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HISTORY OF AGRICULTURE
AND BIOTECHNOLOGY
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g ounaer Crops or agricuiture

« Emmer wheat, einkorn wheat, barley,
peas, lentils, better vetch, chickpeas,
flax



http://www.newworldencyclopedia.org/entry/History_of_agriculture
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Haply on i eivilizaiion ...

« Stay In one place
* More people (from hunting periods)

 Living in community and development of
trade requires technologies to process
. extra agricultural products




meiely Biieraeineleety

« Based on natural microorganisms (such
as yeast) or biomolecules

* Require fermentation/incubation period
» Basic equipment/tool
+ » Local consumption and export




IMAGE: Model bakery from the tomb of
Meketre, chancellor to Mentuhotep Il
and IIl. From the collection of the\



http://www.metmuseum.org/toah/hd/twah/ho_20.3.12.htm

wine

* >6,000 year old

* Found In
Europe, Africa,

One of six jars once
filled with resinated
wine from the "kitchen"
of a Neolithic residence
at Hajji Firuz Tepe
(Iran). Patches of a
reddish residue cover
the interior of this
vessel. Height 23.5 cm.
(Jar on display at the
Penn Museum.)




Figure 1 | Drawings of representative reconstructed sieve vessels and
photographs of specific sieve fragments from the region of Kuyavia
submitted to lipid residue analyses. a, b, KUY0750, from Brzes¢ Kujawski site
3. ¢, d, KUY0757 from Smolsk site 4. The typology of the sieve vessels is
comparable to those used by modern-day cheese producers (Supplementary
Fig. 1). Drawings used with permission from ref. 20.
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try that occurred in Britain in the late 18th and 19th centuries, brought
t by thee introduction of machinery. It was characterized by the us\eéof,s{e
r

of factories, and the mass production of manufactu
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World Population Growth Through History
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°* Inaustrial revoliution
« Manufactured products

* More people
* Big city
~ Transportation

N * Life style change (single, small family,
1k cooking, to-go food)
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VEGETABLE HANDLING




ORANGE JUICE PRODUCTION

ORANGE JUICE ORANMNGE JUICE
NOT FROM FROM COMCENTRATE
——————————————————————— CONCENTRATE (fec)

(nfc) I ﬂ

4) Package and
transport

(5) Storage

STORAGE 5

TRAMSPORTA 4

FECDHEIH‘I..FI3

PASTEURISE 3

*




Table 1. Comparison between properties of cereals and roots and tubers regarding their storage capacity
{Source: FAQ, 1984, quoted by Knath, 1., 1993)

Mon-perishable food crops

ibility of permanent or semi-perma
duction, needs for short-term storage

Harvest manly seasonal, need for storage of Po
long duration

Processing in dried products as an alternativ
of the shortage of fresh products

Preliminary treatment (except threshing) of th
crop before storage exceptional

Products with high level of moisture in
general between 50-80 percent

Products with low level of moisture content
(10-15 percent or even less)

Voluminous and heavy fruits from 5 g to 5 kg
or even more

Small "fruits” of less than 1 g

High or even very high respiratory activity of
stored products inducing a heat emission in
particular in tropical climates

Respiratory activity very low of the stored
product, heat limited

Soft tissues, highly vulnerable

Hard tissues, good protection against injur

Products easily perishable, natural
disposition for storage between some weeks

up to several months (strong influence of the
varieties)

Good natural disposition for storage even fo
several years

osses due partly to endogenous factors
(Mgspiration, transpiration, germination)
to exogenous factors {rot, inse

Losses during storage mainly due to exogenous
factors (moisture, insects or rodents)




== Postharvest losses , % Min &= Postharvest losses , % Max === Postharvest losses , % Average
20

18

16

14

12

10

Postharvest losses , %

0.6

Cereals Qilseeds

Condiments
(plantation
crops) and

livestock

Commodity

Fig. 1 Harvest and post-harvest losses in different commodities from nation scale quantitative
assessment in India 2011.

https://s3-eu-west-1.amazonaws.com/...u.../PostharvestSituationandLossesinindia.pdf



e losses at producer, % i Retail losses, 100% ——Total losses, 100%
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—
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—
]

6.52 8.54

Vegetable

Fig 2 Post-harvest losses of different 12 kind of vegetable at producer and retail levels for 12
major vegetables in Uttarakhand

https://s3-eu-west-1.amazonaws.com/...u.../PostharvestSituationandLossesinindia.pdf



* Biophysical loss
» Spoilage
* Breakage

* Nutrient loss

» » Economic loss
W  Financial loss

i -\\Aarket force loss
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WHAT DO WE WANT FROM
BIOTECHNOLOGY ?




« Reliable production (timing, quantity and
qguality) = more profit

« High nutritional value = increase value

 Slow senescence = waste reduction, more
profit

* Proc
flexi

ucts which is robust and have
nility to manufactured into high value

UCts \ /,




« Reliable cutting/stocks

* Detection of impurity
* Chemical contamination
* Microbial contamination
: » Other contamination such as soll
N » Adulteration
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HOW DOES BIOTECHNOLOGY
HELP REDUCING
POSTHARYEST LOSSES ?
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Biotechnology is the use of living systems and
organisms to develop or make products, or "any
technological application that uses biological
systems, living organisms or derivatives thereof, to
make or modify products or processes for specific
/\ use” (UN Convention on Biological Diversity, Art.

[







# Plant tissue culture

&k Molecular marker







« Generate plantlets/organs/un-differentiate
tissues in vitro

- Homogenise In plant developmental
stages and strength (synchronize
' production)

N o With/without seeds




sing synthetic and complex media
e Sterilize condition
 Disease free




Genetic Plant Tissue

transformation Culture
Wide
hybridization
Early flowering
’!-
Genetic variability /
/\ Synthetic seeds
el e Disease free plants
| |
M Somatic Haploids, polyploids, triploids
International
| hybrids/cybrids 0o of

germplasm




TYPES OF PTC

Seed culture

Embryo cultur e\ Meristem culture

Cell culture «~—— Ent tissue Clllt}l ——— Protoplast culture

e R

Callus culture Organ culture

Pollen culture

SLIDESHARE.NET



obtain intact meristem| | explants of pith, maceration of fresh | @nzymatic maceration an obtain anthers
e.g. shoot roots leaves explants removal of cell wall
callus formation cell suspension

| \/

shoot formation | | shoot formation | [ embryogenesis| | interspecies fusion or uptake | (c3]jus formation| [embryogenesis
of foreign DNA

~rooting

plants (7) plants (n)

v

plant propagation plant propagation production of plant breeding plantbreeding  plant breeding
and plant breeding secondary products
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An intro technique for saving the hybrids from
fertilization

