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MAS (Marker assisted selection)

CONVENTIONAL BACKCROSSING MARKER-ASSISTED BACKCROSSING

wo ;W

P, >1< P, P, )l( P,
P, xl F, P, xl F,
BC1 BC1
VISUAL SELECTION OF BC1 PLANTS THAT USE 'BACKGROUND' MARKERS TO SELECT PLANTS
MOST CLOSELY RESEMBLE RECURRENT THAT HAVE MOST RP MARKERS AND SMALLEST % 1
R s MAS uses a few loci.

HHHHH nuﬂin w“i “Hi” But, usual phenotype
(R 's polygenic.
UHHH” WHHM@HHH GS (Genomic

selection) estimates all
marker effects.

BC2
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GS (Genomic selection)

Reference population: Development of prediction equations

- Phenotypes between SNP and

S
Thousands of SNP " Prediction

B iy

/
A -
- relationships | | Pid

v Thousands of SNP g
= SRS
. [Predfctfon Equatr'ons]

Main population: Application of prediction equations
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Best linear unbiased prediction

BLUP

X'X Xz YB) (X'y
Z'X  zz+p9)\a) \z'y

A-matrix (pedigree-based)

1 0.5 0.5 0 0.5
0.5 1 0.25 0 0.25
0.5 0.25 1 0 0.25

0 0 0 1 0
0.5 0.25 0.25 0 1

Other methods:

snpBLUP, Lasso, ridge regression

Bayesian — Bayes A, B, C, Cpi, R

gBLUP

2% 2zl 2y

G-matrix (SNP-based)

1 0.5 0.5 0.02 0.5
0.5 1 0.2 0.015 0.2
0.5 0.2 1 0.025 0.3

0.02 0.015 0.025 1 0.025
0.5 0.2 0.3 0.025 1

support vector machines, semi-parametric kernel regressions

reproducing kernel Hilbert space regression

Single step

© 2018 INSILICOGEN, INC. ALL RIGHTS RESERVED. 12



Progeny test and genomic selection

'm Inaccurate BV o ®

8
& L) .‘_ L | v
P m @ PP

/

Age: 0 .5 1.5 2.5 / 3.5 4.5
Young cattle balance Old cattle
inaccurate breeding value accurate breeding value

Genomic Selection

6&}"’@ m m mm m "H

foé &
& &
N Age: O .5 1.5 2.5 3.5 4.5
Q/fb‘ 6
Q\ Young cattle balance Old cattle

accurate breeding value accurate breeding value

G= Intensity*accuracyx*h2

generation interval
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L
Accuracy of genomic selection

accuracy X heritability for different number of individuals genotyped
solid line = 50K
dashed line = 700k

1.0

0.8
Ef 00O EEEN

accuracy
0.6

0.4

0.2

0.0

0.0 02 04 0.6 0.8 1.0

heritability
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GM (Genomic mating)

Selection
Breeding . Breeding Select
Ps . Material ' .Phonotypm; ' Value ' . Parents '
Training Genotyping & 6,,

Gs Population Phenotyping 4, l’b”o
H H ,,,%"k.,
s

Breeding

Material I GG“O'YP‘“QI . C;I:tallvl:l' ' Ps:l:mﬂ. ' Matin g?

Next Cycle

Breeding

. Material '

Breeding

Mating
Training Genotyping & €y,
G M Population Phenotyping A ':’Op,
H 0%%%
Breeding Marker Select

effects Mates

5 Material l lGenotypingl |

Breeding

I Material I

Diagram for the different breeding approaches. Phenotypic selection (PS) and genomic selection (GS) are truncation selection
methods, and genomic mating (GM) is the mating approach. Arrows indicate the different stages in a breeding cycle. In PS, starting

with a set of parents as breeding material, selection is performed based on phenotypes.
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o
Tn C o GWAS Database of Genotype and Phenotype

Key Features

D wes FoLDER

Store all kinds of your own data into our

WEB FOLDER

You can upload a variety of data file such as genotypes
(.ped, .xlsx, vcf), phenotypes, environments, and
parentage to your web folder.

It will allow you to create directories, upload, rename,
and delete files.

