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Biotechnology and its applications
for fruit and vegetable

FART BURNS

IOTECHNOLOGY
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Outline

Pretest (please write your
name and country)

1. What is biotechnology?

2. What does DNA stand for?

3. What is GMOs?

4. Which products ........... do contain DNA

a) Cooking oil b) drinking water ¢) sun dried
tomato and d) frozen pea

INTRODUCTION
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Table 1. Comparison of horiticultural crops.

Cereals and oilseeds i crops
Low moisture content, typically 10 to 20% High moisture contort, typically 70 to 95%.
Small unit size, typically less than 1g. Large unit size, typically 5 e to 5 kg.

§ y N High to very high respiration rate.
Very low respiration rate with very small generation of heat. high respi )
Heat production is typically 0.05 mega joule/tonday for dry grain. S‘%\g’;’fg‘g‘éﬂ;ﬁ’;&ﬂxﬁnzg O Togaioulefton/day at

Hard texture. Soft texture, easily bruised.
Stable, natural shelf life is one to several years. Perishable, natural shelf life is a few days to several months.

Losses usually caused by molds, insects and rodents sprouting  Losses usually caused by rotting (bacteria, fung),
and bruising. senescence.

Losses in LDCs usually 10 to 20%. Losses in LDCs usually 15 to 50%

African Journal of Food Science Vol. 5 (11) pp. 603-613, 15 October, 2011

THE IMPORTANCE OF FRUITS
AND VEGETABLES TO
HUMAN HEALTH

HEALTHY EATING PLATE

Use healthy ails (like
olive and canola oil)
for cooking, on salad,
and at the table. Limit
butter. Avoid trans fat.

Drink water, tea, or coffee
(with little or no sugar).
Limit milk /dairy

(1-2 servings/day) and
juice (1 small glass/day).
Avoid sugary drinks.

The more veggies— VEGETABLES
and the greater the
variety—the better.
Potatoes and french fries
don't count.

Eat whole grains (like brown
rice, whole-wheat bread,
and whole-grain pasta).
Limit refined grains (like
HEALTHY whiterice and white bread).
PROTEIN

Eat plenty of fruits of FRUITS
all colors. Choose fish, poultry, beans,
and nuts; limit red meat;
avoid bacon, cold cuts, and
STAY ACTIVE! other processed meats.

© Harvard University

Harvard Schaol of Public Health Harvard Medical School
The Nutrition Source Harvard Health Publications
www.hsph.harvard.edu/nutritionsource www.health.harvard.edu

s

5 A day-The color way

* 5 servings of fruits and vegetables a day
« 5 different colors

— Blue/purples

— White

—Red

— Green

— Yellow

10

i _ Blue/purple

FoodType ~ 1,600Calories 2000Calories Examples of One Serving
Grains 6 servings per day 6-8 servings per day
® 1 slice bread
At least half of your servings * 10z dry cereal (check
should be whole-grain. nutrition label for cup
measurements of
different products)
* 1/2 cup cooked rice,
pasta, or cereal
(about the size of a
baseball)
Vegetables 3-4 servings per day 4-5 servings per day
* 1 cup raw leafy
Eat a variety of colors and vegetables (about the
types size of a smalll fist)
e 1/2 cup cut-up raw or
cooked vegetables
 1/2 cup vegetable
juice
Fruits 4 servings per day 4-5 servings per day
* 1 medium fruit (about
Eat a variety of colors and the size of a baseball)
types * 1/4 cup dried fruit
e 1/2 cup fresh, frozen,
or canned fruit
* 1/2 cup fruit juice
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+ Eight “founder crops of agriculture”

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

better vetch

http://www.newworldencyclopedia.org/entry/History of agriculture Chickpea

- ﬁ = Biotechnology -:[

» Technology that involving living organisms
(biomolecules) to transform agricultural

« Stay in one place products into new products with better

taste, texture value and storage time

¢ Based on natural mlr‘rnnrnnnlch (Q ch as

Early on human civilization....

» More people (from hunting periods)

* Living in community and development of N o

trade requires technologies to process yeast) or biomolecules
extra agricultural products * Require fermentation/incubation period

 Basic equipment/tool
» Local consumption and export
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IMAGE: Model bakery from the tomb of
Meketre, chancellor to Mentuhotep Il
and . From the collection of the
Metropolitan Museum of Art, New York
(Egypt, ~1975 B.C., plastered and
painted wood, height of tallest figure is
18cm).

wine

» >6,000 year old
Found in
Europe, Africa,
AS|a

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.)

Euphrare s-\

Nippu

CHEESE

* >6,000 year old

* Found in Europe,
Africa, Asia

Agriculture

Industry revolution

Years before present (1950}
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Definition of Industrial Revolution in English: The rapid development of
industry that occurred in Britain in the late 18th and 19th centuries, brought
about by the introduction of machinery. It was characterized by the use of steam
power, the growth of factories, and the mass production of manufactured goods.

[T =X
Historic and Projected Population Growth
10
Q4
8 Billion 2024
51 1 3 To add the next 9
5 74 1 billion people 7 Billion 2011
o years 6 Billion 1999
E 5 Billion 1987
9
5,1 4 Billion 1974
a
2 3 Eillion 1960
2] 2 Billion 1930
, 1 Billion 1800
0 " T ? 7 7 ;
1+ Million years 6000 B.C.E. 4000 B.C.E. 2000 B.C.E.