Many embryos die at an early stage of development
due to unknown reason

Interspecific crosses between diploids and tetraploids

Fruit crops (seedless grape, seedless lime, papaya,
banana)

Vegetables (Capsicum, onion, tomato, brinjal)

- / Promote the development of weak, immature embryﬂ /

mta\wable plants







Capsicum frutescens

jus - CO0-904

F1 ﬂbtail'le '
f Th rough Var:-kashi Anmol \\

Capsicum annyng

Embryo-Rescue



MARKER ASSISTED SELECTION
(MAS)




genetic determinant or determinants
of a trait of interest (i.e. productivity,
disease resistance, abiotic stress
tolerance, and/or quality)




Viorphological marker
* Biochemical marker

» Cytological marker

* Molecular marker




Moronhological rarkers

» the presence or
absence of awn, leaf %<
sheath coloration, '
height, grain color,
aroma of rice

45



Eur Food Res Techool (2000) 23161 1-621
IOL D0 1007002 D T-010- 131 3-8

Establishment of a sensory characterization protocol for melon
(Cucumis melo L.) and its correlation with physical-chemical
attributes: indications for future genetic improvements

Table 2 Sensecy parameters evaluated by the pacel and reference substacces uweed for aimicg sessiaons

Sensooy altribute Diescription of the Reference subsiance
sensalion
Flesk cokar
White Color located in any o= Mo previous imiming applied
Yellow Pﬂ_-aﬂdf_mﬂ::mph 15504020 1C- L * fior these purameters
with di ot
Crange ——— ISED- 1390 1641 L6 16T
Rose A0SR0 TR0 A
——— RS T T N S B
re af the sa
Firmeess Strengih ceeded for the 1. First section of a wihile asparzgus. 1. Fresh cheese, 3. Walermelan,
first chew 4. Tender cheese, 5. Olive
Juiciness Amiount of jaice I. Green apple, 2. Orange, 3. Watermelon
released when
chewing
Fibrosity Amioant of fibers Different sections of a while ssparagas: 1. Fint two centimebers
perceived when (head part), 2. From secomd io fourth cectimeler (mediom ground),
-.-_'hcv.'.in:E 3. From fifth o weventh cectimeter (boltom part)
Taste of the sample
Sweeiness Cuantity of suger Glupose disselved in waler: &, 24, 40, 56 mgiml
perceived
Acidity Cuantity of acids Citric acid dibated in water 10, 20, 30, 20 pl'ml
R e L]
Flesh urama
Cucamber Smell perceived im ador Cucumber [(Ep2-Momenal & (E-Z)-2,6-Nomadienal ]
Wasermelen ar ﬂ"mﬂ:r'hﬂdm in Watermelon [(Z)-6-Monenal|
Pineapple = e o sarmple Pineapple [Metky] hexancate]
Peach Peach [Benzaldehyde|
Manga Meanpo [Ethyl 2-methylpropanaste]

* Color described in RHS Colar Chart. Reval Horticulumal Seeiety

Kiwi [(E,Z}F2,6-Momadienal |
Banana [Amv aceiate]

Flesh colour

Texture

Taste

Flesh argr}t\% (

\'g ; / (\
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Itvars (Al senstive, Fredrxk: Frod; Altolerant, Atlas.66: Atlas), w ‘ o1
ihe same sofubion contamng Al with the Bnal concestrations ndated, RGE was esumated alter 23 b of Al eaposure, NBT raduchon was

Control
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A new biochemical marker for aluminium tolerance in plants
PHYSEIOLOGIA PLANTARUM 115: 81-86. 2002
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Cytellejeriezt mEiake

chromosome number, shape, size and
banding pattern




FRA ITA

, 37

‘B D ST
4 P

9

e

« o
Figure 1 Determination of chromosome number by DAPI (A, C)
and hematoxylin (B, D) staining of chromosomes showing
counts of 9 in the haploid plants from France (FRA) and 27 in

the tri-haploid plant from Italy (ITA). Chromosome count for the
plant ffom Spain (ESP) was described in Aleza et al. [22].

Germana et al. BMC Plant Biology 2013, 13:129
http://www.biomedcentral.com/1471-2229/13/129



* A molecule contained within a sample
taken from an organism (biological
markers) or other matter. It can be used
to reveal certain characteristics about
the respective source.




< DNA marker in coding region that cause the phenotypic change

Changes in nucleotides = Marker

~.ATTGGTCA.... [[] S % - The most UISGful
_.‘ I -Difficult to find

& Presumed non-functional DNA-markers, in the gene (but not the causal
' mutations) or linked to the gene

/\ ...ATTGGTCA.... ATTGCTCA Changes
\\/ M\-] m Ccl\:/cl:arkeTr; ‘ - Easier to find \ f
pr - . o - Frequently u\s\end,& \ //\ (
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Plant Cell Structure

Smooth
endoplasmic reticulum

Filamentous
cytoskeleton

Small membranous

vesicles
Plasmodesmata

Chloroplast

Mitochondrion Vacuole

(mitochondria)

Plasma membrane

Peroxisome

Cell wall

Golgi vesicles
(golgi apparatus)

Cytoplasm Nuclear envelope

Leukoplast
Rough endoplasmic

reticulum



naked duplex DNA

"beads-on-a-string"
created by formation
of nucleosomes

30nm solenoid

A=T
Base pairs [ RN

Adenine Thymine

Guanine Cytosine

extended form of
chromosome
Sugar phosphate
backbone

U.S. National Library of Medicine

condensed section
of chromatin

mitotic ‘\ﬂ 4 Q\
chromosome



)\ Gene structure

( \ \
r

|
Regulatory sequence Regulatory sequence
|

Enhancer Enhancer
[silencer Promoter 5'UTR Open reading frame 3'UTR /silencer
| 4 /! | |
Proximal Core Start Stop Terminator
DNA -] |--- [ -1 }-

Transcription Exon Exon Exon

B

Pre-
mMRNA

Post-transcription
modification

Protein coding region
+5' cap

Translation
T
WIKIMEDIA.ORG

+Poly-A tail

Protein MYB control
the production of
anthocyanin




Plant A has four unit SSR near
gene of interest

Plant H | ‘

(allele 1)‘
Gene of interest
Plant B Plant B has seven unit SSR near gene of interest

e T

¥ ; a3 ‘
| "\:J(
(s
L (allele 2)
Gene of interest

N

Plant C has three unit SSR
near gene of interest

Plant C

L _ (allele 3)‘
Gene of interest https://www.pioneer.com/CMRoot/Pioneer/About_Global/news_media/media_library/ar
s/MolecularMarkers.pdf



phenotypic screening
« Especially for traits with laborious screening
« May save time and resources

« Selection at seedling stage
 Important for traits such as grain quality
.+ Can select before transplanting

* Increased reliability
I\ * No environmental effects .
discriminate between homozygotes an

+ Can [
:
{ N/ 'h%r,ozygotes and select single plants ™"\ '\!{f

)

—_—
D—




Potential beneﬁts from MAS

* May lead to accelerated—/ \
variety development =

 More efficient use of
resources -
» Especially field trials

Backcross nursery  oource: ' IRRI



Hybridization based

MOLECULAR
MARKER

PCR based




RFLP - Restriction

fragment length
polymorphism

* A technique to identify a change in the
genetic sequence that occurs at a site
where a restriction enzyme cuts.