DATASETS

Manage your data by creating suitable
DATASETS

You can create your genctype, phenotype, environment,
and parentage data into datasets.

You can also make subset groups like case and control,
and various phenotypes, so you can use them to
analyze in later step.

APPS

Analyze and interpret the meaning of
your data from our various APPS

IncoGWAS provides a variety of analyzing modules in
forms of app. Each apps performs specific anclysis for
selected datasets and visualizes the results on the web
interface. Researchers can also share the results of
apps in public.

Make groups

Upload Files to

Wel: folder Web folder Dataset

s * Genotypes

* Directories * Phenotypes

* Environments

* Groups
* Samples

Genotype Phenotype Environment] Farentage

-
i

3

Process of IncoGWAS from data upload to analysis

Visualization
&

Exporting

Yisualize

(D3,..)
&

Download

{XSLX, TXT)

Data Accumulation

Are you planning to perform multiple
experiments for your project?

You can merge multiple dataset for one big analysis so that
you can truly find the meaning of the big data. You can also
import and merge public data.

Convenient Web Folder

Don't you have enough space for
GWAS analysis?

Once, you store your large data online, you don't have to
worry about disc space and where to analyze because
IncoGWAS is available anywhere as long as internet is
available.

GWAS Analysis with Web Interface
Are you not familiar with programming?

Our IncoGWAS comes with user-friendly web interface,
which will help you to find the meaning of your data without
worrying about learning complex programming languages
like R, PLINK, and so on.

Various Statistics

Do you want to apply various statistics to
your data?

Our IncoGWAS comes with various apps for many kinds of
statistical analysis from allele frequency calculation to PCA,
and more importantly, they will visualize your data for your
better understanding.

Breeding Value Estimation

Are you looking for a platform for
selective breeding?

With both genotype and phenotype data, IncoGWAS can
predict phenotype from cutfing edge machine-learning
algorithm. lts breeding value estimation via genomic best
linear unbiased prediction will help you to find suitable
candidates for you.

-

-

~ogdP)

= -
Experiment 1 , \\-V

9 APP N

w Merged dataset
Experiment 2

Manage your experimental results in "Dataset" units

Store any file and see your data anywhere

II " NM miln

‘..s:

General visualization of GWAS - Manhattan plot

i ii!"’if" HAELP

Examples of population analysis by PCA and structure

Nearest Meighbors  Linear SVM REBF SYM

Example of classification using various machine leaming
algorithms






Supervised learning classification problem :
(using the Iris flower data set)

Training / test data

Features Labels
Sepal Sepal Petal Petal Species
length width length width
5.1 35 14 0.2 Iris setosa
4.9 3.0 14 0.2 Iris setosa
7.0 3.2 47 14 Iris versicolor
6.4 3.2 45 15 Iris versicolor
6.3 33 60 2.5 Iris virginica
5.8 33 60 2.5 Insvirginica

© 2018 INSILICOGEN, INC. ALL RIGHTS RESERVED. 18



Petal width [cm]

o

Iris Versicolour

Iris Setosa

Petal length [cm]
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e
FHAE HiojE H=A

# of controls # of cases

001 2 000 0 0

2 0 0 I 0 0 2 0

0 0 0 0o o0 2 0 2

#ofSNPsq g 0 0 0 000 1

\ I 0 2 0o 2 0 0 0

SNP array: 580,961

1. hetero

2: minor allele homo
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Data Mining Process

Raw Target Preprocessed Transformed Patterns Knowledge
Data Data Data Data
H:.,L]nf.r,.;{
- =
—r‘—r ‘ —l- ‘I I — [
| | &
| [
| [
Lo e i ___________________ y
“+— Data Preprocessing —* Pattern Recognition Interpreting Results
Data Fusion De-noising  Dimension-  Classification Visualization
Sampling Feature- reduction Clustering Validation
Multi-resolution extraction
analysis Mormalization

An iterative and interactive process

Source: Lawrence Livermore National La

1
D
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Methods

Classification

A
A AAAAAA
A 54 7 AAAAAA
A A

Generalizing known structure to apply to new data.

