5 RNA-Seq TRV -SEEMZEZEAH T EMAORH
RERRY REBEORAVIZET MLt BE W
Mail: kashima.biology@gmail.com
2019 /£ 5 A 28 H

FEEDER
AEMOBEH

X, FABRBEIONE L TEB LTS, TOREIGEX., 7/ A2k~ T
HESNTWD B2 B, 7 AZRNREISEDMFERZEZEAH LTS
EEBEZDOND, BIaFREREZENIEE AL, BT 2E2NEEEMN TH D
QTL(expression QTL: eQTL) % Rl 3 5 kA3 Z < FET 5, eQTL fi#HTICiL, [A]
UBRti (RS - FRR) TOXRETLERMOBFRET —F DNEL R
b D, 551103 A FORMET—EICHRIETE DBREOHITIZRY 73dH -
7=

U, WADOKRREMEHIF T A7 ) F b= bR LT 5%
(genotype) H OHERE TNV A ER T 5 Z & T, AEEOKRREM TOXMNLRLHDOELS
THRBLAE THT 5 Z LR AMHE & 72 > T b (Iwayama et al. 2017; Nagano et al. 2012),

ARFEETIE, ZOFEZHM LT, BlaFIEBEIRE O ShfE /M 72 4 & 2 1AL
(expression dynamics QTL: edQTL) % [F]7E L. {T:E @ genotype OFfEi¥) % THITX 5
FIEDBHFE S 4172 (Kashima et al. 2018), AEE Tlid, ZOFELHIL, JBT
— & LA THES LT A R OMEEF RNA-Seq DT — X )0, Sh Ak 25 & A A H 3
M&RET D FIELHENTT 5,
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Cost-effective strategy for edQTL detection in this study
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Rstudio DEE) & EHfra— FO R

[Field_infomatics_Rproject.zip] Z %, &SN 7 VXD
[Field_informatic.Rproj| % iR L TR <. Rstudio NEEIT 5D T, H\ T
[Rscript.R] ZBH<,

~
AT R EHHE s
scripts = 2019/03/25 8:40 74 JAA -
[ ] BiLs_data = 2019/03/22 11:54 740
2 Field_infomatics = 2019/03/25 8:40 R Project
[ 7 input data c 2019/03/15 17:14 7740
€ Rscript c 2019/03/25 8:39 R 771

Rstudio D{E LA

@ C:/Users/Makoto/OneDrive/Documents/sk B3 5ff/#22%/Field _infomatics/Field_infomatics_Rproject/Field_infomatics_Rproject - RSt... — O X
File Edit Code View Plots Session Build Debug Profile Tools Help
Q- Oyl - A Go to file/functio oo v Addins - R Field_infomatics_Rproject — Field_infomatics Rproject =
@7 RscriptR = i History G ions . [~
> SourceonSave | O S~ SRun | %% | Psource -| = 2 | | (2 mport Dataset ~ & = List =
#HfEEE NN T A0 F o D PTER A "k Global Environment ~
load("input_data™) # F — 8 @

source("scripts/colname2rgh.r™) # o 5%
gn = "0s12g0406000" # S EER Nk I B FTEEIE

# 1EEl @ T ER

time.list = sort(unique(c(attribute.kos$time,attribute. takitime))) # attri
plot(time.Tist) # # 2 7 U UES@QElib. ERAE N & 2 2 H24FEY 2 T
sampling.border = which(time.1ist[2:Tength(time.list)]-time.list[1l: (Tength
10 abline(v = sampling.border, 1ty = "dashed") # IFL (R EF -2 HTET

H1AH . colnamelrgh (B =2, EEHE): &
E

Environment is empty

O— RA2EiIR L,
[CtrI*Enter| T3FEAT

Voo ~No v B W N

12 ###### THIE T L FEER

13 requireNamespace('FIT') # FIT/T w i — 3 i H o, TibraryQ & F EFIE O M L N "

W o# DS s - EOMHEERN pEh @Ay Pt DA A - p -glEmE(Eg e Pt Padages | Hep | Views(D
15 # grid searchiFoptimM# L L2 HEEOIMEBEREOEHLCITIOT. EChEERBOLE @ NewFolder @ Delete = |Rename | gk
16 grid.coords = list(

B
=¥
i

i_Rproject - Field_infomatics_Rproject B .

