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« Cay dwoc dung d& mé hinh
hoéa lich st thwc té cia mot
nhom cac trinh ty hay cac
sinh vat.
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cay phan loai

« Khi biéu dién trong i % a i* e

—n loai hién tai dwoc 1 i yeucsage
biéu dién & n la cla £ oF NS,
cay —

—Cac nut bén trong (cac S

nh?nh) dai dién cho
phan chung nay da
tuyét chlng

§ milion years age
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théng clia cay phan loai 1a
biéu dién mébi quan hé gitra
cac loai.
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» Cac nut bén trong doi
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2 x 3 i@« Phylogeny Programs a -

» Cach biéu dién: c6 2 dang L S
—Cay c6 gbe (rooted tree) Al
—Cay khong gbc (unrooted tree)

« Goi |a biéu di&n Phylip hay NEWICK
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(((a,B),C), (D,E))
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Cac biéu dién cay khéng géc
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\ / ((A,B),(C, (D,E)))
(A, (B, (C,(D,E))))
/ \ ((A,B),C,(D,R))
B E etc.
c
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- Biéu dién cay (A, (B, C)) va ((B, C), A) giéng

nhau hoan toan.

Theo tw nhién, cay cé nut géc dwoc vé tiy

duwdi lén.

» Tuy nhién, khi biéu dién cay c6 goc thuong
tir dinh xudng hoac tw trai sang phai.

« Cay khong gbc duwoc vé tir trung tam di ra.
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Trwong hop cay khéng géc
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PHUONG PHAP KHOANG CACH
BE TAO CAY PHAN LOAI
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Phwong phap UPGMA

+ UPGMA (Unweighted Pair Group Method
using arithmetic Averages)

* La phwong phap gom cum khdng co trong
sO dung trung binh s6 hoc

e SEQUENCES S5 Motifs
LCNY;_"
wsmam, = G5, 8aTGy
.
Databases
Microarrays
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Phwong phap ABRT

» Trén co s& khoang cach gilra tirng cap trinh
tw, biéu dién thanh dang ma tran khoang
cach

« Ma tran khoang céach 1a ma tran déi xirng

» Trén co s& ma tran khoang cach, tim cac
cum gan nhat mét cach lan lwot
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« Khoang cach trinh tw d; thda man cac diéu
kién sau day:
—Tinh dbi xtng: d; = d; v&i moi i, j
—Tinh phan biét: d; # 0 néu va chinéui #
—Bat dang thirc tam giac: d; < dy+d,; v&i mai i, j, k
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Khoang cach trong cay phan loai

* Ma trén khoang cach D = (d;) la ma trén
trong d6 moi phan tlr d; 1a khoang cach gilra
2 nut 14 trong cay phan loai.

» Ngoai ra, trong cay phan loai, con chi rd
khoang cach gilra cac nut Ia va cac nut bén
trong cay.
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- V& mat sinh hoc, d6 dai canh d; twong (ng
vOi thoi gian tréi qua tr khi phan tachivaj
khoi nut chung.

« Piéu d6 c6 nghia chiéu dai canh dwoc do
b&i mot “molecular clock” véi ti 1é khong déi.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Cho5trinhtw A,B,C,D, E

« Tw day, suy ra can 10 khoang céach gitra 5
trinh tw nay dé tao ma tran khoang cach
—10 =n(n-1)/2, véin=5

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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- Trong ma trén nay, khoang ,

. ‘m . \ 2 O
cach gitra A va B la ngan
nhat, nén gom nhém A va
B lai.

