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Outline

Biological experiments

Raw file list

condition_R and condition_G

Preprocess microarray data

Remove statistical error

Statistical test to find DEGs

(Differentially Expressed genes)

Target

Biological meaning




Outline
Biological experiments

(WSSV infection of P. vannamei )

Preprocess microarray data

= W N

file_list condition_list
5489 251841210001 _1.txt 10hr_Ohr
5491 251841210001_2.txt 12hr_1hr
5493 251841210001_3.txt 14hr_2hr
5495 251841210001 4.txt 18hr_3hr
5497_251841210002_1.txt 24hr_4hr
5499 251841210002_2.txt 30hr_5hr
5501_251841210002_3.txt 36hr_6hr
5503 _251841210002_4.txt 48hr_8hr

Choice intensity index (Mean or Median)
Filtration (Ohr_virus intensity)
Background adjustment (No substrate)
Normalization (Quantile Normalization)

Statistical test to find DEGs (Differentially Expressed genes)

ANOVA
Cluster

Target

. Find the expression pattern of virus gene:
—try to find the mechanism of virus attach

. Find the changed genes of host:
—which pathway that virus use it
—Wwhich pathway that virus shutdown it
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library("limma")

library("marray")
source("http://eln.iis.sinica.edu.tw/lims/files/function_20080812.txt")
rawdir<- "C:/WSSV"




Raw file forma
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ATF 1

29 56
Type=Genelix Eesults 3
DateTime=2008/03/24 14.26:48
Settings=
GalFile=C:\Documents and Settingsh\Administrator' B \seeing20070913.gal
FizelSize=10
Wavelengtha=H35532
ImazeFiles=Hot SavedNat Saved
Normalization Method=None
MormalizationFactors=11
Ipeglmage=DAEoomB3 L8V ANC0080224°200302324 _Ohr_1.ipg
StdDev=Type 1
RatioFormulations=W2/W1 (S32/635)
Feature Type=Circular
Barcode=
EackgroundSubtraction=Local Feature
ImageOrigin=720, 8720
IpegCrigin=1550, 9770
Creator=GenePix Pro 6.0.1.25
Scanner=CenePix 41004 01 [114714]
FocusPozition=0
Temperature=24.4141
Linesfveraged=1
Comment=
PMTGain=682537
ScanPower=100100
LaserPower=3.180853.2431
Filters=670DF40575DF35
ScanRerion=72,872,2044 4660
Supplier=

Elock Column ~ Row MName 1D X i Dia. F635 Medi FE35 MeanF635 5D F&35 CY BE35 E635 Medi B35 Mear BE35 5D B635 C

34

35

36

27

1 PmTwICSE 404 1780 10000 110 3355 3112 s 24 101 101 104 3l
1 PmTwIOSE 04 1960 10000 110 3000 2899 668 23 102 102 106 3l
1 PmTwICSE 404 2150 10000 100 3121 2957 924 31 103 103 108 33
1 PmTwIl1F 408 2320 10010 110 480 541 204 37 110 119 111 29
1 PmTwIllF A08 2510 10000 110 467 230 211 29 114 114 120 29
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Raw file format(2)

~

w=fliread.anno.agilent
Outputtligenep™ £, == b

12 genefiu g Hi

s

Farray_Fpufb i PF‘ annotation

[Zlarray_info.txt
“[lgene_probe_index.txt

N ERSAENgene intensity

A B | ¢ | p | B | F c | H®H | 1 | ] | k | L | M | N | o

1 |Elack Column  Eow Mame D X FE35 Median FE35 Mean BH3S Median E635 Mean F532 Median F532 Mean ES32 Median BES32 Mean
2 1 1 1 PmTwIOSE 404 1780 10000 3355 2112 101 104 2818 2738 101 104
3 1 2 1 PmTwlIOSE 404 1960 10000 2000 2399 102 106 2553 2539 108 110
4 1 3 1 PmTwIOSE 404 2150 10000 2121 2957 103 108 2595 2494 111 113
5 1 4 1 PmTwlIllF 408 2320 10010 430 541 110 111 S6d 531 113 116
6 1 5 1 PmTwlIllF 408 2510 10000 467 530 114 120 563 601 114 123
7 1 3] 1 PmTwIllF 408 2690 10010 438 510 114 120 550 579 112 121
8 1 7 1 PmTwll3E 412 2900 Q030 195 199 114 118 246 250 110 115
9 1 5 1 PmTwIl3EAL2 2080 2900 180 191 114 119 232 236 107 114
—L



read.anno.agilent(1)
Hrawh® ¢ $4 Pprobeni k 2 it iy 4

read.anno.agilent("rawfile/20080324 Ohr_1.gpr", skip_line=31, col num=1.5,
probe_col=4:5, folder:"array_irM /
/

