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Vién Cong nghé Thong tin, TTKHTN&CNQG
Vién Khoa hoc va Cong nghé Tién ti€n Nhat ban (JAIST)

“The two technologies that will shape the
next century are biotechnology and
information technology”

Bill Gates

“The two technologies that will have
the greatest impact on each other in the
new millennium are biotechnology and
information technology”

Martina McGloughlin
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Outline

m Khai niém co ban cua sinh hoc
(http://www.ebi.ac.uk/microarray/biology intro.html#Genomes)
0 Phan t trong su song
0 Gene va gene hoc

m Tin sinh hoc la gi?

m Vé moét vai bai toan trong tin sinh hoc

"
“Song”, Ta Quang Biru (1948)

“...Mot dém thang 10 nam 1910, mét té bao haploid (cung mot
gamete vaéi 24 chromosome) clia cha toi gap mot té bao (cung mét
gamete véi 24 chromosome) ctia me toi.

Hai t& bao ay phdi hap vai nhau thanh mot té bao trirng vdi hai lan
24 chromosome. Té& bao nay ché doi sinh ra hai t&€ bao nita, réi hai sinh
ra bon, bon sinh ra tam, v,v... thanh mét khéi té bao. Khéi té bao nay la
toi.

Chin thang sau t6i ra doi vdi nhitng dac diém nay: da den, mat hoe,
chan ngan nhu 6ng ndi toi; mdém rdéng, vai ngang, tai nhé nhu ba ngoai
t6i. Ngoai ra trong than thé cé ché thi giéng 6ng ngoai, cé ché giéng ba
noi ti. Con tinh lusi dac biét cua toi thi xem gia pha dén bac 6ng cé noi
ngoai cling khong thay tong tich. Cé Ié phai Ién xa nira.

Ba ndam sau, cling theo mét loat bién cd nhu trén, em toi ra doi. Em
t6i thi mém réng, da trang, mat hoe, chan dai. Nhirng dac diém cta no
cling la nhitng dac diém cda hai gia dinh chdng t6i, nhung phan phai lai
cach khac.”
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Basic genetics Gene hoc co’ s6

Phan (&n cla 100 ty té bao (cell) trong co thé con ngwdi co
su sao chép cla toan bd hé gene (human genome), la toan bd
thong tin di truyén can thiét dé tao ra co thé song.

Hat nhan té bao (cell nucleus)
chira DNA goi trong cac cap
nhiém sac thé (chromosomes).

DNA chira gene, la ma cla co : |
thé va diéu khi€n moi khia ' iy
canh vé phat trién va ké thira RGO AR O A VR
clia té bao. Y N

Protein, tao ra tr amino ;4
acids, la cac thanh phan thiét RS

or in complexes to

yéu clla moi co’ quan (organs) pectrm marycoliar

functions

va hoat dong hoa hoc. From Genes to Proteins

"
Sinh vat va té bao (1/2)

Moi sinh vat déu gém cac té& bao (cells). Mbi t& bao la mét
hé thong phirc tap gom nhiéu khéi tao dung (building blocks)
khac nhau boc béi cac mang (membrane).

Co khoang 6x10"3 té& bao trong co thé ngwdi, véi khoang 320
ki€u khac nhau, nhw té bao da, co bap, ndo (neurons), etc.
Té bao co kich thwdc khac nhau: héng cau co6 dwong kinh
chirng 0.005 mm con neuron dai chirtng 1 mét.

Hai ki€u sinh vat va twong (ng hai ki€u té bao, la két qua
cla nhitng con dwdng tién hoa khac nhau.

o Nhan chuan (Eukaryotes): cd, hoa, lGa mi, giun, rudi,
chudt, cho, meo, ngwdi, ndm, men bia, etc.

0 Nhén so (Prokaryotes): bacteria



.
Sinh vat va té bao (2/2)

m MOi t& bao nhan chuidn déu gém
mot nucleus (nhan), dwoc tach
khdi phan con lai clia té bao bai
mot mang ngan.

nuclear pore
nucleolus

m MOt dac tinh co ban clla moi té& ™ niien
bao song la kha nang phat trién  cenire L4
(to grow) trong mot moi trwdng
thich hop va trai qua suv phan
chia té€ bao (cell division).

) A | lysosome
vesicle ~THN i

cytosol =7 |
flagellum

m Su phan chia té bao va biét lap té .
bao can dwac kiém soat. Khi té nouih R | mooth
) 4 o 2 A . 2 reticulum ribosomes reticulum
bao phat trién khong dwgc kiém
soat co thé tao thanh cac u
(tumours) va ung thuw.

" J
Molecules of life
Phan tir clia su sOng

1. Small molecules
2. Proteins )
3. DNA
4. RNA

Y

Biological macromolecules

chromatin
nuclear envelope | . iclaus

Golgi complex

T~ plasma membrane
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Small molecules Tiéu phan t&

m CO thé co cac vai tro doc lap hoac co thé la cac khai

tao dung cla cac dai phan tl* (macromolecules). Thi du
nhw phan t&r nwdc, dwong, acids béo (fatty), amino
acids va don phan t&r (nucleotides).

A.Amino acids with electrically charged side
chains: Positive

Co 20 loai amino

aC]dS khac nhau’ Arginine (Arg) Histidine (His) Lysine (Lys)

la cac khé’] taO coo oo oo
du,ng cla HaN® ccH H HN® EH H ‘v . .I-e,N' ;} H
proteins, moi loai O gr - e L
dwadc ky hiéu bdi MERALIUL U VA T3

X CH;
C =NH,

mot chir cai Latin.