Enz:ma Hamgnitiun Site

Rsa 1

Mbo 1

organism by attacking foreign
as viruses. EcoR1

Rsal from Rhodopseudomonas sphaeroides (S. Kaplan)

Mbol from Moraxella bovis

/ EcoRI from Escherichia coli
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Thear Appl Genet (2008} 118:15-27
DOL 101007500 12200808735

BAC-derived markers converted from RFLP linked
to Phytophthora capsici resistance in pepper
(Capsicum annuum L.)




rphic

* DNA fragments from PCR amplification of
random segments of genomic DNA with
single primer of arbitrary nucleotide
sequence and which are able to differentiate
‘between genetically distinct individuals

C@n be used with DNA of unknown

/sdquinf:e | \ /

|
|

\




RAPD: randomly amplified

w

A

ey

U

—_—
|
\j

polymorphic DNA

i
ll-
ll

n

[l

Electrophoresis of PCR products

PCR primer sequence
location and orientation

Amplified PCR products
Chromosomes

RAPD Size sorted

>mMOO0O®

Griffiths AJF, Miller JH, Suzuki DT, Lewontin RC & Gelbart WM (1996). An Introduction to Genetic
Analysis, 6th edn. W.H. Freeman and Co., NY.



s
\; élgnis Les marqueurs RAPD

Individu A Individu B

Absence de site d’hybridation

¥
i e il esnene  ammmen i ———es—
t PCR : amplification J’

_—_' — -
—

Amplification Absence d'amplification

\ Révélation 1
des fragments d’ADN
par électrophorése

I site

A B
d'hybridation . .
de I'amorce
- Amorce R
Polymorphisme
de sites

s
d’hybridation
d’amorce

Y
+

Marqueur RAPD = amorce de séquence arbitraire
b-



Figure 1. Variability in fruit colour and shape of
some eggplant samples studied. Legend: (a - d) S.
melongena; (e 2and f) S. macrocarpon; (g) S.
dasyphyllum; (vand i) S. gilo; (j) S. scabrum; (k) S.
incanum; (1) S. aethiopicum; (m) S. erianthum.

MI12 3 45678 91011121314 15161718 19202122 23 2425

Bis T & EZx o ©

Figure 2. RAPD profiles generated by primer B-18 for Solanum
samples studied. Legend: M represents the 100 bp DNA Ladder
which serves as the reference point; 1 to 25 corresponds to
bands produced by the amplified DNA from the 25 samples.

NS S s S s e E S S S S S S e s |
030 [} 0 8 055

Coeflcent

Figure 3. A UPGMA dendrogram showing genetic relationship
among accessions of eggplants studied. Legend: Y represents trun-
cated line at a co-efficient of similarity 0.65; | to V represent the five
clusters that were distinguishable from the dendrogram while Uy
and U, represent ungrouped samples at that co-efficient of
similarity.

academicfournals

Vol.6(1], p. 17, Jonuary 2014
DO 10.5897/JGMB013.0089
159N 200698636 2014 Academic Joumals
it/ fwww.acodemicioumals oig/LJGMB

Intermational Journalof Geneties and
Molecular Biology

Full Length Research Paper

Partitioning and distrioution of random amplified
polymorphic DNA (RAPD) variation among eqgplant
Solanum L. in Southwest Nigeria

26 samples of eggplants, can

be separated

by RAPD in to 5 groups

63



amp regions

 SCARs are DNA fragments amplified by
the Polymerase Chain Reaction (PCR)
using specific 15-30 bp primers,
designed from nucleotide sequences
established in cloned RAPD (Random
I\ rAmplified Polymorphic DNA) fragments
[ Iin\<efd to a trait of interest.

s
p—

\
Y

\ AN
X / Y f- \s. \
) \




Diagram of the SCAR procedure

£ Z. 3

RAPDgEl | — 5 op e» e»
- o =

Polvemnaorshi . Clone the polymorphic
mosphic band - (= band in a vector

a oD &
o =
- e 1
ap ew» o=
= = Sequence the fragment
o» = @ and design new primers

to amplify specifically

b‘-“ the band of interest
After amplification with the new

primers, the result is a clear pattemn 12 3
of bands that is easier to interpret a

rd
Polymorphic band




Siebold & Zucci

1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18 19 20 M




- a DNA seguence variation occurring when a single
nucleotide adenine (A), thymine (T), cytosine (C),
or guanine (G]) in the genome differs between
members of a species or paired chromosomes in
an individual.

. Slngle nucleotides may be changed (substitution),
‘removed (deletions) or added (insertion) to a
polynucleotide sequence

MS Ps may fall within coding sequences of gene§\
¢ n C ng regions of genes, or in the intergeri

nie|
| [re '!" o een gene ‘ “ﬁki







" YOI E [T
G TCTTAAA Maternalchromosome
"G TCTTAA A Paternalchromosome

o ACGTGTC
Individual 1 ACGTGTC

ACGTGTCIt GTCTTAAA mMmaternalchromosome

Individualz - c e reTcf8s Tc TTAAA Paemaicnomosome

ACGTGTCICGTCTTAAA Maternalchromosome
Individual3 A cc TG TclcTACTTAAA Patemalchromosome

The position of the SNP is indicated by the box. Individual 1 is
heterozygous, while individuals 2 and 3 are homozygous.




