INAFABT ¢ AT 4 7 AR
#4mE EETFAR

= PR

ailwata@mail.ecc.u-tokyo.ac.jp

<BEJEN) 7 T A F AT >

ZEOKGIZONT, ZNHDHODZRITOFHEZ S LI H-b D) E5 L
I N—"T (7T AH cluster) (T T L LR ZENHY £, BIZIL
DNA ZHO7 — 2 IZES T BEERICE EN 0 MR L 7 V—T7431F T
i, BEEFRO L HSBEOLERIZHONWT, ZF—T O HZE b & I L,
KRILTDHZENTEET,

AMEOME T ORI L L2 I, ZEOY TN OLEDORHE DL H
[Z2OWT, T— X ZWkd 5720 THURET 5 OIXREE T, Eplr ot T, 23
DA IRRTEOER TRIT H L TT— X DL OEROEHN Zk A E Lz,
7T AL T, 2O T —F DD ITN—TICELDHDHIET, T—4D
LOBROENERAE T, SEIOBRTIE, 7T 2HOT— X ZREENIZY
N—TN T DREE 7 T A B2 FRITICOW TR L £ 77,

AR DR T \%@i?kﬂ%’4*@?~&(mmmndszNmme
Communications 2:467) ZHW T ZED TWE £7, DFfEFRTIX, &b
i« % # 7 — # ( RiceDiversityLine.csv ) . % fﬁ a7 — A

(RiceDiversityPheno.csv) . ¥ — 7 —i&fx 77 — ¥ (RiceDiversityGeno.csv)
D3 OoDTF—XEHET, Wb, Rice Diversity @ web ~<X— ¥
http://www.ricediversity.org//»H X v o — R L CEH L7 —% T9, HilHl
bUHLEL I~y — I —B T T—%1T, Y7 Fvx7 fastPHASE

(Scheet and Stephens 2006, Am J Hum Genet 78: 629) % F\ > CKHME D4l
fMziT->THV £7,

FIUL. milEI EFEERIC, SO T — X Bt AAAL T, TNUHLEMELTAEL
X9,



> line <- read.csv("RiceDiversitylLine.csv")
# /T —H % line & L CHAiAle
> pheno <- read.csv("RiceDiversityPheno.csv™)
# WET— % % pheno & L CHAAte
geno <- read.csv("RiceDiversityGeno.csv")
# Wi {BT— 4 % geno & L CHiAiATe
line.pheno <- merge(line, pheno, by.x = "NSFTV.ID", by.y = "NSFTVID")
# line ® NSFTV.ID & pheno @ NSFTVID 3 —%3 2% L 9127 — X &fE6
alldata <- merge(line.pheno, geno, by.x = "NSFTV.ID", by.y = "NSFTVID")
# line & pheno ##EA L5 — X I & HIZ geno &HEA
rownames(alldata) <- alldata$NSFTV.ID
# alldata DITO4HIE L - R0 ID TEEHZ 5

v

v

v

v

AT, DNA ~—74— (1,311 SNPs) IZH 6N ERIZHESWT, 374 S -
R TAZIHA L TCAHAELLY, £TIE, ZD0TDOOT—¥ 2 H#EHL £
j—o

> data.mk <- alldata[, 50:ncol(alldata)]

# alldata ® 50 5 H Sk E TR~ —D—FT —%, B¥tncol (355 % K9
> subpop <- alldata$Sub.population

# HEMT—Z bikEH LT subpop ITfRA L THEL

> dim(data.mk) # TEONARXERTTD
[11 374 1311 # 37447x1311 %55 —%

7T AZHTINIRE 2 IR FENR DD 3, 22 TEHET 1 DOHETZ T X
SR AT > CHET,

F99E. DNA ~— W —O7 =% %&b LI, mfl - R OEREZFHE L7,

> d <- dist(data.mk) # 374 0FE - ZHoOSEAEM T2—2 Y v NIEREA FHAE
> head(d) # OIEEEOFFER R, ATV, ) ELSFERENRND
[1] 54.47141 53.08033 44.70547 52.82571 45.40700 44 .36904
> as.matrix(d)[1:6, 1:6] # RAIO 6 5 - RFER OB OFR R
1 3 4 5 3 7
0.00000 54.47141 53.08033 44.70547 52.82571 45.40700
54.47141 0.00000 37.53194 46.79940 37.68502 49.82169
53.08033 37.53194 0.00000 44.38481 17.58133 46.49073
44 70547 46.79940 44.38481 ©.00000 43.85254 42.87989
52
45

:82571 37.68502 17.58133 43.85254 ©.00000 46.69070

1
3
4
5
6
7 45.40700 49.82169 46.49073 42.87989 46.69070 ©.00000

7ok, B dist OETEIFATS] (matrix) R T/ < . REETHIEA ORI
RoTWAHZ EICHEELTEFEW, LT, BlxIE, &0 6 ShfER O




L2y OFEREAY 6 X6 174 TER/R LTEWGEEIZIE, EFEo K 9 1I2B% as.matrix
THREETHE A O matrix TERUCE T 2 LE R H D £97,

Tl&, 7 7 AZ T 2AToTHEL X D,

> tre <- hclust(d) # BA%hclust THYERY Y AKX U T %1T 9
> tre # HEROFR
Call:

hclust(d = d)

Cluster method : complete
Distance : euclidean
Number of objects: 374

Call (213, R DHT 72 & LRI, AT LIz a~y RREOEERRSNET,
F 7. Cluster method |Z1X7 7 A Z T D FikE (7 7 A Z M OBEBEDER) |
Distance (ZIZHEBEDOFHIENF RSN E T, 7. Number of objects (L35 %
ol (22T, il - SRiHt) DT,

7 T ALRMT OFERZRBIEE  (dendrogram) THEHRLTCHEL X 9,

> plot(tre) # HIZ hclust OfERZB% plot ICATIT 257217

Cluster Dendrogram

Height

hclust (*, "complete")

X1 ~v~—h—@gn T —4%28 L1567 374 iWFE - R OETEX



1 1XB3 helust THRONTZFEREZZDOEEBBHIC LI DT, Ny Fr—
Y ape WD L Biax BB TEERZH#i< 2N TEET, 20720

i, F 9B helust TR LN RE R Z N r— Y ape TIEF S 11TV 5 phylo
EXIIND 7 FARCERT HMENDHY 7,

> require(ape) # Xy lr—T ape & HiHIAL
> phy <- as.phylo(tre) # B hclust o4 7 Z X phylo (224

TlX, phylo 7 7 RAZEB SN/ RE 7oy FLTAEL X I,

> plot(phy) # 77 AphylolZZ#Li=tD% plot 5

X 2. /X /r—3 ape @ phylo 7 7 AT L THiW - /BHEZX

B 203, dfl c BRREDAZ N E b H Y, FEFITRICSWIZZR> TV ET,
FantE - RMOBIHE R (TR T 2 0%H) LBTER TOMEDREREZD
BTHERTELLIICLT, PLASTWHICHEHA THAEL X 9,