17 env.temperature.threshold = c(10, 15, 20, 25, 30), v

18 Ame Fommanatinn amelitade o7 10N/20 1720 1/300 100 /200 o [EEE

19 € > t.

31 (Top Level) 3 R Script 2 £ Rorojuser
Console C:/U. Mak ‘OneDrive/D AT /4% % /Field_infomatics/Field_infomatics_Rproject/Field_infomatics_Rproject/ =0 | BlLs_data

- A El Field_infomatics.Rproj
R is free software and comes with ABSOLUTELY NO WARRANTY. 1] input_data
You are welcome to redistribute it under certain conditions. & -
Type 'license()' or 'licence()' for distribution details. ] RscriptR
1 scripts

R is a collaborative project with many contributors.
Type 'contributors()"' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

>




ADNT—EDF T v o OTERE
load("input_data") # 7 —X DFiAikA

source("scripts/colname2rgb.R") # AH/EBI#DFi4iA*%, colname2rgb( 54, %
BE): (14 & BHEZHEICIEETES
gn = "0s512g0406000" # 5 /E/i VK 5 En T4 & 15E

A%, R O#EE L, 051280406000 (ZFE 5 %48 > THENT 28D 5,

MARATEET—2 DOFER
attribute.kos

time sampleID year month day hour min LineName type age
20001 208321 20001 2015 5 25 16 0 SL1207 0 37
20003 208441 20003 2015 5 25 18 0 SL1240 0 38
20004 208441 20004 2015 5 25 18 0 SL1217 0 37
20005 208561 20005 2015 5 25 20 0 SL1234 0 37

dim(attribute.kos)

## [1] 447 10

dim(attribute.tak)

## [1] 407 10

ave Y RRav e VR CSSLs DY 7Y 7 Al #ERE% H K,
genotype DIEH, FIT IE time & AW CTH 7V VA OMBEZIB 2729,

2015-01-01 00:00:00 2 0 & L C, —43Z &IZ+1, type FliL, @BHMEMH L2V
T, 0 LTHL,

gt.mat.full
chr Position.Mb..IRGSP.1 Koshihika SL120 SL120 SL120 SL120 SL120
X marker . 0 ri 1 2 3 4 5
1 RM3252 1 0.303 A B A A A A
2 RM5423 1 2170 A B B A A A
3 GNla 1 5273 A B B A A A
4 RM1287 1 10.840 A A B B A A
-1

4% genotype (2%t L7z 141 DNA ~— 4 — D 2 ¥ ¥ 1 xfIin e,



gt.mat
Koshihikari SL1201 SL1202 SL1203 SL1204 SL1205 SL1206 SL1207 SL1208 SL1209

A B A A A A A A A A
A B B A A A A A A A
A B B A A A A A A A
A A B B A A A A A A

dim(gt.mat)

## [1] 141 84

% genotype (Z&Iis L7z 141 DNA ~— 1 — D a2 > ¥ Ixtinde, fEHTICH A LT
<EBLIZH D,

log2rpm.kos

Osm1g00110 Osm1g00120 Osm1g00130 Osm1g00140 Osm1g00150 Osm1g00160
20001 10.039827 9.238876 5.282357 8.352438 -3.321928 -3.321928
20003 10.435200 9.426667 6.878275 8.395283 -3.321928 -3.321928
20004 10.161790 9.242535 6.551691 7.155632 -3.321928 2.299059
20005 9.912023 9.581236 6.390161 6.865035 1.847090 -3.321928

dim(log2rpm.kos)

