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« Chuyén dbi trinh tw DNA
* Dy doan gene, tim motif

PHUONG PHAP SIXFRAME
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« DNA déng thuc vat dwoc cau thanh chi yéu
tt 4 basecobanla A, T,G,C

« Chung c\é kha ndng tao nén 64 codon (mbi
codon gom 3 base),

* Duwoc goéi gon thanh 20 amino acid.

« Céac amino acid nay lai gép phan hinh thanh
nén cac protein dac trung.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« B ba (codon) “CTT” & déng vat cé xwong
séng hinh thanh nén Leucine thi @ nAm men
la Threonine.

« Do d6, c6 nhiéu bang dich ma khac nhau
cho tirng loai, tirng tredng hop khac nhau

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Tuy nhién, cac sinh vat khéng giébng nhau
nén sy hinh thanh amino acid cling khéng
giébng nhau.

* C6 nhirng loai vé&i codon nay thi tao nén
amino acid nay nhwng doi v&i loai khac thi
lai la mét acid amin khac.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Tién trinh chuyén d6i DNA sang protein cling
co suw khac biét.

« B&i khong thé biét chinh xac trinh tw DNA
dwa vao co base bat dau chinh 1a base dau
tién trong mét codon hay khdng

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Hon niva, dau 3’ cla

* Dung phuwong phap Six-Frame véi 3 dich DNA khéng rd la phia

chuyén, ky hiéu +1, +2 va +3. nao.
« Ngoai ra, DNA tén tai dang chudi xoan kép « Nén cé 6 truorng hop

theo tirng cap A-T, C-G. cho ca 2 trinh tw xoan

v&i nhau.
A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« V&i chudi xoan kép ctia DNA

5’ GGTCTAT 3’
3’ CCAGATA 5’

* Lwu y: Méi soi don co mét
trinh ty dinh hwédng véoi mét
dau 5 phosphate tw do, dau
kia l1a 3 hydroxyl tw do.

« Huwéng cla hai sgi don trong chudi xoén
kép ngwoc nhau, nén dwoc goi la hai soi déi
song

* Khi d6 c6 cac trwvdong hop xay ra nhw sau
theo 2 trinh tw

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Spith?* nhat: 5’ GGTCTAT 3
—frame +1, ¢c6 2 codon: GGT CTA: GlyLeu
—frame +2 c6 2 codon: GTC TAT: ValTyr
—frame +3 ¢c6 1 codon: TCT: Ser

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

* Sgitht hai: 5’ ATAGACC 3’
—frame -1, c6 2 codon: ATA GAC: lleAsp
—frame -2, c6 2 codon: TAG ACC: Am*Thr
—frame -3, c6 1 codon: AGA: Arg

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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ggtctat

Complementary sequence:

> (5' =-=> 3' complementary sequence) - 7 nucleotides

atagacc

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

15




enn Unetlet

L " oe s »
3 O TR Cooule Auok  Gooulr Goman »
[ £

Trunstation in forward direction:

29 L o [T W Gessle Apsle CosgleGrowps »
Untirted m

Translation in reverse direction:

ame -1
- 1 eodora

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

17

AR

* Motif Ia mét doan trinh tw nucleotide hay
amino acid phd bién va cé (hoac cho la cd)
mot chrc nang sinh hoc nao dé

« Péi v&i protein, motif dwoc phan thanh 2
loai:

—Motif trinh tw
—Motif cAu tric

ABCD EFGHIY KLMN
—_—

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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TiM MOTIF

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Motif trinh tw: sequence motif, motif, pattern,
conserved pattern, consensus pattern,
signature, fingerprint, block, feature.

« La mét vung trinh tw bao ton hay la mot
doan trinh tw d&c trwng dwoc tim thy & 2
hay nhiéu trinh tu.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Ban than n6 dai dién cho chirc ndng, cau
truc hoac thanh vién trong ho.

« Céac motif c6 thé dwoc tim thdy & DNA,
RNA, va Protein.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Motif cau truc (structural
motif) & mot nhém cau
trdc gan ké nhau két hop R
lai tao thanh mét cau truc
3D chuyén biét

* Lwu vy, v&i protein, motif
trinh ty (sequence motif)
va motif ciu truc 1a khac
nhau hoan toan.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Viduy: xoén — vong - xoan
« Con dwoc goi la siéu cau tric bac 2
(supersecondary structure)

I

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Yng dung, chang han
—Ghép méau motif vao trong trinh tu.
—Sau dé tim noi da cay ghép