*NH

" B
Proteins

Protein la mot dai phan ti tao thanh t&r mot hay nhiéu day
amono acids theo mét thir tu dac biét; th& tu nay dwdc
xac dinh bdi day co s& (bazo) cac nucleotides trong gene
ma hda cho protein. Cac proteins can thiét cho cau truc,
chirc nang va diéu chinh t& bao, md va té chic, moi
protein c6 mot vai tro dac biét. Vai thi du vé proteins la:

Protein c&u truc (Structural proteins), co thé coi nhw cac khoi tao
dung co sd cla sinh vat.

Enzymes, thuc hién (x(c tac) moét so lon cac phan tng sinh héa hoc
(biochemical reactions). Cung vdi cac phan (*ng nay va cac dwdng
chuyén hoéa (pathway) ching tao ra su trao doi chat (metabolism).
Protein mang (transmembrane proteins): chia khoa cla su duy tri moi
trwong té bao (cellular environment), diéu hoa dung tich té bao, etc.

Hormones, antibodies, etc.
10
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Protein structures Cau truc protein

m CAau trac bac mot (primary structure): Cac day cla 20 loai amino
acids khac nhau, ndi véi nhau theo moét thi tuw tuyén tinh bat ky
(poly-peptide chains). D dai ctia phan ti protein c6 thé thay déi ti
vai dén nhiéu ngan amino-acids.

m C&u truc bac hai (secondary structure): La su xoan gép (folding)
clia day cac amino acids. Co6 hai loai cau truc thwong thay trong cac
day xoan gép: alpha-helices (xoan o) va beta-strands (dai B). Chiing
dwdc hop vdi nhau moét cach dac trwng bdi cac cau truc kém thong
thwdng hon (loops, vong).
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Protein structures Cau truc protein

m C4u truc bac ba (tertiary structure): Do xoan gép, nhiéu phan cla
day phan ti protein co su tiép xUc (contact) véi nhau, tao ra nhiéu
lue hat va lue day gitra chdng, tao cho phan tl co dwoc mot cau tric
3D twong doi bén vitng va c6 dinh.

m CAu tric bac bon (quaternary structure): Mot protein co thé dwoc
tao ra tl* nhiéu hon mét day amino-acids, va khi nay n6 dwdc goi la
c6 cdu truc bac bén. Thi du nhw haemoglobin dwoc tao ra tir bon day
trong d6 moi day c6 kha nang bod lai (binding) mdt phan ti iron.

» " N o = : . .
Stéu eefut triie béde hen Cd triee bie ba cua protein Cefie triic bede bon ciia protein
{ el A -CH G - '
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Proteins

The images
below shows
the structure of
triosephosphate
isomerase
visualised by
RasMol
software
package, a 3D
viewer for MSD
structures

Kich thwdc moét protein co thé tir 3 dén 10 nanometers
(nm), i.e., 3 dén 10 x ty mét (10 m), va tim ra cau trdc
clia chdng la bai toan kho va ton kém (can khoang €50,000
- €200,000 dé tim ra mot cau tric mai).
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DNA (Deoxyribonucleic acid)

m DNA la phan t&r mang théng tin chi yéu trong mét té€ bao.
DNA co thé la xoan don (single) hay xoan kép (double)

m Phan t& DNA xoan don la mét day cac don phan t
(nucleotides), con goi la da do'n phan tl
(polynucleotide).

m BOn don phan t& khac nhau chia thanh hai nhém, goi la
bazo (bases):
0 nhom purines gom adenosine (A) va guanine (G);
0 nhém pyrimidines gobm cytosine (C) va thymine (T).

m Cac don phan tl khac nhau co thé dwgc ndi véi nhau
theo moi th tv dwdi dang da don phan t, nhw

A-G-T-C-C-A-A-G-C-T-T

14
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DNA (Deoxyrlbonuclelc ac1d)

m Cac cap don phan tir dac biét co thé
tao nén cac lién két yéu (weak bonds)
gitta ching: A lién két v&i T, C lién
két véi G. Cac cap A-T va G-C goi la
cac cap co sd (base-pairs, bp)

m Khi hai day da don phan t lién két
véi nhau, ching thwdng dinh vao
nhau, goi la cac DNA xoan kép
(double helix).

m Hai dai nhw vay goi la lién két voi
nhau (complementary), va méi dai
co thé thu dwac tir dai kia bang cach
thay twong hd A véi T, C v6i G, va
dGi hwdng clia phan tlr theo chiéu T-T-G-A-C-T-A-T-C-C-A-G-A-T-C
ngwoc lai. A-A-C-T-G-A-T-A-G-G-T-C-T-A-G

15

This structure was first figured out in
1953 in Cambridge by Watson and Crick

16
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RNA (ribonucleic acid)

m RNA duwdc tao thanh tir don phan t&r nhw DNA. Tuy nhién, RNA
dung U (uracil) thay vi T (pyrimidine thymine) la thanh phan
khong c6 trong DNA (chi c6 dai don).

m RNA c6 nhiéu chifc nang trong té bao, nhw mRNA va tRNA la
cac kiéu chirc nang khac nhau cta RNA, can thiét trong su
tong hop protein.

m RNA c6 thé lién két vai mot dai don clia mot phan tir DNA,
bang cach thay T bang U, va cac phan ti kiu nay co vai tro
quan trong trong cac qua trinh sdng va cong nghé sinh hoc.