Eupkstica (20100 171:301-311
DOL 101 D0T s 1 0EE L -008-0017-2

REVIEW

Inheritance of beta-carotene-associated flesh color
in cucumber (Cucumis sativus L.) fruoit

H. E. Cuoevas * H. Song - J. E. Stagh - P. W, Simon

é_

Table 1 Number of samples, means and stanéard errars (SE)
for §-caroiese comient (ag g~ ') of Frait mesocarp and endocarp
classificalion wsed to characterized cucumber [ Caomir safivus
L.} fexh color of panental lines and segregating generations (s,
By, end BC P2 derived from unpigmented (white) imerios
flesh cooomber inbred line ‘GwT' () end the pigmenied
[arznge) ictezior fesh inbeed line ‘EOM 402-10° (Pq) as
evailuated in two greenhonses in Madison, Wise. in 2008

L0 gt

-

"ul'w.u

Calor segregation” Mesocarp Endocarp B
n" Mems' & SE n" Means” £ SE r.‘.:";;

Orenge (ORG) 4 272 & LIS 26 754 & (LEE g

Light coange (LORG) 4 190 £ 083 | 305 '

Yellow (Y] 1l 034 &017" 5 073 & (15"

Light yellow (LY] 6 006 004" 2 033 & 011”

Yellaw green (KN T 00 & 0t

Greenyellew iy 5 02008 2 020 AN @example of the use of SNP for flesh colour
" Light green (LG 5 00 & 000" 2 0I5 LLT
Green (GR) 5 001 £ 000" 3 037 £ 032 In cucumber
White (W) 42 002 £ 000" 5 016 & Qs
T ’f
[ /
\ \r {ene symhal® Cooumher EST datahase A ] Seqpuence of primers wed ta amplify Annealing semp. Frgmem Pl ymarpittism
3 \ fragmem wsed far gencaty ping [ size {hy) / !’\»
N P CL2624 GORO3104 F- CTITGTCT GETGATOA AGATEG il 110 NDEL {15 by \ﬁ \ ™

R~ CACGUUTTO TCAA TTTGETTG 5 ‘ \

e GYaY \ N




Theor Appl Genet (2014) 127:2051-2064
DOI 10.1007/s00122-014-2360-5

ORIGINAL PAPER

High-density single nucleotide polymorphism (SNP) array
mapping in Brassica oleracea: identification of QTL associated
with carotenoid variation in broccoli florets
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* DNA fragments from PCR amplification of
random segments of genomic DNA with
single primer of arbitrary nucleotide
sequence and which are able to differentiate
‘between genetically distinct individuals

C@n be used with DNA of unknown
/S quTnce \ /

|
|

\




Plant A has four unit SSR near
gene of interest

Plant H | ‘

(allele 1)‘
Gene of interest
Plant B Plant B has seven unit SSR near gene of interest

e T

¥ ; a3 ‘
| "\:J(
(s
L (allele 2)
Gene of interest

N

Plant C has three unit SSR
near gene of interest

Plant C

L _ (allele 3)‘
Gene of interest https://www.pioneer.com/CMRoot/Pioneer/About_Global/news_media/media_library/ar
s/MolecularMarkers.pdf



Microsatellites [STRs/SSRs]
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Legume Research, 39 (1) 2016: 39-42 AGRICULTURAL RESEARCH COMMUNICATION CENTRE

Print ISSN:0250-5371 / Online ISSN:0976-0571 www.arccjournals.comywwwlegumeresearch.in
Identification of SSR marker associated with rust resistance in cowpea

(Vigna unguiculata 1.) using bulk segregant analysis

M R SRBSB RIRR3 R4RSR6R7R8R9 R10 S1 S2S3 S4 S5S6 S7 S8 S9 S10

Bulk Segregate Analysis for Primer VaUGMDS5

M R S RBSBR1 R2ZR3R4 RSR6 R7 RBR9 RI0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Bulk Segregate Analysis for Primer VuUGMI19
FIG 2: SSR markers VuUGMO05 and VuUGM19 revealed clear
cut difference in both parents as well as in two bulks.
M-Marker
R-Resijstant
S-Susceptible
RB-Resistant Bulk
SB-Susceptible bulk
R,-R; -Resistant Individual Plants
S,-S,,-Susceptible Individual Plants




Figure 1 Percentages of studies utilizing different types of
molecular markers. The chart is based on an informal literature
search [performed with Google Scholar on 22.08.2012 resulting in
1032570 hits. Abbreviations are according to acronyms found in the
t: A{AD - Arbitrarily amplified DNA markers, including AFLP, ISSR,
APD

and other modified but similar methods mentioned in the
M-c 'nserved DNA based markers including CDDP, PBA,

bleglement based markers including IRAP REMAP, ISAP,
RGM =T |sta,ﬁce gene based markers (RGAP), NBS-

s iSNAP, EST- and cDNA- based
—targe ger yrr‘g markers (DALP, PAAP, SRAP,

RAP and SCo

REVIEW

Advances in plant gene-targeted and functional
markers: a review

Open Access



Poczai et al. Plant Methods 2013, 9:6

Table 1 Summary table of marker systems and groups

Group Marker system Principle in a nutshell References
(1) Conserved DNA and gene  (1.1) CDDP Conserved plant genes are targeted with short universal or degenerate Collard and
family based markers (CDMs) primers to reveal length polymorphism. Use of primer combinations is also  Mackill [57]
possible.
(1.2) PBA Universal primers target the exon-intron junction sites of cytochrome (cyt) ~ Yamanaka et al.
P450 mono-oxygenases. Polymorphism is revealed based on the random [58]
distribution of gene family members.
(1.3) TBP Single degenerate primer pairs anneal to the conserved parts of the f-tubulin - Bardini et al. [59];
exons and amplify intercalated introns from different tubulin isotypes. Breviario et al. [60];
Galasso et al. [61]
(14) ITP Intron regions of choice are amplified by exon flanking primers revealing Weining and
polymorphism. Langridge [62]
(2) Transposable element (2.1) IRAP Amplification of internal sequences between two retrotransposon repeats Kalendar et al.[63]
based markers (TEMs) with primers annealing to LTR motifs.
(2.2) REMAP An LTR specific primer and an ISSR primer are used to detect polymorphism.  Kalendar et al. [63]
(2.3) ISAP Primers designed in various positions within SINE elements are used to Seibt et al. [64]
amplify adjacent genomic regions.
(24) iPBS Primers anneal to PBS regions of head-to-head oriented LTR retrotransposons.  Kalendar e al. [65]
The amplified products contain LTR regions and intervening genomic
regions.
(2.5) SSAP DNA is digested with restriction enzymes. Adapters are ligated to restriction ~ Waugh et\al.\[66]

sites, and amplification is performed with LTR specific and adapter specific
primers containing selective nucleotides.



(3) Resistance-gene based (3.1) RGAP Resistance-gene based analogue fingerprints are generated with degenerate  Leister et al. [67]

markers (RGMs) specific primers or primer pairs, designed to match conserved regions of R- Jdisie s e
genes.
(3.2) NBS- Genomic DNA is digested with restriction enzymes after the ligation of Linden et al. [68]
profiling adapters. Specific fingerprints are generated from resistance gene regions

with adapter specific and R-gene specific primers.