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« C6 mét mau trinh tw nucleotide ngau nhién

atgaccgggatactgataccgtatttggectaggegtacacattagataaacgtatgaagtacgttagactcggegecgecg

acccctattttttgagcagatttagtgacctgg

ttgagtacaaaacttttccgaatactgggcataaggtaca
‘tgagtatcectgggatgacttttgggaacactatagtgctcteccgatttttgaatatgtaggatcattegecagggtecga
gctgagaattggatgaccttgtaagtgttttccacgcaatcgegaaccaacgeggacccaaaggcaagaccgataaaggaga
‘teccttttgeggtaatgtgecgggaggetggttacgtagggaagecctaacggacttaatggeccacttagtecacttatag
gtcaatcatgttcttgtgaatggatttttaactgagggcatagaccgettggegeacccaaatteagtgtgggegagegeaa

cggttttggccctigttagaggeccccgtactgatggaaactttcaattat taatctatcgegtgegtgttcat

aacttgagttggtttcgaaaatgetctggggcacatacaagaggagtettecttateagttaatgetgtatgacactatgta
ttggcecattggetaaaageccaacttgacaaatggaagatagaatccttgeatttcaacgtatgecgaaccgaaagggaag

ctggtgagcaacgacagattcttacgtgeattagetegettecggggatctaatageacgaagettetgggtactgatagea

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Ghép motif trinh ty AAAAAAAAGGGGGGG Vao

atgaccgggatactgatAAAAAAAAGGGGGGGggCgtacacattagataaacgtatgaagtacgttagactcggegecgecg

acccctattttttgagcagatttagtgacctgy: ttgagtacaaaactttlccgaataAAAAAAAAGGGGGGGA

‘tgagtatccctgggatgacttAAAAAAA gctcteccgatttttgaatatgtaggatcattegecagggtecga

getgagaattggatgAAAAAAA

ccacgcaatcgcgaaccaacgcggacccaaaggcaagaccgataaaggaga
tcccttttgeggtaatgtgecgggaggetggttacgtagggaagecctaacggacttaatAAAAAAAAGGGGGGGCTLatag
gtcaatcatgttctigigaatggatttAAAAAAAAGGGGGGGgaccgetiggegcacccaaattcagtgtgggegagegcaa

cggttttggcccttgttagaggecCCCgtaAAAAAA aattat

taatctatcgcgtgegtgttcat
aacttgagttAAMAAAAAGGGGGGGCLggggcacatacaagaggagtcticcttatcagttaatgetgtatgacactatgta
ttggeccattggetaaaageccaacttgacaaatggaagatagaatcettgCatAAAAAAAAGGGGGGGaccgaaagggaag

ctggtgagcaacgacagattettacgtgcattagetegettccggggatctaatagcacgaagettAAAAAAAAGGGGGGGEA

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« VAn dé dat ra la motif dwoc ghép ndm & dau

atgaccgggatactgataaaaaaaagggggggggcgtacacattagataaacgtatgaagtacgttagactcggegecgecg

acccctattttttgagcagatttagtgacctgg: ttgagtacaaaacttttccgaat ggggggga
tgagtatccctgggatgacttaaaaaaaagggggggtgctcteccgatttttgaatatgtaggatcattcgecagggtcega
gctgagaattggatgaaaaaaaagggggggtccacgcaatcgegaaccaacgeggacccaaaggcaagaccgataaaggaga
tcccttttgeggtaatgtgecgggaggcetggttacgtagggaagecctaacggacttaataaaaaaaagggggggcttatag

gtcaatcatgttcttgtgaatggatttaaaaaaaaggggggggaccgcttggegcacccaaattcagtgtgggegagegcaa

cggttttggeccttgttagaggecceegt gggggggcaattat

taatctatcgcgtgegtgttcat

aacttgagttaaaaaaaagggggdgctggggcacatacaagaggagtcttecttatcagttaatgctgtatgacactatgta

ttggcccattggetaaaageccaacttgacaaatggaagatagaatccttgceat: gggggggaccgaaagggaag

ctggtgagcaacgacagattcttacgtgcattagctcgcttccggggatctaatagcacgaagett ggggggga

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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- Vardi, gid sk co 4 dot bién trong motif da
cay ghép AAAAAAAAGGGGGGG.