* Nhuw vay, A va B c6 chung

. A 8
t4 tien 1 | :
- Chidu dai tir | dén A (hodc '
B)la1. - .
C
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» Gia st 5 trinh tw nay
c6 ma tran khoang
cach nhw bang

« Lan lwot tinh toan
khoang cach gilra cac
trinh tw gom nhoém va
khéng gom nhdém

m O O ©m »
N A OoN
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 Tinh lai ma tran khoang cach trong dé cé
khoang cach gitra nhom AB v&i cac loai
(trinh tw) C, D, E con lai

+ Khoang céach tlr mot loai dén nhom la
khoang céch trung binh tr loadi nay dén cac
loai trong nhém

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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| |aslc|DE|
]
clel | | |

* das)c = (dactdsc)/2
* dasyp = (dap*dsp)/2

* diap)e = (dagt+dge)/2
—Két qua nhw bang:

EIES NN
(E]7 0 ]5] |
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 Tinh toan khoang cach
trung binh t&* nhom AB,D
dén cac trinh tw con lai
theo quy tac trén

* das,p)c = (das,ctdpc)/2

* daBp)e = (dagetdpe)/2

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Sau khi co ma tran
khoang cach mai, tiép
tuc gom cum vai tiéu chi
khodng cach nhd nhat e
dwoc chon 0

* 4 la khoang cach nho
nhéat, nén nhém AB €
dwoc gom cum v@i trinh
tw D dé c6 nhém (AB)D

» Khoang cach tir AB
(hodc D) dén 1l 12 4/2 =2

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

Cé chung té tiénlall
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ABEC
. Th(?o ma tran khoépg cach mai, gia tri nho
nhat l1a 6 nén co thé chon cum ((AB)D)C voi
nat trung tam Il
« Khoang céach tir Il dén (AB)D (ho&c dén C)

la 6/2 = 3. e g
1 1 ,
e /
g '\‘ /3
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» Twong tw, khoang cach gitra cum ((AB)D)C
ve&i trinh tw E la:

* d(ae,p)c)E = (d(ag,p)etd ce)/2 = (6+9)/2=7,5

» Khoang cach la 7,5/2 = 3,75
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|/A B C D E
A[0 200 300 600 600
B 0 300 600 600
o 0 600 600
D 0 200
E 0

* Hay vé cay v&i ma
tran khoang cach nhw py
cac bang bén canh B 17
C 22 30

D 32 34 29
E 23 21 41 45
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A B C D E
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Téng quat vé phwong phap gom cum

* C6 4 phuwong phap gom cum
» Nhirng phwong phap nay khac nhau & cach
tinh khoang cach:
—Lién két don gian: d, = min(dy;,dy))
—Lién két phtre tap: d,, = max(dy;,dy)
—UPGMA: dy, = (dy; + dyg)/2
—~WPGMA: d,, = (ndy; + nd;)/(n+n))

Trong d6 n; la s6 phan tr cta cum i

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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http://www.southampton.ac.uk/~re1u06/teaching/upgma/
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* Bao gom 5 buwéc

1. Tim cap cum (i,j) c6 khodng cach d; 1a bé nhéat

2. Tao cumu gdbmcumivaj

3. Tinh chiéu cao ctia cum u (khodng cach dén 13)
la I, = dy/2

4. Tinh khoang cach d,, v&i k khéng thuéc cum u

5. Loai cum u (cum i,j) tr ma tran khoanh cach

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* ChocactrinhtwkyhieuA |4 B ¢ D E
B, C, D, E va ma trén g 0 g g g Z
khoang cach nhuw hinh. P 5 i 4

« Khodng cach dgc =2 Ia g 0 lg

nho nhat

« Lién két B va C thanh cum
(BC) v&i dd cao la dy/2 =
2/2 =1
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» Sy khac nhau gilra cac phwong phap
—Lién két don gian: dy, = min(dy;,dy;)
—Lién két phtre tap: d, = max(dy;,dy)
-WPGMA: d, = (ndy; + nidy)/(ni+ny)
—~UPGMA: dy, = (dy + dy)/2

Trong d6 n; la sé phan ttr cha cum i
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 Tinh cac khoang cach theo WPGMA
—dagcy = (1x8 + 1x8)/(1+1) = 8
—dpc) = (1x12 + 1x12)(1+1) = 12
—dege) = (1x4 + 1x4)[(1+1) = 4