> phy$edge # phylo 7 2D edge WICH O GBRATTR ST\ 5
(RE R4
> subpop[phy$edgel,2]] # phy$edge @ 2 ¥H O FiMlo ID %3
# ThAEFMHUTRmOK L SEFAORRAT T 5
# FOREDPRIBEOR THWGAIZIZ<NAS TR D
(GRE R4
> col <- as.numeric(subpop[phy$edgel,2]11)
# SEMEEEICERLT, Aaa—FET5
> edge.col <- ifelse(is.na(col), "gray", col)
# NAIZR->TWDEDO®EE, JKE “gray” [ZA#T 5
> plot(phy, edge.color = edge.col, show.tip.label = F)
# A7 = edge.color THOBEIRET D
# A7 arshow.tip.label % False i2¢ % L KuD T~ RNEMEEND

X 3. dnfl - RFEOFTIET 2 0 RH AT LIZ#EIEX

=

M3x2RL&E, FLAEHICEEND M « RMAFE L7 7 A ZITEENLHM
MR TE, Al - RO b DOBISHIE FOEWND 7 T A Z T OFERIZ K
SEBRELTWD Z ENR500 £,

/3y /r— ape ® phylo 7 7 A%, Hix R RIOMTT THIER A< 2 L8 T
TET, BRLFIATOMBHEZRALTHEL X D,



> pdf("fig4.pdf", width = 10, height = 10)
# UIT7NRELTTITU 4 FUTIHHEE LICK WO Tpdf 77 A v LTHITS
> op <- par(mfrow = c(2, 2), mar = rep(@, 4))
# 21725 Tr 7 7 EE#E, mar lIRAOKRE, 4 AL 0,

> plot(phy, edge.color = edge.col, type = "phylogram", show.tip.label = F)
# T 7L oK

> plot(phy, edge.color = edge.col, type = "cladogram", show.tip.label = F)

> plot(phy, edge.color = edge.col, type = "fan", show.tip.label = F)

> plot(phy, edge.color = edge.col, type = "unrooted", show.tip.label = F)

> par(op) # TITTNRIA=FETICRET

> dev.off(Q) # pdf 77 A VEBALD (BRnwz e )

<7 NS,

E——— ——
/\
= =

X 4. /X —3 ape & W THEW 728k 2 725X HHE K

o

B 41X, LT 27 T A2 M OR R %2 B2 DO THIW- b O T, £
KRR DEZTHHR L N0 T SRR 9, W - BOBEMN
%% RIEPIZHZE LW IGEIZiE, 4 & B O “unrooted” # A 7 ORI DN i
HHMICHE > TWDDOTIE ARV EEbitET,



7 T AL OFEFNZ DN TRy 7 — ape ZFH L CXICT 5 FlEIL, @&F
\Z phylo 7 7 A~DOEIR E L LT 5720, A LT, £2TC, —#
DOE¥E% AEOBSE LTERL T, 7 7 AX T OB RORRZ @I LT
HELE I,

> myplot <- function(tre, subpop, type = "unrooted", ...) {
# BE% function # W THERM A &5
# ETIXAEREOSIEEEET S, T ZTIE, tre, subpop, type
# typelZ oW TiET 744 b Offi ("unrooted") EZFHEEL THD
# Bl T CHENTE IR CHRITT AN Z TR T 5
phy <- as.phylo(tre) # phylo 7 7 A ~D%H
col <- as.numeric(subpop[phy$edge[,2]1]1)
# phyloN® edge DIF@R A > Taa— REHEE
edge.col <- ifelse(is.na(col), "gray", col)
# RMMOBLIAL (faa— RBRNAIZZR->TWD) ZIREIZT S
plot(phy, edge.color = edge.col, type = type, show.tip.label =

# BIEXZ#, BRELILEOBEZ AT v a vk LTEE
# type = typelliEE., 2&EHD type IZITBI T E L7z type BRA SIS

Tl BIEDOBIE myplot > THIEX AW THAEL X 9,

> d <- dist(data.mk) # I ARBOEEORE

> tre <- hclust(d) # U T RAEENT

> myplot(tre, subpop) # H7ER% myplot THIEXIAZH#E<
> myplot(tre, subpop, type = "cladogram™)

# AT artype HFEE L THITERI 24 <




<PRREDEF >

7T ABEHTTIR, TR T A X O ZFE U, FHE S I
IZEANWT I TAZ Y T EITOWET, Lo T, HBfOERN R D &R
IRDOFERMEOND Z LR Ed, T2 TR, VTR T A XM O
BED EFRITHOW TR L £ 77,

FE. VU TB ORI OWT T, YT IVB O A ER T D DI,
ExRERNDY 7, L. BRI TEHEOIFEECIESWTEEX & #iv T

HELE D,

> pdf("fig5.pdf", width = 10, height = 10) # XX KZ\OTpdficH)

> op <- par(mfrow = c(2, 2), , mar = rep(@, 4))

> d <- dist(data.mk, method = "euclidean") # =—27 VU v Rl (57 1/ FRE)
> myplotChclust(d), subpop) # HEERIE TR A Hi <

> d <- dist(data.mk, method = "manhattan") # =~ /v & Pk

> myplotChclust(d), subpop)

> d <- dist(data.mk, method = "minkowski", p = 1.5) # I =7 xx—fflt

> myplotChclust(d), subpop)

> d <- as.dist(1l - cor(t(data.mk)))

v

# FHBIRENCE S S HREE, MBREE r & e 1-r 2 EHEE 35
# Bi¥dist TRIETE R0, Btk as.dist Tdist 7 7 RITEBRTE D
myplot(hclust(d), subpop)

par(op)
dev.off() # pdf 77 A VEHL S




= N S
i/%///“\\\\% 7///%\\\\\\

|

IS >

5. I TIVHDHEED R D ERICE SO TEIR Sz X

|

AROT —X TIIHEMOERN R > THEEXO R Y — (topology) 1X
KELEDLY FHAN, T—HIZL > UTHEHEDO ERN K E S BT HEAN
&) D iTo

ETHWEY VOB OWT, ZOEREZLLTIORLET, 2B, %4
Yo Tn qEORBECRESNTEY, iFBEOY T LVOT—H2 7 hL
X, =X ) JEBDOF S TINDT=Z T MV X =(x,,00x, ) ERT
TEELET, Zolx BrTLLL MO dx, x )1E. IO LS|
EnET,

- ko 2

CAEFR

® =—7 Vv K (Euclidian) 8

d(x, X;) = \/zzzl (X — X )?

9



® —~. - v#> (Manhattan) g

d(x;,x;)= zzzl‘xik —X;
® o7 AX—f

q p
d(x;,x;)= ’\’/zkzl‘xik —X;

o HHMIC IS HiEg
D (= E)(x;, — X))

\/Zk l(xlk x) \/zk l(xfk .x )
1 q —_ 1 q
i:_2k=1xiq’ Xj :_2k=1qu

n n

d(x;,x;)=

»—»—.(\‘
— — N

=I

<Ny X UHBET, =2 —3— 2717 Manhattan @ L 9 2R IEFBICX S &
mt**%%%%#& A OHEEE WD OMNZEDLDOHKTT, %@ioﬁm
T, B, HaS (0,00 B HLT (2,3) ICBEITAGEIC @%@
HIZOICROICBE) (2—2 U v FEEEV13) 752 ENTEP, BoT
%%(VVA/5/E%5)¢6%%@%6K®T¢O\/z7x# E%
X, =—27 Vv R & vy & VEEBEO b SN b T, p=1
DEXF~vr X Ul p=20 L X F2—7 Y v NEEBHZ L ET,