atgaccgggatactgatAgAAgAAAGGT tGGGggcgtacacattagataaacgtatgaagtacgttagactcggegecgecg

acccctattttttgagcagatttagtgacctgg: ttgagtacaaaacttttccgaatacAAtAAAACGGCGGGA
tgagtatccctgggatgacttAAAAtAALGGaGEGGtgctcteccgatttttgaatatgtaggatcattcegecagggteega
gctgagaattggatgcAAAAAAAGGGat tGtccacgcaatcgegaaccaacgcggacccaaaggcaagaccgataaaggaga
tcecttttgeggtaatgtgccgggaggetggttacgtagggaagecctaacggacttaatAtAATAAAGGaaGGGCttatag

gtcaatcatgttcttgtgaatggatttAACAAtAAGGGCtGGgaccgettggegcacccaaattcagtgtgggegagegcaa

cggttttggcccttgttagaggcccccgtAtAAACA caattat taatctatcgcgtgegtgttcat
aacttgagttAAAAAATAGGGaGCcctggggcacatacaagaggagtcttecttatcagttaatgctgtatgacactatgta
ttggcccattggctaaaagcccaacttgacaaatggaagatagaatccttgcatActAAAAAGGaGCGGaccgaaagggaag

ctggtgagcaacgacagattcttacgtgcattagctcgettccggggatctaatagcacgaagettACtAAAAAGGAGCGGA

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Motif & dau trong trinh ty nay

atgaccgggatactgatagaagaaaggttgggggcgtacacattagataaacgtatgaagtacgttagactcggegecgecg

acccctattttttgagcagatttagtgacctgg

ttgagtacaaaacttttccgaatacaataaaacggcggga

tgagtatccctgggatgacttaaaataatggagtggtgctcteccgatttttgaatatgtaggatcattcgecagggtecga
gctgagaattggatgcaaaaaaagggattgtccacgcaatcgegaaccaacgcggacccaaaggcaagaccgataaaggaga
teectttigeggtaatgtgccgggaggctggttacgtagggaagecctaacggacttaatataataaaggaagggettatag
gtcaatcatgttcttgtgaatggatttaacaataagggctgggaccgcttggegcacccaaattcagtgtgggcgagegeaa
cggttttggcccttgttagaggcccccgtataaacaaggagggecaattat taatctatcgcegtgegtgttcat
aacttgagttaaaaaatagggagccctggggcacatacaagaggagtcttecttatcagttaatgctgtatgacactatgta

ttggcecattggetaaaageccaacttgacaaatggaagatagaatccttgeatactaaaaaggageggaccgaaagggaag
ctggtgagcaacgacagattcttacgtgeattagetegettecggggatctaatageacgaagettactaaaaaggagegga

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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TGGGGGA
+ Motif c6 thé dot bién trén TGAGAGA
TGGGGGA

nhiing base khéng quan
trong. TGAGAGA

* Nam motif trong 5 gen TGAGGGA
khac nhau cé dét bién &
vi tri thd 3 va 5 nhd hinh.

» Motif logo minh hoa vung
bao ton va vlung thay doi
ctia mét motif
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A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

» Tai sao tim motif (15,4) nay lai kho

atgaccgggatactga

ggcgtacacattagataaacgtatgaagtacgttagactcggcgccgecg

accectattttttgagcagatitagtgacctgg

W

ttgagtacaaaacttttccgaatarAATAAAACGGC

‘tgagtatcectgggatgacttp gctcteccgatttttgaatatgtaggatcattcgeca

ttatag

Cggttttggcccttgttagaggccecegtp \caattat

ttggeccattggetaaaageccaacttgacanatggaagatagaatccttgcatictiAAAA Accgaaagggaag

fescamerernicsech

€E AND TECHNOLOGY

ctggtgagcaacgacagattettacgtgcattagetegettecggggatctaaty

AGAAGAAAGGLEGGG

A.Prof. Tran Van Lang, PhD, VIETNAM ACAgE A bESclEd
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12 Lambda cl and cro binding sites
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5 40 yeast TATA sites
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« Khéng biét dwoc trinh ty motif

« Khéng biét né ndm & dau so véi gen bat dau

» Cac motif co thé khac nhau doi chut tir gen
nay den gen ké tiep, vi vay lam sao co6 the
phéan biét dwgc no tr cac motif ngau nhién

G
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Induced Transeription Complex

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Ta biét gen dwoc bat tat béi protein diéu
chinh (regulator protein)

« Céc protein diéu chinh nay lién két v&i trinh
tw DNA ngén goi la motif

* Vi vay viéc tim cac motif twong tw nhau
trong nhiéu vung diéu chinh gen cho ra mét
quan hé diéu chinh trong s6 nhirng gen nay.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

34

35

AET

+ Bai toan um hfotrr (Motif
Finding Problem) twong tw
nhw bai toan dwoc dat ra boi
Edgar Allan Poe (1809 —
1849) trong quyén truyén
Gold Bug

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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» Edgar Allan Poe la mét tac gia
nguwdi My, dwgc xem nhw

nguwoi da tao ra thé loai van N g
hoc trinh tham. Edgas Al Foe
—Ban thao tim thay trong chai (Ms. I

Found in a Bottle)
—Bo ray vang 6ng anh (The Gold
Bug)

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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» Hai nguwoi bat tay vao tim
kiém kho bau bj mat cung
véi moét ngwdi hau tén 1a
Jupiter.