## [1] 447 23924

dim(log2rpm.tak)

## [1] 407 23924

KW T, KiEE T D log2 read per million DFE,

weather

time year month day hour min temperature radiation

1 2015 1 1 0 0 5.4 0
2 2015 1 1 0 1 4.5 0
3 2015 1 1 0 2 4.5 0
4 2015 1 1 0 3 4.5 0
dim(weather)
## [1] 525600 8

Yo7 T BT o T EROKEER (RILEERKAHE) |



weights.kos

Osm1g00110 Osm1g00120 Osm1g00130 Osm1g00140 Osm1g00150 Osm1g00160

20001 0.3414369 0.2923990 0.1637512 0.2124301 0.1272098 0.1545012
20003 0.4933470 0.4149699 0.2219424 0.2943396 0.1153867 0.1202134
20004 0.5721302 0.4771750 0.2507674 0.3357457 0.1200098 0.1146971
20005 0.4942924 0.4130002 0.2213397 0.2936699 0.1153170 0.1203227
dim(weights.kos)

## [1] 447 23924
dim(weights.tak)

## [1] 407 23924

FIT TOET/UAEREFIC, EAHTEIRZAT O 7O 2 e raw B 7 > MUP G
R L7245 log2rpm OfFHHEE, AFEE T, WrE O REGR TR T L% O R/ A
13A <, F#L<IE, FIT O~ == 7 /Lb~—(https://cran.r-
project.org/web/packages/FIT /vignettes/FIT.html) 2},

ERID T #£48

time.list = sort(unique(c(attribute.kos$time,attribute.tak$time))) # attr
ibute I(C/FHET ST XTD time —&

plot(time.list) # # > 7V > ZHEm DAL, FEPKEEZ 570324 FFf]7 7V
>ty P DEIR,

sampling.border = which(time.list[2:1length(time.list)]-time.list[1:(lengt
h(time.list)-1)]>1000)+0.5 # which /% TRUE D[/ & & &7

abline(v = sampling.border, 1ty = "dashed") # [EL<BHRF LS LN TET
WaneE7ay pTFz 2
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T RlETIVIER

requireNamespace('FIT') # FIT N o —2"DgAikA, Library() & IZIF/aEDFERE
FVSPEETRIG, Z 66D LEEE I = 5700,

## Loading required namespace: FIT

# FIT DNT X —5 —HEE DT 20D B 720D 2" Y > R Y —FHDNT X — 5 —Dif
FEIFIET 7 4/ P RIE)
# grid search /Zoptim BEIC L & R L DAENERE DEDIZIT O DT, 1EFEA EE
BDLENT R0, THFERE AT, fIERD SHHIZEET S,
grid.coords = list(
env.temperature.threshold c(le, 15, 20, 25, 30),
env.temperature.amplitude = c(-100/30, -1/30, 1/30, 100/30),
env.radiation.threshold = c(1, 10, 20, 30, 490),
env.radiation.amplitude = c(-100/80, -1/80, 1/80, 100/89),
env.temperature.period = c(10, 30, 90, 270, 720, 1440, 1440*3),
env.radiation.period = c(10, 30, 90, 270, 720, 1440, 1440%*3),
gate.temperature.phase = seq(@, 23*60, 1*60),
gate.radiation.phase = seq(0, 23*60, 1%*60),
gate.temperature.threshold = cos(pi*seq(8,24,4)/24),
gate.radiation.threshold = cos(pi*seq(8,24,4)/24),
gate.temperature.amplitude = c(-5, 5),
gate.radiation.amplitude = c(-5, 5)

)

# FITICL B TETANEEDIEDDINT X — 5 — (b D5 & I5E(I1FIFT 7 4/ | FIE)
recipe = FIT::make.recipe(c("temperature”, "radiation"),



init = "gridsearch",
optim = c("1Im"),

fit = "fit.lasso",
init.data = grid.coords,
time.step = 10,
gate.open.min = 479)