Modern ages
* Industrial revolution
— Manufactured products

* More people
* Big city
* Transportation

* Life style change (single, small family,
less cooking, to-go food)




Family size

Life style
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DYING FOR A DRINK

[Nearty 1 billion people have no access to safe and improved water sources such as boreholes, protected wells, springs and

rainwater collections. More than 80 of the world's waste water is not colected or treated, causing millions of deats from
i the main source of pollution, and

the challenge will grow as the world's urban population almost doubles to 63 billion by 2050,

Agriculture Is accounted for >70% of water usage

Total withdrawal
by sector
WORLY
3,942
Municipal
M industrial
Agricuftural
prove

W 91-100%

W 76-90%

W 50-75%

I Less than 50%
Insuficent data

Agriculture land

[ Mo Agriculiure
Wl veryLow
B Low

[ Medium
I High

Bl very High
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Vitamin C content of Zespri Kiwifruit - compared with other common fruit
200
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REQUIREMENTS
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Data Sources: USDA Nutrient Database 2012 (Release 25)
*New Zealand FOODfiles 2012 Version 01
** Zespri Infernational Limited

STEPS IN FRUIT AND
VEGETABLE HANDLING
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warvest 2
@ Fruit and vegetable ﬁ
products s g

@ Harvest ORANGE JUICE ORANGEJUICE

NOT FROM FROM CONCENTRATE
———————————————————————— CONCENTRATE (e
(nfe)

@ PrOCGSSing Post-harvest @ concenTRAT! 3

@ Package and ) e E
transport %

(® Storage .

® Consumption mﬂj B

PASTEURIS/ 3

&\~§? -

[ =
ORANGE JUICE PRODUCTION =

Expectation

= ¥ |

Use less water, land and fertilizer -
Disease and insect resistance

Large numbers of fruits per plants /lots of leaves o
High ratio of reproductive tissue to vegetative tissué:srfm'um fines
High nutritional values

Synchronize ripening/less senescent parts
Good texture

Genuine products

Products with good texture, taste

Product with high standards

Product with acceptable price (good valu

Customer satisfaction

-

Expectation is higher hence
more complicated technologies
and/or new ideas are required

(Modern) Biotechnology

-

(MODERN)

BIOTECHNOLOGY

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.

Biotechnology

1 Plant tissue culture

1 Marker assisted selection
1 Genetic engineering

1 Disease monitoring

1 Adulteration detection
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Plant tissue culture

Generate plantlets/organs/un-differentiate

PLANT TISSUE CULTURE tissues in vitro

* Synchronize production
With/without seeds

Using synthetic and complex media
Sterilize condition

Disease free

Embryo
Culture

¥ -

Adult Plant

WV=¢ =¢ =¢ “ wunm

46

mbryo rescue

» 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 embryo
into viable plants
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Cupsicnm frutescens
Jas - CO0904
F, Obtained
Through
Embryo-Rescue .

Var:-kashi Anmol

MARKER ASSIST SELECTION

-

Marker assisted selection or marker
aided selection (MAS)

* is a process whereby a marker
(morphological, biochemical or one
based on DNA/RNA variation) is used
for indirect selection of a genetic
determinant or determinants of a trait
of interest (i.e. productivity, disease

Morphological markers

* The presence or
absence of
morphological
character such as
awn, leaf sheath
coloration, height,
grain color, aroma of

E
=
b
=

. P rice
resistance, abiotic stress tolerance,
and/or quality)
51 52
glﬁﬁ;ﬁ;;'&aﬂ‘:ﬁ?’z‘wmI _ . ﬁ : ~ I[
(o et 13 and e coretaton with phosiat-chesmieal Biochemical markers
attributes: indications for future genetic improvements
-t + Proteins or chemical produced by plants
= Flech colour * Enzymatic activity, HPLC
e Texture
Acisity Taste ‘
E“z;";m Flesh aroma
E: 53 nicotianamine synthase B ot el e e

* Colar described in RIS Colar Chat. Royal Haricultl Society

— Ammonium acene
i




11/4/2015

14 a0
R 5
L1d
12 -
 value = 0,87 Fig. 3 Comparisan
L between replicated
101 standardised pesk Heighe
(,/ o g cancentzaans i upper
- -5 cunline leaf extracts nd
R oot w B lerval exit Bale courts fram
= Moderose Resistance 59 2 :‘: Feld 'f‘n‘:l: I:;E?.::—E..—J
Suscegeible < § ] CrgRmme By "8
£« e o larval exit hike coumts. The
4 H Fvalue at —057 shows 2
= siromg significemce
4 difference between R and §
L]
&2

Biochemical markers for cabbage seedpod weevil (Ceutorhynchus obstrictus
(Marsham)) resistance in canola (Brassica napus L.)

Euphytica (2009) 170:297-308 o

cductian wis
rawing represent: s (based an Sasaki
purz and Horst 19981, MZ,

A new biochemical marker for aluminium tolerance in plants
PHYSIOLOGIA PLANTARUM 115: 81-86. 2002
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Plant chromoso

DNA MARKER

58

Plant Cell Structure ___ .

cytoskeleton

Smooth
endoplasmic reticulum

Small membranous
vesicles

Chloroplast

Mitochondrion
(mitochondria)

Plasma membrane_

Peroxisome

Golgi vesicles
(golgi apparatus)

Cytoplasm Nuclear envelope

Leukoplast
Rough endoplasmic

reticulum

"beads-on-a-string"

created by formation
of nucieosomes
30nm solencid A=T
Base pairs (e —
<N Adenine Thymine
|~

—
uigﬁzd josine

Sugar phosphate
bone.