* Ngw&i ban nghi ngo tinh
dung dan trong cau chuyén
cua Legrand.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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+ "Gold Bug" la cau chuyén vé mét nguwdi dan
Ong tén la William Legrand, ngu¢i dwdng
nhw bj dién sau khi bi cdn b&i mot con bo
dwoc l1am bang vang nguyén chét.

« Legrand néi ngudi ban than nhéat cia minh,
dén thadm tai nha ctia éng trén dao Sullivan

& South Carolina.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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| » Tuy nhién, sau khi lam

theo vai manh mdi, ho
tim thay mot kho bau bj
chén vui bdi cwép bién
khét tiéng tén 1a Captain
Kidd

7'+ Kho bao wéc tinh trj gia

' khoang 14.000.000 USD.

S S

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

40

10



« Trong s cac manh mébi dé, co théng diép bi
mat nhw sau:

&
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A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Cac goiy nhuw sau:

—Théng Qiép dwoc ma hoa
bang tiéng Anh

—Méi ky hiéu twong &ng voi
mot chlr cai trong bang
chir cai tiéng Anh

—Khéng ¢c6 ddu chdm cau
dwoc ma hda

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

* Théng diép bi mat
53++!305) ) 6*;4826) 4+.)4+) ;806*;48!8°60))85;]8*:+*818
3(88)5*!;
46(;88*%96*7?;8) *+(;485) ;5*12:%+(;4956*2 (5*%-4)88%;
4069285) ;)6

18)4++;1(+9,48081,;8:8+1;48!85,;4)485!528806*81 (+9;48;
(88;4(+?3
4;48)4+;161;:188;+7?;

» Hay giai ma théng diép dwoc ma hda nay

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Dém tan sb xuét hién
ctia mdi ky hiéu trong
théng diép duwgc mé hoa

« Tim tan sé cta mbi ky tw
trong bang chir cai cla
van ban tieng Anh

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« So sanh céac tan sb cua v
cac budc trude do, cd [
gang tim mét mbi twong
guan va anh xa cac ky
hiéu v&i mét ky tw trong
bang chir cai

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Bang cach anh xa don gian cac ky hiéu cé
tan sd cao nhat dén cac ky tw co tan sb cao
nhat twong (rng trong bang chi cai.

« Giai ma 4 manh trong thong diép bi mat
sfiilfcsoorntaeurcaikoaiotecrntaeleyr
cooestvenpinelefheeosnlt

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Tan sb theo théng diép cta Gold Bug

Symbol |8 |; [4|) |+ |* |56 [(|!'|1|0(2]93]|:|?] |-|1].
Frequency | 3 |25 [ 19|16 |15 1a[ 2|1 |o[s| 7|6 |5 |5 [a|a]a|2]1]1]

» Tan s6 theo bang chii cai tiéng Anh
etaoinsrhldcumfpgwybvkxjqgz

TansGcao = tin so thap

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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arhteenmrnwteonihtaesotsnlupnihtamsrn
uhsnbaoceyentacrmuesotorl

eoaiitdhimtaecedtepeidtaelestaoaeslsu
eecrnedhimtaetheetahiwfa

taeoaitdrdtpdeetiwt
« Két qua khong cé y nghia gi ca

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Danh gia tan sb cla I-tuples nhw t6 hoo
cda 2 ky hiéu, 3 ky hiéu, v.v... Chang
han,

—“The” 1a 3-tupe co tan s6 cao nhat trong
tieng Anh; “;48” 1a 3-tuple co tan s6 cao nhat
trong théng diép ma héa

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

49

« Anh xa “the” dén “;48” va thay thé tat ca
céac ky hiéu xuét hién:
534+1305)) 6*the26) h+.)h+) te06*the!le 60))e5t]
e*:+*elel3 (ee)5*!t
h6 (tee*96*2te) *+ (the5) t5%!12:*+ (th956%2 (5*h)e
"e*th0692eb5)t)6!e

yh++tl (+9thelelte:e+lthe!ebth)heb5!52eel6*el (
+9thet (eeth (+?23ht

he)h+tloelt:leet+?t

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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» Suy ra twong tw cho
cac ky hiéu chua biét
trong van ban ma hoéa
dwa trén tan sb cua
cac I-tuple.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Suy doan
53++!305))6*the26)h+.)h+)te06*the!e 60))ebt]
e*:+*elel3 (ee)5*!t
h6 (tee*96*2te) *+ (theb5) t5*!2:*+ (th956*2 (5*h) e
"e*th0692e5)t)6!e