C-G-A-T-T-G-C-A-A-C-G-A-T-G-C DNA
1N T T O O O I I
G-C-U-A-A-C-G-U-U-G-C-U-A-C-G RNA
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Genes a[\d genomes
(Gene va cac hé gene)

1. Chromosomes, genomes and sequencing
(Nhiém s3c thé&, hé gene, va sap day)

2. Genes and protein synthesis
(gene va téng hap protein)

3. Gene prediction (doan nhan gene)
4. Genome similarity and SNPs

(su gidng nhau gilta cac hé gene va SNP)

18



Chromosomes, % nomes and sequencing
Nhiém sac the € gene, va sap day

m Nhiém sic thé (chromosome): Mt hay mot vai phan
tlr DNA xoan kép dai co t6 chirc.

m Con ngwdi co 24 cdp nhiém sac thé.

m Chromasomal va mitochondrial DNA tao nén hé gene
(genome) cula sinh vat. Moi sinh vat déu co6 hé gene, va
ngwdi ta tin rang hé gene ma hoa hau hét thong tin di
truyén cda sinh vat.

m Moi t€ bao clia mét sinh vat déu chira cac hé gene nhuw
nhau (identical genomes), vdi rat it ngoai l&, la két
qua cua su tai tao DNA (DNA replication) khi t€ bao
phan chia.
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Chromosomes, %. nomes and sequencing
Nhiém sac the € gene, va sap day

m Xac dinh day bon chir cai cia mét phan t& DNA cho
trwdc goi la sap day DNA (DNA sequencing).

0 BO gene ciia mot vi khuén (a bacterium) dwoc sap
day toan bdé nam 1995. B6 gene cua (yeast) gdwoc
sap day nam 1997, giun (worm) nam 1999, rudi (fly)
nam 2000, va cé dai (weed) nam 2001.

0 Viéc sap day toan bd hé gene con ngwdi dwoc hoan
thanh nam 2003, dwgc biét nhw hé gene ngwdi
(human genome).

m Cac hé gene déu chira gene, va phan l6n ching ma
hoa proteins.

20
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Genes va su tong hgp protein

m Genes la cac doan dac biét ctia DNA co6 chlrc nang
diéu khién cau trdc va hoat dong cla té€ bao; la don
vi chi*c nang cula su di truyén.

m D& hi€u ro hon vé gene, ta can mo ta co ché tao ra
proteins dua trén thong tin dwogc ma hoa trong
genes. Qua trinh nay dwagc goi la su tong hop
proteins, va gobm ba giai doan chinh:

1. Transcription (phién ma)
2. Splicing (ghép ma)
3. Translation (dich ma).

21

Tong hop protein

M6t doan phan tir DNA duoc
sao chép vao mRNA bé sung
(phién ma)

Transcription

Bo di vai m&u ctia pre mRNA, goi la introns, phan con
lai, goi la exons, sé& dugc ndi vdi nhau. S6 lwgng va
kich thudc cac introns va exons khac nhau rat dang ké
cac genes ciling nhv gitra cac ching loai.

|"|”"""|I

hoan i

UL gll.

(LT [
N,

Su dich ma la
mot qua
trinh phtrc
tap va nhiéu
chi tiét chwa
dwoc biét.

. |

apilinioe, 'l
Tainaanty mANA

'hlu‘.d"-‘:l /

Translation : T . P
Tao proteins bang cach noi

cac amino acids theo thir tu
duwoc ma hda trong mRNA.
Th( tv cha amino acids dwgc
xac dinh bai 3 don phan t
ké nhau trong DNA, goi la bd
ba hodc ma di truyén
(triplet or genetic code).
Mbi bd ba dwadc goi la codon
va ma cho mét amino acid.

Introns and exons

e N
Exéns
Transcription, elimi-
nation of intron
transcript segments,
and splicing of exons

)
MRNA ===

22
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Bai toan doan nhan gene
Gene prediction problem

m Gene prediction: Cho m6t day DNA, hay noi

gene & dau trong day nay?

S6 genes da duoc Phan clia hé gene ma héa
Sinh vat doan nhan proteins (exons)
E.Coli (bacteria) 5000 90%
Yeast (men) 6000 70%
Worm (giun) 18,000 27%
Fly (rudi) 14,000 20%
Weed 25,500 20%
Human 30,000 <5%

23
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Su twong tu cua hé gene va SNFs
Genome similarity and SNPs

Moi hé gene cla ngwdi dwoc xem la twong dwong dén
99.9% va trung binh gilta cac hé genes cla hai ca thé khac
nhau c&* mot nghin don phan t& chi cd6 moét khac nhau.

Su bién dang trong cac phan khong ma hoa cta hé gene
dwoc phan tich dé dé tao ra cac dang (patterns) tin cay dé
phan biét cac ca thé.

Cac bién dang dac biét quan trong trong hé gene la da dang
don phan tir (single nucleotide polymorphisms (SNP), co
thé xuat hién trong cac phan dwgc ma héa hay khong ma hoa
trong hé gene. SNPs la cac bién dang day DNA xuat hién khi
cac co sd don (A,C,G, or T) dwoc dan xen sao cho cac ca thé
khac nhau c6 cac chir cai khac nhau tai cac vi tri nay.