Clustering

/1‘

*:

A.lll ‘*-\‘__ II.'|.lIl

Discovering groups and structures in the data that a
re in some way or another "similar", without using k
nown structures in the data.

Regression

Attempts to find a function which models the data
with the least error.

Association Rules

.,,,,,
‘—V .H‘“““-q.. A

Generalizing known structure to apply to new data.
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Classification
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Classifier comparison

Input data Nearest Neighbors Linear SVM RBF SVM Gaussian Process Decision Tree
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Classifier comparison

Input data Random Forest Neural Net AdaBoost Naive Bayes QDA
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Deep learning

How do you classify

. & a@. "o -.‘ ) .
s ... % ° these data points?
g : ﬂ,% 0 ss . _6
p Wl : |
N Neural Network

Sl © can find away to
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Regression

Linear regression, k-nearest neighbors(k-NN), artificial neural networks (ANN),

Polynomial curve fitting

+  The basic form

y(z, W) = wo + wyz + wpa® + .

+  The advanced form
M-1

u(x W) = wo + 3 wydy(x)

=1

Example:

+  Tomorrow’s stock price = f (recent prices, economic indicators

)

D

M

A wy —ij:r’ > min E(w) =

j=0

=

min E(w)

Z y(l'n

2 A .
2
)=t + Sl

-
’ E
1 ) .
EZ }_t"} 1 1 1 i 1 i 1 I
n=1 20 10 10 20 EL] 40 50 6
1 4 i
0 " - i
. po ey
- W . . - = e .
X ' L
w . F
o B 1 1 oW e B B OF W 12 1 ow ||.
Xy L
17 1 » 1 ol
¥ 4 § "
a w d.-;. b - i
L X _!'l'.' L] .
T, i
8 B oot oo § B w13 o1m oW
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Clustering

« Grouping of similar objects

* Unsupervised, Exploratory Knowledge Discovery

« k-means, hierarchical clustering, SOM, ...

« Ex: Politician segmentation | AR
o=z | ',
oAl
- L] .:{.:. o o .
- " % F .|.. .
A .J-.'ﬂ-ﬂ..'z’.
L T T oL
“r ' - .:‘ ““":”% ..... .
-l stelns" o
||'r|||1 . Yy,
.. 'n. . K
I-- - ; r = ) - :. :f:' -
Democratic United Party arand MNational Party  Others -
(liberal) (conservative)
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scikit-learn
algorithm cheat-sheet

classification

NOT
WORKING

get
more
data NO
ves o regression

d NO

>50
NOT YES samples
Text WORKING YES <100K
: predicting a 2

ves | category :
YES
ES
— NO,

do you have

labeled <100K " fev; f;;mn'es “or
NO data samples should be WORKING
important

YES

predicting a \
number of quantity
categories
known
-
looking %%

clustering

NOT
WORKING

oT
WORKING

YES

P I dimensionality
pre: .
Lo reduction
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Feature selection and extraction

Feature selection (S ME) & RHO|A ZR3 SRS MedH= 740|1, Feature
extraction (£ £%) 2 9/0|o| EXS THE0] L A.

DHEZ Ot=7| ™0 Feature selection2 +=3lstH £=2 H

« Reduce overfitting: 5= H|O|HE =QIC}.
« Improves accuracy: M=t kA
« Reduces training time: S5 A|7t= = QIC}

2ot YES

Univariate selection: 2 EXY HI: = Chi-squared test 5}, 2|3t EZ& MH
« Recursive feature elimination: A {|X o2 EZXl XA
Meta-transformer for selecting features based on importance weights

« L1-based feature selection

« Tree-based feature selection

«  PCA weights
« YUE A S S Ea2[FH A important features HE X|& (Random forest, Extra trees

—d

classifiers,...)
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Training set and testing set

<Random selection>

Dataset <
‘l’Random select Repeats
Training data Testing data
<K-fold method>
| Training set |
Training folds Test fold

| -
f 1
1% iteration | ‘ = £

E
2 iteration | . | = =2
3 iteration | . | = E;

