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=053 0.20 0.10 0.09 0.08
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v" Regression: the relation between
selected values of x and observed
values of y (from which the most
probable value of y can be predicted

for any value of x)
““regression”” F. Galton
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r
> 1, (h=2)
(04
¥ a(n'z)
n- 0.10 0.05 0.02 0.01 0.001

1 0.98769 0.99692 0.999507 [0.999877 0.9999988

7 0.5822 0.6664 0.7498 0.7977 0.8982

8 0.5494 0.6319 0.7155 0.7646 0.8721
100 . 0.1638 0.1946 0.2301 0.2540 0.3211
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y = ae™

a>0 v=Iny

v=Ilna+bx

a<(0 v=In(-y

v=In(-a) + bx

y=ax’ x>0

__ v=Iny u=Inx a<(0
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I' QI
y=a+blogx
u=logx
y=a+bu
logy =a-+bx
v=logy
vV =a+ bx

logy =a+Dblogx

u=logy
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Y xl’ x2, eo oy xr

Y x,x5..5X,
Y =by+ b, X, +b,X, +...+b X, +¢

€ 0
n n>r
115 Xizs o0s X (i1, 2, ..., M)
.(=1,2,...,n)

y, = b, +b,x,;+b,Xx,+..+Db X, +¢,
E(s,)=0 i=1,2,.., n
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Learning set Test set
- J - J
(Learning) (Test)

Fisher

Bayes
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xil(l) xiz(l) xin(l)
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x; 1(2) xi2(2) xin(2)
X, 1(2)
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F (X, Xy,eey X)) =C %X +CX, +... + C_X_
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F(x;,x5 ...,x,) C
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G, p G, q
yO =CxP +CxP+. . +Cx®  i=1.,p
Y@ =CxP +Cx2 +..+C X2 i=1..q
x® 1 M xP i=12,.,n X\ = Z Xg i=12..n

y(l) 1 Zp yi(l) (2) Z y|(2)
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5B=Zp:(yi(1) (1)) +Zq:( 2 _ (2))

i=1 =

Op {G} G, G,
F (x5 X5 «0s X)) Op
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Il » —(Inl) = A_ B_-0 i=12,..n
185 _ 00g .
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n 2
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HD:’S .C,+S,C,+..+S, C = A(x{V —x{?)

S.,C,+S,C,+..+S C. =A(x" -x®)

1 _ _
_ I_(y(l) _ y(Z))
A (€, Cy ..., C)

S,C,+S,C,+..+S,C, = x® - x®
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R. A. Fisher (1890-1962)
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Caius
College

Latin
square

R. Fisher
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3 Fisher
G, G, G, p G, q
F (x19 xZ’ ceey xn) C X(x19 xz, ceey xn)
F(x]9x2, ...,xn) C X

1 2 .
1 X0 x® x, 0 T
. 1 i Xi(l) xil(l) xiz(l) xin(l)

& (l= ,p) coe eoe LX) N
p XO Xp x,,0 0
1 X1(2) x11(2) x12(2) xln(z)
1 G, i X® x,, @ @ =

; xg1@? e i O
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STEP 1
XDy Dy x5V, vy X3, V)
@y x;, @) =1, 4
p (1) q (2)
2% 2%
k=1 k=1

(1) (2)

Z x®

p kel

Z X(l) (1)

ZX(Z) e

i=19 o.osp ‘Xi(Z)(xi] (2), xiz

(i=12,...,n)

ZX‘Z) (i=12..n)

(i’ J =12,...,

n)
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STEP 2
4 S S = S

d =x®-x?  (i=12,...,n)

p g
S =D (¢ =X (xF = xP)+ > (7 - %P — %)
k=1 k1
S oo (v | oo
=D XX~ 2% || 2%
k=1 P\ k= kel
L L2v2 1@ | @
+Zxki Xg" —— Zxki Zxkj
k=1 q\x= k=l

el J ;: 112’___, n)
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STEP 3

S,C +S,C, +..+5,C, =d,
S,,C,+S,C,+...+S5,,C. =d,

S.C+S,C,+..+4S,.C, =d,

F

F (X X5y X)) =C X +CX, +...+ C X,
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STEP 4

C

yY =Cx? +C,x" +...+C XV

y? =Cx? +C,x{? +..+C x?