FHBIC S  BREEECIX, TSR CIix2< 7<) MHEREEZFE L
T, TNz 10602 EE LET, M 1 O5AIXERE 0, FHBE
230 D& X IXEERE 1, FHBEN-1 0L ZITITEREN 2 L0 £9, Tbb, M
BRI LS < FEBECIT R RS 2 L7200 97, ks, BB T TRI Y —
Y OFEPNED S 7 T A XM AT O GA I, 1 2B EBEE T 500 Iz
Fm%@ﬁﬁﬁjéﬁﬁé%A@%Diﬁ ZO%E, HEN-1ERE 10l
ZIZEEHE O, FHEAS 0 D L F TR GRS IES 22D 1 & 72D 9,

BE%C dist TlX., RO X O R L HE X4, SEOTF—XIIIRAE TH

STEOTHMULERATLER, BT 57 —# OMEIZ & > Tid, LUTISH
I LA EE 256 b H 0 £7,

10



®@ F =t =7 (Chebyshev) FEEf
(B8%% dist T method="maximum" % 5 E)

d(x;,x;)= mkax(’xik —xjk’)

® Xy .7 (Canberra) FFEEf
(B8%k dist T method="canberra" #87F)

Xig — xjk|

dx; x)=Y"

|xik|+‘xjk‘

o NI 7Rt (Hamming) #RAfE
(B9%% dist C method="binary" %5 E)

d(X,‘ ’Xj) = ZZ:I (1 - 6xik’xjk)

(Y
(Y
/d

@b:{l (a=b)
2710 (azb)

F == 7T ¢ ORED 5 bix b R ->TWD 1 SDOREDENET
[ZEE S HERECT, ZOHEHT, a7 AF D p 5 o DIR L 725 T
WET, NI ZHEBHIERBIE CEKHWONLERET. [ LR S OEFIIC
ONT, FUMEOEZ L L& I LRV IEOHERZ BT =D
TYo NIVIZHHEEHWD X977 — 2 Tid, xald, #fFeE Tl <. B
il (0,1) THLILEMILALETT,

CZETEYUIAMOBEEOERICOWTHHALTEE Lz, BENY 7 2
ANl BEEEDT N T Y LE 1 ODY T AZICEL DN, S
ST, TN TFTRE . FmlE. VFREEH LE, IOEED 7 5 %
FLLTEEDHTTOEET, LENST, ST AMOMEMER T T4 <,
PUTNESTAL, R, 7T ASROBMAE TR L TE BERS Y &
R

11



TR, £T. 7 T RAXBEBE O 2 BRERICESWTETER EHI W TAE
9, BA% helust Tlid, 7 7 A XM OHEBEOFHEFIE (EXR) 247 a v
method THRETHZ LN T FET,

> pdf("fig6.pdf", width = 10, height = 10) # KX KZ\OTpdf 77 A icH)
> d <- dist(data.mk) # o—7 Uy NH#EEFE
> op <- par(mfrow = c(2, 3), mar = rep(@, 4))

> tre <- hclust(d, method = "complete") # IRIEERE (GEaEsiR)
> myplot(tre, subpop)

> tre <- hclust(d, method = "single™) # BOEIEEE (GHERE)
> myplot(tre, subpop)

> tre <- hclust(d, method = "average") # OSEEIERRER

> myplot(tre, subpop)

> tre <- hclust(d, method = "median") # AT T Vik

> myplot(tre, subpop)

> tre <- hclust(d, method = "centroid") # HLE

> myplot(tre, subpop)

> tre <- hclust(d, method = "ward.D2") # 74— F Ward) i£

> myplot(tre, subpop)

> par(op)

> dev.off() # pdf 77 A NVEHL D

R\

N

6. Hix 727 7 A X HIHBED EFRICE D < BHEX

12



Mexise, 77 AZMEMOERDE WL, o 7 IVRHIEERED EZROE
EReD | BIERO bR Y —BRELS BT D N0 7, FITE,
HENADEIZZ D BN LRBTERIC> TWAEELHD £ (T, T
R, Flo, 7T AZMOBEONBRIEFICHASINLILE LV ET (FF)., Z
DRNS EDOFEZTRT 5008 LV RIETT R, 2L 054, B
ERELSFENENLONRITINE T, HIIEL, 22 THE ol - ZRSITE
LTCWANEMEFENNENHEDOERSEIWVWTLLE D,

BI¥ helust THRETE 57 T A X MOEMOER LR LET, 7 VHOE
BEdx, x )ICHKSE, 7722 AL BOREEZ daslZULTO X D ICEHRE SNLE

B

o S REHHE (GEaEfsk)
(B9%% hclust T method="complete" % 5§ &)
dy = max(d(xi,xj))
i€A
jeB
® ARREEE (HLERE)
(B9%% hclust T method="single" Z§7E)
dy = rgiAn(d(xi,xj))
jeB
® BJRRHEETE
(B9%% hclust T method="average" Z§1€)

dy = ! sz(xi’xj)

NANg ica jeB

ZIT on,ng 37 FAZ A BIZEENDY VT NORERT,

UTD3ODEFHTIE, 7 FAX ABRBMALTHLL Y FAZ CHTES
X, LW IRE CEABLUND Y Z 25 O MO deo Z2IRD K 5
ICEFRT Do 728, VT AX AL BOWEEE dasg. 77 A% A& ODHEEL
daow 77 A% B L ODHBER dgo. 77 AX A, B, OIZEENL YT LD
% na, ne, no £ EK7,

13



® H. \E
(B8%% helust T method="centroid" #57€)

d2 — nA d2 + nB d2 _ nAnB 2
co n,+ng 40 n,+n, 8o (nA+nB)2 A
& AT 4T Uik
(B8%% helust T method="median” Z 5 7€)
1 1 1
dco = EdAO +5d30 _ZdAB

® 74— K (Ward)
(B8%% helust C method="ward.D2"” Z57E)
n,+n,

ng+n, n,

2 _
dCO_

d;,+ dy, —

2
Al BO dAB
nA+nB+n0 nA+nB+nO nA+nB+n0

X 6 IZBWTHEM E DOXIGNAR L Bb b 2 S OFIEIZHOWT, oL
B L TAHEL L 9,

> op <- par(mfrow = c(1, 2)) # U7 7% 14725 ChlE

> d <- dist(data.mk) # o—7 Uy NHEEZ R

> tre <- hclust(d, method = "complete") # R

> myplot(tre, subpop, type = "phylogram"™) # phylogram & L CHITEX % H#i<
> tre <- hclust(d, method = "ward") # UFr— RNk

> myplot(tre, subpop, type = "phylogram™)