‘extended form of
chromosome.

N 1 ontesas sction

’/ o
mitotic
chromosome
60

Us. National Library of Medicine

10
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[

Exon 1 Exon 2 Exon 3 Exon 4
Promater Intron1 1 Intron 2 L Intron 3 ) 1

Jr—————_————-jy | N

Gene (DNA)
l Transeription
Primary transcript (RNA)

l Splicing

Matwre transeript (mRNA) s E—

l Protein synthesis

~ B

Protein MYB control

]
Anthocyanin Lo
|

Ho._
L
sugar

% DNA marker in coding region that cause the phenotypic change
Changes in nucleotides = Marker

....ATTGCTCA....
I - The most useful
*.' é -Difficult to find

-..ATTGGTCA.... [

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

. ATTGGTCA.... ...ATTGCTCA....

Mp

Changes
m Markeré ‘.Easiertofind

CCCAAAGGTT

Blueberry the production of anthocyanin - Frequently used
61 62
DNA marker * it can aid the breeder in more efficiently

* The use of DNA marker to identify gene or
phenotypes of plant

* DNA marker can be the target gene or
closely link to the target gene

» Can be used with or without previously
knowledge of target genes or relationship
between DNA/gene and phenotypes

63

selecting the plants or lines to move
forward in the program (forward
selection)

» Can also be used to improve all other
trait combinations in the germplasm,
either
— by crossing out unwanted alleles or

— maintaining those of value (background
selection)

Desirable prop_n go

molecular marker

* Polymorphic

* Co-dominant inheritance

* Occurs throughout the genome
* Reproducible

* Easy, fast and cheap to detect
* Selectivity neutral

* High resolution with large number of samples

* RFLP (Restriction Fragment Length Polymorphism)
. RAPD (Random Amplified Polymorphic DNA)

AFLP (Amplified Fragment Length Polymorphism)
SSR (Simple Sequence Repeat)

SCAR (Sequence Characterized Amplified Region)
CAP (Cut/Cleaved Amplified Polymorphism)

11
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RFLP - Restriction fragment Enzyme _Rocogniion it

Restriction enzymes are proteins isolated

Iength polymorphism from bacteria that recognize specific short Rsa 1 - g;?g -

sequences of DNA and cut the DNA at

o« A technique to |dent|fy a Change in the those sites. The normal function of these Mbo 1 satc..
) ) enzymes in bacteria is to protect the -CTAG.
genetic sequence that occurs at a site organism by attacking foreign DNA, such gmaTTC

as viruses. EcoR1 ¢t TAAG..

where a restriction enzyme cuts. RFLPs
can be used to identify specific mutations,
and as molecular markers. Rsal from Rhodopseudomonas sphaeroides (S. Kaplan)
Mbol from Moraxella bovis

EcoRl from Escherichia coli

DNA + restriction _ Restriction Nitrocellulose Paper
enzyme fragments paper, towels
= v e e Gel,
=gy e >
; ponge
AT IIIJ
I Alkaline
1 solution
(1] i i ] is. The mi f @ Blotting. Capillary action pulls an
DDNA samples to be tested (in this restriction fragments from each alkaline solution upward through
case identified as samples I, II, sample are separated by electro- the gel and through a sheet of
and IIf) are prepared from the phoresis. Each sample forms a nitrocellulose paper laid on top of
appropriate sources, A restriction characteristic pattern of bands. it, transferring the DNA to the pa-
enzyme is added to the three (There would be many more per and denaturing it in the pro-
samples of DNA to produce bands than shown here, and they ~ cess. The single strands of DNA
restriction fragments, ‘would be invisible unless stick to the paper, positioned in
stained.) bands exactly as on the gel.
& Paper blot
peeled off CSS/HORT 430 E
Plant Genetics R
G ‘% Rinse away i Updated by Tanya \ (S
Y un?‘il:ched Chutimanitsakun f{ S|
\ pro Sagar Sathuvalli
i D\ — B~ — -  —
DNA probe \n
in solution
Tk , CIENg— B
ez
2
@ Hybridization with radioactive probe. The paper €@ A sheet of is laid
blot is exposed toa solution containing radioactive- over the papec] The radnoaclnvny in the bound pmbe
ly labeled probe. The probe is sing] ded DNA ilm to form an i
complementary to the DNA sequence of interest, spetlﬁc DNA bands—the bznds containing DNA :hat
and it attaches by base pairing to restriction base pairs with the probe. The band patterns for
fragments of complementary sequence. samples [ and I are identical, but Il is different.

Thear Appl Geet (2008) 118:15-27
DOL 10.1007/500122-008-0873-5

ORIGINAL PAPER v Amplifies anonymous stretches

of DNA using arbitrary primers 3500 T8 (ST s T

BAC-derived markers converted from RFLP linked

E
to Phytophthora capsici resistance in pepper v Fast and easy method for . T
(Capsicum annuum L.) detecting polymorphisms
Key Elactrophorasis of PCR products
=  PCH primer sequence 'm
location and orientation B -—
= Amplified PCR products 0 [
:’Iake a better marker 1-7  Chromosomes f:' :
rom RFLP for pepper | B

(a)

71

12
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Figure 1. Variability in fruit colour and shape of
some eggplant samples studied. Legend: (a - d) s
melongena; (€ and f) s. macrocarpon; (9) s
dasyphytum; (N andi)s. gio; (j) 5. scabrum; (k) s

incanum; (I) S asthiopicum; (M) . erianthum

Figure 3, A UPGMA dendrogram shoring genetc reaionship
s stued.Lagend: Y ropresen's -

‘among acoessionsof s

caled e ala coeficent of sty 0651 0V reresert e e

cluslers at were disingushad fom he dendiogram wi

e Uy

and Uy represent ungrouped sanples at hat co-eficent of
Simiay.

