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SU' DUNG MANG NORON HOPFIELD DY BOAN CAU TRUC THU CAP
CUA RIBONUCLEIC ACID

Pang Quang A (Vien Cong nghé thong tin- Vien KH&CN Viét Nam)
Néng Thi Hoa (Khoa Cong nghé thong tin, DH Thdi Nguyén)

1. Gié6i thiéu

RNA (RiboNucleic Acid) 1a mot axit tham gia vao qud trinh dich ma tr DNA
(DeoxyriboNucleic Acid) sang Protein. RNA dugc cdu thanh tir cic don phan ti: AminoAcid,
Nucleotide va Monosaccharide (xem [3]). RNA phuc vu hai muc dich sinh hoc: RNA 1a phuong
tien chuyén thong tin tit DNA vao cdc san phdm ctia Protein, RNA hoat dong nhu mot thanh
phan cua Ribosom. Viéc du dodn cau tric khong gian cia RNA bang thuc nghiém rat ton kém
ca vé thoi gian va chi phi. Vi thé, trong thoi gian gdn day ngudi ta di st dung céc cong cu todn
hoc va tin hoc vao muc dich du doén cau tric cia RNA ciing nhu giai quyét nhiéu bai toian khac
ctia cong nghé sinh hoc.

Trong bai bao nay ching toi ti€p can bai toan nho mang noron nhan tao Hopfield [7].
Mang nay 12 mot cong cu rat hitu hiéu dé giai quyét cac bai todn tdi wu héa va théa man rang
buoc [1], [2]. Nho sit dung mang nay ma cac rang budc dat 1én cdu tric cua RNA da duoc xir
ly. Két qua mo phong trén may tinh cho mot s6 thi du da ching to tinh kha thi ctia phuong phép
du doan nho mang noron.

Bai bdo gom cdc ndi dung sau: Phan 2 mo ta bai toan du dodn cdu tric thi cdp RNA.
Phan 3 trinh bay 16i giai clia bai toan nhd st dung mang no ron Hopfield. Phan 4 1a két luan va
huéng nghién cttu tiép theo.

2. Bai toan du doan cau tric thir cap RNA
2.1. Cdu tric cua RNA (xem [3], [7])

Axit Nucleic chita thong tin vé ciu tric va chifc nang clia mot t6 chiic séng ma cic
thong tin nay ducgc luu trit va di truyén cho 14n sinh san ti€p theo. C6 hai kiéu nucleotide
trong axit Nucleic: DNA va RNA. Khi cdc nucleotide hinh thanh mot chuéi DNA hoac
RNA thi nhém phosphate clia mot nucleotide tao mot lién két hod hoc véi phan tir oxygen gan véi
phén tir cicbon ctia nucleotide ti€p theo. Poan xoadn kép dugc thiét 1ap khi hai dau nit DNA hoic
RNA riéng biét lién két véi nhau bang cdc lien két hod hoc yéu gitta cdc cap co so.

C6 ba loai RNA chinh tham gia vao qué trinh dich ma sang Protein: mRNA la RNA thong
tin, tRNA 12 RNA van chuyén, RNA 12 RNA risbosome.

RNA 1a mot axit nucleic dugc cau tao tir cdc chudi nucleotide. Méi nucleotide cia RNA
gom Phosphate, dudng Pentoseribose va mot trong bon co s Adenine (A), Guanine (G),
Cytosine (C), Uracil (U). Cau tric RNA quy dinh cic cap co s& ghép doi v6i nhau gom : C — G
valU-A.

