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Curriculum Outline

Breeding goals
Genetics
Statistics
Quantitative genetics
Components of genetic variance
Heritability, selection theory
Population development
Heterosis, breeding hybrid crops
Breeding systems
Selection methods
Open pollinated crops
Hybrid crops
Clonally propagated crops
Multiple traits and indirect selection
Molecular marker use
Population structure
Marker assisted selection
Integration of genomics in breeding
Genotype by environment interaction
Breeding for resistance to biotic and abiotic
stress
Access to germplasm, intellectual property
Data managemen’
Finishing varieties and seed production

ﬁ.m: 1) http://pba.ucdavis.edu/files/176480.pdf
2) http://pba.ucdavis.edu/Programs/
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Pathogens diversity / Screening technique /Germplasm Evaluation for
disease resistance : Networking and service provider for private sectors

Germplasm evaluation
networking(14 institutes)

Virus (TYLCV)
Bacterial wilt

Northern corn
leaf blight
cMu

Northern corn
leaf blight
MU

Cucurbit

(cucumber, melon,bitter groud)

Virus (CMV,ZYMV)
cMu

CORN

Rust

é Virus (SCMV MDMV)
Downy mildew
KU

Virus(CGMMV)
Bacterial fruit blotch
(Aac.)

KKU
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%) High Throughput Phenotyping Screening Facilities

lunsdSudysiutis lddlasifladndudasanagi Aol Fuau iy
ﬁ"’ﬁﬁﬁaamsﬂ%uﬂ;a sw%&ﬁ“ﬁﬁ"lﬁmnmsﬁuﬂy fanwuzaudasmInseld ns
Uanfurilu 2 szdu ldun deziliuiugnamwszaudiduie m%a‘ﬁa;gaﬁmsqagsluﬁﬁma
madLLGiazmilﬁuﬁ: (Genotyping Evaluation) LLazﬁﬂHmzﬁﬂi’mg (Phenotyping Evalua-
tion) 6’1’3&LﬂuwamﬂmmamaamJaamsﬁuqnssﬂuﬁLSuLaﬁé‘uﬁ‘ufﬁuamaun@ﬁaw
msszfudnwasfivnnglssdunsldaanznadesiiaquld 1w lulssSou
naned warmssminmaswy lagdensauiifidanizuadoufidesnmmasey
LT BENWURS @nTUnemauNTNULAY wislgampiigs dwiudonusen udu
31J‘?|" 2-1 LLam%umaumsﬂ%uﬂEaﬁuﬁj @%Lwimsl,ﬁaﬂmﬂﬁuﬁjﬁLﬁmausmvlrj”ﬁvsmmﬁu
IIUTINAUTNIIY (mwauﬁuﬁufﬁﬁaamsﬁuﬂgo) Lﬁ‘amiﬁumﬁuﬁmuquﬁnwmzﬁ
¢8IN13 %umaumsﬂ%uﬂ;aﬁuﬁfuaz%u@aumimaauﬁuﬁj Tuudazdunouiinsyszifin
Genotype W8z Phenotype BRI UAUTFI 2L IR LT %u@aumsﬂ%fuﬂgo
Wug Lfiaﬂmwamzwjﬂww'aLLaivLﬁﬂszmﬂsjugﬂ w3 F1 $1umann fiflenuuanensl
WHINITN FasUsmfuiaduwindsmnsididnann Lﬂ‘a@‘hl,ﬁumwiasl,m;u F2, F3 e
adu Tuduaeunaseuiniusulpdld Tasawznmslssfiuinuacivng vims
Usfinlunanodufifidonin Multilocation Tests W3suifisuszwinsanuiiuasszning
SURUT losanndnsussfiunansduaen Jiagesimaninn  S9dsRaun3tms
Usfiufisass  sadlddrelunsds=din Lﬁaaiunmua:@iﬂ%ﬁhﬂﬁl‘*ﬂumsﬁuﬂ;a
Wug a0 Lﬁuﬂs:ﬁﬂ%mwhmsﬁuﬂ;aﬁuf

37

E

danu



JunoumsusuUsITug
AINKUIENUSIUSIVWIUSNSSUFMSUSUUSIWIUS

AMARAINNAIENTININ
1 v 1 ks 1
(3w 21211 21219)

MY IzLin
ﬁugﬂssu

RUILLNVTINTIN
ﬁugﬂﬁ‘m

4

mydFulyenug

q

6

NSNATIUNWS

Q

b [
WAIANBIBY
y . wilainaaas

=
NnaaInN1g

Conventional

Conventional
Breeding+

. Marker : _
Assisted . Multi-location
Selection
(MAS)

