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BHE A TR EER AT, KT K2 100 2056248 5 A 5 AR S & B EMH, X%
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“Yang J. et al Common SNPs explain a large proportion of the heritability for human height. Nature Genetics.

42(7):565-9. 2010.
?Manolio T.A. et al. Finding the missing heritability of complex diseases. Nature, 461(7265):747-53. 2009.
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T, BRHEEIESET, HFAFBE T, LMM /2 Linear Mixed Model, fib Il 48
¥, GG 2 Ronald Fisher #H ByBEHLAN —BkiRE EAM 2 50 4F
ff., Charles Henderson A F] 3 T EPr—R IS ( BLUE and BLUPH ), fyEE
Shayle Searle T KL I T “MH%7[E (Matrix)” 19248, MItabny 476 AGE I AL
TFEn S, 1991 4, statistical science A —RIRZ MY E “That BLUP is a Good
Thing: The Estimation of Random Effects”, HRE| | fiF 28—, $F5 1,
TATESE P C a2 TR 2 rrm, RASRATUAEAAESE T,

IRAE i 1 — I PR e A iAe ,  PRA X ) e 2 AR R 28 1A A -

y=X8+ Zu+ e,
u ~ N(0,521), (1)
e~ N(0,021),

Xy e R® EFIHME PR, X e R Fl Z € R™*P 435102 [ e Ron FIFEH LR
IR, e € R™ RREHLIRZE, B € RY Al u € RP 43l e [ 22 %00 i 5 Bl B, i)
i, n,d,p SPHEFEAREE, SO E L R BRSO A, Xy, X, Z RS
M), T fhihiE B,u,02, 020 BEEXHE, RAE R HEHC AT B REERL
N, PERYRENLEON? Seff R AN BENLASON . FRARTS REHPEARREALEL, (AT i idd, Al
R HE—AN 23 A LR R AL R A 8K, XS BOR R 0, (ER AR AR R DA AR
B CRPEERN G ), LRI IEZS A . Z AT LA “BEPLEON” AR “BEPLEL, &R
TR S I B A X AR Ry IPERT, LR AndERany (m) ) u E—1
p dgEmmE, BN ICERR vy, i =1,.. ., p #RA TIESSM N(0,02), u; BIJE Z 195
7 AIXT y BN o AR R A R ML [0 5 Ry, — )i, [ AR R AR B AL, o Y [
N 5 BEHLRN AE— B A, w2 B B mixed model, R T AEE mixed model
5 mixture model 1B A—R! B AHIE BB SIE R, FHENZENE R, HoH
SIATES
REAR B —ie, B ILERR . iR RE B SO I — 4,

y:XB—l—e, eNN(OaUEI): (2)

LR AR L TR YERIH, B MEALM# I Least square(Be/h 38 45, B 3,4,
EHIGHPER I The Gauss Markov Theorem {3, il 3, ¢ J& A Tl ir 2 &
/N AR HE BEALRON AR 53,

y =Zu+e,
u ~ N(0,021), (3)
e~ N(0,0°T),

3Fisher, R.A. The correlation between relatives on the supposition of Mendelian inheritance. Transactions of the
Royal Society of Edinburgh, 52 (2): 399-433. 1918. Nffisife= LA, Fisher W HAHS /MG T AT BEHLALN
HIREE .

“Best Linear Unbiased Estimates (BLUE) of fixed effects and Best Linear Unbiased Predictions (BLUP) of random
effects.

5Searle, S.R., Casella G., and McCulloch C.E., Variance components. Wiley. 1992 & 2006.
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AE R F X (H) WASIEA . tan, Fid Pattern recognition and machine learning (by
Bishop, C.) % =% Linear Models for Regression HFJFERMNIZSA: X N = Z—E B, ok
@) 5 @) mmmnRsEL%mn,

min ||y — Zul|* + Allul|?, (4)

KRR, () B0 X E bR, mfhit @) s o2 5 02) WS
%o TEFLESE I, REHE M Evidence approximation, Zil=# B E M Empirical
Bayes,

M UM = HSE R T, HX R LB EEA 8, 28— 4+,
A n MBI (21,22, 2,), BDEIER 2z, € R EMSHORA N (1, 0%)0 XF o BIEHRK
RURAGE 62 = Y (2 — 2)%/n, XB 2=, 2;/n B¥WHE, (A, EWREAGEL,
Xf o MTEMAMITTIGZRE 67 = Y, (2 — 2)%/(n — 1), BATEMG (A C 205 Fefv—
MG T o N TAMETEA T A EE RN E L TR 24t iR 2, A — D InERbsma:,
EAFN REML (REstricted Maximum Likelihood)aQ