Hinh 1 biéu dién ciu tric khong gian clia co s& Adenine va Hinh 2 biéu dién cau triic
khong gian cua co s& Uracil
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Hinh 3 biéu dién ciu tric khong gian clia co s& Guanine va Hinh 4 biéu dién cau triic

khong gian cua co s Cytosine
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2.2. Phat biéu bai todn
*Bai toan
Cho mot dai phan tit RNA géom mot day cac co s6 A, G, U, C. Tim mot céu tric RNA cé
s cdp co so ghép doi 16n nhat (cau triic bén viing nhét).
*Cdch biéu dién
Biéu dién mot phan tir RNA bang diy S gom S,,S,,...,S, v6i S, 12 mot trong bon co s&: A,
G, U, C. Khi dé cdu triic thit cap P clia S duoc biéu dién bdi mot ma tran tam gidc trén bén phai
B cép n vdi.
B,=1 néu co's§ & vitri i va vi trf j ghép doi (véi i<j)
B,=0 néu co s & vi tri i va vi tri j khong ghép doi
* Cdc rang budc chdt ciia cdu triic thit cip RNA (xem [6])
1. Néu P chuia cap i.j thi S, va S;1la G & C hoac A & U hoac C & G hoac U & A.
2. Khong ¢6 su x&p chong cac cap: Néu P chia cép i.j thi khong chira i.k néu k # j va
khong chita cap k.jnéu k # i.
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3. Dai véi Ui, cap i.i khong nam trong P.
4. Diéu kién khong dugc phép xay ra:Néu h < i < j < k thi P khong chita cdp h.j va cap i.k.
5. Khong cho phép ¢6 cac lap dot ngot: Néu P chita i.j thi co s& i va ¢o s j nim cach xa
nhau it nhat hai co s6.
* Cdc cdu triic con ciia RNA
Mot cdu tric thd cap P cua doan S gdm sdu cau tric con la : lap kep téc, lap trong, lap
phiic, ch6 phinh, doan ngan x€p va vung thét nit.
1. Néu P chia cap i.j, i+ 1).G - 1), ..., (i + h).(j - h) thi P chita doan ngan xép. (Hai
hodc nhiéu cap ghép doi lién ti€p goi 1a doan ngan xép) (Hinh 5).
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2. Néu P chta cap i.j nhung khong ¢6 phan tit bao quanh i + 1...j - 1 nao ghép doi thi hinh
thanh mot 1ap kep t6c (Hinh 6).

3. i+1<p<q<j-1vaPchita capi.j va cap p.q nhung cac phan tu giita i va p khong
ghép doi va cac phan tu gitta q va j khong ghép doi thi 2 ving khong ghép doi hinh thanh mot
lap trong (Hinh 7).
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4. Néu P chia capi.jva (i + 1).q va c6 vai phan tir khong ghép doi gitra j va q ( hoac P
chtra i.j va p.(j - 1) va c6 céac phan tir khong ghép doi gitta i va p) thi nhitng phan tt khong ghép
doi hinh thanh mot ché phinh (Hinh 8).

5. Néu P chita cap i.j va i.j bao quanh hai hoac nhiéu hon cic cip p.q, r.s... mai.j khong
bao quanh mo6i nhém riéng thi mot lap phic duge hinh thanh (Hinh 9).
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6. Cho r 1a mot day con cac phan tir trong day co s6 RNA. Néu r khong ghép doi va khong

¢6 cdp ndo trong P bao quanh r thi r 1a mot ving that nit don (Hinh 10).
3. Giai bai toan bang mang noron Hopfield
3.1.D06 thi tron [T]

CAu tric thit cap RNA duoc anh xa vao mang noron thong qua ly thuyét todn hoc ctia d6

thi tron va do thi canh lién ké.

Xét mot day RNA S: S;S,. . . S, trong d6 S, 1a mot trong cac co s& A, C, G, U. Mot cau tric thi
cap clia day S c6 thé biéu dién boi mot do thi trdon G vé6i n nit. C6 n diém trén vong tron va canh (i,j)

ting v6i cap co so (i,j) ghép doi. Céc canh giao nhau ting véi cac that nut.

Xay dung do thi G’ véi s6 niit bing s6 canh trong G va méi canh (x’, y’) trong G’ biéu

dién cho méi cap x=(i,j), y=(k,l) trong G cét nhau. G’ 1a d6 thi canh lién ké cho G.