Ienorlonalof s ard
NodrBgy —

Partitoning and distibuton of random amplifid

polymorphic DNA (RAPD) variaion among eggplant
Solanum L InSoumwstngma

26 samples of eggplants, can
be separated
by RAPD in to 5 groups

73

SNPs
(Single Nucleotide Polymorphisms

Molecular markers which their polymorphism can be determined by single nucleotide difference
SNPs on a DNA strand

- n
FAOCA‘AAcﬂﬂﬂGcAGﬂATGcAGTTCTCTTGA‘TGACTGTG‘AT
‘ ‘ IACCAAAACAAAGCAGAATGCAGTTCTCTTCACTGACTGTGAAT
O O v s A lan
!ACCAAAACAAAGCAGAATGCAGTTCTCTTCAfTGACTET

[CITGACTGTGAAT wm

SNP Statistics
“Estimated SNP in human genome: 10 million
“Number that have been seen twice: about two million

XYVYAMNYAAATY

v'Any two unrelated individuals differ by one base pair every 1,000
or so, referred to as SNPs.

v'"Many SNPs have no effect on cell function and therefore can be
used as molecular markers.

(2010} 171:301-311
007 10681.005-0017-2

REVIEW

in cucumber (Cucumis sativus L.) fruit

H. E. Cuevas * H. Song * J. E. Staub * P. W. Simon

Tabhe 1 Number of sampies, means and stunéand errors (SE)
for f-carotere coment (s g ) af it mesocamp 2 endoeary
liication wed o charscterived cucumsber | Cocamis safivin
e s——————
om unpigmented (white) mterice

o

(orenge) ioserior fesh inbeed
eveluaied in two greenhoases it

Color segregation’  Mesosarp

A Mesm' £5E o' Mo’ £SE

Orenge (ORG)
Light ceunge ILORG)

2meLls 2 7 0s
1s0sF 1 s

Yellow (1) 0 ooMEar? 5 0 a 0l
ight yetlow (31 oo L0 2 00l

Grees yellow (GRY)

Inheritance of beta-carotene-associated flesh color

[
.
1
.

Yellow green (YGR) 7 010 £ 0,07
s
s
s

Lighn green (LGK) 00l L0000 2 09 OIT
G () wisoor 3 omeow 1N CUCUMber
Whise (WH) 42 002+000° 5 0.16 % 0.08°

w200 An @xample of the use of SNP for flesh colour

77

‘Theor Appl Genet (2014) 127:2051-2064
DOI 10.1007/500122-014-2360-5

ORIGINAL PAPER

High-density single nucleotide polymorphism (SNP) array
mapping in Brassica oleracea: identification of QTL associated
with carotenoid variation in broccoli florets

13
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Marker comparison

Biochemical malecular

Fearure Marphological markers DNA based markers

markers
Fezmure of the q
Thenoeype Frocein DNA base sequence
n“""l““f'“‘"'“-‘ Consequences af gene acoon Genes thar e expressed DINA sequences. ey of may
of the markers a0 represen: s
Plant marerial required Lirrle 1o medium amount of nssue
o Innace plancor plant argan. Lirtle amounr of nue i )
Efon mqued simple Moderaze Moderzze o deffcle
G T Mockaccly diffccle Moderaocly diffculs o diffeate
Repmduciailicy High Hgh Moderare 1o high
Deeninance/ Cadominanice Generally dominan: Codominine e B

Codominanr (RFLP SR}

79

Poc st o et 013,95
S R
REVIEW Open Access

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

Around 80% of molecular markers
are arbitrary amplified DNA markers

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 22082012 resulting in
1032570 hits. Abbreviations are according to acronyms found in the
text: AAD - Arbitrarily amplified DNA markers, including AFLP, ISSR,
RAPD, and other modified but similar methods mentioned in the
text; CDM - conserved DNA based markers, including CDDP, PBA,
TBP, ITP (all modified methods are cited in the text); TEM -
transposable element based markers including IRAP, REMAP, ISAP,
iPBS and SSAP. RGM - resistance-gene based markers (RGAP), NBS-
profiling; RBM — RNA-based markers, iSNAP, EST- and cDNA- based
markers; TFM - targeted fingerprinting markers (DALP, PAAP, SRAP,
TRAP, CoRAP and SCoT).

Examples

Application of markers in crop

improvement
» Selection of good characters lines from germplasm

— Fruit characters; firmness, sweetness, colour, aroma,
ethylene production

— Morphology; shape, size
— Abiotic stress; drought
— Biotic stress; disease resistance

» Assist plant breeders to determine outsprings with desired
characters

» Acquire lines with several characters simultaneously

81

« Chili pepper (disease resistance,
pungency)

» Radish (male sterility)

* Onion (bulb colour)

Yoon et al 2015

Modification of plant
genome

83

Figl| ] p 8B, double-strand bresks ZEN/2,inc finer uclease 112 EMBO reports VOL13[NO 122012 1057

14



Figure 2. Global Area of Biotech Crops, 1996 to 2014: Industrial
band Developing Countries (Million Hectares)
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GM PRODUCTION OF TOP SIX COUNTRIES

Table 1. Global Area of Biotech Crops,
1996 to 2014

120

-e- Industrial Countries
400 - Developing Countries

ST ST e e e e, T S . T R S e T e P
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011 201220132014

Source: Clive James, 2014.