107 iteration - ] = fo

>
©'0.94
=
3 0.92

Ac

1.00
0.98
0.96

=== Train
wme=  Test
0.90
0.88

0.86

1000 2000 3000 4000 5000
Training Set Size

This work by Sebastian Raschka is licensed under a

Creative Commons Atiribution 4.0 Intemational License.
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Estimate accuracy of model for binary classification

Patients with bowel cancer
(as confirmed on endoscopy)

Condition positive

Condition negative

=20/(20 +10)
=B67%

=1820/ (180 + 1820)
=91%

Positive predictive value
Fecal cu:::;we True positive False positive =TP /(TP + FP)
occult posiive {TP)=20 (FP) =180 =20/ (20 + 180)
blood =10%
screen MNegative predictive value
test fest Fal tive True negative =TN/(FN+TN
alse nega ga { )
outcome UM oy o (TN) = 1820 = 1820/ (10 + 1820)
negative =99.5%
Sensitivity Specificity
=TP/(TP +FN) [=TN/(FP + TN}

True Positive Rate

< false positives

false negatives ——

Some extension of Receiver operating characteristic to multi-class

1.0

0.8

0.6

0.4

0.2

micro-average ROC curve (area = 0.73)
= = macro-average ROC curve (area = 0.78)
ROC curve of class 0 (area = 0.91)

- ROC curve of class 1 (area = 0.60)
- ROC curve of class 2 (area = 0.79)

T T
0.2 0.4 0.6 0.8 1.0
False Positive Rate
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Meta-dimensional analysis

a Concatenation-based integration

b Transformation-based integration

Add 1L
2

€ Model-based integration

o]

® /A ® /A <
%o A %o 1A ®e i
A A A
<@ <
° /A ° /A
¢/ A ¢/ A
A A
A A
SNP matrix Gene expression matrix miRNA matrix
Patient 1 Patient 1 Patient 1
£ Patient 2 £ Patient 2 £ Patient2
§ Patient 3 § Patient 3 & Patient3
5 = = @ Phenotype 1
e a Pt
Patient n Patientn Patient n ZaN otype s
NaVe® g P T ¢
S & S s @&‘:\3&
SNP variables Gene expression variables miRNA variables

(Nature Review Genetics 2015)
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Massive phenotype data are coming---

o020 < [im} phenospex.com ¢ (4] th @ T

PHenospPeXx

Smart Technologies for Plant Analysis

PRODUCTS COMPANY BLOG CONFERENCES REFERENCES CONTACT
T~
—_
An overview of 3D plant
phenotyping methods

X One of our core expertises is robust 3D plant
phenotyping. Read.mere about the pros and cons
of different 3D methods.

read more —
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Image processing

MACHINE

« Machine learning LEARNING

 Image recognition

#-."i{\',"'f.'.?

- Satellite imagery

+ Medical imaging

* Videophone
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Algorithms for image processing

RAG drawn with default settings

Algorithms

300

- Segmentation

200

150

« (Geometric transformatio

100

50

 (Color space manipulatio

. Ana|ySiS __.rinal image Sobel edges
o0 ald
« Filtering 00980

« Morphology

 Feature detection
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Computers and Electronics in Agriculture 147 (2018) 70-90

et e s gt T MAY 2 1a|E (CNN:Convolution Neural Network) 7|4+ El2{
Computers and Electronics in Agriculture A Kamiaris, F.X. Prenafeta-Bold Computers and Electronics in Agriculture 147 (2018) 70-90
F__F_\."IF_R journal homepage: www.elsevier.com/locate/compag r \

Laver 6  Laver 7

Input

Review Layer 1

Layer 4

| Deep learning in agriculture: A survey|

Andreas Kamilaris®, Francesc X. Prenafeta-Boldd

Instirute for Food and Agricultural Research and Technology (IRTA), Spain

ARTICLEINFO ABSTRACT

Keywords: Deep learning constitutes a recent, modern technique for image proc N —
Deep learning results and large potential. As deep learning has been successfully ap|

