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Moore's Law
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We will be presented with terabytes
of sequence information, both from
genomic and transcriptional origin,
which will need to be given
functional meaninag.

Furbank 2009 Func Plant Biol 36:5
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Identification of target gene signals by
computational statistics

Location and effect of target genes are estimated

by assoiation analysis. The information is used for
gene cloning and marker—based selection
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Degree of wrinkles on barley husks Degree of lodging in paddies

Euphytica 64.:113-121, 1992 J. Agric. Biol. & Environ.Stat. 7:389-402, 2002
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Fig.3. Growth ofa ling through a soil band between two sand layers measured with the X-ray instrument deseribed by Gregory ef al.
(2003) Thehorizontal lines indi ammemcmndlowabummnfmesmlbandwh ch was~7 mm deep: (a) the sis glemnlzdayaanu r germination; (&) after
yer: () the root (4 days)and (d) 5 days; and (¢) after 8 days, production of lateral roots

h:ui&L'u'Isl n the soil band.

Iyer-Pascuzzi et al. (2010) Plant Physiology 152:1148
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Scanning in different
wavelength and modes

~ lemnaTec

3D imaging of full plants '

1. RGB visible light

2. NIR near infrared light
-
3. FLUOR fluorescent light c i l
37 =
4. IR infrared light _ Y

5. ROOT NIR / RGB

1. top View

2. side View

3. side View 90°
4. mare views
optional

Hartmann et al. (2011)
Bioinformatics 12:148
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Good = candidates

Poor = discard

T =

WDT:
HGT:
D:
AREA:
WDT*:
XD1:
XD2:

the main axis

YM:
XSD:
YSD:
XSK:
YSK:
XKU:
YKU*
XFT:
YFT:

WEIGHT:
PETIOLE:

SCORE:

Width of plant

Height of plant

Occupation of plant projection in the rectangular
Area of plant projection

Normalized width against a unit height

Degree of plant bending

Discrepancy between mid range of X-distribution and

Mean of Y-distribution

s.d. of X-distribution

s.d. of Y- distribution

Skewness of X-distribution

Skewness of Y-distribution

Kurtosis of X-distribution

Kurtosis of Y-distribution

Discrepancy of X-distribution from uniform distribution
Discrepancy of Y-distribution from uniform distribution

Fresh weight
Mean Petiole Length of Upper 5 Nodes

Shape Scores Given by Expert

HORIZONTAL DISTRIBUTION
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MAIN AXIS

i
l«—— Aaxs

t

XM' —

|
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AREA = Area of Plant Projection (mm?)
AXS = Position of Main Axis (mm)
D - AREA / (WDT X HGT)
XM = Mean of

Horizontal Distribution (mm)
XD1 = fIAXS - XM  (mm)
XD2 = fIAXS - WDT/2l (mm)
XSD = Standard Deviation of

Horizontal Destribution (mm)
M = Mean of

Vertical Distribution (mm)
A =1000/HGT (mm)
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Fuzz Model Fuzz Model
y Bad Fair Good Total Y Bad+Fair] Good Total
Bad 161 95 24 280 5 Bad+Fair 523 161 684
5 0.575 0.339 0.086 3 0.765 0.186
3 Fair 89 178 137 404 ot Good 45 146 191
o 0.220 0.441 0.339 @ 0.236 0.764
@ Good 10 35 146 191 Error rate 0.235
0.052 0.183 0.764
Linear Model Linear Model
Bad Fair Good Total Bad+Fair| Good Total
Bad 197 59 24 280 5 | Bad+Fair 529 155 684
5 0.704 0.211 0.086 3 0.773 0.186
3 Fair 114 159 131 404 Qo Good 54 137 191
% 0.282 0.394 0.324 @ 0.283 0.717
12 42 137 191 Error rate 0.239
Good 5063 [ 0020 | 0.717
Model Model
NN Bad Fair Good Total NN Bad+Fair] Good Total
Bad 194 76 10 280 5 | Bad+Fair 564 120 684
5 0.693 0.271 0.036 3 0.825 0.186
3 Fair 124 170 110 404 Qo Good 38 153 191
Qo 0.307 | 0.421 | 0.272 @ 0.199 | 0.801
& 2
8 30 153 191 Error rate 0.181
Good
°°% 0042 | 0.157 | 0.801
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Three classes, CV Two classes, CV
Model Model
Tree Bad Fair Good | Total Tree Bad+Fair| Good Total
Bad 150 16 0 166 — [ Bad+Fair | 253 6 259
o 0.904 | 0.096 | 0.000 % 0977 1 0023
E Fair o.go 0.231 o.ﬁs > & |—Good 10 26 66
@ > = =7 6 0.152 | 0.848
Good 5535 1 0.106 | 0.864 Error rate 0.049

Ninomiya and Vu (1998)
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Error rate = 0.19
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Two classes, 64X64 Image, evaluation by test data set

Model
MLP Bad+Fair| Good Total
= Bad+Fair| 206 54 260
o 0.792 0.208
o | Good 24 42 66
0 0.364 | 0.636
Error rate 0.239
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— Hopfield Network

— Simple peceptron
$ET—4
- 2ETSOTHER = BRHH

Bad+Fair

A

Oide and Ninomiya (2000)

Fair Good Good

P 0
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Class Accuracy Rate
Models valrrilszltes Data _ Overallf Good | Poor
Bad|Fair[{Good