1 i k j 1 n

~ Day RNA duoc théng hod véi that nit (i, i, k, 1)
i

®
G ! X’

Canh x c6 Head=i, Tail=j
Canh y c6 Head=k, Tail=l

Canh(x’, y’)

Cdc diéu kién trong do thi tron ting véi cdc rang budc chdt cua cdu triic RNA
- Diéu kién tao ra hai canh x va y cét nhau (tao ra mot thét nit)

head(x) < head(y) < tail(x) < tail(y)

head(y) < head(x) < tail(y) < tail(x)

- Diéu kién mot co s& nam trong 2 cip ghép doi

tail(x)=tail(y), head(x)=head(y)

tail(x)=head(y), head(x)=tail(y)
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- Diéu kién cip co sd ghép doi 1a mot 1ap kep toc
| head(x)-tail(x) | >=2.

Do d6 viéc du doédn cau tric thi cdp RNA giong véi van dé tim tap doc 1ap 16n nhat cta
dd thi canh lién ké G’ clia d6 thi tron G biéu dién day S.

Viéc tim tap doc 1ap 16n nhat tuong ting vGi viéc tim ra tap 16n nhat cac cap co s ghép doi
ma khong c6 hai canh cat nhau.

3.2. Thiét ké mang noron Hopfield

Cho mot day S gdm n co s&, xay dung mang noron Hopfield mot 16p gom n(n-1)/2 noron
nhu sau: méi noron biéu dién mot phan tir clia phan trén bén phai ctia ma tran cap n. Chi s6 i va
j dé biéu dién noron ij trong mang véi i=1, ..., n-1, j=2,...n. Ky hiéu V; 1a thong tin ra, U, 1a
thong tin vao ctia noron ij.

Nang luong E cuia mang dugc xac dinh nhu sau:

=1\ j#i EANET]

E:Ai(ivu —1) b4, j)+/xi[ivﬁ —1) b6, )+ C\/ . .1

+BIDV, TV.00k Dot D) +B I3V, 3V, alki Dot )T (kD)
trong do:
- A, A,, B, B,,C la cac tham s6 mang
- Ham b(x,y)=1 néu x-y 1a cap A-U hoac G-C, ngugc lai b(x,y)=0
- Ham g(x,y,z)=1 néu x>y>z, nguoc lai g(x,y,z)=0
- Ham f(x,y)=2 néu x-y la G-C, f(x,y)=1 néu x-y la A-U con lai f(x,y)=0
- Ham p(x,y,z)=1 néu Ix-yl<3, nguoc lai g(x,y,z)=0
oE

du.
Tiwr hé thic dt” = FYR ta xac dinh duoc phuong trinh dong hoc cua noron ij :

ij

du, n 3
- :-A[ 2 Vi -1},@, j)-Az[ 2 Vi -1}30’1)

k=Lkzi K=Lk# ]

=B, D V,a(ki.Ngl.l )Tk =B, > Vugl.k Dak.j.f(k!)-Cpl.j.1)

k<i<l<j i<k<j<l
Dé tranh hién twong mang bi roi vao cuc tiéu dia phuong ta bé sung thém mot s6 hang

leo d6i h(x) (h(x)=1 néu x=0 nguoc lai h(x)=1 ) vao phuong trinh dong hoc ctia noron. Khi dé
phuong trinh dong cua no-ron ij cé dang:
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v6i D la tham s6 mang. DP6i v6i mang da dugc xay dung ta s€ st dung ham kich hoat
McCuloch-Pitts v6i ngudng bang 0.

* Tim trang thdi 6n dinh clia mang

Pé tim trang thdi 6n dinh clia mang ting véi 10i giai clia bai todn ta giai phuong trinh dong
hoc bang phuong phdp Euler va xdc dinh ddu ra V;; clia méi noron tai méi budc thoi gian nho
ham kich hoat McCuloch-Pitts, tiic 1a V=1 néu U;>0, nguoc lai V;=0. Gid tri ban dau U;(0)
duoc khdi tao mot cdch ngiu nhién va cho mang hoat dong dén khi dat trang thdi 6n dinh, tic 1a
khi AU;=0.