IO T 2 2] A HR 2R A% 2 R YIRS ) TR X MM — R s i KBRS R 38 . B Y
Taas RS EMER, BAgEAZ2KEE FRABEREIERN? BIFRRIT2#E
o L R AR S MR T RN E S22 mE ([{l), y PR n R
(~ 5000) HEF = &dE, X 52N R BVER, AR . P, BRI ZH AR S A
PR E] Z v, Hrh 2% — A R AR . T By PR, FEX u
il e B,

y ~ N(XB,ZZ" 02 + 7). (5)

HER XB JFA y W77 2. Heritability & XA -

2
h2= L% 6
e g 4 (6)
XH pol RmERRMBERN T2 (p 72855 s M8, KRZJE 50 T3] 100 TiXNEHD, o?
SRR LR R E 7 2. JH3h REML LUS, siagfss] (62,62), SAJSH heritability.

3 JKBIRE, ERBEEX

PN REIS BN T, BROGATABIGA Y FRERIR, WU E LMM, i lglmﬁ)f)Tio 5]
THRERATRR, & HREf A —ER )

%—, LMM 5 JSE-Ridge Regression &R ENIHE . A BERNL, Z 28N
BIFEFER I, LMM g8 7 JSE CGXAEMETR2E o JEC R, AR Al BHAMER [R]
B, TE JSE W, o =1, HiFMmHRIESH KL OREERTT—EIBR EB) ).
LMM 5 Ridge HCH, AiECZIHET .

SFX WA AN 4 REML T, Wik ¢ REML s B ¥ i 3C i %—4%, Gilmour, A.R., Thompson R. and
Cullis B. R. 1995. Average Information REML: An Efficient Algorithm for Variance Parameter Estimation in Linear
Mixed Models, Biometrics 51(4): 1440-1450. 1995. XFAAHFEM AI-REML, A5 /& Newton #:. 5 —#, Lippert,
C. et al. FaST linear mixed models for genome-wide association studies. Nature Methods, 8(10):833-835, 2011. Fi%k4H
TAEX S CFE ) Supplementary document Hifii, Nature tHifh, WJEAEM . FAUEES LB AR R AINE &S50
PIAFRAEBE S B AR NI, I8k REE XML M BI45 T . Variance components by Searle S.R. et.al. (2006) F1

Linear and Generalized Linear Mixed Models and Their Applications by Jiang J. (2007).
TE TFUMA X4y, 1300 Bishop M. 2006, Pattern recognition and machine learning, 93 WA (2.113-2.117),
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K 1: LMM 5RZ2 M55 R IK . JSE: James-Stein Estimator; Lasso: The Least Ab-
solute Shrinkage and Selection Operator; RVM: Relevance Vector Machine; PCA: Principal

Component analysis,

%, RVMBIITF .
y = Z ZJ’U/J + e,
J

w; ~ N (0,02), @)
e~ N(0,071),
)

RVM 5 LMM [l : RVM i s BENLAY o A A ST 2E o, T LMM Hf
£ random effects HATIAFER 02, A RVM % Lasso, HFTERB {02 } K AIEEGM,
TEEZ I Bayesian LassoEO Lasso, LARS #1 Boosting & & NS¢ 511 ERAL i)
— B, B SCHEk 2SR 2 Efron #4821 Least Angle Regression, #WCE HUE ) ]
DIETRE (Giit o)

%=, LMM 5 PCA MIKRALIFAZIAEE, HAXEC SN2 Em T
W 2=, SR, 4 PCA P PRER MRS, RAEASE IR, X EEM 0
W42 Probabilistic principal component analysis by Tipping and Bishop, 1999, PCA 5
clustering E@%ﬁ%%%@@i‘ﬁéﬂ%ﬂﬁ, clustering Fl mixture models AYFERUK, MNiZE
ENEIILE

8Tipping M. Sparse Bayesian Learning and the Relevance Vector Machine. Journal of Machine Learning Research.

1: 211-244. 2011.
9Trevor, P. and George, C. The bayesian lasso Journal of the American Statistical Association 103(482):681-686,

2008.
10(1) Zha H. et al. Spectral Relaxation for K-means Clustering, NIPS, 1057-1064, 2001. (2). C. Ding and X. He.