CVv CcVv CVv
Fuzzy Logic 4 875| @+@® | @ 0.76 | 0.76 0.76
Linear Discriminant Functio 875| ®+@® | @ 0.76 | 0.72 0.77
Three Layer Pecptron 4 875| @+@® | @ 0.82 | 0.80 0.82
Decision Tree 5 out of 1§ 325 [ o 095 0.85 0.98
Three Layer Pecptron 64X64 IMG | 326 [ o 0.76 | 0.64 0.79
Simple Percptron 64X64 IMG | 326 o [ 0.79 | 0.59 0.84
Hopfield Network 64X64 IMG | 326 [ o 0.76 | 0.65 0.79
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Melon white mildew
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®ice blast
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Normalized elliptic Individual leaflet

Fourier coefficient Contour shape image
{a_b c .d|n=0,1,...}

Leaflet
shape
n>=~n>>~n>"'n diStI‘ibUtiOn

@ (@,b.c.dn=0,1,..3 - H
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. Overlap

{ab_c dn=0,1,.} H

Mean leaflet

Average shape
(MLS)

LSD
fa,b,,dn-0.1...3| | CH H
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1st PC
79.6%

Aspect ratio

2nd PC
7.1%

Symmetry

3rd PC
3.5%

Distortion

® Assuming that each principal
component score varies by
+2 0, the contour shapes are
reconstructed

4th PC
2.4 %

Tip shape

5th PC
1.4%

Roundness

Score

Score

RME THEERS AT ELR

—wo
wow
—oeo
&=
oo
©=r
—on
—
wo
©~
©—
one

—




B A XERDEGHR

79

FARIZRMETATLILIOR

® Diallel analysis of 7 soybean lines
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1st Principal Component
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4th PrlnC|p§ ]Com ponent
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1st

79.6%

H=0.92
3rd
3.5% 2.
H=0.52 H
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DNA Reseadch 8:61-72,




IKFRIEF K DIEIR

83

K ELFDEE




BAREEFDQTLIVEL S

DNAY—A KXY RZIK D FBIE ] 5E

v QTL and association analysis

v Analysis of gene functions of quantitative traits
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® Genomic Selection (GS)is a Tvaining | Genotyping Train
form of marker assisted EEET Bl + GS model
selection (MAS) that uses a A
large number of markers
covering the whole genome to Predict
predict agronomic Unkown agronomic
performance of unknown material | _Genotping - periornnancs of
lines even without observing ) 4 lines

their phenciyoes
Modified from Heffner (2009)
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GS prediction of rice grain shape
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» Degradation of grain quality is a serious problem and
» Abnormal morphology (Cracked rice, Notched rice, Twisted rice, etc)
» Abnormal coloration (Green rice, Rusty rice, Chalky rice)

» Chalkiness
 Physiological disorder
* Irregular light reflection

* Environmental factor affecting chalkiness
 High temperature during ripening period

Perfect rice White-core Milky-white White-back

JKFiE B R ZARL D E = B FT

» Categories for chalky rice
sperfect rice (PR)
*white-based rice (WBSR)
swhite-back rice (WBCR),

*white-back and based rice
(WBBR)

swhite-belly rice (WBR) Q *” i‘ r
) . / f ; '

*white-core rice (WCR)

*milky-white rice (MWR . . . .

MWR WCR WBR WBSR WBCR WBBR

Crop Sci. 47:2113-2120, 2007
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e Original
Constant

— Constant + 2
Constant + 4
Constant + 8

— Constant + 16

Grayscale Value

: Center of gravity 2 "
: Scanning line 0 45 90 135 180 225 270 315 360

: Contour Angle
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Grayscale value
Grayscale value

— @& PR(E2X) & PR(E2X)

—®— WBSR (£HAX%) —®— WBR (BE:X)
—®—— WBBR (HEAX) —®—— WCR ((DBEX)
—A—— WBCR (%&:%) —A—— MWR (ZLE%K)

Crop Sci. 47:2113-2120, 2007

Fig. 3. Reconstructed chalky-curves for perfect and six immature rice grains in Figure 1 made
from first 9 Fourier coefficients including one constant: perfect rice (PR), white-based rice
(WBSR), white-back rice (WBCR), white-back and based rice (WBBR), white-belly rice (WBR),
white-core rice (WCR), and milky-white rice (MWR).




BEE /N2 DF R 53 4T (SVM)

® Accuracy for 7 class discrimination was 87.5% under

one—leave out cross validation

Prediction
Actual PF WBSR WBCR WBBR WBR WCR MWR ACR
PF 162 4 1 0 0 1 0 96.43
WBSR 7 34 0 0 1 0 0 80.95
WBCR 4 3 20 1 0 0 0 71.43
WBBR 4 4 1 5 0 0 0 35.71
WBR 3 0 0 0 25 0 0 89.29
WCR 2 0 0 0 6 20 0 71.43
MWR 0 0 0 0 0 0 28 100
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Primula sieboldii cultivars were bred from wild types
in last 300 years

® Transition of petal shape from wild type to cultivars was
analyzed

Components of shape variance

Genotype Among plants Among petals within plant Errors
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* Shallower notch * Larger counter curve

Heredity 94: 657-663, 2005
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Euphytica 64.:113-121, 1992 J. Agric. Biol. & Environ.Stat. 7:389-402, 2002