Hectares (Million)| Acres (Million)
1996 1.7 43
1997 11.0 27.5
1998 278 69.5
1999 39.9 98.6
2000 44.2 109.2
2001 52.6 130.0
2002 58.7 145.0
2003 67.7 167.2
2004 81.0 200.0
2005 90.0 2220
2006 102.0 250.0
2007 1143 282.0
2008 125.0 308.8
2009 134.0 335.0
2010 148.0 365.0
201 160.0 395.0
2012 170.3 420.8
2013 175.2 433.2
2014 181.5 448.0
TOTAL 1,784.9 44135

Increase of 3-4%, 6.3 million hectares (15.6

B USA 40%
Brazil 23%

B Argentina 14%
India 6%

B Canada 6%

B China2%

B Rest of the world
8.3%

Source: Calculations based on ISAAA (2014). Special Brief 46 — 2013 Executive
Summary, Global Status of Commercialised Biotech/GM Crops: 2013,

million acres) between 2013 and 2014, http://www.isaaa. urces/publice 15/briefs/46 /executi 1Y)
Source: Clive James, 2014,
Figure 3. Biotech Crop Area as % of Global Area of Principal
Crops, 2014 (Million Hectares)
200 184 Product  Gene A, Event Variety Regulatory  Field Market
180 | ] Conventional concept  discovery selection devel process  production
ws0-| | M Biotech
140
120 - m
100 - @it Bt gene productand Postmarket
80 = comparative analysis assessment
50
46} * Source + Greenhouse to field + Toxicity * Postmarket
| * Initial molecular * Agronomic * Allergenicity surveillance
o characterization performance + Nutrition * Supplemental
 History of safe use + Phenotypic screenin; + Compositional analys food/feed studies,
820 68% 30% 258 : I GicE ofevert\{s 9 Cor npositional analysis 2 needed
Mode of action + Environment
Soyb Ccott Mai canol. 0 g
e o ol hadi] Fgﬂ}:ﬁ““'"" « Further molecular
Source: Clive James, 2014. characterization
o R PB4 5700
- CrylA-G; Cry2A
BT toxin
Cry11A-B; Cry16A
Cry19A-B; Cry20A
Cry1AK; Cry2A Cry24C; Cry27A
Cry78; Cry8D Cry328-D; Cry39A
Cry9A-CE; Cry15A C:;MA;Cry;ym Cry18,1; Cry3A-C;
Cry224; Cry32A Cry48A; Cry49A Cry8A-G; Cry9D; C
(1) Ingestion Crys1A Cyt1A-B; Cyt2A-8 Exmec nyz:éiigléfya:éA
Spore  Protein| i i oysm;c'ryuA-a; évyssA
capetal Lepidoptera Diptera o Coyt
Coleoptera
"
I
C2) Gl @Pndudne.
) ' Cry31A
B. thuringiensis Crcyrsy':;cg:f 32 g;:;:
3) Activation of protei o gﬁ;ﬁ gm:
Rhabditida
(5) Vacuolation (4) Binding w# ‘ » ¢ = © H
of the cytoplasm specific receptors Cristal _ Jtaxing Towin uman=cancer
- cells
Cell disruption Peritrophic membrane
Cry2A
R Cry3A
Intestinal cells Schiinemann, 2012 cﬁml‘ Cry3a
<t(ry5;\ —cry1ab
Cry22A
Hemiptera Gastropoda
Te 2014, 6(12), 3296-3325; d
R?:r’;v Bacillus 3huringiensis '?(I:xins: An Overview of TheiHXcin;!Sgivonpte ra
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Agrobacterium

Extraction of
embryos (explants)

Genetransferto  Selection of Regeneration Generation of Creation of
corn genome transformed multiple events seed with trait
(new event) callus per trait

Particle
bombardment

Annu. Rev. Plant Biol. 2014, 63:769-90

Discovery Phase 1 Phase2 Phase 3 Phase4
Gene/trait Proof of Early Advanced
identification concept development development Prelaunch
ferage | samonths 27 months 30 months 37months 49months
Average | usb3imilion | UsD283milion USD 136 million UsD 459 millon UsD 172 million
Taitintegration
« High-throughput +Trait development «Field testing « Regulatory submission
Key screening pi 9 qulatory - Seed bulkup
activity |  Model crop +Croptransformation | . Large-scale generation Premarketing
testing transformation +Product + Product development
development
Traitintegration
Field testing
Discovery and Product development
collaborative Regulatory data
REEE Regulatorysubmission
Seed bulk-up
U G ‘ ‘ optimization ‘ ‘ and breeding stacks

Figure |

Overview of the development process of a genetically engineered crop, including activities, durations of those activities, and costs.
Durations and costs are indust

actual duration of the overallrescarch and development procss.

werages (60). Because various activities overlap, the cumulative total of each phase does not reflect the

4 Plant Cell Tiss Organ Cult (2014) 116:1-15

Table 1 Genes, mechanisms, and genetically modified fruit plant species implicated in plant responses to many abiofic stresses: some recent