C- py(l) + qy(Z)

P+q
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STEP S

X(x.I’ x29 LYY} xn) X(xl, xz, [XXY} xn)

y = C1X1 + C2X2 + s + Cnxn

v s g
y>C X G,
y<C X G,

vy < y@
y>C X G,

ysc X G,
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DNA ORF ORF
Xqs X, (x;,X,) Fisher
X, & ’:!

]
-

;f:lt. e -] BN | N N = [9%) [\®) sk

_ (3.8857  2.1143
~2.1143 2.4571

3.8857C, +2.1143C, = —2.6
2.1143C, + 2.4571C, = 0.6

C,=-15080 C,=1.5418
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= y = —-1.5080 x, +1.5418 X,

s _[40 2 _[66
6.0 5.4

y®¥ =-1.5080 XV +1.5418 XV

y'®) = -1.5080 x/* +1.5418 x;*

C =0.5264
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—1.5080 x, +1.5418 x, = 0.5264
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® coding ORFs De/Doe=1.4 *
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o 75
o’ge ®
0.01]- 98;/ Q..O ° De/Dpe = 05
e ¢
0.00 ' ' ' : |
0.00 0.01 0.02 0.03

Dne
Fig. 2. D, vs. Dy plots of coding and non-coding ORFs for 500 randomly selected coding ORFs i
(filled circles) and non-coding ORFs (open circles) in E. coli genome. J
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1 Mahalanobis

Mahalanobis

G n n (¢ X35 eees X)) G
t Xy (s Xpos oees X)) k=1,2, ...,

X ==Y % i=12..n

X(x75 X5 oeey X)) X G Mahalanobis

2(x,G) = (X - X)'SH(X-X)

Ml Bodudsion o Conguitaional Biology -

S (Sij)n xXn

1 t - —_— . .
gJ' = Z(Xku - Xi)(ij - Xj) I, | =12,...,Nn
t-1i3

S covariance matrix G

n=1 G Mahalanobis

d(X,G) _ (X—,u)'gx—,u) _ (X_:u)z
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Mahalanobis

Pe) d?(x,G) = &4

0,

G:N(10;)

p(x)
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P. C. Mahalanobis

(1893-1972)

Indian scientist and applied statistician. He is
best remembered for the Mahalanobis distance,
a statistical measure. He made pioneering
studies in anthropometry in India. He founded
the Indian Statistical Institute, and contributed
to the design of large scale sample surveys.
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2 Mahalanobis
- h G, G, G, p G,
q

RV N Q7] [v@ @2 2]
1 2 [N &n 1 2 [N n
0 O @) 2 (2 (2)
7 g0 e . 1 S -
0 O @) 2 (2 (2)

_Xpl Xp2 [N Xpn_ B 1 2 [N n i

f;% Peking Umiversity V‘ra

G, G,
v 19 ) v(2 19 (2) :
XV==3x0 xP==3%P i=12..n
Pl Q=
G, G, SO S

13 _ _ .
(jl):p—Z(Xﬁil)—K(l))( G-xY) i,j=12,..,n
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X(xp X5 eey X)) G, G,
Mahalanobis
2 —(1 —(1 (1)
d?(X,G,)=(x, - 5, x, = xP,..., x, - xH)
-1

1 1 (1) 7 (1)

81(1) 51(2) Sln X1 - X1
1 (1) (1) 7 (1)

Sél) 522 S2n X, = X5
1 (1) (1)

Sr(12) Snn Xn - Xn

G,) = (%, - 52, x, - x2 .., x, —xP)

-1
(2)
S12
2
Sz
(2)
S Dl
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(X

W(X)=d*(X,G,)-d*(X,G)