(4) RNA-based markers (RBMs) ~ (4.1) iSNAP Primers are designed from small RNAs and flanking regions to generate Gui et al. [69]
polymorphic banding patterns.

(4.2) cDNA-AFLP An AFLP analysis is carried out using cDNA as a starting pool, with several Bachem et al. [/0]
modifications existing for fine-tuning.

(4.3) CDNA-RFLP  cDNA is used for probes in RFLP analysis. Bryan et al. [/1]

(4.4) EST-SSR EST databases are mined in silico to locate SSRs and design primers to match  Kantety et al. [72]
genetic microsatellites.

(5) Targeted fingerprinting (5.1) DALP The common M13 sequencing primer is paired with a forward primer Desmarais et al.
markers (TFMs) containing the —40 USP core and 3' selective nucleotides to generate [73]
fingerprints.
(5.2) PAAP Degenerate regions annealing to plant promoter regions are added to short  Pang et al. [74]

oligonucleotides to detect polymorphism.

(5.3) SRAP Primers contain a random 5' filter, a core sequence (AATT or CCGG) and three  Li and Quiros [75]
variable nucleotides at their 3" Amplification follows a two step procedure
where first mismatches are allowed at a lower temperature to generate a
starting pool for subsequent higher temperature amplification.

(54) TRAP An arbitrary SRAP primer is paired with a fixed primer designed from ESTs. Hu and Vick [76]

(5.5) CoRAP Arbitrary primers are designed from ESTs as in TRAP, but the fixed primer Wang et al. [77]
contains a different core (CACGC), as in SRAP. This sequence is often found in
plant introns.

(56) SCoT ATG start codons are incorporated into random primers to generate Collard and
polymorphic fragments from the genome. Primers can be used alone or in -~ Mackill [78]
combination.
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doi:10.3732/apps. 1400017

TasLe 1. A summary of the attributes of different dominant molecular markers used in plant biology, and a relative comparison of their attributes.

Marker PCR protocol Genomic target Relative cost Dominance Repeatability
RAPD one-step anonymous low dominant moderate
ISSR one-step anonymous low dominant high
AFLP multistep anonymous moderate mixed (low) high
SRAP one-step coding low mixed (moderate) high

Note: AFLP = amplified fragment length polymorphism; ISSR = inter-simple sequence repeat; RAPD = random-amplified polymorphic DNA; SRAP =
seglence-related amplified polymorphism.
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- GENETIC ENGINEERING




» Addition of a foreign gene or genes or
DNA to the genome of an organism. A
gene holds information that will give the
organism a trait.




Creation of an Insect Resistant Tomato Plant

Bacterium 7. Shooting the gene gun
releases the particles at a
high velocity penetrating
the plant cells.

8. The vector enters
the cell. The genes are
incorporated into the
plant genome.

9. The cells are plated on
a selective antibiotic
media. Only cells that

2..Insert gene into a vector have incorporated the vector will grow.
with a selectable antibiotic
resistance marker gene.
L 10. These cells are transferred
Antibiotic ¥

resistance to medium containing
gene plant growth factors.

1. Cut out the gene.

3. Copy vector in bacteria.

4. Coat tungsten
or gold particles
with DNA vectors.

5. Load vector-coated .«

particles onto teflon %
bullet.

6. Load bullet into gene gun.

Insect resistant tomato plant



Product  Gene Event Variety Regulatory Field

concept discovery Evaluation  ¢ojotion development  process  production Market
: ; Characterization of

C:glecs orfoteins :\s?srez,r;;\me::t gene product and Postmarket

9 P comparative analysis assessment

* Source * Greenhouse to field * Toxicity * Postmarket

* Initial molecular + Agronomic + Allergenicity surveillance

characterization performance » Nutrition * Supplemental
* History of safe use * Phenotypic screening + Compositional analysis food/feed studies,
* Mode of action of events + Environment as needed
* Event selection * Further molecular
(<19%)

characterization

Annu. Rev. Plant Biol. 2014. 65:769-90



Discovery Phase 1 Phase 2 Phase 3 Phase 4
Gene/trait Proof of Early Advanced Prelaunch
identification concept development development u
Average
duration 54 months 27 months 30 months 37 months 49 months
ﬁ‘(‘)’;’age USD 31 million USD 28.3 million USD 13.6 million USD 45.9 million USD 17.2 million
+ Trait integration -
+ High-throughput + Trait development | - Field testing + Regulatory submission
Key screening » Gene optimization + Prerequlatory data + Regulatory data « Seed bulk-up
activity | « Model crop + Crop transformation | . Large-scale generation « Premarketing
testing transformation « Product + Product development
development
Trait integration
. Field testing
Discovery and Product development
collaborative Regulatory data
TS Regulatory submission
Seed bulk-up
Thousands of genes are often tested A few genes are ac.lvanced for Products combme vector
optimization and breeding stacks
Figure 1

Overview of the/development process of a genetically engineered crop, including activities, durations of those activities, and ¢osts.

Durations and costs are industry averages (60). Because various activities overlap, the cumulative total of each phase does not reflect the

actual duration of the overall research and development process.
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Figure 2. Global Area of Biotech Crops, 1996 to 2015: Industrial and
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Saurce: Clive James 2015

Figure 1. Global Area of Biotech Crops, 1996 to 2015 (million hectares).

Saurce: Clive James, 2015,
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Figure 3. Biotech Crop Area as % of Global Area of
Principal Crops, 2015 (Million Hectares)

Global Hectarages Data for 2015 (FAQO, 2013)
Source: Compiled by Chive James, 2015.