ABIOTIC STRESS
RESISTANT/TOLERANT TRAITS

reports
Plant Gene Remarks. Perform of transgenic References.
plants to abiotic stress
Apple Osmyb4 Encoding a transcription factor belonging  Drought and cold Pasquali et al. (2008)
0 the Myb family, accumulation of
several compatible solutes
MANHX] Tonoplast Na'/H" antiporters Salt Li et al. 2010)
PpCBFI C-repeat binding factor (CBF/DREB), Cold Wisniewski et al. (2011)
transcriptional activator genes
MdCIPK6L Encode a CBL-interacting protein kinase  Salt, drought and Wang et al. (2012)
(CIPK) chilling
Banana MusaDHN-1 Overexpression of dehydrin gene. Drought and salt Shekhawat et al. (2011a)
belonging to a broader class of LEA
proteins
MusaWRKY71 Encodes a WRKY transcription factor Multiple abiotic stress Shekhawat et al. (2011b)
protein
MusaSAPI Encodes a zinc finger protein i.e. swess  Multiple abiotic stress  Sreedharan et al. (2012)
associated proteins (SAP)
Citrus PSCSFI29A Osmotic adjustment, protected against Water deficit de Campos et al. (2011)
ROS by modulating the antioxidant
enzymes activity
ARBADH Overexpressing AhBADH gene regulates ~ Salt Fu et al. (2011)
accumulate higher level of
glycinebetaine
DI-pyrroline-3 of proline Drought de Carvalho et al. (2013)

carboxylate
synthetase (PSCS)

Grapevine

Kiwifruit

Mulberry

Papaya

Pear

Strawberry

y ( )
DREBIb
VVCBF4
AINHX1
hval

Osmotin

C-repeat binding
factor (CBF)
SAMDC2

SPDSI, SPDS

Osmotin

Dehydration response element binding
gene, a cold inducible transcription
factor

C-repeat binding factor gene, reduced
freezing-induced electrolyte leakage

Maintaining a relatively high K*/Na*
ratio

Encodes a group 3 LEA protein

Encoding osmotin and osmotin-like
proteins belonging to the plant PR-5
group of proteins

Transcriptional activator genes

Encodes sadenosylmethionine
decaboxylase, transgenic plants
expressing polyamines

Encodes spermidine synthase, transgenic
plants expressing polyamines

Enhanced levels of proline, total soluble
protein

Cold

Cold
Salt

Salinity and drought

Salt, drought and variety
of fungal (biotic)
pathogen

Cold

Salt

Salt, multiple abiotic
stress.

Salt

Jin et al. (2009)

Tillet et al. (2012)

Tian et al. 2011)

Lal et al. (2008)

Das et al. (2011)

Dhekney et al. (2007)

He et al. (2008)

Wen et al. (2008, 2009)

Husaini and Abdin (2008)

AGRONOMIC AND
HORTICULTURAL TRAITS
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P g

