’ﬂg (3) Xir Iy dir liéu thu (4)Tinh chi llgu gbm :

B.subtilis )
dugc tai vé A nhén u dugc: 3543 s0 RSCU - 50 Ogn n: 3543
tir NCBI (s0 lugng ciia cic gen ong
4062) - 56 chidu : 59 ct

Hinh 3. Quy trinh xtt Iy dir lidu tdng quat

! Egp: Egi 1an luot 1 gia tri ham myc tiéu trude va sau khi thay gp béi gi E=yk . Ypec, d(gp, gi)*
Cong thire tinh (5)
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Dir lidu sau khi tai v& tir ngén hang gen qudc té NCBI, tach thanh timg gen, loai bo nhimng gen khong bat diu
bang nhirng codon khoi dau phién ma (ATG, GTG, TTG) va nhitng gen c6 chiéu dai khong phai 1a bdi sé cua ba dé thu
nhan tap cac gen c6 kha ning 1a HEG. S6 luong miu thu duoc 1a 3543 gen. Tir trinh tu thu dugc cua cac gen tinh
RSCU cho tirng gen, tao bang dit liéu cho mau gdm 3543 gen va 59 codon nhu d3 mo ta & trén.

B. Ap dung thudt toan PAM, CLARA cho bé dir ligu B. Subtilus.

Céc tiéu chi dé nhan dang chét lugng cua cac thudt toan phan cum dya vao viéc danh gia va chon Kkét qua gom
cum t6i wu nhu: D6 nén (compactness) ddi twong trong cum nén gan nhau c6 nghia 1a c4c gen trong cting mdt cum nén
cang gan nhau diéu nay dugc thé hién qua chi so Silhouette (Silhouette Index) cho wéc luong tinh chia cit va chat cia
mdt sy phan chia cum. P9 phan tach (separation): Tiéu chi nay cho cdc cum nén xa nhau. Ngoai ra con c6 cac tham sd
khac dé so sanh muc d6 hiéu qua cua phan cum nhu: ham muc ti€u, thoi gian thyc thi cac thuat toan.

1. So sdnh vé ham muc tiéu

Ap dung PAM, CLARA cho céc véi k = 2 dén k = 12, thu duogc hai cum véi s6 luong khé twong dong véi do.
Chat lwong phan cum duoc danh gia thong qua ham muc tiéu, chéat lugng phan cum t6t nhat khi ham muc tiéu dat gia
trj toi thiéu. Nhu thdng ké & hinh 4 va bang s liéu & bang 1, ta thdy gia tri ham muc tiéu ctia cac cum giam dan, ca hai
dat gié tri bang nhau & phan nhomk = 8, va k = 12.

Bing 1.Bang théng ké gia tri ctia ham muc tiéu cua hai thuat toan PAM va CLARA

Nhoém K2

n k3 k4 k5 k6 k7 k8 k9 k10 k11 k12
[Thuit toa
PAM 604.4944 [315.5504 [270.2221 (225.8861 (194.2379 (164.3636(152.7764 1421114 |132.9562 [124.7681 |120.5503
CLARA 464.702 [320.3063 |258.0315 (219.5571 |193.5844 |168.9772|155.3532 148.2193 [142.772  |132.9559 |125.8634

Théng ké chi s6 ham muyc tiéu cua cac k nhom véi PAM - CLARA
800
600
400 B build_Pam
200 B build_Clara
0
k2 k3 k4 k5 k6 k7 k8 k9 k10 k11 k12

Hinh 4. Théng ké chi s6 ham muc tiéu tmg v&i sé phan nhém k cia hai thuat toan

2. Thoi gian thuc thi PAM-CLARA trén b¢ dir liéu B.subtilis

Tiéu chi thoi gian thuc ngl}iém rat duoc quan tdm khi chon lya cac thuat todn ap dung tinh todn vai cac by dir liéu
16n. Qua thyc nghiém nhan thay khi ap dung CLARA trén b0 gen B. Subtilis gan nhu thyc hién ngay tire thi va dong
d€u gitra cac tham so6 k (xem bang 2). Khi ap dung PAM [én cung bo dir liéu gen B. Subtilis c6 sy thay doi vé thoi gian
thuc hién bién thién theo xu hudng tang theo k (xem hinh 5).

Bang 2. Théng ké thoi gian thuc thi cia PAM va CLARA trén cung tip gen B. Subtilis

Nhom | k2 k3 k4 K5 k6 k7 k8 k9 k10 | k11 | k12
PAM |2 2 9 10 12 13 18 19 24 21 27
CLARA 05 |05 |05 |05 |05 |05 |05 |05 |05 |05 |05

Thoi gian thye hién trén cung b dit liéu B.Subtilis cua

PAM - CLARA

30
@
= 20
= B Pam
.-b-lD 10
) i B clara
=S

0 .

k2 k3 k4 k5 k6 k7 k8 k9 k10 k11l k12
Hinh 5. Thong ké thoi gian thuc thi PAM-CLARA
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3.  Chi sé Silhouette (Silhouette Index)[4]