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Loai bd B, C dé co
ma tran khoang cach

mol Al 0 8 12 8
(BC) 0 12 4

D 0 12

E 0
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- Tiép tuc tinh khoang cach tir cum (BC)E dén
cac trinh tw con lai —
—daeo)E) = (2Xdagc) + 1xdae)/(2+1) ; i |
- =(2x8 + 1x8)/3 =8
—dp(e)E) = (2Xdp@c) + 1Xdpe)/(2+1) ?
- =(2x12 +1x12)/3=12 |

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

39

Y S
t )
- Theo matran khoang &, &/
cach: khoang cach S
gitia cum (BC) va E la 1
bé nht ; : [

* Nén tao cum (BC) vdi
E dé c6 cum (BC)E vdi
chiéucaola4/2=2
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« Ma tran khoang |A ((BC)E) D
, , . X Al O 8 12
cqch ma&i dwoc vié (BO)E) 5 19
lai D 0

+ Do khoang cach gitia A va cum (BC)E la
bé nhat, nén tao cum mdi ((BC)E)A co
chiéu cao bang 8/2 =4

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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» Khoang cach gitra D v&i cum ((BC)E)A
—dp(ec)e)a = (3Xdp(ac)e) + 1xdpa)/(3+1)
- = (3x12 + 1x12)/4 = 12

« T day suy ra chiéu cao cta cay 1a 12/2 =6
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1
(@ D 2
(ACY 0 8 6 -
(BE) D 8 3
C 0 2 2 2
B E D A
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PHUONG PHAP NEIGHBOR -
JOINING
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* Do Naruya Saitou va
Masatoshi Nei dwa ra vao
nam 1987
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« V@i cach thirc vé cay phan loai cé gbc,
chung ta luén nhan dwoc khoang cach
(molecular clock) sau khi vé khéng con.
dang v&i ban dau. |A BC D E

« Chang han, voi A0 8 8 12 8
B 0 2 12 4
c 0 12 4
D 0 12
E 0

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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e o x s . A B C D E

« Két qua sé la nhw bén 2 3 8 12 12

* Trong trwong hop nay g 2 12 4

can vé cay khéngco ¢ 12 4

gbe D 12
E

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

|A B C D E

. C3 5 . A0 8 8 12 8
C,a.y khonAg goc ung 5 EEaE
v@i ma tran khoang c 0 12 4
cach nhw bén sé 13 1; 0 13
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Neighbor - Joining

* Phwong phap Neighbor — Joining la phuwong
phap twong tw nhw phwong phap gom cum.
* Tuy nhién, khai niém cum hang xém cé
khac:
—Hai trinh tw dwoc goi la hang xom (lan can) trong
mot cy néu nhw gilra chung chi cé duy nhat
mot nut. e
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Phwong phap

« Cho ma trén khoang
cach chira khoang
cach dj gilra cac trinh
tw trong tap hgp n trinh
tw.

« Cac trinh tw ban dau
dwoc biéu dién nhw
hinh ngdi sao.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Budc 1: O mbinatico n
thé tinh téng khoang = Edik
cachr; k=1

« Budc 2: Mdi cdp nut 1a

, AL r.+r;

tinh My, ldy cacgiati M, =d. - :
> ~ y y _2

nho nhat. n

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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 Budc 4: Tlr day co6 thé tinh
khodng céach tir u dén nuat k i
khac la:
dk — dik +djk _dij
! 2

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Buwoc 3: Lién két nat i va nat j thanh mét nat
m&i ky hiéu u. Khi d6 chiéu dai tv u déniva
jla:

d, r-r,
V,=—t+—",va v, =d,-v,
2 2n-4

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

: L

* Budc 5: X6a nut i va j tr ma tran khoang
cach. Néu con lai nhieu hon 2 cum, quay tré
lai bwdce 1

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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» Cho ma tran khoang |

=1

cach v&in =4 trinh tw
ky hiéu A, B, C, D

o w|l
o o | Q

SRS He I N
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*ra=dpg+dac+dap=3+4+5=12
*rg=dgat+dgc+dgp=3+5+4=12
*rc=deat+tdeg+dep=4+5+7=16
*rp=dppt+tdpg+dpc=5+4+7=16

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

» Khoang cach dag la
nhé nhét, nhwng co thé
A, B khéng phai la lang
giéng; ma coé thé 1a A,
C nhw hinh bén.