FQaVVﬁﬁFEﬁ+T*[F|

% * table dataf&+4 = By

"]
sy array_info.txtp b PF'
I plprobegr ¥ wEytiarray_infopy 512475
FERIR * foeeR]
T jj,&f&[lfglﬂm[ YHEL
- == = - -'i-_-\.-—III-\.--*—'-"-___-'_'_"":':_'_"_' 21 RS | | 2l TS e =TT — e w O =
read.anno LSgLIEenT Iegr S LS WD WP D T, SHIE _DEToo, COL DRIIE ooy

'L: ::;:"*3 of array info
1] "Block™ "Column™ "Row" "lame"™ mID"
1] columns of gene probe index
1] "ProkbeMName" "Tvpe" "repeat time"



read.anno.agilent(2)

BTRAPF L T A B4 ﬁ—‘gjﬁéj:'z ik %

array_info <- read.table(paste(rawdir, "array info", "array _info.txt", sep="\\"),
header=TRUE, sep ="\t")
gene_probe index <- read.table(paste(rawdir, "array_info", "gene_probe_index.txt",
sep="\\"), header=TRUE, sep ="\t")

=L E'Juniquefﬁ—ﬁ?‘% PR pVAT %

unique(gene_probe_index[,1])
unique(gene_probe_index[,2])
unique(gene_probe_index[,3])



variation(1)

W ¥ ¥ " mean k |prrobern

JEI b m;' AL e 1Y —‘-E‘r:.E i ¥ microarrayt mprobeg 4 et GE A
geneT o eht Y ) 0 & & - B Bihintensity* meanbk’medlanr‘b fégtm » 3
¥ 24| * & 4Fprobe intensity tmean#* medlanmqi BN A PE T
* mean# median(¥-% M obejectsi® V3 »

ELRI A Y

intensity)
H I ] E L b I i
Fo35 Median FE35 Mean B635 Median B635 Mean Fo32 Median FS32 Mean BS32 Median BS32 Mean
3355 3112 101 104 2818 2138 101 104
2000 2559 10 106 2553 25039 1038 110
2121 29577 103 108 20595 2494 111 113
450 541 110 111 obd 551 113 116
A6 5300 114 120 63 GO 114 123
485 510 114 120 550 579 112 121
195 199 114 1158 246 250 110 115
150 191 114 1149 232 236 1077 114
Foreground background Foreground background




variation(2)

Gene[ly £ Fiarray_info$Name[* [iUE g

:C \)’; . el |} : MR
Arrayti=t kigene_pix  Rawfi i v "rawfile’ R 1

variation(array\_type:"gene_pix", raw_follder:"rawfile", gene_nal/ne:array_info$Name,
file list="20080324 Ohr_1.gpr", condition list="al b1", skip line=31,
fol er:"chq)ice_the_index") T \

"—[‘L ?J “20080324_0 r_l.gpr”%'*_ 1 [,[E{Tﬁ,lli
KON R YRR A ERal Wbl

TERRE ™ pueeR] & * table dataﬁ’?%?%“ Ei7ia



variation(3)

ariation of each treatment

013

012

0.11

0.10

0.09

0.08

0.07

-7 rﬁ%h:‘j £ goutputﬂl— 3k B/ + Farray ° }ﬂ"ﬁj~ f[ﬁ@;’(ﬁ?‘:‘ > El H[F{fjgﬁrﬁj ek,
EitIprobe intensity it [fil~ JRarrayfvEI AR - D FEEARIVES > ST HIEE

Mean_str: ¥ |mean {fij@fbackground fiii dy {Eintensity
Median_str:®|median ffiy@filoackground @:E;I [Eintensity
Mean_F:E'Jmean]’@T?’ﬁiﬁibackground]’@"r'[’|’ intensity
Median_F:¥|median [’@T?’?ﬂ]ﬂjbackground [’@*l‘gh’[’ [Eintensity

al1_b1 data_index

Mean_stf Mean_F

al 0.123006 0.129668 0.070779
bl 0.112745 0.116168 0.076187

Channel Mean_str  Median_str Mean F Median_F

0.07868
0.084245



Image_plot.genepix(1)

» Block=32

Row=23
'/Column:23

Spot=32*23*23=16928

.