# 2N Y PHETADE
train.attribute.kos = FIT::convert.attribute(attribute.kos) # attribute
& FIT HICEH

## # Preparing attribute data..done.

train.weather = FIT::convert.weather(weather, c("temperature","radiati
on")) # weather # FIT /HIZZH

## # Preparing weather data..done.

train.expression.kos = FIT::convert.expression(log2rpm.kos, gn) # Log2rpm
& FIT HHIZEH

## # Preparing expression data..done.

train.weights.kos = FIT::convert.weight(weights.kos,gn) # Log2rpm (ZX7/ [
7= weigth # FIT JHIZ A

## # Preparing weight data..done.

models.kos = FIT::train(train.expression.kos, train.attribute.kos, train.
weather, recipe, train.weights.kos) # FIT (2L 5 =22 b0 Y FHE7IL1Ek

## # * Training..

## # ** Prep+Init:

## # Prep (grids)

## # - D, type, C

## # - E(temperature)

## # - E(radiation)

## # Init (grid search)

## # - init params for temperature
## # - init params for radiation
## # Prep (grids)

## # - D, type, C

## # - E(temperature)

## # - E(radiation)

## # Init (grid search)

## # - init params for temperature
## # - init params for radiation
## # ** Optim (1m):



Hit # K** Im:

## # optimizing 0s12g0406000

## # | temperature o | radiation o | => ( temperature , 124.4582 )
## # ** Creating optimized models

## # Done (training)

# X7V FRIET DR
train.attribute.tak = FIT::convert.attribute(attribute.tak)

## # Preparing attribute data..done.

train.expression.tak = FIT::convert.expression(log2rpm.tak,gn)
## # Preparing expression data..done.

train.weights.tak = FIT::convert.weight(weights.tak,gn)

## # Preparing weight data..done.

models.tak = FIT::train(train.expression.tak, train.attribute.tak, train.
weather, recipe,train.weights.tak)

## # * Training..

## # ** Prep+Init:

## # Prep (grids)

## # - D, type, C

## # - E(temperature)

## # - E(radiation)

## # Init (grid search)

## # - init params for temperature
## # - init params for radiation
## # Prep (grids)

## # - D, type, C

## # - E(temperature)

## # - E(radiation)

## # Init (grid search)

## # - init params for temperature
## # - init params for radiation
## # ** Optim (Im):

Hit # K** Im:

## # optimizing 0s12g0406000

## # | temperature o | radiation o | => ( radiation , 483.1129 )
## # ** Creating optimized models
## # Done (training)

## XV T Y TRERICBIT e Y - BT OBGFRBLTH
kos = FIT::predict(models.kos[[gn]], train.attribute.kos,train.weather) #
attribute( 7> 7Y > THFR & EFEE H ) & BRGNS, B0 U DE TS



i)/

time.to.X.axis = 1l:length(time.list) # KV > 7V 2 Hj&#/T L Tplot 75
Vak's,
names(time.to.X.axis) = time.list # attribute D time /6D T 2 X F 251
73

plot(time.to.X.axis[as.character(attribute.kos$time)], log2rpm.kos[,gn],
col = colnames2rgb("blue",30), pch = 16, ylim = c(-4,8)) # ZEJEZ plot,
pch=16 /e z 75/,

points(time.to.X.axis[as.character(attribute.kos$time)], kos[[1]], col =
"cyan") # TH/MEZ plot

abline(v=sampling.border, 1ty = "dashed", col = "gray") # 24 iV > 7"V
> T DI & il 1,
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time to_X_axis[as.character(aftribute_ kos$time))