> par(op) # U374y FTvarElty NS

il

i Dt tll 1

[

X 7. it () Lvr—FiE Ch) (CX 5K

14



<EWILT —Z DI G D7 T A K fifhT >

ZZETIEH, DNAY— I —7 =% % b L ITRESCRTE 7 T AZITHELE

L,f_o RSP RID 7 T A ZfEMNTIL. DNA ~—h—F—ZF TR, BE
ZaHEICLTHITHIZENTEET, £/o. 2<FALT—FIZ2ONT,

WA - R TIE e, WEAEDET xR AR LT, W - RHEME TR X

WREBONRE = b OEED LERILY JAZIIHETHI L TEE

s ZITE, ZOEHIRT T —FITOVTIHAEITWET,

<l ¢ Enm \{1

FFNX O BET X EERLEL LD, &7 —% (alldata) "6, ZDOXKH 7%
FRATICHE S W E A frE, WET — X 2hEHLELX I,

> required.traits <- c("Flowering.time.at.Arkansas",
"Flowering.time.at.Faridpur", "Flowering.time.at.Aberdeen",
"Culm.habit", "Flag.leaf.length", "Flag.leaf.width",
"Panicle.number.per.plant", "Plant.height", "Panicle.length",
"Primary.panicle.branch.number", "Seed.number.per.panicle",
"Florets.per.panicle"”, "Panicle.fertility", "Seed.length",
"Seed.width","Brown.rice.seed.length", "Brown.rice.seed.width",
"Straighthead.suseptability","Blast.resistance",
"Amylose.content", "Alkali.spreading.value", "Protein.content")
data.tr <- alldata[, required.traits] # JA%?‘;% BT EkEmT
missing <- apply(is.na(data.tr), 1, sum) > @ # RELOSV IV ERDSIT D
data.tr <- data.tr[!missing, ] # KE LSV T ERL
subpop.tr <- alldata$Sub.population[!missing] # ZHHEMT—% L#EEL T

V V V V

BT =213, REICL > TEHORE S () NERYETS, 2074
HEDEEMND L. SBORERIGEITHBEDOFRICRE R B L 52, 7
BO/NSRIEITEEDOF RA~DOFE NSV T, £Z T, ETORE
(COWVWT, LI L TRB&E £,

> data.tr <- scale(data.tr) # T—X e L TEL

TlL, BET —ZIZOWT, Wl « FMEDEHOXNGRE Uiz 7 A X T & |
WEEDHEO%NGRE LT T AR EToCHELL D,

15




d <- dist(data.tr) # WET—F b 0NE - RO 3 E
> tre.var <- hclust(d, method = "ward.D2")

# UF— NIEICLD 7 T R2EN (SR - 28 & 508)
> d <- dist(t(data.tr)) # WHET— 2 MO EROEHEZ
> tre.tra <- hclust(d, "ward.D2")

# Uxr— NEICLD T T 22T FBEE 58
> op <- par(mfrow = c(1, 2)) # K& 117251 CRLET 5
> myplot(tre.var, subpop.tr, type = "phylogram")

# H{ERI%myplot % - Tl - R ORR & B X T RR
> plot(tre.tra, cex = 0.5) # hclust OfEREZOEFET 1w b
# WEHORBRRE IR TRR

v

> par(op)

Cluster Dendrogram

com—
—mi S -
E—]
=
= o
= ®
—=
= AN T
———— —
— c - €
ckl— = [OR N
E— ()] o £ 23t €
"‘Eﬁ o ~ S 229 | s RS
= L oc T [<% 6 o=
= o= » &= = cCEEC
— I 8§ <2 ER] 20c0G52E%
—— c 85 -89 =g TC0L -2
— o g GO0 85! 'L 28885525
— ® S5 =c TOE>2 oSy
Sa [ PR I ) : o
| 3s ] 8500 0=0EPRGT
= o£E § SEnccceS<<8®5r¢E
—— 55 S oo
= €32 = 22 £g83=WH g ©
533 < o9 2P0 g 2 o
S5 33 SBREEE 2
20090 20 ToLh2son =)
Sna o 82532 ]
— S ne Joooccs =
T O 3 ESL g n
o — o = 2 25r £
— < c g5 83
— B s £3 Lo
= S oo
@ [ (%]

d
hclust (*, "ward.D2")

M8 WHET—Z%xb Ll Ly T A2
ol - SRAEORGR () SIREMORER CF) Z2&RIEHEX

8 DAMODEIEK NG, MWIKD Y A X2 D5 I'E (Plant.height,
Panicle.length, Flag.leaflength) DI A VNIRRT L3000 £9, F
2, X077 A2FOIELIC, 3 SOBRETCHMENTEHIEDOS A7

(Flowering.time.at.*****) N[E L TCWDHZ E Lm0 7, /o, ILOHIED
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g (Flag.leaf.width) {&, oo ¥ A ABJHIPE & R0 | FEOKMAERTRE L
DOEERTRNZ E b0 3, 20X, ZRIET —FIEELLANL S 7
TR EATH) ZENTEET, ZOZELERATHBE RALT—%%4 L
EOTZHRNBED L Z LN TELHTL X I,

7eks. bab U7-f#dTid, Bd%K heatmap # HWC R W BRI R 2 FRTE F
‘j‘o

> pdf("fig9.pdf") # T ITRRENOTpdf 2D
> heatmap(data.tr, margins = c(12,2))
# Bk heatmap (2 X B2 MNSE DT T AL R & T —F Db — b~ v FER

> dev.offQ)

9. IWHT =4 D7 7 AZENFTOFERL — b~ v TOFRR

Flowering.time.at.Arkansas
Flowering.time.at.Aberdeen
Flowering.time.at.Faridpur
Florets.per.panicle ||
Seed.number.per.panicle
Flag.leaf.width
Amylose.content
Flag.leaf.length
Straighthead.suseptability
Plant.height
Panicle.length
Seed.length
Brown.rice.seed.length
Protein.content
Panicle.number.per.plant
Panicle.fertility
Alkali.spreading.value
Blast.resistance
Seed.width |
Brown.rice.seed.width

Primary.panicle.branch.number

17



t— b~y P B E LT, gplots Sy 7 — & £ 5 heatmap.2 &\
BB LH D £ (ICHTE SADBEEBLRH L EEVWET), Z2HHE2HWT
b= b~y T EHNCRET, A7 a 052N LR 308, R
DO BEWIDHET F,

> # this part is optional (plot with heatmap.2)
> require(gplots)
FRENTZ Ry r— gplots Zvu— K TF

WOy r—T 5T Mz E£3: ‘gplots’
DUTFoA7v=7 ML ‘package:stats’ MNH~vA 7 I THOET:
lowess

> pdf("fig9-2.pdf", height = 12)
> heatmap.2(data.tr, margins = c(12,2), col=redgreen(256), trace = "none",
lhei = c(2,10), cexRow = 0.3)
> dev.off(Q)
quartz
2
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DLFOXocT 5L, BT T AR OFERE NS TS - LR TX
F9, ZIFE. BF—ZICOWTIToT- 7 FAZEITORER L — h~ v &
TRICKMEETAHAEL L I,

> pdf("figl@.pdf™) # 77 7%pdf IcHNITD
> heatmap(data.tr, # WHET—HXEEE
Rowv = as.dendrogram(tre.var), # GFE - REEE A LT-ETEX
Colv = as.dendrogram(tre.tra), # FEEESHELIZEFK
RowSideColors = as.character(as.numeric(subpop.tr)),
# EROERE ffF & ONN—THRR

labRow = subpop.tr, # ATHO T~V ESEMAICE XL D
margins = c(12, 2)) # T T7DORADYA XEEE
> dev.off()