Genetic
Engineering

U7 2-1: Tuaaum vl ysRuiis

38 lwudguamsauinaiufagitiosaisumsivagunaramunioimeavails:nalng msusudamAMsINLas

S
BIC]TEC1

amember of NSTDA



fa9iu myvawnalulad Sequencing iwldatemaia Mlianamdau

M358 V09T EwanIaNs (Whole Genome) #aaunatusiuasataueld uazaansn
SiezAnansdedgildlunanisain Hnmen EUSnadiduetes LAZINANYNST
Léayq W MINawnalulal Pyrosequencing ‘ﬁ'ﬂﬁ]qﬁugﬂwmmuﬁw lon Torrent
Sequencing Yhl¥msUszfin Genotype nlUdedanfifiwin assiudnuiums
W’@ummﬂIuIaﬁmsﬂmﬁué‘ﬂwmzﬁﬂﬁng (Phenotype) fluludasiidininann lag
vl msﬂi:Lﬁué’nwmzﬁﬂswngiﬁvﬁuﬁmﬂumiﬂgﬂﬂmﬁumaau mMydsiiin
Nz 1w AN awein quanddwie wiaanuduniudalia 1535Tense
Urzilulasaaan MINATATIUTINM 138 ADmaadl dasvianudiadtng sndasns
Tinssuidvladelusnidemsiiensiadinely  dodldeadnlng doatlaniis
nagaudwaninlunInasaudazin msmaaﬁnwmzﬂswngﬁmuml"ﬁnmmmﬂu
Low Throughput Waz Low Content tJuaaviamslauszlasiainanunainnaisuas

Wugnsswﬁl,ﬁusamaw Lﬁ;aomﬂmwmﬁayamaaﬁuﬁqnisuﬁﬁag

AMswanne lwladn1sysziiu  Phenotype 8819330153 (High Throughput
Phenotyping Screening) ﬁ‘?@qﬂsmaﬁuﬁﬂLﬁaﬂszLﬁuqmauﬁ’aﬁi’mmmnmaadm@m 9
YDINT LT A QDN TN LUAR nwﬁy‘oﬂﬁﬁwﬁuﬁ‘maamu@ho g meldmadasuudasann
waden 1w mMaiudwsasioanfuanlasanlod gannd nmawainaluladidunis
visnmunaluladszuudalud@uaz Image Analysis (e laorimadszdivlu
1531581 (Green House) %38 Chamber ﬁquamazumﬁauvlﬁ NNMINADEIT1UIN
AN Seodsruusaluiauazdinsanaiefiney eanzeziarhom §eg
M3 Teuuoa lula o ﬂ’]iLﬂaaugﬁﬂﬂiZﬂ’ldﬂQﬂ sl msmﬁauﬁ’wnszmoﬂgﬂ
wanangslunsia ﬁaﬁﬂﬁﬁuﬁmnﬁué’wﬁaﬁuama:umﬁaﬂuﬁaL%aumjuaua
WAz 1T Anduas Im3sruy Image Analysis anlglunsTauwa N3
UazEIINevaIfT uaziladaiu Digital Features UWNBMIIQAL&ILAT RIDIDNN
Wl dlimsUsaduhdn (uudasTundanwengldannis 100,000 aw) Hanw

] o g Qs [l ] o v Y =) Q 1 o = tﬂl v
windau Medelignians sansnlfdwaulunsialuszazdaly aaduwiniafils

39ﬂ

danu



Uan mmsnﬁmﬁanﬂs:mmlmﬂﬁuﬁjﬁﬁaamﬂﬁaamsmﬁa e ﬁwvl,ﬂgimiﬂizl,ﬁu

maswNdell wenmilannnmanamTzuuiauad S98mIN@uIITUY High Throughput
Phenotyping Screening l#3a93udagnaswiuuneg la (Scaling)

UIEN Keygene L JuuIEnIduasnaw Biomarker LLa:ﬁwmﬁuﬁfﬁﬂuwquEﬂ
1 High Throughput Phenotyping Platform ﬁumﬁumnmﬂﬁufﬁlﬁm’ms’m Ifaies
9 1w "L@Tﬁuﬁmuqm”ﬂﬂmuﬂmmﬂ 1-3 B4 (gﬂﬁ 2-2)

GGene

KeyGene’s Mutation Breeding Trait Pipeline

Major traits and new pre-breeding materialin’d months

Pre breeding
material

Trait Application
Patents

Validation

all
genes

KeySeeQ®

KeyPoint®MB

Phenotyping

3U7 2-2: M3lA High Throughput Phenotyping dium Buiiialddsslomilunisysuyyeiug
#A3: Arjen J. van Tunen, 2013. 3

3 http://www.phenodays.com/fleadmin/user_upload/phenodays2013pdf/Herco_van_Liere.pdf
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.QCase study: Correlating early digital tralts
Z to later yield traits in tomato

Experimental Set-up

PhenoFab Breeders/commercial greenhouse
30 genotypes 30 genotypes

5 replicates
5 weeks

Two greenhouse locations

- P
Early crop trait Later crop trait

Shital Dixit [15-01-2013 _

sﬂ‘n 2-3: msﬂs“muaﬂmmwmaamﬂﬂﬂh High Throughput Phenotyping Platform
mn Shital Dixit, 2013.
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Phenotyping + Analytical
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3U7 2-4: 32U High Throughput Phenotyping fiusanmumnaluladidngg Tidaofu