+ B ¥ _genepixsmicroarray format > A&+t & d 327
blocks * # #block* 3 529 probe &k % =

F] 5 AP e 2% intensitydh$d B BT R
i iimage € # € 7 H A4F > BV M #array

intensty 3 ]ﬂ:




Image_plot.genepix(2)

R&Wﬁ F’fr‘ﬂrk—[‘ b e PF‘[ Imag& @%JF[ Ux }:f Arrayffﬁ —}y ]J‘
"= \
image_plot.genepix(raw folder="rawfile" ,image /ffactor=c(nrow(array_info),8,4,23,23),

1 ! table datafr&= 24 (T By

file list="20080324 Ohr_1.gpr", condition list="al bl",
kip line=31, spot_index="median", folder=' ch0|ce_the_|ndex",
bg_ thre=NUL

Probe intensityf* =¥

TR oyl

BELﬁj[Jbackg roundpitfet A fif



Image_plot.genepix(3)
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Image_plot.genepix(4)

WAL B Background Distrib
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GlobalNorm(1)

Preprocessefis. is # F~ H & & & ¥ I K Normalization » Normalization#

i & PR ARk irarray T A 2 ferror@ P& 0 & A & eferrory T 5
A8

1. Dyes effects
2. Scanning parameter---between arrays
3 Print-tip different Background Distrib
4. Spatial effects 1 °
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GlobalNorm(2)...within array

Within array normalization:

B S marrayp 5 &{ c B & ¥normalization® T g TR N E - — 4
2o F LB S i * marrayenge & 4238 5 A s G sk ek 5N
FE »~ data---

e #package normalization™ iz * 3 - B EXK > iﬁi"‘ WA chgene e F % 1
FlEF 7 84 Y

data <- read.GenePix(fnames = "20080324 Ohr_1.gpr", path =
"C:./WSSV/rawfile", name.Gf = "F532 Mean",
name.Gb ="B532 Mean", name.Rf = "F635 Mean", name.Rb = "B635 Mean")




GlobalNorm(3)...within array

maPlot(data)
savePlot(paste(rawdir, "normalization

maplot_1", sep="\\"),type="png")

% A X dmaplot > =& _ftarrays
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GlobalNorm(4)...within array

| 3FEinormalizationf Ve ')
Medium Normalization

Loess Normalization

Print-tip Loess Normalization

Medium Normalization

B bl

data_M_Norm <- maNorm(data, norm="m")
data_L_Norm <- maNorm(data, norm="1")
data_P_Norm <- maNorm(data, norm="p")

M
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tip Loess Normalization

Loess Normalization

Print
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GlobalNorm(5)...within array
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GlobalNorm(6)...between array

Between array normalization:

¥ -3 g 0 B {array arrayLF"’mnormallzatlon » il ¥ fRarray @ skpF o iR
€M% Rarrays 13 ROV TS X Btk ierrorit € B ;.J“E*&Fiﬁ. ) B
T R ¥ €4 HQuantile Normalizationd &> 12 vt ¥ #* ehidis B
A2 # R | % 1 ehhouse keeping genefinormalizationshik g

A -

Aip— ML A4 ¥Quantile Normalization##Fp » ¥ 14 B3 F % % vdata
=10] x|

e |
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Outline

Biological experiments file_list condition_ist
(WSSV infeCtion Of P Vannamei ) 5489 251841210001_1.txt 10hr_Ohr

5491 251841210001 _2.txt 12hr_1hr
5493 251841210001 _3.txt 14hr_2hr
5495 251841210001 _4.txt 18hr_3hr
5497 251841210002_1.txt 24hr_4hr
5499 251841210002_2.txt 30hr_5hr
5501_251841210002_3.txt 36hr_6hr
5503_251841210002_4.txt 48hr_8hr

1. Choice intensity index (Mean)
2. Filtration (Ohr_virus intensity)
3. Background adjustment (No substrate)
mmm41. Normalization (Quantile Normalization)

Preprocess microarray data

Statistical test to find DEGs (Differentially Expressed genes)

ANOVA
Cluster

Target 1. Find the expression pattern of virus gene:
—try to find the mechanism of virus attach

2. Find the changed genes of host:
—which pathway that virus use it
—Wwhich pathway that virus shutdown it



Repeat data type
Total gene: 7325

Gene name type Repeat times | Amount

SA 6 6508 | Host gene
SO_ 6 45| Host gene
WSSV001~718 6 698 | Virus gene
Spike in (E1A_r60) 32 10 | Control gene
Total 45049 7325