Agriculture entered also the domain of agriculture. In this paper, we perform a si fu"y connec‘ed
Survey

deep leaming techniques, applied to various agricultural and food

lauare
Convolutional Neural Networks - - N
Recurrent Neural Networks particular agricultural problems under study, the specific modelsand &8 s 4 iqris FX. Prenafeta-Boldi Computers and Electronics in Agriculture 147 (2018) 70-90
Smart farming and pre-processing of data used, and the overall performance achieve
Food systems. work under study. Moreover, we study comparisons of deep learning v
respect to differences in classification or regression performance. O r
provides high accuracy, ing existing ¢ used image
= x| o AlHE (o] Al Ol
o Al o HS o]
=2 8= A ESH/| 7o HE m—
= Cl .I | |
O[O| X[ S 7 od 7

=2 Convolutional Neural
Q
o

1) GlO|Efe] MBS RS Q¥ Feg woley T I
olo| 0|0|X] &% HlO[Ef FXI2]
(Convolution)-=-===============—=——————-

2) ERMS Sof Ho| 9l o|njxI9 SHo|

HES SHOIM 1Y ANl v 2

(Pooling) —==--mm ey

1
= 5 =
) WX 2lE o HIO|HE 7HX|31 2K
1 Fig. 2. Visualization of the output layers images after each processing step of the CaffeNet CNN (i.e. convolution, pooling, normalization) at a plant disease identffication problem based

1
El_x °| .LL'| Ml EEO-" I:‘” 0| E_I = XI I—"-;—IO'IA'I Ton leaf images.
Iel I:OH% Eol t A_!% ol E—” Ol E-I _I'__TEI_ :Source: Sladojevic et al. (2016).
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Genotyping > Genome scanning (From SNP array to NGS)

Genome

A

(.
{8
B

Chromosome

ALTOALTOAL
M T OMUJ 1T OMu

ALTOACLTOAL
A\ R/ A\ LR/ o\ |

SNP array

Whole Exome
Sequencing (WES)

Whole Genome

Sequencing (WGS)
- CNV, SV
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Computational analysis

Diary {tocd, stwap, physical activity)

Gut microbiome Using smariphone-adjusted website Main PPGR
Now Currentlssue Archive Journal Information ~  For Authors ~ Mc‘.ac‘):lvsl.c'vl:t: 5435 days, 46,8098 meals, 9.8M Calories, 2,532 uemus’ | N cohort prediction
Volume 163, Issue 5, p1079-1094, 19 November 2015 Continuous glucose monitoring E.v> w
R Blood tests £0 Using a subcutanoous sensar (IPro2) >
i 130K hours, 1.56M glucose measurements 800 Participants

|Personalized Nutrition by Prediction of Glycemic Responsesl
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Current World Population (2018, June 20)

This page features the world population data by country with live calculation based on the birth/death ratio. Whilst every effort is

made to ensure the population information is correct and up fo date, there may be changes which we are not aware of.

7477677162

202,428

63,302,221

52,348

26,689,580

Top 30 Largest Countries by Population (Live)

i+l

China 1,386,269,132

Indonesia 263,408,383

Bangladesh 160,405,114

Mexico 126,371,764

Egypt 94,666,993

Turkey 81,872,928

South Korea 51,185,185

Ukraine 43,865,836

Poland 38,470,100

Canada 35,488,389

& H

. I,I

Current World Population
Births Today

Births This Year

Deaths Today

Deaths This Year

India 1,296,504,958

Brazil 205,519,352

Russia 141,709,959

Philippines 106,245,540

Iran 84,744,089

United Kingdom 64,773,370

Spain 48,592,196

Argentina 43,806,288

Irag 40,183,930

Morocco 33,655,786

United States 326,741,985

Pakistan 208,327,005

Japan 126,252,538

Vietnam 97,101,397

Germany 80,229,478

ltaly 61,811,958

Colombia 47,125,906

Algeria 40,263,711

Sudan 38,250,047

Afghanistan 34,948,475

utrition

market size
- Increased interest in health & wellness
- Aging population
- Rapid developrments in technology
- Quantified self-monitoring

4 $6-18bn

WhatConsumers  \who
WantPersonalized consumers |

Current estimated

319 Family :

: Ingredients wanttohear; Doctor .
« Nutrients
« Health goals * Taste personalized! _ (28% Dietitian/ = =1
« Portionsize * Supplements P 18 Nutritionist 1
» Cooking nutntion | :
preference ad‘ ,i ﬁ'OITI
e Packaging ce L e

1
1
1
1
Ref httos//marietteabrahams.com :
1
o

Remain 41% Consumer + o <----=---

Microbiome
st ()

Questionnaires

Anthropomersics
S 1114

Personalized Food

+ Advice from

Bio Big Data
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The battlefield of Big Data in Farming & Food -

Tech E‘?