W (X)> 0 X e G,
W (X)<O0r~> X eG,
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n=1
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G, Ny, o)

p(x)
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X — X—
d(X,Gl)=‘ 44| d(X,Gz):—‘ A
o 05
>, 0,> 0 Hy =x>

X X- o, +o ;
W(x) =22 ZTA 1T ()

0.0,

W (x) > 0Ff> xe G,
W (X) < Off>» x e G .

e 2 R R AR TN
e =t Rl el h
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n m G, (I1=1,2,...,m)

1) C A2 2) 2) [\ (M)

. an Xil 2 Xl(n 1

) 2 L2 (2 (m)
1 2 LN ]

n n 1

@ @ L2 2 (m)
cXn | [ X1 X2 o Xa | | X

m)
2

(m)

(m)
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d (X,GI)_[xl—x1 Xo=Xo! i X —xn ]

- —-1
(1) (1 (1) v
1 > - S & X,
) 0] 0] w()
1 2 e n X, — X%,

H &0 (1) <)
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d*(X,G) = min {d (X,G)}

X(x75 X5y o005 X)) G, (X, G;) X(x 75 X5y oees X))
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Learning set
Test set
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3 Jack-knife Method
“ Leaveone-out ~~7
““Lachenbruch 77

(Cross-validation)”

!m. 1 X'
(2). p q 1

X'

%E’
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2

Predicted G; | Predicted G,

Real G, MG,|G)) NG,G) N,

Real G, N(G,|G)) N(G,|Gy) Nreal,

red red
Npred, Npred,

N (Gl‘GZ) +N (GZ‘Gl)
N/ + N;&

I s - e . Fix
RS A e € s i R e e st AT
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sensitivity Sn

@ = N(G;LGD @ — N(GrzeLle)
N, N,
specificity Sp
O _ N(Gl‘Gl) (2 _ N(Gz‘Gz)

pred pred
N, N
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(Clustering metho

86.3

2832 2738 94
136422 12668 123754
Predicted G; | Predicted G,
Real G, N(G,|G)=2,738 MG,|G)=94 | Nreal =283
Real G, MG||G)=12,668 | N(G,|G,)=123,754 | Nreal, =136,422
Npred =15,406 Npred, =123,848
9.2%
Sn  96.7% Sp 17.8%
2832 2692 140
194409 22212 172197
S 11.3% Sn=95.1% Sp =10.8%
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%

¢

(Discriminant
Analysis)

(Clustering
Analysis)
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X ~ 0 X

(i=12,..,t:]=12,...,n)

5

Xi,j = log( Xij)
(x; >0;1=12,.,1]=12,.,n)




TR Pekime Umiversity "‘rh’

XJ LR N ] Xn
Xij Xin
X;; cee X;,

o 2 A AR

fs% Peking Umiversity v‘rﬁ
VA Fledkciion o Conybaional Eiology
1 Minkowski

1
g

d; (q) = {Z X - x,—ﬂ (i, j =1 t)

q=1 Minkowski

d; (1) = Z Xi = x| (=1 1)
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q= Minkowski

dij(z):\/zn (xik_xjk)2 (i, ] =1,.,1)

Chebyshev

d; oo) = max

1<k<n

Xp = X | (i j =10 1)
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di (M) = (X = X55)'S (X = Xj)
(i,j =1 t)
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t
DO
N o G
-1
D G® t-2
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X1 Gibbon

Xy Symphalangus
X3 ~Human

X4 Gorilla

Xy Chimpanzee

X Xa) Xo) X Xe
% 0 1 3.5 5 7
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Step 1

5 1 5

G (1)={X(,)}(i=1, 2,3,4,5)
m=5

DO

R Peking University v‘rﬁ
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Step 2
D® Xy Xo Cay= Xy Xt

G O={X35),X14)» X(5)» C)}
m=4
DO
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Step 3
DO Xs Xy Ci=1Xap Xy}
G (3)={X(5) ’ C(4) ’ C(3)}
m=3
) &)
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Step 4
D® X Co Co= Xy Copl

G 9={C,Cp)}
m=2
D@
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4
D® C(4) C(Z)
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