24



Functional genomics
(Gene hoc chirc nang)

Gene hoc chirc nang (functional genomics) co thé
dwac dinh nghia ndm na nhw viéc dung tri thirc tiéu
bi€u vé hé gene dé€ tim hiéu vé genes, vé cac chirc
nang san xuat va su twong tac ca ching, va quan
trong hon la vi sao diéu nay lam cho cac sinh vat
hoat déng.

m Gene functions (Chlc nang gene)

m Protein abundance in a cell
(Su dv thira protein trong té bao)

m Gene regulation and networks
(Diéu khién gene va mang gene)

25
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Functional genomics Gene hoc chlrc nang

m Dwong nhw cé mot hé han ché cac genes (a limited universe of
genes) va proteins twong *ng cta ching. Tl quan diém chirc
nang, rat nhiéu trong ching coé trong phan ldn hodc toan b6 hé
cac genes.

m Su dw thira protein (protein abundance) c6 thé phu thudc vao
nhiéu yéu td nhw liéu gene twong (ng cé dwac thé hién
(expressed) (i.e., dwoc sao chép tich cuc) hay khong, dwoc thé
hién nhanh va manh thé nao, dwdc ndi ghép, dich chuyén, va
thay déi nhanh thé nao, etc.

m Thé hién gene (gene expression) la qua trmh qua do thong tin
ma hoa trong mot gene dugc truyén vao cau truc dang co trong
t& bao va diéu khién té& bao (hoac proteins hodc RNAs).

MOt cau héi quan trong va ly thu khac trong sinh hoc la su thé
hién gene dwgdc “bat” va “tat” thé nao, tic la cac genes dwac
diéu chinh thé nao.

26



Microarrays and gene expression

databases

Cong nghé microarray st dung nguén tao bdi cac dé tai vé
hé gene va cac no luc vé day dé tra |oi cau hdi cac genes
nao dwoc thé hién trong moét kiéu té bao dac biét cia mot
sinh vat, d mot thoi diém dac biét, trong nhitng diéu kién

dac biét.
@
L $38adt
""‘p""‘*} —-‘:_ o R%ER ff.%—o &®  DNA “Chip
High glucose é ¢
¥
¢
R ™ ¢ @rTECR ?’{Z‘
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6
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Outline
m Khai niém co ban cua sinh hoc

m Sinh tin hoc la gi?

m Vé mot vai bai toan trong sinh tin hoc

+ Bioinformatics: the machine learning approach, Pierre Baldi, Soren

Brunak, MIT Press 2001

% Bioinformatics basics: applications in biological sciences and medicine,
Hooman H. Rashidi and Lukas K. Buehler, CRC Press, 2002

28
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Human Genome Project
Du an vé hé gene ngwdai

Muc tiéu (15 ndm ti 1990)
m Nhan biét (identify) toan bd chirng

30,000 genes trong DNA clia con nguwoi. Disease
m Xac dinh (determine) cac day cla 3 ty Encyclopedia
cap co sd tao nén DNA cla con ngwadi.
m Lwu tri¥ (store) thong tin nay trongcac New Genetic
co sd dir liéu. Fingerprint
= Hoan thién (improve) cac cong cu phan IRt
, ~ 1sa ' Health
tich dir liéu. S
L o A Implication New
m Chuyén giao (transfer) cac cong nghé Diagnostics

lién quan dén cac doanh nghiép tw nhan.
m Dé cap (address) cac van dé vé dao durc,

luat L&, va xa hoi (ELSI) co thé nay sinh New
tor dé tai. Treatments
29
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History of the Human Genome Project
[] rd r N N\ o
Lich st cua du an hé gene ngwdi
1953 1972 1977 1980 1982 1984 1985 1986 1987
| | | | | | | | | .
| | | | | | | | |

Watson, Berg, Maxam, Botgtein, Wada MRC Sinsheimer DOE begins Gilpert announces

Crick 1st Gllbert, DaVlS? proposes to publishes hOStS. gen(?me ) plans to start company

DNA recombinant Sanger SkO.hlle build first large  meeting to StUdleS.W}th to sequence and

structure  DNA sequence White automated genome  discuss HGP $5.3 million ¢q,urioht DNA; Burke,

DNA propose to  sequencing Epstein-Barrat UCSanta Olson, Carle develop
map human - robots virus (170 Cruz; YACs; Donis-Keller
genome with kb) Kary Mullis publish first map (403
RFLPs develops markers)
PCR
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History of the Human Genome Project
Lich st cia du an hé gene ngwdi (tiép)

1987 (cont) 1988 1989 1990 1991 1992 1993 1995 1996
| | | | | | | | | .,
| | | | | | | | | i
Hood NIH Hood,  Proposal ~ Venter  Simon Collins is Y enter Yeast
produces  supports the Olson,  t0 s€quence announces develops named  Ppublishes enome is
first HGP; Botstein 20 Mbin  strategyto BACs; US  director first fe uenced (S
automated Watson Cantor ~ model sequence  and French  of sequence of ce(rlevisiae) '
sequencer; headsthe  propose  OrganismbyESTs. He teams NCHGR; free-living
Dupont  project and using 2005; plansto  publish first reyise  Organism:
devolops  allocates STS’sto Lipman,  patent physical plan to H. influenzae
fluorescent part of the map the Myers partial maps of complete (1.8 Mb);
dideoxy- budgetto  human  publishthe ¢cDNAs;  chromosome seqof  Brown
nucleotides study social genome BLAST  Uberbacher s; first human  Publishes on
and ethical algorithm  develops  genetic maps genome DNA arrays
issues GRAIL,a  of mouse and by 2005

gene finding human

program

genome

published
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History of the Human Genome Project
Lich st cia du an hé gene ngwdi (tiép)