Companies

e gzl Google
Venture ‘ | aw

Capitalists

anterra” - o v av o
t4 Ahold
Walmart
nwncnamona @Pm
— ' See: Wolfertet al., Agricultural Systems 153 (2017) 69-80
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You are what you eat
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Headbands

&

\ Sociometric badges
& & 3

Camera clips

Q8%

Smartwatches

X RN

Sensors embedded in clothing

/m@mwmﬁ

~QpFp@8ece®BGY B

Accelerometer

Altimeter
Digital camera
Electrocardiogram

Electromyograph

Electroencephalogram

Electrodermograph
Location GPS

Microphone

Oximeter

Bluetooth proximity

Pressure

Thermometer

PERSONALIZED NUTRITION

Building the foundation for a future food ecosystem

hab!'t

FOOD, PERSONALIZED"

TAKE THE HABIT
NUTRITION TEST

The convenient at-home Habit Nutrition
Test Kit is a comprehensive nutrition test
that looks at your DNA and your blood to
determine how your body handles carbs,
fat and protein. We also learn about your
lifestyle and health goals.

LEARN MORE

HOW IT WORKS ~ SCIENCE

J)

REVIEW YOUR TEST
RESULTS

Each area of your results has easy-to-
understand explanations, from how you
handle macros to insights into 60+
biomarkers, like those relating to heart
health. You'll know right away where
you're doing well and where you have
opportunities to optimize your health
with nutrition.

SUCCESS STORIES SHOP NOW 2

GET TO KNOW YOUR
NUTRITION PLAN

Our sci based

take the guesswork out of eating so you
can make confident food choices. We'll
break down what your ideal meal looks
like, highlight your hero foods and create
personalized daily nutrient
recommendations based on your biology,
lifestyle and goals.

(© 2018 INSILICOGEN, INC. ALL RIGHTS RESERVED. 52



HO|2 H{O0|E S &Z st AF &Y 2|

Wearable Device, 2=2F OJ0|E{, HIAEL OO|E{ 2 AlZE O|0|E] 88 T|EL|A H|=L|A

17.5 CIRCUIT TRAINING

MILON SYSTEM

O|H
L

HC|MHEo} L Z0il A XkS A2 E 2E 7|50l
£X9| 2S0| 7St 2 E 2& 7152 H|O|Ej2FE LI

© 2018 INSILICOGEN, INC. ALL RIGHTS RESERVED. §3



v

amazon

G

A2 Cloud
29 party
Audio|Service arvice ] 'T'I'ﬂ A A0k
et g ~H 50" | M | &7 | SEAH2
<R 2 e
Kinicare Lisexr Auth | +
Manitaring Control EAHL2
in . ol
-kinicar i Al Far EH:P| Farmm WIS | Farrm MNoke
1800kcal &1L . i i " " =
oV | Maching/Deep Learning |

R £14): ZE0/0/E B8 FHY2 (584, 2016)
YiImTS Mo

PR
DNA e |
D&Aéé A2
¥§' EAI aﬂ“ E342), vlE, defRpy
( gy
R 20%
70%
stay jungle B
zze| 112;23
350kcal
=11 Y00/ 2& FAHZ] (2017) S A 2 & Stay Jungle DNA 2HE A/ (2018)

© 2018 INSILICOGEN, INC. ALL RIGHTS RESERVED. §4




HiO|2 H{L0|E{S

3

__o_____

HI

[

-}

CilolE

ol

<l

= LH

oju
b

| A
Al

17

e

Z O0|NE RE30|

Of A SO{LIENM 22

=
=

40~50CH LHAO| I 2 A S SA|SH=

(¢)
[

=

HEO| AZHM S7ted A2 2

it
=

Ejel Y& S A|

gl

=2t

ot
=

™oz J471Qle|

=
=)