K-means Clustering via Principal Component Analysis. ICML, 225-232. July 2004.
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B, REHHFE, Mixture models BLAEA — P FUIRE, AT clustering FAHRT
e, XABRRAS R R B 55 cluster BRI R . X SRR S A PRI ST 5553
A, tean, J5— RSB T R RES R I, MM Rz m 4. HMM 5
Kalman filter JEA A DUEMZEA WL, — B BOREM A, — A Wi S0REm k.
LMM 5 Kalman filter 15676 “BLUP is a good thing” B sclIrb i iy, s
FEHIIS Kalman filter A9k, HR2HS LMM K208, IS5 LMM
PRSI

5, WA R Matrix factorization 2824 NIRAHEL T, W AXBRIMA TRZ
sparse(flffi low-rank) 5 smoothing AR . (HARTRIN, PCA MRIRFZHE o3k i B 2
() —Ff, A SRR X B R B B A

TR X 200 b T o ] A R T, AT R K 23 AT A7 X L3R e 51 Terry Speed
£ “BLUP is a good thing” I8 B W5 —Bti&: “In closing these few remarks, I
cannot resist paraphrasing I.J. Good’s memorable aphorism: ‘To a Bayesian, all things are
Bayesian. How does ‘To a non-Bayesian, all things are BLUPS’ sound as a summary of this
fine paper?” KINATH{EFF A A BIBR- - KA CDEEE, RAEMBSERN, BEXA) K
TR, AU, IS A SR, HUIER, WEA —Fr R RIH AR ryk
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“BROCARERIAR MY, AR LIRE]”

“PEMLISZEAEREL? " 2R, R, S0, RIS UEAE
RCEMERT, ZRETRGL “ BB T, SR, A, M AR IR A8
MR B RO R ) MAHEAEER “BUR A4 REIERNEH", &afh
FESAFHAERT UL T —HDORER IR G5y, AR TR R AT RS, B2
TEQNGESR T —4 )5, RIAC: “ZHINCEH A7 dEE il ROREIER I
TEPEM L, SE2] 72T, XEERELE T, 7RSIk B T E R, fEA AT
IR TREZEN . RATEX R 2 TR, AR BIE A H ok, X
FRIWT B A R LB

W W2 TR s, s IRAINIZB M . A5 AR & 24 an b e 1)
JTRL?” Efron ZUREAEM A —F SCFE R James-Stein Estimator: “This is the single most
striking result of post-World War II statistical theory” . F&A8, FRATINIZAT LI JSE H15-
HF|— Lok 2z ik, JSE YRR . BEWEE] N D 2 fE, B [21,22,...,2n], BHITA
z; MITHOR A UL AIIME, HER 1 KIESSA, B 2w ~ N(ui, 1), =1,2,...,N.
[ UE W] MRER BN 2 = [210, 20, ..., 2n] fh0T = [, po, o, )7 BCRALERIE A
James-Stein Estimator %3 ﬁﬁ@%‘:ﬁj\%%@:

. N N -2

HByp =2, Hys = (1 - ||z|2> Z. (8)
Xt JSE WBIFARZ AR MR, A AGERN N XA AR S L RARE AR
RIANME piyi = 1,..., N BHOEREHL, TN AU A TR AR —D00 10 G(u), FE

' G. K. Robinson. That BLUP is a Good Thing: The Estimation of Random Effects. Statistical Science, 6(1):1-118,
1991.
P EZMATS% (AR, RATZBM EB).
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E N R, AT G(p) WA iERh . FORE RIS 2, HIREE XA — 140
JRgt (R Skt E . B N AUNORHE, G(u) BREMIHERT, 550,
BRA) N JFARZRAK. WTLGEM, H# N >3, JSE #ilt MLE 4H. 32 Efron
HAZ T UL “learning from others”, N5 B N a01E 5 ok Zlm {5 B35, Haim &
Bias-Variance trade-off, 4{5 8B, 2RI T VB 225 KKK

251 Uz Un

Kl 2: James-Stein Estimator 451 .

James Watson 7EALAY (XURGE ) — BT F T EIE: Bl kRSB
RUGHIRRE, #ME 7Y, G F2E i T, F5EE, Bleemitl CRRHEER )
BN E A e e, NG G i & B RIEA

“BEVE RGN, BEERERAIIOC.” ORI BN AR RHOER” EE R
UK G B2 R U S A REA) . WP, & BT T
A
A HE.

CEIDURAIL”, AU .

3Efron, B. Large-Scale Inference: Empirical Bayes Methods for Estimation, Testing

, and Prediction, Cambridge
University Press, 2010. Chapter 1.
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