> = = = = [0 (o) ‘e = = = = Q [0 = 123 = s < > = =
= c =4 = (7] - - =3 =4 = <
= § 8 8 8 2 2 ¢ © ®» T &£ © © 2 § § & © £ © ©
£t c a2 3 2 8 & © § § T E £ & - c 5 T § & T §
[0} : o d 4 d s 2 o = 5 @ ® = Il = 6 2 &©& £ 2
s £E 2 3 3 2 2 ¢ v 5 ® g 2 2 § £ 8 ©o L @ g
s A * 9o o © 7T £ ¢ @ 2 £ § © = < g °
2060 58 & £ g2 8 & 2 5 8 8 & v 3 & g2 e 8 2
2 g = e § 3 g 2 T ®§ 2 o 3 o
S g @ o B g & 8 8 £ 2 5 > © : £
o [ L2 8 3 o T 5 9 ® £ [} E T 3 a
2 c o @ = s E © = E £ < 3
- = 9 2 = =
r s S < s 2 L 2 5 3 £
3 H £
S < = 2 c 3 5 £ £ 5
c o < = o] > e T 5 g2
<4 o T 0 g 2 ¢ [
o E %} T & 3 7]
£ Lo
=
o

X 10. X9 D7 T A ZENT O Fikz v+ — FIEICEE LIERER
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THHITOWNTH, EfEE A U< heatmap.2 A% Z A WTHIK 2 &b T& %
7,

> # perform clustering with appropriate methods
> pdf("figl@.pdf™)
> heatmap(data.tr, Rowv = as.dendrogram(tre.var),
+ Colv = as.dendrogram(tre.tra),
+ RowSideColors =
as.character(as.numeric(subpop.tr)),
+ labRow = subpop.tr,
+ margins = c(12, 2))
> dev.off()
quartz
2
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Bi% heatmap TlX., M L bR CTF — % CT7 7 A X i+ 5 0811 dH
DEHA, FlziE, ITHCHONT, DNA~—H—F—% Z -7 T A X
WoOMELZHTUIDDHZ L TEET,

> data.mk2 <- data.mk[!missing, ] # REHT—XIZXKURHDEHDEFRL
# ThaEhd e TAER B LD T T —Ilhkb
d <- dist(data.mk2) # DNAF—#% COMEHEZEET 5
tre.mrk <- hclust(d, method = "ward.D2") # D4 — RIETY T RAX T
pdf("figll.pdf™)
heatmap(data.tr, Rowv = as.dendrogram(tre.mrk), # OB, RIFEERRD
Colv = as.dendrogram(tre.tra), # BIIFELC
RowSideColors = as.character(as.numeric(subpop.tr)),
labRow = subpop.tr,
margins = c(12, 2))

>
>
>
>

dev.off()

v

=
E B

fr— S
2 58 E £ £ § § €E £ £ £ § L& & 5 g § £t £ 2 E £
Eﬁg:ggﬁ%wggvn,g.gg.%gmg%og
£ ] 2 2 2 g k=
5 < 2 3 3 8 § £ 5 5§ ® E § § 2 § 2 E & 8B & &
<~ E€ © BV TV L © g 5 © ® 8 o o ® x ° o = @° =S 3
s S8 8% 3223388 i;iEf8 gsofzos
2 6 53 ¢ 8 £ 8 3 @ ¢ 5 &€ & & v X % g & g & 2
£ 8 s 7 § € ©o @2 2 ¢ = 5 g ® F 2 °© g & §
£ £ o m© = 2 “’EE“"‘E®6>'$-:$ &

5 S m g < £ s 2 ¢ £ E g E T §
2 c 2 = } s 3 = = o
g z g 5 s 2 & 2 5 5 £
o = 5 t £ £
2 & = o Eg & £ = °
s a s 3 ] g
a S 0 o 3 2 =
5 I.LIE 2]
€
o

11. Bln~— I —FT — X ZHEIZ L= 7 T A X RITORE R & TE O Bf%
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THHITOWNTH, EfEE A U< heatmap.2 A% Z A WTHIK 2 &b T& %
7,

> # perform clustering with appropriate methods
> pdf("figl@.pdf™)
> heatmap(data.tr, Rowv = as.dendrogram(tre.var),
+ Colv = as.dendrogram(tre.tra),
+ RowSideColors =
as.character(as.numeric(subpop.tr)),
+ labRow = subpop.tr,
+ margins = c(12, 2))
> dev.off()
quartz
2
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<PEREHI 7 T A B FREATICIES < 38>

YU TR OREREIZ DN TH D & ZATREIE L, S T a7 v
— S LTEWEANH Y £, 22Tk, BENYZ T 2 X i oft Sz ik
DNTH I NERDLNTED I T AL HHEIC O TH L E
R

DNA ~— 0 —7 — XIS BB Y 7 A ZETOFERICESE, Wl - &
MaE b OO N—FIZHHELTHELLY, 5 EWVIDIE, Wl - BROATE
TOHREMOBIZEDETETTT, WENY T 22 OFERN G BEHY
727 N—"T % KD HIZIE B cutree & HWE T,

> d <- dist(data.mk) # DNA~—h—F—aZnba—r Y v RiEl&3HE
> tre <- hclust(d, method = "ward.D2") # UFX—REICLD7 TR
& it

> cluster.id <- cutree(tre, k = 5)
# Biftcutree ZHWTHIERICH S YT E 55D 7 T A LI

I T AL FEDE 5 DTN —T I LTEREREZK R L TAHAEL X 9,

£

e

op <- par(mfrow = c(1,2), mar = rep(Q, 4)) # U774 4T ard
myplot(tre, cluster.id, type = "phylogram™)
# PB9% cutree OAFRER (cluster.id) TS
myplot(tre, subpop, type = "phylogram", direction = "leftwards")
# FrET 244 (subpop) TE®SIF, 7Y 3 v direction THITER DM E 2FE

> par(op)

vV Vv

v

X 12. 7 7 A ITIC K D004 () Loy (f) DRk
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7 T ABRHTCIES AL B OBGRE, 7 a R EFREZMER L TR L
THEL LI,

> table(cluster.id, subpop)

u P wNn e

subpop
cluster.id ADMIX AROMATIC AUS IND TEJ TRJ
5 O 0 0 84 0
14 @ 0 8 0 0
1 0@ 52 0 0 0
2 14 0 o0 0 0
34 @ o 0 3 85

# cluster.id & subpop © 7 o A4EHFE & FR

MEIX, A7 44 (IND) @ 3 fHE « RFAERWT, FEFIZES—EH LT
L2ENRN0ET, Tk, pEFBEEDO S DD DNA v—h—F =X
EOWTHESN-OEEEXONET, B, #EOSERDIRE

(ADMIX) LHEE SN TWDFRICOWTIdEA 72 7 N —F2E ST
LZEH700 ET,

BEERY 7 7 A 2 RATIC K& 2 0B ORE Rz ERlorih ECHER L THEL X 9,

vV V. V

vV Vv

pca <- prcomp(data.mk)
op <- par(mfrow = c(1,2))

# TR T
# U7 7% LAT2HNTHERD

plot(pca$x[,1:2], pch = cluster.id, col = as.numeric(subpop))
# 1. 2 ERS OB A<
# HOZATTHROREE, ROGBTHEMERT

plot(pca$x[,3:4], pch = cluster.id, col
par(op)

as.numeric(subpop))

PC2

PC1

X 13. 7 T A ZRITIZ K 55008 & oy SRR 0 BAfR
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<BEREfERY Y A2 ) 7>