Nam trong nhom cac do do danh gia ndi (internal validation measures) [10], voi k = 8, ta thdy PAM cho két qua tbt
& cac cum 1 va 2 vai chi s6 silhouette s(i)® dat cao nhét c6 nghia 14 gia tri cia cac gen trong cum nay twong ddng nhit,
€6 kha nang tim dugc HEG ¢ gan tdm cua hai cum nay nhi€u nhat (xem hinh 6).
Sithouette plot of pam(x = di[1:59], k = 8, diss = FALSE, metric = "euclidean")

n=3543 8 dusters C,
I nlave,.q s

1- 485|056
2 403|055
3 4711043
4- 4261042

418 | 0.42

o

(=]

433 | 0.44

7 4351044

8 422|044

r T T T T 1
00 02 04 06 D8 10
Sihouette width s,

Average silhouette width  0.46 Iy

Hinh 6. Minh hoa thong s Silhouette ciia PAM voik =8

V6i nhing thong tin trong hinh 7, cung cép g6c nhin tong quan vé hinh dang cac cum qua thong sé s6 luong
gen cua cac cum va chi sO Silhouette trung binh cua cic cum véi thuat toan PAM. Nhiing thong tin nay hd tro viée
quyét dinh chon gia trj k phtt hgp cho viéc phan cum. Theo thuc nghiém cho thdy két qua phan cum 6n dinh voi k = 11,
thoi gian thyc thi voi thap hon so véi k = 10, k = 12 (xem bang 2).

Hinh dang phan cum véi d6 rong cum va tham s6 Silhouette cuia PAM

m Seriesl
m Series2
m Series3
W Series4
m Seriesb
= Series6
m Series7
m Series8

S6 lwong gen cua tirng nh

Series9
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Series12

(5]
N
w
—
—
X

Hinh 7. Minh hoa hinh déng tdng quan cic cum qua thong sb Silhouette ciia PAM vé6i k=2 dén k=12

Bai viét ciing tién hanh thng ké tuong tu cho thyc nghiém véi CLARA va thu duoc két qua nhu hinh 8. Vi
CLARA chit luong cic cum duoc cai tién ro nét vé chat sb luong cho tirng cum va chi s6 Silhouette t6t nhat tap trung
6k =7, k=8. Gia tri cao nhét cua tham sb nay dat cao nhét trong tap cac chi s Silhouette ciia ca PAM va CLARA.
Bén canh d6 cac HEG tt nhét dugc dé xudt boi CLARA c6 xu hudng héi tu véi hai gia tri k nay (xem hinh 9) voi s6
luong HEG thu dugc gidng nhau hon 90%.

2 5(i) dwoc tinh ¢ cong thire 6
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Bang 3. Théng ké do rong ciia cac cum va chi sé Silhouette cua cac cum vé6i k = 7, k = 8 trong CLARA

STT size K7 Sil_k7 size_k8 Sil_k8
1 509 0.5405087 449 0.6346691
2 451 0.7187359 425 0.6254570
3 584 0.4536771 562 0.5724334
4 490 0.5168400 355 0.5705324
5 469 0.4569732 476 0.5089383
6 490 0.5226611 493 0.3738123
7 50 0.4344639 459 0.4973842
8 324 0.3717753

Hinh 8 1a hinh dang cac cum qua thong s s6 lugng gen cua cac cym va chi sO Silhouette cua cic cum véi
thuét toan CLARA. Vi thong tin nhan dugc tir thong ké nay ta thay chat luong phan cum voi CLARA 6n dinh v6i cac
k=6,k=7, k=8 voisd HEG thu dugc ciia ba tip nay gidong nhau hon 90% va chi so Silhouette co gia tri cao nhat.
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Hinh dang phén cum véi d6 rong cum va chi s6 Silhouette Véi CLARA
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Hinh 8. Minh hoa hinh d4ng téng quan cic cum qua thong s Silhouette cia CLARA v&i k=2 dén k=12

(a). HEG véi k=7

Silhouette plot of clarax = dif1:59), k=7)
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(b). HEG véi k=8
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Hinh 9. Hinh dang cac gen duoc dy doan 1a HEG t6t nhét véi k = 7, k = 8 bing thudt toan CLARA
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Hinh 10 1a mot minh chimg khéac dé khing dinh hiéu qua ciia viéc ap dung thuat toan CLARA so voi PAM.
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So sanh chi sé average silhouette cia PAM va CLARA v6i k=2 dénk = 12
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Hinh 10. Minh hoa hinh dang tdng quan cac cum qua théng sé Silhouette cia CLARA véik =2 dén k = 12.