Table 1 Overview of the global pipeline of GM crops 20142

Crop Stage Type of traits
Advanced Total Agronomic
Commercial Precommercial Regulatory development events Agronomic + quality Quality
Cotton 16 6 3 5 30 29 0 0
Maize 15 8 1 6 30 28 0 2
Soybeans 5 10 4 12 31 27 2 2
OSR (oil seed rape) 3 9 0 8 20 16 0 4
Fruits (tree) 2 2 2 4 10 0 3
Vegetable 3 0 2 6 11 9 0 2
Alfalfa 2 0 1 0 3 0 1
Rice 1 4 1 17 23 18 0 5
Industrial crops 1 1 13 5 20 16 0 4
Sugar beet 1 1 0 1 3 3 0 0
Potato 0 10 11 2 23 12 0 11
Sugarcane 0 1 1 3 5 5 0 3
Leguminous crops 0 1 0 4 3 0 0
Cereals (others) 0 0 3 3 5 0 1
Fruits (ground) 0 0 1 1 3 1 0
Total 49 53 43 77 222 N.D. N.D. N.D

VOLUME 34 NUMBER 1

JANUARY 2016 NATURE BIOTECHNOLOGY



Golden rice

The Golden Rice Solution
B-Carotene Pathway Genes Added

IPP (isopentenyl-diphosphate)

Geranylgeranyl diphosphate
(i Daffodil gene Phytoene synthase
Phytoene
Vitamin A
Pathway R ca e e
< - Single bacterial gene Py S
is complete
and functional
Lycopene
Daffodil gene Lycopene-beta-cyclase
SR B -carotene

(vitamin A precursor)




Phenylalamine Gene from Snapdragon
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Improve shelf life
* Improve nutrition
Stress resistance

 Herbicide resistance
« Pathogen resistance
* Production of biofuels

W + Production of useful by products (drugs,
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Gene-edited CRISPR mushroom
escapes US regulation

A fungus engineered using CRISPR-Cas9 can be cultivated and sold without oversight.

BY EMILY WALTZ

r I Vhe US Department of Agriculture
(USDA) will not regulate a mushroom
that has been genetically modified

with the gene-editing tool CRISPR-Cas9,

the agency has confirmed. The long-awaited
decision means that the mushroom can be
cultivated and sold without passing through
the agency’s regulatory process — making it

the first CRISPR-edited organism to receive a

green light from the US government.

“The research community will be very
happy with the news,” says Caixia Gao, a plant
biologist at the Chinese Academy of Sciences
Institute of Genetics and Developmental
Biology in Beijing, who was not involved in
developing the mushroom. “I am confident
we'll see more gene-edited crops falling outside
of regulatory authority”

Yinong Yang, a plant pathologist at
Pennsylvania State University (Penn State) in
University Park, engineered the fungus — the
common white button mushroom (Agaricus
bisporus) — to resist browning. The effect is
achieved by targeting the family of genes that
encodes polyphenol oxidase (PPO), an enzyme
that causes browning. By deleting just a hand-
ful of base pairs in the mushroom’s genome,
Yang knocked out one of six PPO genes
— reducing the enzyme’s activity by 30%.

AGENCY RULES

The/mushroom is one of about 30 genetically
modified organisms (GMOs) to sidestep the
USDAS regulatory system in the past 5 years.
In each case, the agency’s Animal and Plant
Health Inspection Service (APHIS) has said
that the organisms —/mostly plants — do not
qualify as something/that the agency must reg-
ulate(Once a crop passes the USDA reviews,
it may still undergoia voluntary review by the
US Food and DrugfAdministration.)

Several of the plants that bypassed the
USDA were made using gene-editingtech-
niques'such as the zine-finger nuclease (ZFN)
and transcripfion activator-like effector
nuclease (TALEN) systems. But until now, it
was not cleax whether the USDA would give
the same pass|to organisms engineered with
science’s hottest tool, CRISPR~Cas9.

Yang/first presented the crop to a small
group of USDA regulators in October 2015,
after being encouraged to do so by'an APHIS

The white button h (Ag

official. “They were very excited,” Yang says:
“There was certainly interest and a positive
feeling” at the meetings. He followed up with
an official letter of enquiry to the agency later
that month.

The USDAS answer came this week. “APHIS
does not consider CRISPR/Cas9-edited white
button mushrooms as described in your Octo-
ber 30, 2015 letter to be regulated,” the agency
wrote to Yang on

“I am confident {3 April

we’ll seemore Yang’s mushroom
gene-edited did not trigger USDA
crops falling oversight because
outside of it does not contain
regulatory foreign DNA from

authority.” ‘plant pests’ such as
viruses or bacteria.
Such organisms were necessary for geneti-
cally modifying plants and fungi in the 1980s
and 1990s, when the US government devel-
opedits framework for regulating GMOs. But
newer geneediting techniques that do not
involve’plant pests are quickly supplanting the
oldtools.

© 2016 Macmillan Publishers Limited. All rights reserved.

bisporus) has been modified to resist browning.

The United States is revamping its rules
for regulating GMOs, which collectively are
known as the Coordinated Framework for
Regulation of Biotechnology. To that end, the
US National Academies of Sciences, Engineer-
ing and Medicine have convened a committee
that is charged with predicting what advances
will be made in biotechnology products over
the next five to ten years. It will hold its first
meeting on 18 April.

In the meantime, Yang is mulling over
whether to start a company to commercialize
his modified mushroom. Fruits and vegetables
that resist browning are valuable because they
keep their colour longer when sliced, which
lengthens their shelflife. In the past 18 months,
biotech companies have commercialized
genetically engineered non-browning apples
and potatoes.

“I need to talk to my dean about that. We'll
have to see what the university wants to do
next,” says Yang about the prospect of bringing
his mushroom to market. But he notes that in
September 2015, Penn State filed a provisional
patent application on the technology. m

21 APRIL 2016 | VOL 532 | NATURE | 293
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Button mushroom
CRISPR

Polyphenol oxidase
(PPO)

Resist browning
US regulation
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« Detect the presence of pathogens,
contaminants on the plants and on the
fruits/vegetable using molecular technigues

« Testing of GM materials

 RT-PCR, real time PCR, hybridisation

* Antisera

« Using minute amount

» Standardisation of the plantation and products
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Disease Delection

¥

Direct Methods

}

Y

Indirect Methods

v Serological methods

= Flow cytometry

*  Enzyme-linked
immunosorbent assay
(ELISA)

* Immunofluorescence (IF)

¥ Molecular methods
*  Fluorescence in situ
hybridization (FISH)
» Polymerase chain
/ reacticn (PCR)
* DNA arrays

v Biomarker-based disease
detection
»  (Gaseous metabolile
profiling
* Plant metabolite profiling

v Plant properties/stress
based disease detection

" Imaging techniques

(Fluorescence and
hyperspectral imaging)

" Spectroscopic techniques
(Visible, infrared,
fluorescence, and
multispectral bands)