Yyh++tl (+9thelelte:e+lthe!e5th)he5!52eel6*el (
+9thet (eeth (+?23ht

he)h+tlélt:leet+?t

+ “thet(ee” most likely means “the tree”

“_ "

—Suy ra Infer “(“ = “r

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Khi dd, “th(+?3h” tr& thanh “thr+?3h”
—Sau d6 co thé dé xuat “+”, “?” dwoc ma hoa
ra sao.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Sau khi tim ra tat ca cac anh xa, théng diép
c6 thé gidi ma nhw sau:

AGOODGLASSINTHEBISHOPSHOSTELINTHEDEVILSSEATWEN
YONEDEGREESANDTHIRTEENMINUTESNORTHEASTANDBYNOR
THMAINBRANCHSEVENTHLIMBEASTSIDESHOOTFROMTHELEF
TEYEOFTHEDEATHSHEADABEELINEFROMTHETREETHROUGHT
HESHOTFIFTYFEETOUT

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

53

« S&r dung dau chdm cau, théng diép cé thé
la:
A GOOD GLASS IN THE BISHOP’'S HOSTEL IN THE
DEVIL'S SEA,

TWENY ONE DEGREES AND THIRTEEN MINUTES
NORTHEAST AND BY NORTH,

MAIN BRANCH SEVENTH LIMB, EAST SIDE, SHOOT
FROM THE LEFT EYE OF

THE DEATH'S HEAD A BEE LINE FROM THE TREE
THROUGH THE SHOT,

FIFTY FEET OUT.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

54

« Nhirng diéu kién tién quyét dé giai bai toan:
—Can phai biét tan s6 twong dbi clia cac chir cai,
va s két hop clia hai va ba chir cai trong tiéng
Anh
—Kién thirc vé tat ca cac tir trong tir dién tiéng
Anh [a mong mudn cao dé co nhirng két luan
chinh xac

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

55

56
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* Nhirng nucleotide trong mot D i
motif ma hoa la ngdén nglr cla '
di truyén, twong tw nhw ky
hiéu ma hoa trong “The Gold
Bug” cua moét thong diép
(message) bang tiéng Anh

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

57

+ Bai toan Motif Finding: ;
—Phan tich tan suét xuét hién cac
mau (pattern) trong nhirng trinh «

tw nucleotide

+ Bai toan Gold Bug Problem

—Phan tich tn suét xuét hién cac
mau trong van ban duoc viet
bang Tiéng Anh

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« P& giai ma, can phan tich tan sb cla cac
mau thdng diép DNA/Gold Bug

« Kién th&rc clia cac motif diéu chinh dwoc
thiét 1ap 1am co s& cho viéc tim motif; cling
nhw kién thirc vé céac tir trong tir dién Tiéng
Anh lam co s& cho viéc giai bai taon Gold
Bug

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

58

* Motif Finding:
—Kién thirc vé cac motif dwoc thiét 1ap lam
giam do phtrc tap cla bai toan

* Gold Bug Problem:
—Kién thirc vé cac tir trong tir dién Tiéng Anh
la hét strc mong doii

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

59

60
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» Bai toan Motif Finding kho hon bai toan

Gold Bug:

—Khéng c6 tir dién day da vé motif

—Ngbén ngi di truyén hoc khéng cé van pham
chuén

—Chi mét phan nhé trinh tw nucleotide ma hoa
cho motif, trong khi d6 kich thwéc div liéu lai rat
I&n

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

61

* Thong tin thém:
—M@i trinh tw che d4u co

chiéu dai 8 T TarTTacE -
, = ~ N N STTCCAs
—Cac mau khéong hoan toan e
i Ai Jid S + SCT¥:TAMI
g!cxmg‘nhatxj boi .qlemxdot bl
bién la ngau nhién xay ra COEECTT
ACATAAGATC

trong cac trinh tw

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Cho m6t mau ngau nhién céc trinh tw DNA

cctgatagacgctatctggctatccacgtacgtaggtcctctgtgcgaatctatgegtttccaaccat

agtactggtgtacatttgatacgtacgtacaccggcaacctgaaacaaacgctcagaaccagaagtgc
aaacgtacgtgcaccctctttcttcgtggctctggccaacgagggctgatgtataagacgaaaatttt
agcctccgatgtaagtcatagctgtaactattacctgccacccctattacatcttacgtacgtataca
ctgttatacaacgcgtcatggcggggtatgcgttttggtcgtcgtacgctcgatcgttaacgtacgtc

* Tim mau dwgc ghép vao mai trinh tw riéng,
goi la motif

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

62

63

Chudi dong thuin hay lién ng (Consensus Sequence)