1997 1998 1999 2000 2001 2003
| | | | | |,
| | | | | |~

Blattner, SNP project NIH Celera and Celera Completely
Plunket is initiated; proposes to others publishes sequenced
complete E.  rice genome sequence publish human human
coli project is mouse Drosphila sequence in genome.
sequence; a started; genome in 3 sequence Science; the
capillary Venter years; first (180 Mb); HGP
sequencing creates new sequence of human consortium
machine is company chromosome chromosome publishes the
introduced. called Celera  221is 2lis human

and proposes  announced completely sequence in

to sequence sequenced; Nature

HG within 3 proposal to

years; C. sequence

elegans puffer fish;

genome Arabadopsis

completed sequence is

completed

http://www.d-trends.com/Bioinformatics/timeline.html
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What is bioinformatics?
Tin sinh hoc la gi?

—0 Bio: Sinh hoc phan tir (Molecular Biology)

—0 Informatics: Khoa hoc tinh toan

_ 0 Bioinformatics: Gidi quyét cac bai toan
sinh hoc bang viéc sir dung cac phwong
phap cla khoa hoc tinh toan.

Synonyms: Computational biology,
Computational molecular biology,
Biocomputing

33
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Thay doi trong sinh hoc
Paradigm shift in biology

Mot kiéu thac méi dang xuat hién la tat ca cac ‘genes’ sé sém duoc
biét hét (theo nghia co trong cac ca so dir liéu dién tw), va nghra la
diem bat dau cua mot khao sat sinh hoc sé la ly thuyét. Mdi nha khoa
hoc sé& khoi dau bang mot wéc doan ly thuyét, roi méi chuyén qua
lam thi nghiém dé theo hoic kiém tra gia thuyét.

Pé dung dong chay tri thic trén cdc mang toan cau, cac nha sinh hoc
khéng nhiing phai biét ding may tinh, ma con phai thay déi cach
tiép can cia minh déi voi bai toadn hiéu sy séng.

The new paradigm, now emerging, is that all the ‘genes’ will be known (in the sense of being resident in databases available electronically),

and that the starting point of a biological investigation will be theoretical. An individual scientist will begin with a theoretical conjecture,
only then turning to experiment to follow or test that hypothesis.

To use [the] flood of knowledge, which will pour across the computer networks of the world, biologists not only must become computer
literate, but also change their approach to the problem of understanding life.

Walter Gilbert. 1991. Towards a paradigm shift in biology. Nature, 349:99.




Base Pairs in GenBank
EMBL Database Growth

total nucleotides (gigabases)
11 " . R ——

10,267,507,282

bases in

9,092,760

records.
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Public databases

ZJ HUEL: Frotein datal Internet Explorer 1ol x|
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Protein databases

+ GENERAL Databases :
o NBRF-PIR, SwigsProt, GenPept, TREMBL, OWL, ProClass, NRL-3D, PRF, PMD
+ MOTIF Databases :
o Prosite, PRINTS
+ ALIGNMENT Databases :
o BLOCKS, PFAM, HSSP, ALIGN, PRODOM, PROTFAM, SBASE, GCRDb and TM7
+« ENZYME Databases :
o Enzyme, LIGAND, Rebase
+ STRUCTURE Databases :
o PDB, MOOSEEnzvime, FSSP, 3Dee, Protein Motion, BMCD, MMDB, SESAM , MassBank,
SWISS-3DIMAGE
« Protein structural CLASSIFICATION :
o SCOP, CATH
« Other protein databases :
o CySPID
« Amino acid structures and properties
« Protein families
« Two-dimensional Polyacrylamide Gel Electrophoresis Databases

A click in database name will inform you on its content.
A click in [S] will give you access to server or service home page. -

] N BT 4

36



>

M3 réng cac khai niém cia Tin sinh hoc
= Gene hoc (genomics) - xac i Van(;icgtcrganzec:eu:
0 Gene hoc chirc nang
0 Gene hoc cau tric _—

m Protein hoc (Proteomics):
Phan tich proteins clia mot
sinh vat & nhiéu murc (large
scale)

m Gene dwgc hoc

(Pharmacogenomics): Phat
trién cac thuéc mdi nham

_—

Nghién cltu thé hién gene & moi
murc clia protein bdi déng nhat va
dat trwng proteins co trong cac
mau sinh hoc.

Dung thong tin vé gene dé du
doan su an toan, doc tinh va/hoac
hiéu qua cua thudc véi ngwoi
bénh hodc nhom ngwdi bénh.

dén cac bénh dac biét

m Microarray (genome chip):
DNA chip, protein chip

Mot cdng nghé mdi nham dwa toan
b6 hé gene trén mot chip sao cho
cac nghién clru vién cé moét blrc
tranh tot hon vé twong tac dong
thdi cla hang ngan genes

%

Problems in Bioinformatics

Phan tich cau trac

m So sanh cau truc protein
m Du doan cau truc protein
m MO hinh hoa cau trac RNA

Phéan tich dwong chuyén hoa

m Mang diéu tiét (regulatory networks)

Phan tich day

m Sap day (sequence alignment)

m Du doan chlrc nang va cau tric
m Tim gene (Gene finding)

Phan tich thé hién

m Phan tich thé hién gene

m Phan nhom gene

m Dwong trao dGi chat (metabolic pathway)