» Vi vay, khoang cach
nhé nhat khéng can
thiét.

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Mag = dag — (ra + 1g)/(4-2) = 3 - 24/2 = -9
* Mac =dac — (ra + rc)/(4-2) =4 — 28/2 = -10
* Map =dap — (ra + rp)/(4-2) =5 —-28/2 =-9
* Mgc =dgc — (rg + rc)/(4-2) =5—-28/2=-9
* Mgp =dgp — (rg + rp)/(4-2) =4 — 28/2 = -10
* Mcp =dep — (rc + 1p)/(4-2) =7 - 32/2 = -9

Gia trl nhd nhat la Mac va Mgp

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Nhw vay cé 2 cum la ACva BD
» St dung cum AC, tao ra nut mé&i ky hiéu
(AC) & gilra 2 nut A, C nay.

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

» Khi dé _
—daac) = dac/2 + (ra-rc)/(2x4-4)
- =4/2+(12-16)/4 = 1 -
—dcac) = dac - daac) =4—1=3

C

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Khoang céach céac nuat con lai (B va D) dén
nut (AC) dwoc tinh nhw sau:

* dg(ac) = (dag + dcg — dac)/2

=(3+5-4)2=2

* dpac) = (dap + dcp — dac)/2

=(5+7-4)2=4

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Loai bé trinh tw A va C,

ma tran khoang cach |(AC) B D
con lai nhw bén canh (47 0 2 4
B 0 4
D 0

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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B
* V&i Budce 2:
—Macye = diacys — (rac * rs)/(3-2)=2-(6+6)/(3-2)= -
10

~Macyp = dacyp — (fac +rp)/(3-2)=4-(6+8)/(3-2)= -
10

—Mgp = dgp — (rg +rp)/(3-2)=4-(6+8)/(3-2)= -10
« C& 3 déu co gia tri -10, nén c6 thé gom
thanh cum (AC)B

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Tiép tuc quay lai Bwéc 1 véin=3
—fac = dacg + dacp =2+4 =6
—fg =dgac) *degp=2+4=6
—rfp =dpac) tdpg = 4+4 =8

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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* Tinh toan theo Buéc 3:
—dac(acis) = diacys/2 t (rac - 1s)/(2x3-4)
- = 2/2+(6-6)/2 = 1
—dg(acie) = dacs — dac(acyy =2 —1=1

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« V& cay khong gbc theo

Neighbor — Joining v&i et Ll

ma tran khoang céach la: A0 7111114
B7 069
c 1160 7
D1497 0

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

» Tinh khoang cach tir nut con
lai (Buwdc 4)
_d((AC)B)D = (d(AC)D +dgp — d(AC)B)/2
- =(4+4-2)2=3 4
» Khi d6 c6 cay nhw hinh

C

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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KHOANG CACH GIU’A CAC TRINH
TY

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY
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« Khoang cach cua 2 trinh tw la ty sb gitra cac
trinh tw khéng bat cap (d6t bién) va sb cap
khéng ké gap.

« Thuc chat d6 la s6 nucleotide khac nhau
gitra 2 trinh tw
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« Cho 4 trinh tw A, B, C, D, méi trinh tw cé 20
nucleotide:

A. AGGCCATGAATTAAGAATAA

B. AGCCCATGGATAAAGAGTAA

C. AGGACATGAATTAAGAATAA

D. AAGCCAAGAATTACGAATAA
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» Khoang cach gitra
—A va B 1a 4/20 (cé 4 mismatch)
—-AvaCla1/20
—AvaDla3/20
—-BvaCla5/20
-BvaDla7/20
—CvaDla4/20
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* Ma tran khoang cach
co thé viét
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