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

64

16



« Mau véi 2 dot bién:
cctgatagacgctatctggctatccaGatacTtaggtcctctgtgcgaatctatgcgtttccaaccat
agtactggtgtacatttgatCcAtacatacaccggcaacctgaaacaaacgctcagaaccagaagtgc
aagacgtTAgtgcaccctctttcttcgtggctctggccaacgagggctgatgtataagacgaaaatttt
agcctccgatgtaagtcatagctgtaactattacctgccacccctattacatcttacgiCeAtataca

ctgttatacaacgcgtcatggcggggtatgcgttttggtcgtcgtacgctcgatcgttaCeglacgGe

« Liéu c6 thé tim dwoc motif vai 2 dot bién

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

aGggtacTt
CcAtacgt
acgtTAgt
acgtCcAt
CcgtacgaG
Mau véi 2 dot bién
acgtacgt

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

65

* C6 2 dang bai toan tim motif:
—Khéng dot bién: Cho trwéc t trinh tw, hay xac
dinh cac doan trinh tw cé chiéu Qéi I(I-m(—;-r) trén
mdi trinh tw sao cho doan nay bat cap gidng
nhau.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

67

66

—Dang dét bién: Cho truéc t
trinh tw, hay xac dinh cac doan
trinh tw co6 chiéu dai / sao cho
cac doan nay gan giéng nhau
trén cac trinh ty cho phép dét
bién (sai léch) d vi tri

aGgtacTt
CcAtacgt
acgtTAgt
acgtCcAt
CcgtacgG
acgtacgt

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

68
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« P& dinh nghia mét motif, can biét vj tri bat acgtacTe . S&phang cac mAu theo
dau cta motif trong trinh tw. Aligment s catandl vi tri bat dau cua nod
« Vi tri nay c6 thé biéu dién bdi s = deotacgc ( |
s =(sy, S, . S
(81,52,83,...,St)
motif start index Profile 2 ; 2 3)- 8 i 1 % 8 * Xéy dung ma trén prOfile
" gene start G 01400031 vdj tan suat xuét hién ctia
S1 - — T 00051014 moi nucleotide theo co6t
Sz - —
sa - _— consensus ACGTACGT » Consensus nucleotide la
nucleotide cé diém cao
Sa - [ ~ N
- - — nhat trong cot
A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
69 70

« Consensus (trinh tw ddng thuan) & day
dwoc hiéu nhw 1a moét motif td tién ma tw dé

v ) < d =3 -
cac motif dot bién xuat hién \ / =

d =6 ACGTACACT d =3
AGEITCICACT ATIGTACART
d =4
A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

[ClceTATlACE] aldleTacac@

71 72



« Trwéce hét, ta cé cac tham sb
—t - s mau trinh tw DNA
—n - chiéu dai méi trinh tw DNA
—DNA —méau DNA (mang t x n)
—I- chiéu dai ctia motif (-mer)
—s;- Vi tri b4t dau ctia motif trong trinh tw i
—s=(S;, Sy,... S;) - mang chtra cac vi tri bat dau
cua motif

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

73

!
/—/%
aGgtacTt
—_ Y . CcAtacgt
* Chos =(sy, ... sy vaDNA: 0 (...«
acgtCcAt
! CcgtacggG

score(s,DNA) = E max count(k,i)
i=] kE{AT.C.G} A 30103110
C 24001400
- V@i count(k,i) l1a s6 € 01400031
nucleotide thik dvitrithg ~ * °°°%°>*+°*%*

i cua Fmotif

Consensus acgtacgt

Score 3+4+4+5+3+4+3+4=30

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

75

/=8 DNA

i cctgatagacgctatctggetatccaGgtacTtaggtcctetgtgegaatctatgegtttecaaccat)

! agtactggtgtacatttgatCeAtacgtagaccggeaacctgaaacaaacgcteagaaccagaagtyd

iaaacgtTAgtgcaccctct tctt tggctctqqccaacgaqggctgatgtataaqacqaaaatttti

iaqcctccgat taagtcafta ctqtaactattacctgccacccctattacatcttacgthAtatacai

ictgttatacaacgcqt tgchqggtatgcgttttgqthtcgtacgctc%cgttaca tac Gci

/

v
/ n=:69

S {5/:25 s>=21 s3=3 ss=56 55:60}

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

74

« Néu céac vi tri bat du s=(sy, s,,... s;) cho
trwdc, viéc tim consensus dé dang ngay ca
khi c6 dot bién trong cac trinh tw.