B HWD LAV T N—T IR D560, BB E 1T O BT
TLbHY A, ZITIE HFRENS T X Z T FiED— OT%ék$ﬂ
(k-means) EZFEITLET,

HIFE LRI LT —HIZ2oWW T, B kmeans ZH T 52D 7 )L—TF~D43FE
ZIToTHEL XD,

> kms <- kmeans(data.mk, centers = 5) # Bi% kmeans TS5 JVv—7 125
> kms # HEROFER
s LB W)

k- EHETIE, LT 9T A3 RATHED LT TV —TEA~DN %
ITWET,

kfflo 7 Z 2L FE LT, k{BOY > 7% BAELICERONET
2. TRCOTFT—ZEEL klDOr 722 FLMOERZRD, &7 —F 8%
il (ELETLETD) DiRbIEWS TAZITHET S
B EIe s 7 A2 (FEL) 85T 5
7 AL OFL (FEL) BE LR 2D ET, 23 40K

k-8R TlE, OIS EEAS IRIZN DT T L > TR EL T2 2 &
N FEF, EERIZ, RILT—F THETZEVIEL T, RONT Y X 2R
LTHELX I,

for(i in 1:5) { # A UfiEdT 2 5 [Elig v R4
kms <- kmeans(data.mk, centers = 5, nstart = 50)
# nstart = 501%, NSRRI NDH 7% 50y MO b O Tl 5
print(table(kms$cluster, subpop))

FIFE L HERY | EENLZEL TWAZENghEEEWET, B, £
TIUNGEINDLTN—TD 5] 1 TR DT OB TR > T 908,

ZHIE B DT N—=TIAERBICOT DN TV L E SO TRICHEITH Y £
/\/o
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Tl kK PHETHESN =78 BEN S T 2 2 fifr Cafas iy
N—T 0 BXO, MWl SRR T D EH ORI ONT, 7 m REFHE
AR L THERB L CAHAEL X 9,

> table(kms$cluster, subpop) # kL L RN T v AEFHREED
subpop
ADMIX AROMATIC AUS IND TEJ TRJ]
1 1 @ 52 0 0 0
2 23 @ 0 0 1 85
3 17 @ 0 0 8 0
4 12 O 0 8 0 0
5 3 4 0 0 0 0
> table(cluster.id, subpop) # BEREI D T R XN OFER & SR O g
subpop
cluster.id ADMIX AROMATIC AUS IND TEJ TRJ
1 5 O 0 0 84 0
2 14 O 0 80 0 0
3 1 @ 52 0 0 0
4 2 4 0 0 0 0
5 34 @ 0 0 3 85
> table(kms$cluster, cluster.id) # BB T A XN ORI R & k-EHEO L
cluster.id
1 2 3 4 5
1 0 053 0 0
2 0 1 0 0 108
388 1 0 0 14
4 0 92 0 0 0
5 1 @ 0 16 ©

7 a ZEFHREMER L THD L. ADMIX & IND SO S5EHICHTE T 5 0
FE - SBFEICDWTIE, k- PERE LB T A X fiffr TR C X D I20 ST
WHZEBZMYET, 3OO m AEEFRE WD & MFEOSFMIIE

FE—ELTWETH, —FEWAEONET, Ziud, 242 ADMIX

(@ ) Lo TWD M « RO FENE FIE TR S Z ENERFAET
R

TIE, k- PiE L BEE 7 T A 2 RITIC K D0 ORs Rz . TRk i
Y T HZLICEVHERLTHEL X D,
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convert.table <- apply(tableCkms$cluster, cluster.id), 1, which.max)
# 722D ID E#HbEHOIC, BHEDZ v AEHR TRADHATOEFEZFH S

> convert.table # ID OBAIMZ AT HIDOFIZ T —T )V
12345
53421
> cluster.id.kms <- convert.table[kms$cluster] # ID D%
> pdf("figl4.pdf", width = 8, height = 8) # 7/ 77%pdf 77 AL THD
> op <- par(mfrow = c(2,2))
> plot(pca$x[,1:2], pch = cluster.id, col = as.numeric(subpop),
main = "hclust") # BRI T R X fENT ORGSR
> plot(pca$x[,3:4], pch = cluster.id, col = as.numeric(subpop),
main = "hclust")
> plot(pca$x[,1:2], pch = cluster.id.kms, col = as.numeric(subpop),
main = "kmeans™) #  k-EEEORE R
> plot(pca$x[,3:4], pch = cluster.id.kms, col = as.numeric(subpop),
main = "kmeans")
> par(op)
> dev.off()
hclust hclust
8 I s o _| %(&
<><> A P
o © -
2 @é%o R .
% OO0 YN =
3 o8 x4 3
T o I K X o v -
> SRR I
> A
0 0 o 10 2 G0 5 o 5 10 15
PC1 PC3
kmeans kmeans
& » & 1 e
00 . X'x
o %%: @ ;:
oS8 g otes 3 .
© % x X X
Of@o o° & L 8 Zq* o
9| - o u], B ;E%Jr%
0 0 o 10 2 G 5 o 5 10 s

PCA1

X 14. g2 7 2 2 fF#r (L) BE O k-FEE (F) 2K 550H

& LRI RO BEFR

30




<@ 78 7 — T DO E >

ZETHET L IN—THESERORICEhE TS LTEELE, T
X, 205 LW TN—TEPARGIZHEO R B E ) D EHERT DR, ED
E2CTHLEINDTL X 92, WURIN—TEHERDDTZDD 1 DD IkE
ELT, BAaRBOITN—TIZHE LT, 2OLEDRE (V7 v—7) WEEF
(Within groups sum of squares) DD O 2 EUEIZIRD 5 &9 FHEEN
HoET,
IIBOIHTOBSIZHB L= D LR U L 92, &V HRIERERE 5 & BRI
FUCHEIENET, LER-T, ZA—7Hn10e X%, 2FEHFMBEERE
FrLipn £9, TO%, 2,3, 4. TV—TEBRZ T &L BERE T
MREL Y BRI NS 2o TITE 3, BEMIC 7 —THh
YOV —EFT S L BN RNE0 70 T, Lo T, BENE LRI
ERMET D E VI = LTI N—T BRI T o T LEVE
WA H Y FH A, £ T, ERS OB TERDTOEEZRDIZL DL —
JVERIT X DI, BT RMORD D, BB D RIZESINRERICED D
R WO, ThaesHT 270 —78E LET,

Tl EBBIC NV —T0 % 1~10 I8 S THNEFMEZEE L, Z0RH
DOREFEHR L TCHEL L I,

> n <- nrow(data.mk) # VoI OEENLETD
> wss <- rep(NA, 10) # HERSBERATIANY (FF) % M
> wss[1] <- (n - 1) * sum(Capply(data.mk, 2, var))
# EOWMAEMELT, ThUCn-1 2 L CEFMICRET
> for(i in 2:10) {
print(i) # 1 AFIRESET, HEORENSD X HICTD
res <- kmeans(data.mk, centers = i, nstart = 50)
# k = 2-10 T k-F¥EEEH
wss[i] <- sum(res$withinss)
# BENTEHFERECSIwss O 1 FBHOEH L L TRA
3
(FER 1T 0D
> plot(1:10, wss, type = "b", xlab = "Number of groups",
ylab = "Within groups sum of squares™)
# xWhAZ 1:1012, y WEHNELfIE LTY T 7 24Hi<
# A7 artype = DL, Tuy FENBTY T 7 24H<
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Within groups sum of squares
200000 250000 300000 350000