Control type=0, gene_number=43632
Spike-in gene spots=320
WSSV gene spots=4188



GlobalNorm(7)...between array

Quantile Normalization

RG densities RG densities
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GlobalNorm(8)...between array

BARLBEH

array data time <- read.table(paste(rawdir, "WSSV", "array_data_time.txt",
sep="\\"), header=TRUE, sep ="\t")

Quantile Normalization

GlobalNorm(array data_time, "Norm_data_time","normalization")

raw distribution Global_Quan distribution

+05
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+03
5

+02

+01

T T T T T T T T
hrO hr1 hr2 hr3 hr4 hrd hré hrg



ANOVA (1)

a3 dp aE % ivgene(Differentially Fxpressed genes)¥ * &3 % ,T/i{t. test
FZANOVA » t. testE 445 & b fentet 3 34 > @ ANOVAR] E_* 4 time-series
datat : testz fé = iBgenez’ % - Bp-value > £ iz R BEREFE TV

s HeT

array info <- read.table(paste(rawdir, "WSSV", "array_info.txt", sep="\\"),
header=TRUE, sep ="\t")

Norm_ data time <- read.table(paste(rawdir, "normalization",
"Norm_data_time_data GQuan.txt", sep="\\"), header=TRUE, sep = "\t")
factor _gene <- factor(array_infofGeneName)

col factor <- colnames(array data_time)

ANOVA.F.P.num(Norm_data time, factor _gene, col factor, "anova" ,"anova")




ANOVA(2)

Output file

=10l x|

BEE REE WED s 7

]
II,

Qtr=E-Q- ¥ Pus

xr

R B

) SRS W hanova

x| Bl BE

1
B
1

b
: |

I||“ m i .

fanova LNOWA table bt! Bar anowa_anova_Pea..

A E C D
-1 |Name Label
~ 2 |Ela 160 _n9 1526034 4.15E-86 4
3 |Ela 1601 151.7611 T.22E-86 4
4 |Ela B0 a20 | 150.1714 Z2.07E-85 4
5 |Ela_1B0_al07 | 1416798 6.69E-33 4
B |ElA 160 3 140.4799 1.55E-82 4
7 |Ela 0 aldd | 131.1349 1.30E-79 4

index number

4000

3000

2000

1000

2538

anova_anova_Pvalue

469

0.05

152
]

0.01

291

0.005

3855

0.001



Cl

uster(1)

¥ F e d 7 DEGsz 1 0 & tepk £ 4 HHE 2 gene & A #F 0 H#dp 10 65
patternffif &~ 42 » & ¥ & biological functionlt fug B+ & 5 §e

4 #-€ 4§ chintensityP~mean-T 35:

factor_mean <- function(x) {tapply(x,factor _gene,mean)}
Norm_data _mean <- apply(Norm_data_time, 2,factor _mean)

index number

anova_anova_Pvalue

4000

1 3855

3000

2000
|

1000

Virus_001 #282

1 Virus_001_index <- substr(anova_table$Name, 1,

9558 4)=="WSSV" & anova_table$Label==
Host 001 index <- (substr(anova_table$Name, 1,
2)=="SA" | substr(anova_table$Name, 1, 2)=="SO") &
anova_table$Label==4
469 Host 001
N =
0 005 001 0.005

0.001



Cluster(2)

hclust.group.plot(Norm_data_mean[Virus_001 _index,],
anova_table$Name[Virus_001 index], 6, "trend”, 1 ,"Virus_001" ,"anova")

.a.nuva =[3] x|

BRD WHE WAL AHRFW IAD HE® | & Cluster_Virus_001
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| = N |
"iﬁl|||||l||||i'||li!|!i' — " | ‘ |
| Virus 001 _Cluster png Ficos, 01 Evovp, #55F Virns 001_Heatmap. png




Cluster(3)

Wirus_001_heluse_group_2 _

Viries_001_helust_group_1

Virus_001_helust_group_4

Virus_001_helust_group_5

S N
| =}
—

hr2

a =
- =

hr&
hid
hig

hr

Virus_001_hclust_group_8

A | E | Array names

group_data
WSsW003 1
Wa3Wo0d
Wa3Wo06
Wasyo09
Waswold
WSSWY015

-] LA (= s [N
2 e = = [0
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