—Bai khi dé ta co6 thé xay dwng ma tran profile, tt

do tim motif (consensus) .
EJ”CCS;A

....... ==

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

76
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« Nhwng, khi s khéng cho trwdc, lam thé nao
dé tim ma tran profile tét nhat.
—Bai toan dat ra: ‘j_,f =T

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

77

« Tinh score cia mot t6 hop v&i vi tri bat dau
s

« Diém t6t nhat dwoc xac dinh bdi profile tot
nhét.

- Tim Score(s,DNA) 16n nhét bang cach thay
dbi vi tri bat dau s;, v&i i te 1 dén n-l+1

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

+ Muc tiéu: Cho mau DNA, tim tap I-mers tlr
cac trinh tw sao cho diém consensus la cuwc
dai

« Nhap: A t x n mang cac mau DNA, va chiéu
lai / cha pattern muon tim

« Xuét: Mang tvitris = (s4, Sy, ... S) ma
Score(s,DNA) dat cyc dai

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

78

BruteForceMotifSearch(DNA, t, n, 1)

bestScoe € 0

for s=(si,s2 , ., st) from (1,1 . . . 1) to
(n-1+1, ., n-1+1)

if (Score(s,DNA) > bestScore)
bestScore € score(s, DNA)
bestMotif € (si1,82 , . . . , St)
return bestMotif

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

79

80
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« Thay d6i (n -1+ 1) vitri trong t trinh tw, can
(n-1+1)t tap hop céac vi tri bat dau

«  Dbi v&i mbi tap hop vi tri bat dau, score
dwoc tinh dya trén / phép toan, vi véy d(f)
phtrc tap tinh toan la / x (n — / + 1){= O(In?)

« V¢it=28, n=1000, /=10 phai thyc hién
xap xi 1032 tinh toan.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

81

= ‘,7

+ Bai toan Median String: -~

—Cho m,éu t trinh tw DNA tim patterp xuéat hién
trong tat ca t trinh ty v&i s6 dot bién it nhat
—Pattern nay chinh la motif

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

i

T H
h ‘J i
,.‘ l‘ i)
« V@i ly do trén, nén van dé dat ra 1a tim mot
thuat toan nhanh hon dé giai quyét.
« Bai toan Motif Finding dwoc dwa vé bai toan
Median String (chudi trung binh)

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

82

« Khodng cach Hamming: ..
—dy(v,w) 1a sb cap nucleotide mismatch (do
not match) khi sap hang v va w. Chang han

d.{AAAAAA,ACAAAC) = 2

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

83

84
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« Cho v= “acgtacgt” va mau DNA

di(v, x)=0

iacgtacg¢
cctgatagacgctatctggrfafﬂ#ﬂﬁ tacqiaggtcctctgtgcgaatctatgcgtttccaaccat
dp(v, x)=0 —>acgtacgt
agtactggtgtacatttgatacgtacgtiacaccggcaacctgaaacaaacgctcagaaccagaagtge

iacgtacgd: dy(v, x)=0
adacgtacgﬁgcaccctctttcttcgtggctctgqccaacgagggctgatgf taagacgaaaatttt
777777777777 acgtacgt
agcc ccgatgtaagtcatagctgtaactattacctqccacccctattacatcttacntacqtataga
jacgtacgt
ctg tatacaacgcgtcatggcggggtatgcgttttqgtcgtcgtacgctcgatfg;zﬁacgtacgﬁ

dmn=0-

di(v, x) =0
TotalDistance(v,DNA) = 0

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« Cho v= “acgtacgt” va mau DNA
dy(v, x)=1

iacgtaiat
cctgatagacgctatctggctatcecacgta :3 aggtcctctgtgegaatctatgegtttccaaccat
dy(v, x) =0 —»acgtacgt,
agtactggtgtacatttgatacgtacgtacaccggcaacctgaaacaaacgctcagaaccagaagtge

gt dif(v, x)=0
gﬁgcaccctctttcttcgtggctctggccaacgaggqctgatgf taagacgaaaatttt
acgtacgt

agccticcgatgtaagtcatagctgtaactattacctgccacccctattacatcttacgtacgtataca

acgt:
ctgvtatacaacgcgtcatqgcggggtatgcgttttggtcgtcgtacgctcgatfg;zﬁacgtj;jtc

i) =2 a0 =1

TotalDistance(v,DNA) =1 + 0+ 2 +0+1 =4

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

85

« V@i trinh tw DNA thi i, tinh tat ca dy(v, x), & do x
la Amer v&i vi tri bat dau s;
(1<sis n-~1)

+ Tim cwc tiéu dy(v, x) cha tat ca cac £mers trong
trinh tw 7

- TotalDistance(v,DNA) tdng ctia cac khoang cach
Hamming t6i thiéu cho trinh ty DNA th i

* TotalDistance(v,DNA) = ming d,(v, s), & do6 s la
tap hop cac vi tri bat dau sy, s,... s;

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

86

87

« Muc tiéu: cho mau cac trinh tw DNA, tim
chudi trung binh

« Nhap: Ma tran DNA ¢ x n, chiéu dai / cla
mau can tim.