Exon & Exon 9 Exon

12

TR
Genomic DNA| | [ /117
and Pre-mRNA" *

mana [T T

T [T T

pran 20NN g

768 TT....TGTGTGCATTTAAGGGTGATAGTGTATTTGCTCTTTAAGAGCTG 813

| N R N e NN A AN Y
87 TTGACAGGTACCCAAC 'GTA . TTGCTGGCCAAGGACTG 135

814 AGTGTTTGAGCCTCTGTTTGTGTGTAATTGAGTGTGCATGTGTGGGAGTG 863

Lodien | 1]
TCAGTAATTAATCATGCACCTATGTGGCGG 172

136 AAGGATC. ............
864 AAATTGTGGAATGTGTATGCTCATAGCACTGAGTGAAAATAAAAGATTGT 913

PIE L L T L1 | LI 1l TIITLL |
173 AAA.TATGGGATATGCATGTCGA. ..CACTGAGTG. . AAGGCAAGATTAT 216

e e

1y

]

W
(-]



L.
Pathway analysis

m M6i phan (ing héa hoc

hoan chuyén

(interconverts) cac thanh

phan hda hoc
m MOt enzyme la mét

protein c6 chlrc nang
thuc day cac phan (ng

hoa hoc

m MOt dwong chuyén hoa
(pathway) la mot tap
cac phan ng hoa hoc

dwoc ndi vdi nhau.

AAAAAAAAAAAAAAAAAAAA

-3
£
&
&
H
£
&
H
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Sequencing project

management

Nucleotide sequence file

Search databases for
similar sequences

T

Design further experiments

eRestriction mapping
oPCR planning

Sequence comparison

Manual
sequence entry

Sequence
database browsing

/

Search for protein

coding regions

Translate

X - Protein sequence file
nto proteln

coding =]

coding

An overview of
sequence analysis

non- Predi
Search databases for Search for redict
/ \ similar sequences known motifs secondary
structure
Search for RNA structure
known motifs prediction -
| Sequence comparison |
/ L Predict
tertiary
Create a multiple SREIEIG
sequence alignment
/ Edit the alignment '\
Format the alignment Molecular Protein family 40
for publication phylogeny analysis
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Primary public domain bioinformatics

servers

Public Domain
Bioinformatics
Facilities

National Center . : Genome
. European Bioinformatics

For Biotechnology Institute (EBI) Net

Information (NCBI) United Kinedom (KEGG & DDBJ)
United States g Japan
1 1 1

I | | | I |

Databases Rl Databases Analysis Databases Analysis
Tools Tools Tools

a1

" S
Analysis Tools Cong cu phan tich

EBI lo cac versions A8 & i i . s s
\ J4 > ~ o n L
tim cac co so dir liéu T
trong Céc lTnh Vl:fc Database Searching, Browsing |;d
cong cdng chd yéu va e iesi
, N - ,
cac cong cu phan tich %
nhuw FASTA, I
CLUSTALW, BLAST, va
cac cai dat cta Smith
& Waterman.
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Challenges in Bioinformatics

m Tin sinh hoc doi héi:
0 Truy nhap vao dwdc nhiéu ngudn phan tan
(Access to multiple distributed resources)

0 Can thong tin dwdc cap nhat
(Needs information to be up-to-date)

0 Dw thira dit liéu t6i thi€u (Minimal data redundancy)
0 Cac (ng dung 6n dinh (Robust applications)
0 Cac irng dung mé rong duoc
(Extendable applications)
= Monolithic App. vs. Components

0 Cac phan mém chuyén tai dwoc (Portable software)

43

"
Challenges in Bioinformatics

m Bung nd thong tin
0 Can phan tich dwoc nhanh, tu dong dé xur ly dwac
lwong thong tin Lén
0 Can tich hgp dwdc nhiéu kiéu thong tin khac nhau
(sequences, literature, annotations, protein levels,
RNA levels etc...)

0 Can cac phan mém “thong minh hon” dé nhan biét
dwdc cac quan hé quan trong trong cac tap dir liéu rat
l&n.
m Thiéu cac “nha tin sinh hoc” (“bioinformaticians”)
o Phan mém can dé truy nhap, dé dung va dé hiéu hon
o0 Nha sinh hoc can hoc phan mém, thay han ché cua
chdng, va cach gidi thich két qua cta chung.
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" J
Outline

m Khai niém co’ ban cua sinh hoc
m Sinh tin hoc la gi?
m Vé mot vai bai toan trong sinh tin hoc

45

" I
Bai toan doan nhan ciu tric protein

m C6 khoang 15,000 cau truc protein
trong cac co s& dir liéu cong cong, va
trong s6 nay rat nhiéu cau trdc giong
nhau. Con ngwoi mdi biét chirng
1,500 c&u truc protein khac nhau.

m Du doan cau truc protein ti cac day
amino-acid la moét trong cac bai toan
quan trong nhat cua tin sinh hoc, va
con ngwoi con dang cach gi giai rat
Xa.
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Doi sanh day (string matching)

(Approximate) String Matching

Input: Text
Question(s):
xuat hién trong 17
Tim mét xuat hién cda

Tim moi xuat hién cla P trong
Tinh s6 xuat hién cla P trong
Tim day con dai nhat cla P trong
Tim day con gan nhat cla P trong
Xac dinh cac lap truc tiép cla
trong

va nhiéu bién dang khac

, Pattern

trong

Applications:

Liéu P da co trong co sd dir liéu 17

Xac dinh vi tri ctia P trong

Liéu co thé dung P nhw mot nguyén
to cua 17
co twong dong vdi gi do trong 17
c6 bi héng bdi 17?