Va theo thong ké tir dit liéu cong bd gen HEG-DB thi ti 1¢ HEG trén b gen thudng vao khoang 5% [11]. Nhu
vay khi ap dung thuat toan PAM v&i cac tily chon k = 2 d&én 12, cho chat luong phan cum t6t v6i k = 12. Nhung thuét
toan nay khong chi ra dugc cac gia tri cu thé c6 thé 1a HEG. Va thoi gian thuc thi trén cing mot dir liéu B. Subtilus cho
Kkét qua cham hon khoang 20 14n véi k = 12 so véi thuat toan CLARA. Bén canh vu diém vé tc do thuc hién phén cum
CLARA con dé xuit két qua mau t6t nhat c6 thé 1a HEG véi k = 7 12 54. Néu nang gia tri k 1én k = 75, sé gen tbt nhat
dé nghi 1a 190 trén téng s6 3543 gen chiém khoang 5,3% duoc cho 1a pht hop vé6i s6 lugng HEG cén tim.

objective function: 83. 84559
Clustering vector: int [1:3543]1 1 2 34567 3 8191011 911 9912 .
Cluster sizes: B 53 60 72 56 66 75 33 65 20 17 53 51 94 75 27 42 76

21 15 25 31 44 48 20 72 70 76 56 46 38 110 14 46 50 74 60 69 26 39 71 27 59 &0

99 70 29 54 48 44 11 30 26 41 56 36 13 40 40 10 50 21 26 20 80 46 57 50 5 35 55
52 76 30 5

Best sample:

[1] 17 45 51 79 82 B84 89 138 152 191 219 242 259 I 77
[15] 281 285 287 300 306 329 358 368 397 450 461 473 529 540
[29] 563 606 633 638 647 649 676 685 712 744 751 769 781 786
[43] 797 803 8&37 866 883 897 914 955 1004 1020 1028 1033 1065 1071
[57] 1081 1089 1139 1153 1159 1172 1174 1195 1196 1205 1206 1210 1235 1244
[F1] 1246 1279 1282 1301 1306 1320 1321 1322 1328 1355 1379 1417 1451 1469
[85] 1482 1485 1490 1502 1528 1550 1561 1621 1640 1651 1669 1675 1685 1687
[99] 1739 1774 1786 1790 1820 1829 1832 1838 1841 1937 1944 1959 1975 1983

[113] 2063 2087 2098 2137 2146 2147 2148 2150 2170 2253 2260 2300 2326 2347
[127] 2352 2360 2366 2418 2438 2454 2455 2462 2510 2532 2553 2567 2582 2599
[141] 2621 2626 2645 2669 2692 2710 2717 2762 2765 2784 2785 2836 2838 2898
[155] 2906 2916 2944 2953 2996 2997 3006 3020 3025 3088 3102 3109 3161 3164
[169] 3213 3214 3254 3285 3347 3357 3376 3378 3381 3400 3425 3458 3461 3490
[183] 3492 3497 3521 3524 3528 3536 3540 3543

Hinh 11. Minh hoa két qua thyc nghiém tim HEG cia CLARA véi k=75

V. KET LUAN

Bai bao trinh bay cac cach thirc thiét ké gen tai to hop, viéc im HEG 1a mot cong doan quan trong dé thiét ké
gen tai to hop dat hidu qua cao. Ca ribosomal gen va chaperone protein gen déu 1a HEG va c6 xu hudng sir dung codon
cao. Nén viéc phan nhoém cac loai gen nay dya trén dic tinh sir dung condon twong ddng RSCU duoc chon dé viée xac
dinh cac gen c¢6 kha nang 1a HEG. Dua vao tap dir liéu co6 thé 1a HEG nay, bai bao 4p dung hai thuat toan phan cum
PAM va CLARA dé phan hoach tim ra nhitng gen ¢6 xu huéng gan giii nhat dé gom vao cum va tir cic cum nay dé du
doan HEG.

Bing thyc nghi¢m voi k = 10 dén k = 11 bing PAM thi gié trj vé d¢ I6n giira cc nhom khong thay doi Ién chi
dich chuyén vi tri cac mediod khi va ham muyc tiéu giam cham. Trong bai viét nay chi chon k = 11 cho viéc bi€u dién
két qua phan cum gen.

Dbi voi CLARA thi gian thyc nghiém trén cung bd dir li€u giam 1o rét khoang 20 1an khi so sanh véi PAM

cung chon gia tri k = 11. Chat lwong phan cum va thoi gian thyc thi cia CLARA tét hon trén cung tap dir liéu
B.subtilis, CLARA sg 1a thuat toan dugc khuyén khich nén 4p dung cho bai toan tim HEG.
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PREDICTING HIGH EXPRESSEOENSI%IIE\INE FOR RECOMBINANT DNA

Duong Thi Kim Chi, Tran Van Lang, Huynh Xuan Hiep

ABSTRACT— Predicting high expression gene HEG (Highly Expressed Gene) is an important step in finding the optimal gene
recombination process. The high expression gene in normal cells tend to have similar characteristics, mainly featured on codon
usage trends. This article proposes a new approach to clustering application data to identify groups of genes with similar
characteristics on codon usage trends to predict HEG. The experiment was deployed on two algorithms PAM (Partitioning Around
Medoids), CLARA (Clustering for Large Applications) for clustering predicted HEG. The results showed that beter CLARA than
PAM on time, the quality of clustering.