# U7 VICEIL T8 plot

tak = FIT::predict(models.tak[[gn]], train.attribute.tak,train.weather)
plot(time.to.X.axis[as.character(attribute.tak$time)], log2rpm.tak[,gn],
col = colnames2rgb("red",30), pch = 16, ylim = c(-4,8))
points(time.to.X.axis[as.character(attribute.tak$time)], tak[[1]], col =
"magenta")

abline(v=sampling.border, 1ty = "dashed", col = "gray")
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time to X axis[as.character(attribute tak$time)]

b B Y OFRNEEREICEVA, Z Y O FRAMEIZSERHE L D HI80WH
HUMNIEVMEIZ /> TS, ZiUIZ BT U 5D CSSL TiEV — KA w2 R0
DY T NEL | BRERNEIICE RSN TH D, RNA-Seq (2L DE
BlL, WV T—EThDHTD, —EEUTORBEDOF IR HIZ /> T
LETH, ZOREL, V— T Z & bi3dEsnd,

edQTL DR H 5 LR

edQTL OfaHI%, 4 DNA ~— 7 —IZ edQTL 3% 5 L{RE L. =D DNA ~—7
—® genotype ([ZFESNWTa e B UETNANZ T VBT IVERIN L5505
Z(TPHMED ZRMED ) DFn2s, 755 genotype TET /VEINZ L7-5A D%
IZHRT, PORESETDLONEFHMET S & TIT I,



Sum of residual errors forgene i _ ShaE
on the assumption that a type of ~ 9E;

gene expression dynamics is determied ] -
by background genotype A
SEi,i" SEi,l >

Sum of residual errors for gene i

Expression level

= N
on the assumption that a type of sE,, - /'\,
gene expression dynamics is determied z " A
by the genotype of DNA marker g sE , - l I
o
| _Le
g | m
Marker (g) w A
1 2 3 4 >
Time
Kos O ’
o CSSL A 3 m —
[=%
ZCssL O % Predicted log2rpm of gene i
& cssLO § , in Koshihikari and Takanari (FIT)
[
CssLA & | M oAOO0AO
Tak [ ] A Observed log2 rpm of gene i (RNA-seq)
. >
Time

edQTL A% DNA ¥—H—LICHFHET S LRE LI-RDRED
WEZHER

log2rpm.all = rbind(log2rpm.kos,log2rpm.tak)[,gn] # ==&tV « #07 V#
47 CSSL & HF B D 0s12g0406000 D Log2rpm &7y &5

attribute.all = rbind(attribute.kos, attribute.tak) # =Z>&tvV - %257V
B CSSL & BFAH D attribute &755

prediction.attribute = FIT::convert.attribute(attribute.all) # attribute.
all & FIT DA SICEH,

## # Preparing attribute data..done.

kos = FIT::predict(models.kos[[gn]], prediction.attribute,train.weather)
# prediction.attribute 2 A E L T, B0V ETAZH s FHEH & T
tak = FIT::predict(models.tak[[gn]], prediction.attribute,train.weather)
# prediction.attribute 2 A E L T, 0T Y ETI2 ) Tl 755 2 70

residual.kos = abs(log2rpm.all-kos$temperature) # ZEJjgt =260 71
D THNE DI & 75

residual.tak = abs(log2rpm.all-tak$radiation) # Mgt > 07 700
HIE DI 75

sum.of.residual.erros.BG =sum(residual.kos[1l:nrow(attribute.kos)],residua
1.tak[ (nrow(attribute.kos)+1):nrow(attribute.all)]) # #Z =& genotype /ZF—
W CETERET TV FEFEE 71



sum.of.residual.erros.edQTL = rep(@, nrow(gt.mat)) # 7#DNA ~— 7 —/ZedQT
L ZIRIE L EBRDIEZEFIDIRIFIHA 7= 2 |

for(m in 1:nrow(gt.mat)){ # m Z&FHDDNA ~— 20 —(Z edQTL 735 & IRE
#m=1

kos.type = colnames(gt.mat)[gt.mat[m,]=="A"] # edQTL 732> E 7 VHDZH
— &
tak.type = colnames(gt.mat)[gt.mat[m, ]=="B"] # edQTL /3% U7 VD Z/—