« Xuét: chubi v gébm / nucleotides ma
TotalDistance(v,DNA) dat cuc tiéu dbi voi
tat ca cac chudi co cung chiéu dai.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

88
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MedianStringSearch (DNA, t, n, 1)
bestWord €& AAA.A
bestDistance € «
for each l-mer s from AAA.A to TTT..T
if TotalDistance(s,DNA) < bestDistance

bestDistance€¢TotalDistance(s,DNA)
bestWord €« s

return bestWord

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

B

89

* Tuy nhién, day la 2 bai toan twong dwong
— TotalDistance dat cuec tiéu twong dwong Score
dat cwc dai

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

91

* Motif Flndlng Problem =
Problem

—Motif Finding 1a bai toan cwc dai, trong khi
Median String |a bai toan cuwc tiéu

= Median String

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

90
AET
aGgtact Tt ,
CcAtacgt Taco
Alignment tTA t . , . P
¢ scstcent Scorei+ TotalDistance; = t v&i cac
Ccgtacgeg Cét
3 3 .
rrofile ¢ 24001400 SUyTa
e 01400031 [x (Score; + TotalDistance)= /x t
T 00051014

Consensus scgtacge Hay Score= /xt- TotalDistance

Score 3+4+4+5+3+4+3+4 N N ,

Ma /x t la hang, nén vé phai dat
cwc tieu twong dwong ve trai dat cuc
dai

TotalDistance 2+2+2+2+2 = 10 =
2+1+1+0+2+1+2+1

Sum 55555555

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Tai sao lai quan tdm dén chuyén thay bai
toan Motif Finding béng Median String

—Motif F|nd|ng Problem can tinh toan Vi tat ca
cactd hop clias. D 1a (n - /+ 1)t t6 hop.

—Median Strlng Problem can,tlnh toan 4/t6 hop
cua v. Con s0 nay twong doi nhé hon.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

93

Al[B)

£

« Tw day suy ra dy(v,X;) la khoang cach cuc
tiéu trong cac khodng cach nay cda trinh ty
i

- Tinh TotalDistance la tbng cac dy(v,x) v&i i
tr 1 dén t.

* Khi dé cac x; la cac motif tim dwoc trén co
s& trinh tw v cho trwdec.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

B

95

ol :
* Cho mét trinh tw v‘é‘S’Sﬁ“é’ﬂ dal 7?5'(% -

mer)

« Va cho t trinh tw cé chiéu dai n

» Tinh cac khoang cach Hamminq dH(v,x),
trong Q’é x la I-mer c6 vi tri bat dau lan lwot
tr 1 dén n-/+1 trong trinh ty th J

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

94

* Nhan xét:
—Trong trwong hop v chua biét trwde, sd lwong
motif x; can tim 1a qua it so v&i tap hop tim kiém.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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KY HIEU PROTEIN MOTIF

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

97

Biological Motif Discovery

* Vidu:
—[ACIXVx(2{GV}
—La motif gdm: Alanine hoac Cysteine - amino

acide — Valine - amino acide -amino acide -
Ngoai trir Glutamate va Valine

* x(2): ¢6 2 amino acide béat ky
« x(0,3): ¢6 tir 0 dén 3 amino acide bat ky

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

« x: dwoc dung dé chi vi tri ma bt cr amino
acide nao ciing dwoc chap nhan

« []: tai vi tri nay cé thé 1a mét trong cac amino
acide duoc liét ké

« {}: tai vi tri nay c6 thé bat ky amino acide nao
ngoai trtr phan t&r dwoc liét ké

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

98

« <: cho biét motif ndm & dau trinh tw protein
« >: cho biét motif ndm & cuéi trinh tw protein
« Vi du: < AX[ST](2)x(0,1)V

—Motif ndm & dau trinh tw gdm: Alanine — amino

acide - Serine hoac Threonine - Serine hoac
Threonine — cé amino acide hoac khéng — Valine

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY

99
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AED

* Vidu:
-V¢il=10,n=1000,t=8
—S6 mau I-mer can tim trong méi trinh tw 1a 1000-
10+1 = 991
—Trong t trinh tw c6 8 x 991 = 7928 mau
—Nhw vay: chi tim 8 mau (8 motif) trong 7928 mau

Motif

Trinh ty sinhh/ \\
\’ -

— =

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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