Liéu prefix(P) = suffix(T)?

Xac dinh cac lap sau trwdc (tandem)

cua P trong

47

y

D6i sanh day String matching

Input:

Text T; Pattern P

nput:_

Moi xuat hién cua P trong T.

Chién lwoc trwot window:

Khoi tao mot window tur dau cua T;

While (window con trong T) do

Scan: if (window = P) then report it;

Shift: dich window vé bén phai (mot vi tri)

endwhile;
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D6i sanh day String matching

ATAQAANANASPVANAGVERANANESISITALVDANANANANAS
AA2ALAANANAS ANANAS ANANAS AN AN ANANAS
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"
Sap thang day tirng cap
Pairwise Sequence Alignment

= Input ") % Bai toan co ban nhat cla tin sinh hoc
0 Hai day chr cai % Cac day dwoc sép thang = c6 dung cau
0 Mét cach cho diém S truc hoac chirc nang

Output < Cho nhiéu goi y néu cau triuc va chirc
m Uutpu , . ] nang cla mot trong cac day dwoc sap
o Cach sap thang day téi wu )  thang da biét

ATTGCGC > ATTGCGC N ATTGCGC

ATTCCGC > ATCCGC AT-CCGC

ATTGCGC
= ATC-CGC

ATTGCGC
=2 ATCCG-C
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HMM in sequence allgnment
HMM trong bai toan sap day

m Cac trang thai caa HMM s& dwoc chia thanh cac loai: dbi sanh
(match), thém vao (insert) va xoa (delete).

m Bang chir cai M bao gbm hai mwoi amino acids vi mot ky hiéu
cadm & (dummy symbol) biéu dién cho “delete”. Trang thai xéa
chi cho ra 6 (output 9).

m Mdi trang thai “déi sanh” va “thém vao’co phan bo riéng trén 20
amino acids, va ky tu & khéng dwoc tryuén di.

m Céac day dwoc sap day sé dwoc dung nhw dit liéu huan luyén, dé
hoc cac tham so cua mo hinh

m Vé4i mdi day, thuat toan Viterbi dwoc dung dé xac dinh mot
dwong (path) kha d nhat dé tao ra day.

51

" J
HMM in sequence allgnment
HMM trong bai toan sap day

m Xét cac day
o CAEFDDH
o CDAEFPDDH

m Gia st mo hinh c6 d6 dai 10 va nhitng dwong kha di
(likely) nhat trong mé hinh la
O mym,m,m;m,dsd,m,;mgmem,,
0 mgm,i;m;m;m,dsmm;mgmgmyg

m Phép sap hang dwoc tim ra boi sap cac vi tri von dwoc
sinh ra méi cing mot trang thai déi sanh. Két qua la
phap sip day sau
0 C—AEF —DDH
0 CDAEFPDDH
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Sap day tirng cap va sap day béi
Pairwise vs Multiple Sequences

m Cac cap day dwoc siap mot cach tiéu biéu do dung cac
thuat toan vét can baoi quy hoach dong.
0 Do phuc tap cua cac phwong phap vét can la O(2" m")
O n = sd cdc day

m Sip day boi xtr dung cac phwong phap heuristic

CAS1_MOUSE
CAS1_RAT

#Rat ATGGTGCACCTGACTGATGCTGAGAAGGCTGCTGT
#Mouse ATGGTGCACCTGACTGATGCTGAGAAGGCTGCTGT
#Rabbit ATGGTGCATCTGTCCAGT ---GAGGAGAAGTCTGC
#Human ATGGTGCACCTGACTCCT---GAGGAGAAGTCTGC
#0ppossum ATGGTGCACTTGACTTTT---GAGGAGAAGAACTG
#Chicken ATGGTGCACTGGACTGCT ---GAGGAGAAGCAGCT
#Frog ---ATGGGTTTGACAGCACATGATCGT---CAGCT
53
: P (=[]
. TR
[ aD( (1.81) ] =1l x|
Profile Alignment Mode ~|  Font Sizei[10 =| [ Lock Scroll

uler R R 1 < 1
- XXX XX X KX . %
CAS1_BOVIN G LER—————— H- VAFRFEVEGKEK
CAS1_SHEEF GLSF —————— H- VAFBFEVERKEN
- CAS1_PIG I} P OEHLQHEE! ] FEVERES!
Pl DK CAS1 HUMAN FERLONFSESSE —————————————] FLES]
CAS1 RABIT
] Iif
L] iif
\ \ \seq
1 10 20

K HEF —VETHEL

i —————QOHSSSEE- FKET

AY - —[ENSSSEEG FKET.
a0

File C:AD and SettingsicathaliMy D

ruler

AT Ol =l
Sequence comparison: - — LT e e e e
Gene sequences can be

aligned to see similarities :

between gene from - = -
different sources File c4D and Settingsicathaidy D
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Doan nhin gene Gene prediction

La bai toan quan trong cua tin sinh hoc va hién
co nhiéu thuat toan cho doan nhan gene dua
trén cac gene da biét nhw dir liéu huan luyén.
MOt ky thuat toan nhan gene phd bién la
Hidden Markov Models (HMMs).