Citrus CcGA200x1 (a key enzyme Antisense expression reduced height of plant whereas  Fagoaga et al. (2007)
Table 3 Genetic transformation of fruit plants with agronomic and horticultural traits: some recent reports of GA biosynthesis) sense expression promoted shoot length
Pant Gone Remarks References Arabidopsis thaliana MAC12.2 gene Sf:‘::iix;nlly less seeds in transgenic lines than the Tan et al. (2009)
Apple Mald 1 Development of hypoallergenic transgenic apples by Gilissen et al. (2005) Grapevine ol B Improved the rooting of grape rootstocks. Geier et al. (2008)
inhibit the expression of Mal d 1 using RNA Kiwifruit GGP Increased ascorbi id content in transgenic lines Bulley et al. (2012)
interference Papaya ACC oxidase Block cthylene production and delay the ripening rate,  Lopez-Gomez et al. (2009)
BpMADSY Shortening the juvenile phase by overexpressing the Flachowsky et al. (2007) first report of the use of cosuppression technology in a
BpMADS4 gene tropical fruit
gai (gibberellic acid insensitive) Reduced plant height (dwarf apple) in transgenic clones  Zhu et al. (2008) Pear Citrus FLLEWERING Locus Early flowering in transgenic lines Matsuda et al. (2009)
N T g (CiFT)
1-Amino-cyclopropane- Anti-sense suppression of (MAACO1), low production  Johnston et al. (2009) N | ene (0 y -
carboxylase oxidase (MdACOI) of ethylene in fruit Plum Phyloene desaturase (pds) tbiition of carenoid biosyhessand chloopiyll et 1. @00%)
photo-oxidation
RSV-F Encoding for the human respirat cytial virus Lau and Korban (2010) .
fcoding for the human respiratory syncytial virus au and Korban (2010) [FLOWERING LOCUS Transgenic lines produced fruits in the greenhouse Srinivasan et al. (2012)
(RSV)-F protein. efficacy of using apple for ! b
" ’ T genes (PIFTI) within 1-10 months
developing a plant-based vaceine against RSV - s " . PR e - ot o)
. trawber tilbene synthase gene (chs, lterations in the phenylpropanoid metabolism Janhineva et al. (2009
rol B Effects of rol B transgenic rootstocks on growth, Smolka et al. (2010) e s re e ot
flowering and fruit quality of non-transgenic scion o cter rooting of stem cuttings and carly flowering in — Landi et al. (2009)
: iransgenic lines
cultivars grafied onto these rootstocks rantvio P — L oot
ced anthocyanin conty 1, foliar, and fruit -Wang et al. (201
BpMADS4 Transgenic apple was characterized and selected for its  Flachowsky et al. (2011) o nhanced anthoeyanin content In root, foliar, and frui in-Wang et a f )
use in a fast breeding program FakG3 Increased fruit firmness in transgenic line Mercado et al. (2010)
PGl Down regulation of PG/ expression caused frui Atkinson et al. (2012) PFP Over-expression of pyrophosphate: fructose Basson et al. (2011)
° ol 6-phosphate 1-phosphotransferase, regulates
softening in transgenic line hospha § ¢
glycolytic and gluconeogenic metabolism
X vegetative and genera ¢ 2012
MdTFLI-I Reduced vegetative growth and generation (ime Flachowsky et al. (2012) Endo--1,4-glucanase Regulate starch content in fruit during ripening Lee and Kim (2011)
MYBIO GM apple have high concentrations of foliar, flower and  Espley et al. (2013) antisense gene (FraCell)
fruit anthocyanins, analysis of GM apples reveals FaplC and FaEG3 Encoding a pectate lyase and a endo-p-1 d-glucanase,  Youssef et al. (2013)
effects on consumer attributes antisense genes reduced rate of fruit softening
FLOWERING LOCUS T genes Improved fast track breeding approach by heat-induced ~ Wenzel et al. (2013)
(PIFTI and PIFT2) expression of PFTI and PIFT2 genes
i CGA2 1( Kk A i d dhih £1 h F 1.(2007)
Plant Cell Tiss Organ Cult (2014) 116:1-15 5
Table 2 Transgenic plants expressing genes for discase resistance in fruit plants: some recent reports
Plant Gene Resistance/discase Remarks References
Apple HerVf2 Venturia inacqualisiapple  Confers scab resistance in transgenic  Belfanti et al. (2004)
seab disease cultivated apple cv. Gala
MpNPRI Venturia inaequalis and Increased disease resistance by expression  Malnoy et al. (2007)
G il of lated (PR) genes
Jjuniperi-virginianae
dpo Ervinia amylovoralfire Encoding for an extracellular Flachowsky et al. (2008)
D I E A E I N E T blight polysaccharide (EPS)-depolymerase
Avocado  pdf1.2 - Encodes an antifungal defensin Raharjo et al. (2008)
Banana  ree2 or regd class-lrice  Mycosphaerella fijiensis/  Expression of the chitinase (RCG3) Kovacs et al. (2013)
RESISTANT TRAITS
ThEn-42 along with SiSy  Botrytis i o ion of fungal etal
and SOD disease Qo11)
PhDefl and PhDef2 Petunia  Fusarium oxysporumiwilt  Encodes antimicrobial peptides Ghag et al. (2012)
floral defensins gene discase “Defensins’
ihpRNA-Rep and ihpRNA-  Banana bunchy top virus  Transgenic plants expressing small Shekhawat et al. (2012)
ProRep (BBTV)/banana bunchy  interfering RNAS targeted against viral
top discase on initiation gene
Citus  hpN Xanthomonas axonopodis  encodes a harpin protein Barbosa-Mendes et al
pv. cirrifitrus 009
attacin A Xanthomonas citri subsp.  Encodes Atiacin A, an antimicrobial Cardoso et al. (2010)
CitrifAsian citrus canker  peptides. _ _
Ak Nanthomonascr subsp. Ky posite sl of SAR Zhang el 2010) GM tomato with good processing
Citrilcitrus canker
s an characters
scFy Citrus tristeza virus (CTV) ~ Overexpression of scFv antibody Cervera et al. (2010)
fragments directed against epitopes of
its major coat protein p25
pihA-nis Xanthomonas avonopodis  Encodes three nuclear localizing signals ~ Yang ct al. 2011) GM tomato with delayed ripening
pv. citrifCitrus canker (NLS)
Shiva A and Cecropin B Xanthomonas axonopodis  Encodes a bivalent antibacterial peptide  He et al. (2011)
pv. citrifcitrus canker
Attacin E Elsinoe fawcertiifcitrus scab  Encodes Attacin, an antimicrobial Mondal et al. (2012)
peptides acts against fungal pathogen
Grapevine  Stilbene synthase gene - Synthesis of the antifungal phytoalexin ~ Fan et al. (2008)
resveratrol
GFLV movement protein  Grapevine fanlcaf virus  Post-transcriptional gene silencing Jardak-Jamoussi et al
(MPe) gene (GFLV) (PTGS) 2009) g
VpSTS Uncinula necatorfpowdery  Tnvolvement of stilbene synthase Xu et al. (2010)
mildew promoter in pathogen- and stress- Non-transgenic Transgenic
inducible expression
Chitinase and b-1,3- Plasmopara viticolaldowny Increased acivities of chitinase and b1, Nookaraju and Agrawal
glucanase mildew 3-glucanase in transgenic lines (2012)
Papaya  PRSV coat protein (CP)  Papaya ringspot virus Characterization of Insertion Sites in Suzuki et al. (2008)

PRSV and PLDM coat
protein (CP)

DmAMPI

Strawberry  Chit-42, or -1, 3-glucanase ~ Colletotrichum acuiatum/
anthracnose crown rot

apd -

Papaya ringspot virus and
Papaya leaf-distortion
mosaic virus

Phytophthora palmivora

Rainbow Papaya

Virus resistance mediated by RNA-
mediated posttranscriptional gene
silencing (PTGS)