\
T

sample.kos.type = is.element(attribute.all$LineName,kos.type) # edQTL
Wb JRIDY 27—

sample.tak.type = is.element(attribute.all$LineName,tak.type) # edQTL
ISE TV HID > 7 —

sum.of.residual.erros.edQTL[m] = sum(residual.kos[sample.kos.type], res
idual.tak[sample.tak.type]) # ZEE£714 7/ 4
}
improvement = sum.of.residual.erros.BG - sum.of.residual.erros.edQTL # 7
# genotype N— X L [E7E edQTL N— X (2517 S IEFEFI DK 7 71 H
plot(improvement, pch = 16) # improvement Z plot
abline(h = @, col = "red") # (FEHHEDEIR 7 1]
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H > T ILD genotype 2% F B permutation ZFIA L 1=, E
B & O#t a4l
A B IVEROY TN ZAFTIVEROY T VNENENTREL 2

O Z (permutation), ZEZZEMOUELZFRTHZ LMV IEKTZ LT, LI TH
H L7288 EOFLER LV O DR EAL ) 2 Etd %,

Permutation 1 Permutation 2

Marker (g) Marker (g)
1 2 3 4 1 2 3 4

sbgE;- sE; sbhgE;- sE,

i1 lm m om
sbgE,- sE,, sbgE, - sE,,
sbgE,- sE, , sbgE,- sE,
sbgE,- sE,, sbgE - sE,,

set.seed(1234) # permutation DiFROHHNEE (RIFET SFF L0
improvement.permutation = matrix(@, ncol = nrow(gt.mat), nrow = 100) # 10
0 /6] permuation DOFFRIRIF/HA 7> = 2 F

# sample BIEDZFE) & fEid
head(sample(attribute.kos$LineName))

## [1] "SL1205" "SL1216" "SL1205" "SL1206" "SL1208" "SL1218"
head(sample(attribute.kos$LineName))
## [1] "SL1206" "SL1204" "SL1216" "SL1208" "SL1209" "SL1214"

# 100 /5] permutation
for(i in 1:100){

permutated.genotypes = c(sample(attribute.kos$LineName), sample(attribut
e.tak$LineName)) # 7 7Zsgenotype #EIZil~FFZ

for(m in 1:nrow(gt.mat)){ # ZADNA ~v——(ZedQTL b5 &+ K L Tl 77

==

A
kos.type = colnames(gt.mat)[gt.mat[m,]=="A"] # edQTL 7=k 7 VD%
&
tak.type = colnames(gt.mat)[gt.mat[m,]=="B"] # edQTL 735 7 U WD F#
=
=

sample.kos.type = is.element(permutated.genotypes,kos.type) # Permuta
tion BD L VD 771 5 1241

sample.tak.type = is.element(permutated.genotypes,tak.type) # Permuta
tion DX T VD2 771 2R

improvement.permutation[i,m] = sum.of.residual.erros.BG-sum(residual.



kos[sample.kos.type], residual.tak[sample.tak.type]) # Permutation 7%
FNCHD | edQTL FRET S = EIC L SIEEFIDHK#FH & 75

}
}

which(improvement==max(improvement)) # edQTL # kK& 75 = & T, & bIEEMDP
KEHT S DNA ~— —

## [1] 134 135

m = 134 # DNA ~—0 —&/5&

hist(improvement.permutation, breaks = seq(-300,150,10), freq=F) # 100 /7/
D permutation TODFEZEFID LD 5047

abline(v=improvement[m], col = "red") # 134 ®DNA ~—U —(Z edQTL I3 /7F/E7
B ERIE L e BEDFEFEFI D L 3 2 i jE]