3.3. Mot s6 dong gop va két qua thu duoc.

Chiing toi da thir nghiém dé tim ra bo tham s6 mang tot cho bai to4n va gia tri khéi tao
ban ddu Uj(0) thich hop d€ két qua thu dugc sau khi mang hoat dong va xir 1y phtt hop véi céu
tric thuc té.

Chung toi da viét mot chuong trinh thlr nghiém cho bai toan va tdc do thu dugc nhanh hon
vGi cac thu nghiém cta Take Fuij do s6 1an 1ap mang chi con 100 1an va pham vi du doan rong
hon cdc thir nghiém clia Take Fuij do c6 thé du dodn cho nhiéu doan RNA c¢6 cau tric co s&
khac nhau nhung két qua van kha chinh xac.

3.4. Mot so két qua mo phong

Qua nhiéu thlr nghiém ching t6i da tim ra mot bo tham s6 mang A,=1, A,=1, B,=0.01,
B,=0.01, C= 1, D=0.1 ddm bdo chuong trinh cho két quéa nhanh va kha chinh xé4c. Tuy nhién, dé
chic chéan ring cau tric tim dugc 1a hop 1y, sau khi mang ngig hoat dong sau mot thoi gian
cho trudc ching toi thuc hién mot s6 kiém tra trong chuong trinh dé loai bd mot s6 rat it céc
canh thdéa man cac rang budc.

Nguyén tac thuc hién loai bo canh la:

- Doi v6i 2 canh cit nhau: Kiém tra 2 canh d6 ¢6 lién quan dén doan ngin xép va chon cit bd mot
canh sao cho khong lam phé huy c4u triic ciia doan ngan xép va so canh hgp 1¢ con lai 1a nhiéu nhét.

- DB6i v6i mot 1ap kep téc: néu 2 co sd ndi nhau tao thanh lap kep téc khong cach nhau it
nhat 2 co s& thi tién hanh cit bo canh n6i 2 co sG do.

Trang thdi ban diu cia mang dugc khdi tao bang ham ngiu nhién Rnd(20)-10 hoic
Rnd(10) tuy vao diy RNA thur nghiém.

Mo hinh da cho két qua tot véi mot s6 doan RNA c6 do dai tir 5-30 co sd. Thoi gian chay
chuong trinh c6 thé chip nhan dugc, khoang 3-20 giay.

Dudi day la két qua cia mot so thir nghiém.

Thit nghiém 1: Day co s6: GGAAUUACCUAUUCC.
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Két qua giong voi thir nghiém ctia Takefuji [7].

Nhapday RNA: [GGAAUUACCUAUUCE v] sdcosd 15 8§ lEniEp [100 Dr=w  Run -

Dirligu ban dau K&t qué sau x|y 1 Két qué sau xfly 2
Ssoanh [5 stcart [ stoanh: [5
@Yo
G}
®
®
©ep®
Thit nghiém 2: Day co s: AAAGAaCUUUU
Két qua giong vai thir nghiém cta Zuker [8].
Nhgpcy RNA: [WAGAacUUUU <] S6cosd [ SSEnlap [100
Ditligu ban ddu Két qué sau xi Iy 1 K&t qua sau x(1 1y 2
86 canh: ’r S8 canh: ’T 58 canh: r
@
®
@
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Thir nghiém 3: Day co s6: AAACCUAUCGGUUUUU
Két qua giong véi thir nghiém cua Zuker [8].
Nhap dBy RNA: [AACCUAUCGGUULUU  v] S6casé: fis  Soléniap [ioo D Run -
Ditligw ban déu K&t qua sau xrly 1 Két qué sau xirly 2

e soca [z socanh:

g

Thir nghiém 4: Day co s& CCCCUUUACUUGAGGGAAAUCAAGC
Cho két qua giong véi thir nghiém ctia S.Deogun [5].