7Ax1: YSuan Christophe SALON, 2013
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#1 #5 #22
usas Canada® Portugal

TA1 Millicn Has. 11.6 Million Has. =0.05 Million Has.
Maize

Maize, Soybean, ‘Canola, Matze,
Cottom, Canols, Sugar | | Soybean. Sugar beet

#17

Spain®
a1

Biotech Crop Countries and Mega-Countries*, 2014

Maize

#3 #7 £10

Paraguay* Uruguay*
24.3 Million Has. 5.5 Million Has. 1.6 Million Has.
Soyben, Maize. Cotton | | Soybean, Maize, Cotton | | Soybean, Malm

#
Brazil*

42.2 Million Has.
Soyhiean, Maize, Cotton

#3

South Africa®
27 Million Has.
Maize, Soybean, Coston

Source: Clive James, 2014.

[ *19 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.

UM 2-5: unuiugasdszinaniinslanioaLan w.e. 2557

Ann: http://lwww.isaaa.org

8 ISAAA, 2014. Global Status of Commercialized/GM Crops: 1014
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"0 Kim Luces.2014. Genetically-modified crops, fastest adopted technology in recent History.
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RPV Tracker
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RPV: Remotely
Piloted Vehicle

RPV Pusher

wing span 1.68 m
UAV: Unmanned gross weight 3 kg

endurance 10 min

Aerial Vehicle

UAV Glider
wing span 2,77 m

gross weight 7 kg
endurance 20 min
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Training on
Plant Phenotyping: High Throughput Root Phenotyping
26-28 November 2014
Lecture room 1, Sirindhorn Science Home, Thailand Science Park, Pathum Thani

5 3
gl sioTeC)

#) JOLICH NesTDa SOT

FORSGHUNCSZENTRUV

Organized by National center for genetic Engineering and Biotechnology (BIOTEC)
National Science and Development Agency (NSTDA)
Ministry of Science and Technology (MOST), Thailand

In collaboration with Forschungszentrum Jilich, Germany

Rationale and Background:

Phenotyping is strategy to empower genetic analysis and genomic prediction. Modern phenotyping is to
increase the accuracy, precision and throughput of phenotypic estimation at all levels of biological
organization while reducing costs and minimizing labor through automation, remote sensing, improved
data integration and experimental design. Effective phenotyping initiatives today require multi-faceted
collaborations between biologists, computer scientists, statisticians and engineers. Root phenotyping is
a challenging task, mainly because of the hidden nature of this organ. This training workshop shows
basic concept of plant phenotyping emphasize on root development and effidency technology to
measurement and study.

The National Science and Technology Development Agency (NSTDA) and IBG-2 (Plant Sciences),
Forschungszentrum Jilich have realized the importance of plant phenotyping plus the needs of
personnel in educational, research and private sectors. Thus, NSTDA and Jiilich Plant Phenotyping
Centre have agreed to organize the training course on plant phenotyping focus on high throughput root
phenotyping by a collaboration of Germany, as the amicable alliance of NSTDA and the number one in
such knowledge, to convey such the important technology. This course is led by 2 distinct scientists
from IBG-2 (Plant Sciences), Forschungszentrum Jilich , Germany, Prof. Dr. Ulrich Schurr, director of
IBG-2: Plant Science Institute and Dr. Tobias Wojciechowski, research for lecture and workshop. The
event is open for involved and interested persons in academic, research and private sectors to join.

Aims:

1. To enable the participants to learn the basic principle for plant phenotyping focus high
throughput root phenotyping. The event will give the floor for the participants to exchange
their experiences amongst themselves and the trainers.

2. To demonstrate and practise ‘Shovelomics' technique for high throughput phenotyping of root
architecture.

Speakers:
Instructors
e Prof.Dr. Ulrich Schurr IBG-2 (Plant Sciences), Forschungszentrum Jilich
s Dr. Tobias Wojciechowski IBG-2 (Plant Sciences), Forschungszentrum Jilich
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Thursday: 27 November 2014
Root system efficiency in the field root performance

09.00 - 09.45 Shovelomics technology

09.45-10.30 Coring technology

10.30 - 10.45 Coffee break

10.45-11.10 Trenching technology

11.15-12.00 Mini-rhizotron technology

12.00 - 13.00 Lunch

Modeling of root growth and performance

13.00 - 14.30 Basic principles of structure and function models of root growth performance
14.30 - 14.45 Coffee break

14.45 - 16.30 Technologies: various models of structure and function models of root

growth performance

Friday: 28 November 2014
Practical and demonstrations

09.00 - 10.30 Shovelomics technology

10.30 - 1045 Coffee break

10.45 - 12.00 Shovelomics technology (continue)
12.00-13.00 Lunch

13.00-14.30 Summary and Discussion

14.30 - 14.45 Coffee break
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11 Rothamsted Research, 2014 available online http://www.rothamsted.ac.uk/examine
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