\O
—
oO— o
\O\o

I I I I I
2 4 6 8 10

Number of groups
15. k- PEETY T A 8 8% 1~10 I L2/ OREN DO 2L
BbERDE, 7TALZENE ZIRET2HT20 > LRENTE O DS EAR

W72 D DMWamY 9, ZOKNLL, 5 EWIENEEIR IV —THTH D
EEZOLNET,
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<YHANBEBR 22 T L O H >
_iﬁi\%%/7»%%?10@7»~7K%ﬁbf%iLtoﬁék\

DT N—TIEENTEY oy, HglCEDO 7 V—T ”\iﬁé?ﬂ
ZbD&, IhAH LT ZOT V=T “*éﬂt%@@ff#é it
D ET, DEOHENSEIRT HT20I ﬁ%@io_“*@@%@%/7
NWEATONOREMETHRTE S & @iﬂf“@”o Z Z Tli. shadow value

(Everitt and Hothorn 2011, An introduction to applied multivariate
analysis with R. Springer) &9 #iat&Ea b &IOS 25T 577
EE/EIT LET,

BA# kms TlX, k- FEEETRO DN E 7V —TOELOAMEDN, R INT
wiﬁo::?ﬁ\%%V?»ﬁ%*m%7w~7mébi?@E%%%”
L. bW L—7"FTOREREE ., RITEWZ LV —7"% TORREZ R
FDOEWE b LI S 25l L THE T,

ETNE, Ny =V flelds IZEENTW DB rdist ZHWNT, & 7L
7 — 7 HOEOEREZ R L ET,

> require(fields) # Nusr— fields OFAIAH
> d2ctr <- rdist(kms$centers, data.mk)
# rn—7HED (kms$centers) &H 7L (data.mk) o0 PHEEZ 420 0 Z1EL

> d2ctr # NS

(R SR ITA1E)

> apply(d2ctr, 2, which.min) # bty (B R/ ND) 7 —T R FR
(R SR ITA1E)

> kms$cluster # k-EEEORSROFR

(R SR ITA1E)

k-SRI, el -k o lc, BEOE COERE N R STV 7 L — 124
CINNESHELET, LER-ST, FORY 7 ATERRIND 2 ODOFEEIX
—HITHZEICEBELEL X I,

BV T ACONWTEHE SN, o & bilfWELE TORBEEERY
HIE, B imin 245 Z & TEEd, L2l 2HFBITEVELETO
BEREZ B T oIiZ &S AU X nwo Tl x 95, 2Tk, BIEREK

nth.min Z{ERK LT, THZ2FEHR L ET, BFEEA nth.min 13, 513 ix & LT
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HzonfidzRs SIE (FIE) (SE~NEL, £OnFHOMEZIRT EVD
P G

> nth.min <- function(x, n) { # X & n25EoBIERZE nth.min 2 &%
sort(x)[n] # Btsort Tx ZFNAEICIER, FDnFEHEIRT

}

> nth.min(-10:10, 3) # AR LITESTHD

> d.1st <- apply(d2ctr, 2, min) # B min 24> TR OELE TOHREZSS
> d.2nd <- apply(d2ctr, 2, nth.min, n = 2)
# HBEEE% nth.min 2> T2 ZFRIGEWELE TOHMAE 55

ORI R ZHDa~wy REFEITTHE, distilid, o7 Anbikd
ITWELE COMEREN, d.2nd 121X, 2 ZFBISTWELE TOEREMUA S
iTo

KIZ. shadow value ZatH L CAEL X 9, iFEHDOH 7LD shadow
value (ZLL TFO L H ICERINET

2d(x;,c(x;))
d(x,,c(x,))+d(x,,é(X,))
ZIZTC dx,cx ). iBHOV T NVOBEE x DR bW L — T D HE
O (EOF T ARREINTZ I N—TDEL) £TOER, dx,,éx )i 2
FHISEWI V=7 DELE TOREMAZRL TWES, ZOfEIZ 0~1FToD
BE &0 ET, ZOMEN0ITETNIE, ZDOH TR ﬁéﬂt&w~7@
BEOHTICAE L TWD Z 2R/ L TR, #ic, Lk, ofEsni-
TN—TDELE 2FHITENWI V—TDOELE COEBENZEEA LR L TH
LI EEEWRLET, Ldio T, HENERRY 7 V2T 5120%
shadow value 28 1 {IZT W 7 v & RO UT R nwE WS Z &I 77,

s(x,)=

FIZ EEE L TBWZIEEE d.1st 38 L OV d.2nd % VT shadow value % &5
L. TOMMN09LLEIZR5 02 mH L TAHAEL X 9,

> shadow <- 2 * d.1st / (d.1st + d.2nd)
> unclear <- shadow > 0.9 # shadow280.9 LW KREWHAE T (B) 1275

B OREFRIL, unclear (ICRASHET, ZOED, T (H) THNITSHEIBE
IR, F (%) TOHOHRIEDENHERNARTH L LB 6N ET,
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TIX. DENPBEkREH SN 7L o@ T LT, Ekisilh Eofdix %
HNTHEL XD,

> cluster.id.kms[unclear] <- 20 # unclear 8T () ®bHDIZ 20 A
# 20 1@COBAMERTa— NES

v

op <- par(mfrow = c(1,2))

plot(pca$x[,1:2], pch = cluster.id.kms, col = as.numeric(subpop),
main = "kmeans") # [X15 & [RBEICHAGXZ A<

plot(pca$x[,3:4], pch = cluster.id.kms, col = as.numeric(subpop),

v

v

main = "kmeans")
> par(op)
kmeans kmeans
e
8 I o _| >><§<
N %X
L2
e - 5 .
‘9 -
3 R 3
o o x%(xx o 0
R
A
. o -
L]
2 . o
O —]

PC1 PC3

16. AR Y 7L 2 @ THE LI B X

16 # 45 & 32 ADMIX (BE) &72-> T\ D 5HE - Rt (BEAD
M) DIFEAEDP@THASNTNDZER N ET, 20X, ¥
TIUDOBFEOERE WIS 9 &, MENDLLE) ZFHMET 52 & T, L aEM
TR RAIET D22 DN TDHE IR £, ZofITid, B EH
CEKT DT AREREINTWD EEZ ONDMTE - Bfad Ao &
MTEE L,
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<RFEHY TNV DR >

7T AZENTE. Z2HEOY TG DEORER LY TV AR T
DIZHFIHTEET, #lzIEX, ZEROBLEERICOWTIUE SN ZBEFOT —
B b LI T AT CHEZATV., £ O RISV TRER 25
- REEROHTZENTEET, 29 LTRENRHE - Bz RO L
TRBWT, 26 M - Rkt E AW TR 2 A b 25 2 BERER<C0 174
MIFREREZITO Z NI E 1,

ZITE, ZOXIRREY SN OERICHE L= T AR OITELE L
T. k-medoids ¥EZ#I L ¥ 9, k-medoids #Ei1%, k- FEREIEITWOET A,
TN—TDOELETORMZ G LI NV—T T T 50 TERLS, FA—T70
REH 7V (medoids) £ TOFERELZ S LT/ V=73 LET, K EK
MIZiZ, 7 722 0Pz BELETL0TERS, Zrv—7DREHF 710
JERES LT 5T L) AATT,