(given the genomic DNA sequence, can we tell
where the genes are?)
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Gene clustering
and some
discovered
patterns

JW“‘JWW 4 ) ‘\

=us
= Pattern Probability  Cluster No. Total
ACGCG 6.41E-39 96 75 1088
ACGCGT 5.23E-38 94 52 387
CCTCGACTAA 5.43E-38 27 18 23
GACGCG 7.89E-31 86 40 284
TTTCGAAACTTACAAAAAT 2.08E-29 26 14 18
TTCTTGTCAAAAAGC 2.08E-29 26 14 18
ACATACTATTGTTAAT 3.81E-28 22 13 18
GATGAGATG 5.60E-28 68 24 83
TGTTTATATTGATGGA 1.90E-27 24 13 18
GATGGATTTCTTGTCAAAA 5.04E-27 18 12 18
TAGAGC 1.51E-26 27 13 18
GATTTCTTGTCAAA 3.40E-26 20 12 18
GATGGATTTCTTG 3.40E-26 20 12 18
GGTGGCAA 4.18E-26 40 20 96
TTCTTGTCAAAAAGCA 5.10E-26 29 13 18




0
The "GGTGGCAA" Cluster

Gene Description
YBLO41W PRE7  20S proteasome subunit(beta6)

+- YBR170C NPL4' nuclear protein localization factor and ER translocation component
S YDL126C CDC48 microsomal protein of CDC48/PAS1/SEC18 family of ATPases
z. YDL100C similarity to E.coli arsenical pump-driving ATPase
YDL097C RPN6| subunit of the regulatory particle of the proteasome
1. YDR313C PIB| phosphatidylinositol(3)-phosphate binding protein
'YDR330W similarity to hypothetical S. pombe protein
'YDR394W RPT3  26S proteasome regulatory subunit
1. YDR427W RPN9| subunit of the regulatory particle of the proteasome
=i YDR510W SMT3  ubiquitin-like protein
= YERO12W PRE1 20S proteasome subunit C11(beta4)
: YFRO04W RPN11  26S proteasome regulatory subunit
4. YFRO033C QCR6 ubiquinol-cytochrome-c reductase 17K protein

YFRO50C PRE4  20S proteasome subunit(beta7)
YFRO52W RPN12  26S proteasome regulatory subunit
. YGL048C RPT81-=268proteadBme regulatory subunit

sy YGLO36W MTC2 Mtf1 Two hybrid Clone 2

HKLL4GW YGLO11C SCL1  20S proteasome subunit YC7ALPHA/Y8 (alphat)
e YGRO48W UFD1|  ubiquitin fusion degradation protein

i [ | YGRI3®W PRE9 20S proteasome subunit Y13 (alpha3)
e YGR253p PUP2 20S proteasome subunit(alpha5)

igtéffﬁ YIL07SC\ RPN2 26S proteasome regulatory subunit

LT YJL102W MEF2| translation elongation factor, mitochondrial

Jﬁ'fiéiﬁ Y]JL053W PEP8| vacuolar protein sorting/targeting protein
e YULO3BW weak similarity to Mvp1p
RiLTY YJLo0TW PRE3| 20S proteasome subunit (betal)

1ILO3EY

Lon YUR117W STE24 zinc metallo-protease
YPRLOBY ~YIKL145W RPT1  26S proteasome regulatory subunit

Tehine YKL117W =~ SBA1 Hsp90 (Ninety) Associated Co-chaperone
T YLR387C similarity to YBR267w
YOR362C YMR314W PRE5 20S proteasome subunit(alpha6)

HDLLOOC

nggégﬁ YOL038W PRE6 20S proteasome subunit (alpha4)
WHR3LAY YOR117W RPT5  26S proteasome regulatory subunit
YeRiam YOR157C  PUP1  20S proteasome subunit (beta2)

aifa YOR176W  HEM15 ferrochelatase precursor

i YOR259C RPT4| 26S proteasome regulatory subunit
x?ﬁgggg YOR317W FAA1| long-chain-fatty-acid--CoA ligase
YOR4ZTU YOR362C PRE10 20S proteasome subunit C1 (alpha7)
YPR103W PRE2| 20S proteasome subunit (beta5)

YPR108W RPN7| subunit of the regulatory particle of the proteasome

Gene discovery:

Computer program can be used to recognise the protein coding
regions in DNA

Codon Preference

Plot created using codon preference (GCG)

(4]
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" NS
Protein structure prediction:

Particular structural features can be recognised in protein sequences

50 100

5.0
KD Hydrophobicity

-5.0

1.7
Antigenic Index MWW

-1.7
CF Alpha Helices - — - N Y [\
CF Beta Sheets /A [/
. . N |
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Machine learning tools for
bioinformatics

m Neural Networks
0 Sequence Encoding and Output Interpretation
0 Prediction of Protein Secondary Structure
0 Prediction of Signal Peptides and Their Cleavage Sites
0 Applications for DNA and RNA Nucleotide Sequences

m Hidden Markov Models
0 Protein Applications
0 DNA and RNA Applications

m Probabilistic Graph Models
m Probabilistic Models of Evolution

m Stochastic Grammars and Linguistics

(Bioinformatics: the machine learning approach, Pierre Baldi, Soren Brunak, MIT Press)
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" B
Summary

m Dé cap mot s6 khai niém co ban trong sinh hoc va tin
sinh hoc, va nhirng bai toan chinh cuaa tin sinh hoc.

m Tin sinh hoc la mét linh vuc quan trong, day thach
thuc.

m Tin sinh hoc lién quan chit véi data mining and
machine learning.

m Ta cin di con dwong nao?

Darwin: It’s not the strongest, nor the most
intelligent, but the species most adaptable to
change has the best chance of survival.
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