mean = mean(improvement.permutation) # permutation T7F 5417 FEAEFIDL#E D
V) 515

sd = sd(improvement.permutation) # permutation T7Z 5 #1/2 /AR I DFENE
A& 75

curve(dnorm(x,mean,sd), -300,150, col = "blue", add = T) # permutation &

DTN T o > T 2 2 W IEH 7 & 1

Histogram of improvement.permutation
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100 [B]? permutation TiX, 100 [A] X 141 DNA ~—7% — = 14100 77— A L7
WOT, p HIF/NESLTYH 7105 ([ LR 5 7e, B a 1 CREBROBREZITV,
LEMEMIEZIT OB A ZMET S &, permutation DEIEIIEETH LD 720,
% ZC. WA C permutation T DAV TR AT O W EE SV ORIl L
T, TR L MR- Cp EEFHET L, AL, ERGHRE 74 v T 4
YT IETWD,

p.value = pnorm(improvement, mean, sd, lower.tail = F) # p fd& 75, Lower.
tail = F : p(x)>improvement

q.value = p.adjust(p.value, method = "fdr") # ZHMKEIZX/9 5 FDR #HiE
plot(-logl@(q.value), pch = 16) # #HiLF4 p-value &4
abline(h=-10g10(0.05), col = "red") # A.E KM IEFF4p [6<0.05 & #iE
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permutation &fEFRSAAEZFAT L Z & T, REMOKEL A WA p EIZEH L,
ZOWEN-ET-FRIDMRER DL ENTE T,



RSNz edQlL [Tk > TEEBEFRESENEELLTILNDD
NeFTvYy

edQTL.DNA.markers = which(q.value==min(q.value)) # edQTL Z/F >~ —71 —& %
H
gt.mat[edQTL.DNA.markers,] # edQTL & genotype z F/i

## Koshihikari SL1201 SL1202 SL1203 SL1204 SL1205 SL1206 SL1207 SL1208
## 134 A A A A A A A A A
## 135 A A A A A A A A A
## SL1209 SL1210 SL1211 SL1212 SL1213 SL1214 SL1215 SL1216 SL1217 SL1218
## 134 A A A A A A A A A A
## 135 A A A A A A A A A A
## SL1219 SL1220 SL1221 SL1222 SL1223 SL1224 SL1225 SL1226 SL1227 SL1228
## 134 A A A A A A A A A A
## 135 A A A A A A A A A A
## SL1229 SL1230 SL1231 SL1232 SL1233 SL1234 SL1235 SL1236 SL1237 SL1238
## 134 A A A A A A A A A A
## 135 A A A A A A A A A A
## SL1239 SL1240 SL1241 SL1301 SL1302 SL130e3 SL1304 SL1305 SL1306 SL1307
## 134 A A A B B B B B B B
## 135 A A A B B B B B B B
## SL13e8 SL13e9 SL1310 SL1311 SL1312 SL1313 SL1314 SL1315 SL1316 SL1317
## 134 B B B B B B B B B B
## 135 B B B B B B B B B B
## SL1318 SL1319 SL1320 SL1321 SL1322 SL1323 SL1324 SL1325 SL1326 SL1327
## 134 B B B B B B B B B B
## 135 B B B B B B B B B B
## SL1328 SL1329 SL1330 SL1331 SL1332 SL1333 SL1334 SL1335 SL1336 |SL1337
## 134 B B B B B B B B B A
## 135 B B B B B B B B B A
## SL1338 |SL1339 Takanari HP.a HP.b

## 134 A B B A B

## 135 A B B A B

WL L TWAHEETFZHIE L TV 5 edQTL T2 b U5 RO CSSL TliE#
F VRN @ S T SRRRITAFEIE L7V, — T, XU EO CSSL T,
SL1337 & SL1338 TedQTL 28z b A UANIEH STV D,

attribute.tak.BG.substituted = attribute.all[is.element(attribute.all$Lin
eName,c("SL1337","SL1338")),] # edQTL 7 %% genotype & #7025 F%# D attribu
te i1

prediction.attribute = FIT::convert.attribute(attribute.tak.BG.substitut
ed) # FIT A/H/Z attribute. tak.BG.substituted # Z /i