NP Gy RNA" [SCECUUACUUGASSOAMALG <] S3esd: e Soniap figo D Run [FResil]

Dt ligu ban d3u K8t qué sauxitly 1 K8t qud sau xitly 2
SSeanh: 7 Stearn: 7 Sgcar: 5
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4. Két luan va huéng phat trién

Trong bai bdo nay chiing toi da sit dung mang noron Hopfield dé gidi quyét bai todn du
doan cau tric tht cap RNA. Ching t6i da nghién cttu tim ra bo gia tri tot cho cac tham s6 mang,
cach khoi tao gid tri ban ddu thich hgp cho mang va céch cét tia mot s6 ghép doi khong hop 1é dé
qua trinh du doén cdu tric RNA duoc tot hon, nhanh hon, chinh xac hon.
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Pé nang cao hiéu qua clia mang no ron trong viéc du dodn ciu triic RNA chiing toi du
kién s& phat trién ti€p cdc vin dé sau:
- Thiét k& thém mot thuat todn huin luyén cac tham s6 mang.
- Cai tién thanh moé hinh mang noron Hopfield nhiéu 16p.
- Thuc hién chuyén trang thdi ngdu nhién d€ tranh roi vao cuc tiéu dia phuong

Tom tat

Vén dé du doédn céu trdc thit cdp RNA 1a mot van dé quan trong trong sinh hoc phan tir.
Cau triic thit cip c6 thé duoc x4c dinh truc tiép boi viec phan 13 tia X nhung d6 1a phuong phép
kho khan, cham va ton kém. Vi vay nhi€éu mo hinh todan hoc gin day cho viéc du doan da duogc
phét trién va mo phong trén may tinh. Trong bai nay ching toi st dung cich ti€p can mang
noron, ¢6 tén 12 mang noron Hopfiled dé xir 1y tit ca cdc rang buodc cha cdu tric thit cap RNA
phai thod man. Mot chuong trinh trén mdy tinh di duoc viét dé mo phong vin dé trén. Mot s6
thir nghiém duoc thuc hién va tit ca ching déu thé hién tinh hiéu qua clia mang noron.

Summary

Using Hopfield neural network for RNA secondary structure prediction

The RNA (RiboNucleic Acid) secondary structure prediction problem is a critical one in
molecular biology. Secondary structure can be determined directly by x-ray diffraction, but this
is difficult, slow, and expensive. Therefore, recently several mathematical models for prediction
have been developed and simulated on computers. In this paper we use neural network
approach, namely, Hopffield network for treating all constraints that RNA secondary structure
must satisfy. A computer program for simulating the problem is written. Some experiments are
performed and all they demonstrate the effectiveness of the neural network.

Tai liéu tham khao

[1] Pang Quang A, Mot cdch nhin vé viéc sit dung mang Hopfield gidi cdc bai todn théa man rang
budc va t61 uu cé rang budc, B/c tai HT qudc gia “Mot s6 vdn dé chon loc ciia CNTT”, Hai Phong 6/2001.

[2] Dang Quang A (2001) - Ung dung ciia mang noron trong tinh todn, Sach “Hé mo, mang noron
va ting dung”, Chu bién: Bii Cong Cudng, Nguyén Doan Phudc, Nxb KH va KT, Ha Noi, tr199-211.

[3] D4i Duy Ban (2006), Cong nghé Gen, Nxb Khoa hoc va Ki thuat, Ha Noi.

[4] Tran Van Lang (2003), Mét s6 tong quan vé sinh tin hoc, Béo cdo nghién cttu, Phan vién Cong
nghé thong tin tai TP H6 Chi Minh, .

[5] S.Deogun, R.Donis, F.Ma (2004)RNA Secondary Structure Prediction with Simple
Pseudoknots, The Second Asia Pacific Bioinformatic Conference, New Zealand.

[6] Evan W.Steeg(1993), Neural Network, Adaptive Optimization and RNA Secondary Structure
Prediction, In book: Artificial intelligence and molecular biology, Lawrence Hunter, ed., American
Assoc. Atrtificial intelligence, tr121-160.

[7] Y.Takefuji (1992), Neural Network Parallel Computing, Kluwer Acad. Publ.

[8] M.Zuker (1989), On finding all suboptionmal folding of an RNA moclecule, Cambridge
University Press, London.

32