/&2

ofl &

Eatsight attps://www.eatsight.com

Ol attps://vitamiin.co.kr

H|EHD]|

oju

%
3
5O
A

HAZE Y 4F

==

© 2018 INSILICOGEN, INC. ALL RIGHTS RESERVED. §§


https://vitamiin.co.kr/
https://www.eatsight.com/

HI0|2 HILO|E{E &St AlE AFY] 917 MB/]
et —

* NutrigenomicsE &8t H|=EL|A U = My} clinic

The answer may 5
oe in your genes e

man’s primary constitution™. This was just an ancient way of saying that
we cannot achieve optimum health without knowing about our genes. We
now know that specific variations in our genes can explain how we will
respond to the foods, beverages and supplements we consume.

Learn how your ” Weight
genes can affect: e bt

- = 7 oo™ ~
& L <l - o )8

Alcohol Folate Salt Obesity Vitamin B6 Omega 3 Integration of A.l. and

Needs and Sensitivity Personalizd Nutrition

Sensitivity Needs Sensitivity
Carb Sensitivity
2 e 2ooe ? &

| < L | il @ 2
Vitamin Vitamin C/D Efficacy of Personalized

Fat Caffeine Taste
Sensitivity Sensitivity Perception B12 Needs Needs Nutrition Proven
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Structural Gene

Functional food

DM

Biochim Biophys Acta. 1999 May 18;1431(2):538-46.

Abstract

The gene e
using a bar
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determined
sequenced
enzymes fri
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characteris!
structure el

D
TROREA A}

Extraction &

Isolation and characterization of the gene encoding the starch debranching enzyme limit dextrinase from
germinating barley.
Kristensen M1 Lok F, Planchot V, Svendsen |, Leah R, Svensson B.

® Author information

J Plant Physiol. 2007 Oct;164(10):1384-90. Epub 2007 Jun 12.

Over-expression of OsUGE-1 altered raffinose level and tolerance to abiotic stress but not morphology in
Arabidopsis.

Liu HL', Dai XY, Xu YY, Chong K.

# Author information

Abstract

OsUGE-1 is known to be induced by various abiotic stresses, but its exact function in plants is unclear. In the present study, OsUGE-1 was over-
expressed in Arabidopsis, transgenic plants conferred tolerance to salt, drought and freezing stress without altering plant morphology. In addition,
transgenic plants showed a higher level of the soluble sugar raffinose than did wild-type plants. Our results suggest that elevated level of raffinose
with over-expressed OsUGE-1 resulted in enhanced tolerance to abiotic stress. Thus, the gene may be applied to improve tolerance to abiotic
stress in crops.

)= e

Introduction

Purification Harvest

Plantation
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Py
Review
IVitamin Biosynthesis as an Antifungal Target| Table 1. Evaluation of the suitability of fungal vitamin B biosynthetic genes for antifungal development.
Zohar Meir and Nir Osherov *
Department of Clinical Microbiology and Immunology, Sackler School of Medicine, Tel-Aviv University, Pathwa Gene * Essential for FUNGAL CRYSTAL Fungﬂl Inhibitors
Ramat-Aviv, Tel-Aviv 69978, Israel; lightenzm@gmail.com Y Fun gﬂl Virulence STRUCTURE DEVE]DPEd
* Correspondence: nosherov@post.tau.ac.il; Tel.: +972-3-640-9599; Fax: +972-3-640-9160
heck THH4 ~==========~ Not3df--------mmm Yes 34—~ 1 No
Received: 29 May 2018; Accepted: 13 June 2018; Published: 17 June 2018 ﬁpe"c“:; Vt . B] th X THIS ND + Y@S}qil i NO
Abstract: The large increase in the population of immunosuppressed patients, coupled with Htamin lamine THIf ============ Nﬂ-[-}?]- _______________ 'YE‘S'F"EI‘]’ _______ i. _________ MNeo--
the limited efficacy of existing antifungals and rising resistance toward them, have dramatically —ggagan  a s H !
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fields of drug design a_rld fungal genomics have developed sufficiently ta, merit a renewed look at 1 1 H
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