Plant/Trees Pathogen Type Molecular method Reference
Grapevine Xylella fastidiosa Bacteria PCR, ELISA Minsavage et al. (1994)
Onion Sclerotium cepivorum Fungi PCR Anwar Hagq et al. (2003)
Olive Pseudomonas savastanoi pv. savastanoi. Bacteria PCR, Hybridization Bertolini et al. (2003)
Sweet orange Candidatus Liberibacter asiaticus. Bacteria PCR Das (2004)
Sweet orange Candidatus Liberibacter asiaticus, Ca. L. Bacteria PCR Teixeira et al. (2005)
americanus, Ca. L. africanus
Citrus Candidatus Liberibacter Bacteria PCR Lietal. (2006)
Citrus Xylella fastidiosa, Methylobacterium Bacteria PCR Lacava et al. (2006)
mesophilicum
Citrus Citrus tristeza virus Virus PCR, ELISA Saponari et al. (2008)
Sweet orange Candidatus Liberibacter asiaticus Bacteria Isothermal, chimeric primer-initiated Urasaki et al. (2008)
amplification of nucleic acids + cycling
probe technology
Rice Burkholderia glumae Bacteria Fluorescence PCR Fang et al. (2009)
Potato Candidatus Liberibacter solanacearum Bacteria PCR Lietal. (2009a)
Citrus Citrus leaf blotch virus Virus PCR Ruiz-Ruiz et al. (2009)
Tomato Pepino mosaic virus Virus PCR, ELISA Gutiérrez-Aguirre et al. (2009)
Almond Candidatus Phytoplasma prunorum Bacteria PCR Yvon et al. (2009)
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Amplification

5 3!
Substrate-enzyme
N N Y () rcinocse

DNA template Detection I\/ colour change

PCR amplification using Anti-DIG peroxidase
DIG-labelled dUTP
b9 g By
DIG-labelled
mRNA
09 9 9
09 9
Biotin-labelled
probe
09 09 9 i

Immobilization

@

Microplate

F1Gure I: Illustration of the 3-step PCR-ELISA method: (i) amplification of the gene of interest using PCR in the presence of DIG-dUTP,

which is then bound to specific probes, (ii) immobilization of the gene of interest to the microplate through strong affinity of avidin-biotin

interaction, followed by (iii) detection of biotinylated DNA using an anti-DIG-peroxidase conjugate with substrate ABTS to form a blue-green P
color reaction that is both visible and measured using a spectrophotometer.




TaBLE 1: Comparisons between 3 different detection methods; conventional PCR with agarose gel electrophoresis, PCR-ELISA and qPCR.

Comparison Conventional PCR PCR-ELISA qPCR

Equipment required ~ Standard laboratory equipment ~ Standard laboratory equipment  Requires fluorescence detection instrument
Reagent costs Low Moderate Costly

Detection limit 1-10 ng/uL. 0.01ng/pL 0.25 pg/uL

Quantitative ability Not quantitative Semi-quantitative Quantitative
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Traditional
Detection

Innovative
Methods

Volatile organic compounds (DMS and twister-GC-TOF)

"f oy

Gene expression changes based on colorimetric signals
(Lateral Flow Microarray)
—

Biosensors based on phage display and biophotonics
>

Spectroscopy-based methodologies
—

Remote sensing technologies
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' Remote sensing

Fig. 7 Comparison of methods for plant disease detection (PDD). The
quaitetive scales indicate: 1 poor, 2 fair, 3 good, and 4 very good. The
ategories evaluate individual techniques with respect to: (i) Availabili-
—ease of use, availability of equipment, and cos; (ii) detection stage—
en infections can be detected (4 infected vectors present, 3 isolated
infected plants, 2 many infected plants, and 1 symptomatic stage disease
has spreac ?ﬂ-the cultivated area); (iii) speed—tota time required

Yars

Biophotonics

“~&=availability ~#Detection Stage ~“Rapidity  Spatialization

between collection of field data and the delivery of results (thus includes
sample collection, preparation, and testing); (iv) spazidization—the po-
tential to spatialize results (4 input detaaready carried out in aspatidlized
dimension, 3 data easily spatidizable, 2 data difficult to spatialize, and 1
data not subject to spatidlization); and (v) reliability—effective accuracy
of results




AdUliteration detecton

Trade food and agricultural commodities
Black pepper, chilli, turmeric

Destroy reputation and trade

DNA based technigues







Table 2. Common adulterants in some of the major traded spices

Commodity

Adulterants

Chemical /earthy material

Biclogical

mineral oil

Diried papaya seed {(Carica papaya); wild
Piper Spp. (P ateriates and P galeatum);
fruits of Lamtara camara and Embelia ribes;
seeds of Mirehilis falapa; berries of Schiris
malle; exhausted black pepper; light berrics,
stems and chaff of black pepper.

Black pepper powder Dwe Powdered papaya sced; wild Piper berries;
Lartara camara, Embella vibes; Mirabills
Jalapa seeds; Schimus molle berries;
exhausted black pepper and light berries;
starch from cheaper source

Chilli fruits { Capsiciem | Dyes, mineral oil -

I ML |

Chilli powder Dye- coal tar red, sudan red, para | Powdered fruits of 'Choti ber” {Ziziphus

red; vanibyl- n-nonamide ; Mineral
oil; tale powder; brick powder; salt
powder.

nummularia)y, red beet pulp; almond shell
dust; extra amounts of bleached pericarp,
seeds, calyx, and peduncle of chilli; starch of
cheap origing tomato wastes.

(Turmeric power.
Curcuma longa)

Drye- Metanil Yellow, Orange 11 lead
chromate; chalk powder; yellow
s0ap stone powder.

Wild Curciema spp- C. zedoara Rosc or
‘vellow shotti' syn. O, xastkorrhiza Roxh.
{‘Manjakua’} or O malabarics; starch from
cheaper source; saw dust.

‘\‘




Table. 1. Adulterant/contaminant detection and authenticity assessment of plant derived food and
apricultural commodities using DNA based techmigues.

Application Techmique Target gene Reference

Detection of cashew husk (Aracardium | Species-specific PCR | ITSof 55 rRNA (52
accidentale L.} adulteration in tea [Camellia
simensis (L) samples

Differcntiation of "Arabica’ and '‘Robusta’ coffee | PCR-RFLP chloroplastic
beans REECATIC (93]
Dietection of rhubarb vogurt in raspberry yopurt | FCR,

seqQuencing chloroplast shel (51}
Dictection of mei { Prasus mume) and plum { Pruae | Spociiic FCR Ribosomal ITS] (93]

,\ salicing} adulteration in preserved fruit products

Authenticity testing of raw rice materials in rice- | gop Microsattelite DNA | (5T)
based food product 2

| |




ITS 2
EEEENEENER

cumin CGAATCCTGCAATAGCAGAA Illllllllllllllll.llkT- C CC GTACCCTGTTTG
Ramson CATA

onion
saffron
Pepper
star Anise
Ginger
cardanom

-CTCCCCCTCCCTTG
~TGACGGATd

Clove
Allspice
Tarragon
Marjoram
paprika
Tomato
Mustard b.
Mustard w.
Caraway
celery
cumin
Ramson
r onion
saffron
Pepper
star Anise -
Ginger
Cardamom

CTTTGGTA
CCAAGGCAGGT
CCTTTTGCCGCATCCA-

Clove

Allspice

Tarragon
/ Marjoram
Paprika
Tomato
Mustard b.
Mustard w.
Caraway
celery
cumin
Rarson
onion
saffron
Pepper
star Anise
Ginger
cardanom

CGCGTGCG
CATGGTGCGTGTGTG

« ./ GCGTGTTTGEGGGATC=GA" (1 (T/TCAAA
u ACCTGGGCTTCTTTTG!