Ti&, RIAT —# (data.tr) (ZFEND 229 fnfl - RFEOH NG, k-
medoids {E CRFE L 72D 48 T2 E B L TAHAEL X 9, k-medoids iE%
FEAT T DB pam 1373 7 — cluster IZ& FN TV E T, k-medoids 15 T
SNHFEFRDH B, medoids D id (id.med) 23MtFE L TRIINT-H 7LD

ID T4,
> require(cluster) # k-medoids iD= D pam RNEFEND Ny r— U EIFOHT
> kmed <- pam(data.tr, k = 48) # PB%k pam Zffi > C k-medoids k% E1T
# k = AT DI N—TH
> kmed # FEROFRR
(GRE R4
> kmed$id.med # REFEL LTINS T L0 ID ZFoR
[1] 1 28 8192 121 8 7 53 10 218 33 15 63 191 18 83 126 27
[19] 93 98 36 38 202 106 52 54 148 136 101 62 211 161 86 145 85 91
[37] 92 207 123 203 124 159 178 137 138 162 166 214

B, ZZTHWLNERBA T —% (data.tr) 1FBEIC# 1 1KLL I T
WeZEIHEELELE S, bL, BOOFRLOT — TREROMIT 21T 5
BRiX, T2 2B TONERS L0 E I 0 E LSKREILT, LETH
i, B% scale # W TEEEN L TR E £,

TlE, REFLLTEIINIEY T AOEOERE . Faliod EoBmME LT
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KR L THAEL LD,

LR ot & FAT

T2 OIZT 1 WSS AR T D

D) HbRFELE LTEEINZHDOET 19 ICERE
L3O ToHtfiz £ =—F, 1913@zKT

> pca.tr <- prcomp(data.tr)
mypch <- rep(1, nrow(data.tr))
> mypch[kmed$id.med] <- 19

\'%
FH R H R

> op <- par(mfrow = c(1,2))
> plot(pca.tr$x[,1:2], col = as.numeric(subpop.tr), pch = mypch)
# UE L TR\ a— K mypch THUfIX % i <
> plot(pca.tr$x[,3:4], col = as.numeric(subpop.tr), pch = mypch)
> par(op)
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0@ %o o .O.
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~ 4 57903 & Lo0® 5 ° °
o ® @00 o o Py
o, &P @*oo ® o e
00, o® §000° . 0 G ® 0o
o° 7o s 00O o ~ 4 e Q o
o - o) oo ggo © ° o) & O
) © L o §0% 3 5:33 O@Oo 2.0
o
& ) o % ® e < g)r "%—;EO&C@GSOO
o 9 Od@zoo C o S&&eB O%o © e®
N H o ® gé) 0 0 TRse MO
o o @ OO [e]efe} ° q § ©0
o ° O@,O 0.%.. Oooo%'o C(ﬁ.@ <
@Qp o [Q\ ju © ° o g
< 2o o o o [
° o
T I I I I I I T I I I I I
6 4 2 0 2 4 6 -4 -2 0 2 4 6
PC1 PC3

17. k-medoids 7= CEEH S 7~ 48 fLfE - R D07

%12, k-medoids % W T &7z 48 ShFE « BHED b O ER OSSO
A E . B - RO B OTFEMOER DA, B A KNI T ABHIW T
LCHAELE D,

> op <- par(mfcol = c(2,4)) # U7 7%29T45ITUERD,
# mfrow & mfcol DENIEREIIING MG T T 7 WD 5
> for(i in 1:4) { # 14 LD AN T L%, for XTERAWTHEL

res <- hist(pca.tr$x[,i], main = paste("PC", i, "all"))
# BT —HDEANTT L
# Bthist OfER%Z res iZfAALTRE, kiTO a2~ > K THA,
hist(pca.tr$x[kmed$id.med, i], breaks = res$breaks,
main = paste("PC", i, "k-medoids"))
# REFEELTEIINCHFE - RFEOER N7 T A
# 2T —FOeANTLAORYYE (res$breaks) %K+ 2
}
> par(op)
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PC 1all PC2all PC 3 all PC 4all

< 8 3 8
S 2 o
> 8 > > ~ > ©
Q %) o Q %)
< c & c o c
@ o} o ® o o
S 9 = =] =R
T « T o T 5 T
o L« L o
w o w w w o
o o o o
6 4 -2 0 2 4 6 -4 -2 0 2 4 4 -2 0 2 4 6 4 -2 0 2 4 6
pca.tr$x], il pca.tr$x[, i] pca.tr$x, i] pca.tr$x], il
PC 1 k-medoids PC 2 k-medoids PC 3 k-medoids PC 4 k-medoids
o
o - 0
- o
© =
g ” ) ) g o
I < © c [=4 -~
o © [} [ [
3 =1 =1 © =]
o o o o
L« 2 o o
[ e [ L ©
~ N ~
° ° ° [TTT1] °
6 -4 2 0 2 4 6 4 2 0 2 4 4 2 0 2 4 6 4 2 0 2 4 6
pca.tr$x[kmed$id.med, i] pca.tr$x[kmed$id.med, i] pca.tr$x[kmed$id.med, i] pca.tr$x[kmed$id.med, i]

4 19. dhfl - SRt (B) BLOREL L TRITN T - R/fE ()
D ERRGIAG D 5347

%19 %R & . k-medoids I CRITN /- 48 Bf - RMEAS . 2FE - REEHS b
SHEDERE ERETETND LB £,

DX, 7T AR, 2EOY T ANSDEOREFEEZRBTHDIC

HHWHLZENTEET, ZI7ARZITOZDO XS BRFIHEICONTH, BA
TR EHEMTL X 9,
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< L iR— MiRE>

(1)

(2)

(3

BEJEH 7 5 2 Z RN & EPEIEI 7 T A 2 fEMT 2 T, A R OFREUF — %
data.tr (15 ~X—7) |[ZHSX, ffE - Bfix 15 B ICHBELTAHAEL &
Y. B, BEBH 7 T A ZEITICOWTIZ, WL 20D 7 T A Z MO EEED
ERICESWTHEEToTHEL LD, £z, 7 AERREHVWT, 2
NHMNHEM (subpop) & LD XD REURICH 2 MEMRTHEL L I,

k-medoids %% V) C data.mk2 (19 X—) IZ&E N5 229 fLfl - R D
25 DNA v~ — 0 —IZ R OB RIZES S AR 48 &l - Rt 4
ATHELE D, o, DNA ~— =R ONTITES ERR G0 217
W, fREE LTI - RO b OBIRER LY EA N EoHAR
ELTHRLTAHAEL X I,

(2T 7= FE - BRI OW T, Ko %EH (subpop) IZE LTS HON
WL OFT OB TV D D table B Z W TR L TAHAEL X 9, £z,
Q) CTEIINT M - BFICONT, K19 (B5FE - Bt & B3z fhfE -
RHDIBEDOERDOE A N7 T L) Zfix, 20t - FHRO b OPE DL R
M) TEIINTZ A - B L - T, POREREZINTVDENEZFTHRTH
FLXI,

fEHTTE

e LAR—NZ Tpdf 7741 ) &ELTERL, A=A TRET S,
e A—/iE, [report@iu.a.u-tokyo.ac.jp i) 2k 5D,

o LAR—FORAINT, TFTE, FAEF D, Lz d] 12,

o EMBIBRIZ. 5 25 H
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