## # Preparing attribute data..done.



kos = FIT::predict(models.kos[[gn]], prediction.attribute,train.weather)
# I VETITTH
tak = FIT::predict(models.tak[[gn]], prediction.attribute,train.weather)
# ST YETICTTFH
plot(log2rpm.all[is.element(attribute.all$LineName,c("SL1337","SL1338"))],
col = "blue", pch = 16, ylim = c(-4,8)) # ZEJfd z#iw
lines(kos$temperature, col = "cyan") # =2 b Y -EFILDFHEE 1
lines(tak$radiation, col = "magenta") # X7 U&7 /LD FHE % 7iE

w

Index

n.all[is.element{attribute all$LineName, ¢{"SL1337"
0 2
L

SL1337, SL1338 Ojli 5T, EHMEOBLEFHEE., ave D VET AN I £L
B LTWD, —FH T, WRHEDOE R genotype TH DX W)V ET /VIZIINL T
%R

ETIVERIZEA L TULVELY genotype @ BIL #FLVT.,
edQTL TEEFHRRORBELENHRATE D) ZRIL

R IZET VAER & edQTL MHIZAE L TN 72 BIL &2 AW T, edQTL 2k~ T
G FRBOBRBEISENHEIFE SN TWA O A2 EET 5, BIL 12 CSSL & E2 0 |
RO GLEARET DM RFEIZ B S 7, LI fEE 72 genotype & FRfD, AT
% BIL ® HP-a & HP-b (X 7+ U HED BIL TH Y, 3/4 O DNA ~—H—RNHX T
FUVRTH D,



load("BILs data") # BIL D7 — X FAiA%
gt.mat[edQTL.DNA.markers,c("HP.a","HP.b")] # #BIL ?edQTL ? genotype Zf#

=17
ey

#H#t HP.a HP.b
## 134 A B
## 135 A B

prediction.attribute.BIL = FIT::convert.attribute(at.BIL) # FIT A /HIZ
attribute.tak.BG.substituted & Z#

## # Preparing attribute data..done.

kos = FIT::predict(models.kos[[gn]], prediction.attribute.BIL,train.weath
er) # I EVVETITTH
tak = FIT::predict(models.tak[[gn]], prediction.attribute.BIL,train.weath

er) # XU VETIATTFH

plot(log2rpm.BIL[,gn], col = c(rep("blue"”,sum(at.BIL$LineName=="HP-a")),r
ep("red",sum(at.BIL$LineName=="HP-b"))), pch = 16, ylim = c(-4,8)) # ZE}W/
1E Z 1]

abline(v = sum(at.BIL$LineName=="HP-a")+0.5, col = "gray", lty="dashed")
# HP-a & HP-b DLESRR DS

lines(kos$temperature, col = "cyan") # 2 E U U-ETILD TR & 1
lines(tak$radiation, col = "magenta") # X7 U-E 7LD FlIE F fE



logZrpm BIL[, gn]
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ff;iiig

Index

edQTL @ genotype |Z—F L T, xfB{zFDFHIIL, HP-a TIE= e WV ET L
IZ, HP-b TR # ATV ET A TELEHHAINTWD, T U ETNTTHREAE
DREVDIL, AR L7 X TV ETIVORENRKREINI EE—FHLTWD,

i A

AT 2B LT, avehl - XhF+ U OBREFREOMEMZEZ AL T
edQTL Z[EET D Z LN TE -, X T, edQTL @ genotype & AR H I HER
THRBEREZ THIT2 Z LI BB LT\ 5D, ARFEHTTIL, CSSL OFRZFIH L
7oA ZRORWERT YA L CHER - T AT o720, BRI, BREE &I
7Y T LTCTETIVEERK. T b 2 B AR (recombinant inbred
line:RIL) % i T edQTL BT 5 L W o 72 EBRT A VL A[RETH 5,

2% 3CHR
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