Table 3. Specific Primer Sets

forward primer 5'—3'

spice reverse primer 5'—3' length (bp) accession’ abbreviation

allspice” (P. dioica) AATGGGGGCGGTTGGGTT 333 AM234081 Al
CCCTGGCCGTGGCTTCS

black mustard® (Brassica nigra) CGTGGTTATGTGTTCCGTC 184 DQ340645 MuB
TTAGACTTTACATTGCAGCACTA

caraway” (C. carvi) GGGATTCCTTCCCATGTTG 151 AF077878 Car
TTAGAATGACGCCACAGCC

cardamom (E. cardamomum) TTGTGAATGTGTCAACGCGC 163 GQ166167 Card
GAGAGTCATTTGATTATGAGGC

celery” (Apium graveolens) ACCCGTTAGGGGCGGC ~370° U30552.1 Cel
CTCCTTAGATGACACAATTACG® U30553.1°

clove (S. aromaticum) CGCCCAACGTCTCTAGAC 142 EF026622 Clo
CACCATGTCTGGGACGGC

cumin® (Cuminum cyminum) GACCTGTTAACACGTAAAAACAAT 190 CCU78362 Cum
TCCAACTGACTTCGCTTCG

ainger” (Zingiber officinale) GTTGCGAATGCGTGAATGTG 157 DQ064590 Gin
GGAATCTCCGACGCATCG

marjoram (Origanum majorana) AACCTCGAAAAGTAGACTGTGA 207 (GQ166166 Maj
TCGATCCCCCAAACACGC

onion® (Allum cepa) TGTGAAATTGTACTCATACCCG 215 AJa11944 Oni
CAGACGCTCACTGGAATAAC

paprika (Capsicum annuum) AGTCTGCACGGCTGGGAT 169 GQ166165 Pap
CTCCCCGACACACAGACA

pepper” (Piper nigrum) AGACGGAAGCGAACTTGTGA 164 EF060077 Pep
TGCGCGCCCTCCATCC

ramson® (A. ursinum) TTAACCATCGAGAACAAACCAG 184 AJ412744 Ram
GATACACCGCGCCACATAAA

saffron® (Crocus sativus) TTACTTACTTACGACTCCGTTC 128 DQ094185 Saf
GTGGAGAGGGCCGCGA

star anise® (. verum) TCCTTCGGGGCCCTAGAT 182 AF163724 StA
TATTCGGGTCTACAGCACCA

tarragon” (A. dracunculus) AACCGAGTGTCGTTTGGATC 173 AF045401 Tarr
CGGGGCTACACGAAACGA

tomato® (Lycopersicon esculentum) GACCCGCGAACTCGTTTTA 196 AF44747 Tom
TTAACAGAGGAGCGCGCTT

white mulstard” (Sinapis alba) TGCGTTAAGTTCCCAGCCA 169 AY722486 Muw
AGACTTTACATTGCAGCACAG

# Accession number of sequence used for primer design. ° Primer sets used to optimize PCR conditions. ®Reverse primer hybridizes in ITS2.
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Figure 2. Consumer Preferences

Generation Y, Generation Me
= Aging Population  and Echo Boomers
= Baby Boamers starting birth years ranging
= Millennials from the late 1970s to early-
+ Ethnic Diversity 1980s and ending birth years
ranging from the mid-1990s
to early-2000s.

Shifting
Demographics

* Immediate Consumption
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Figure 3. Marketplace Pressures

* Food Supply / Global Demand
* Environmental Impact

* Waste Reduction

* Water Conservation

Sustainability

+ Regulated Standards
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¢ Social License

Assurance
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* Food Safety Data Management
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Figure 4. Innovative Ingredients

Biofortification is the
process by which the
Enhanced * Biofortification nutritional quality of food
Nutritional * Fortification crops is improved through
Profile * Supplemented Foods agronomic practices,
conventional plant
breeding, or modern
biotechnology
» Sweeteners / Sugar
Food Replacements
Additives * Colours
s Flavours Fortification refers {o "the
practice of deliberatgly
increasing the content of an
essential micronutrignt, ie.
vitamins and minerals

Opportunity:
Innovative
Ingredients

* Alternative Proteins
* Trans-Fat Replacements
* Sodium Replacements

Replacement

Ingredients

Value Added * Novel Fibres
Ingredients ¢ Antioxidants

* Prebiotics / Probiotics
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Figure 5. Emerging Technologies

» Genetically Engineered Foods
* DNA Testing
* Nutrigenomics

Biotechnology

* Food Processing
*» Food Preserving

Nanotechnology

Opportunity:
Emerging
Technologies

» Rapid Detection

» Quality Preservation
Packaging * Interactive Sensors

* Consumer Friendly

* Environmentally Sustainable

Applied * Non Thermal Processing
Technologies * 3D Printing
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Figure 1. Trends and Opportunities for the Food Processing Industry
il Trends lnad
Consumer Preferences Marketplace Pressures
* Shifting Demographics * Sustainability

* Convenience * Assurance Standards

* Environmental Stewardship

* Traceability and Data Management
* Desire for More Information About

Food
Opportunities
Innovative Ingredients Emerging Technologies
* Enhanced Nutritional Profile * Biotechnology
* Food Additives * Nanotechnology
* Replacement Ingredients * Packaging
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Vitamin C content of Zespri Kiwifruit - compared with other common fruit

200

DAILY
REQUIREMENTS

Vitamin C (mg)

150 e ' ..EU(RDA) 80 .

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Vitamin C (mg/100g)

50

Data Sources: USDA Nutrient Database 2012 (Release 25]
* New Zealand FOODfiles 2012 Version 01
** Zespri International Limited


http://www.zespri.com/nutritious/vitamin-c







What do we want from biotechnology
o reduce postharvest losses

* Premium line

* Maintenance of premium lines

- Detection of impurity



* The means to have premium lines with
resist to abiotic and biotic stress

» Use less resources (water, fertilizer etc)
* Produce less waste
+ » Future (and better) food