Encodes antimicrobial peptides
“Defensins’ acts against fungal
pathogen

Transgenic lines showed significantly
fewer anthracnose crown rot lesions
compared to the controls

Encodes am antimicrobial peptide-D

Kung et al. (2009)

Zhu et al. (2007)

Mercado et al. (2007)

Qin et al. (2008)
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Gene from Snapdragon
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Borer resistant eggplant

PRSV resistant papaya

Purple tomato Flavour enhancing tomato . 104

Disease Detection

Diagnosis

‘ Direct Methods ‘ ‘IndirectMelhod:

» Detect the presence of pathogens, ] !
contaminants on the plants and on the ¥ Sexlogcal methods Y Blomarkerbased disase
fruits/vegetable using molecular techniques " Sty - ol

« Testing of GM materials | e g

« RT-PCR, real time PCR, hybridisation B | PR

« Antisera sk e

« Using minute amount | e g

« Standardisation of the plantation and products o e e

f:ﬂf;gmﬁds)
105 Fig. 1. Methods of plant disease detection,

early Stage EaryStage I ate Stage
S.Sankaran et al.  Computers and Electronics in Agriculture 72 (2010) 113 3 ManyPlnts fected Desesieead
Table 1 Sk
Examples of some studies on plant disease detection using molecular techniques. Healthy Coltivation Acreage Loss.
Plant/Trees Pathogen Type Molecular method Reference —
Graevine Xvlella fostidiosa Bacteria  PCR.ELISA Minsavage et al. (1994) Detection of Visual Symptoms.
by Scout Teams.
GPCR confrmation analysis
i —

Tradmgnal Serological assays

Detection EE—
Citrus Candidatus Liberibacter Bacteria PR Lietal. (2006) Innovative
Citrus Xylellafustidiosa, Methylobacterium Bacteria PR Lacava et al. (2006) Methods Volateorganic compounds (OMS and twister-GC-TOF)

mesophilicum
Citrus Citrus tristeza virus Virus PCR, ELISA Saponar et al. (2008)
Sweetorange  Candidatus Liberibacter asiaticus Bacteria  Isothermal, chimeric primer-initiated Urasaki et al. (2008) Gene expresion changes based on colrimetrcsignals
amplification of nucleic acids+cycling lateral low Microarray)
probe technology
Rice Burkholderia giunae Bacteria  Fluorescence PCR Fangetal. (2009)
Potato Candidatus Liberibacter solanacearum Bacteria  PCR Lietal. (20092) Biosensors based on phage display and biophatonics
Citrus Gitrus leaf botch virus Virus PR Ruiz-Ruiz et al. (2009)
Tomato Pepino mosaic virus Virus PCR ELISA Gutiérrez-Aguirre et al. (2009) Spectroscopy based methodologies
Almond Candidatus Phytoplasma prunorum Bacteria PR Yvon etal. (2009)
Remote sensing technologes
Fig. 3 Traditiond and i i Their iming of i sion was indicated. Four stages [
DO1 D IOVAIEL4061
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Fig. 4 Field reflectance spectra
for hedlthy tometoes plants (H)
and plants infected with late
blight disease increasing severity
(from 10 4). Sis the average
‘spectrum for soil. Theinsert isan
enlarged view of the abrupt
changes a approximately

1,040 nm (from Zhang et .
2003) (courtesy of the
Intemational Joumdl of Applied
Earth Observation and
Geoinformation, edited by
Elsevier)
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~#=Availabilty ~#=Detection Stage 4 Rapidity Spatialization
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preperaion,and tsing;

1
s pread overthe culivted are); (i) spes—ot tve reired

o 15, dimension,
when ifecions an e deecte (4 ifeted vecors presen, 3 slated
infected plants, of results
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Adulteration detection

Trade food and agricultural commodities
Black pepper, chilli, turmeric

e Destrov repllfnﬁnn and trade

Sty

DNA based techniques

111

TABLE I: Types of Adulterants and their examples

TYPE

FEW EXAMPLES OF SUBSTANCES

ADDED

Tntentional Adulterants

* Physical adulterant

Sand, marble chips, stones, mud, other filth,

talc, chalk powder, water, mineral oil

* Biological adulterant

Papaya seeds in black pepper, Argemone

seeds in mustard seed ete.

Incidental Adulterants

+ Natural adulteration

« Non natural adulteration

Toxic varieties of pulses, mushrooms, green

and other vegetables, fish and sea foods

Pesticide residues, tin from can, droppings of

rodents, larvae in foods

Metallic Contaminants

Arsenic from pesticides, lead from water,
mercury from  cffluent, from chemical

industries, tins from cans

Microbial contaminant

= Bacterial

= Fungal

= Parasiticus

Bacillus cereus, Clostridium  botulinum
toxins, Clostridium perfringens (welchii),
Salmonella, Shigella sonnei, Staphylococeus

aureus, Streptococcus pyogenes

Aspergillus flavus  (aflatoxin),  Claviceps
purpurea (Ergot), Fusarium

sporotrichiodies, Penicillium islandicum

Trichinella spiralis, Ascaris lumbricoides,
Entamoeba  histolytica,  Ancylostoma

duodenale (hookworm)

To cite this article: Sangita Bansal, Apoorva Singh, Manisha Mangal, Anupam K Mangal &
Sanjiv Kumar (2015): Food Adulteration: Sources, Health Risks and Detection Methods, Critical
Reviews in Food Science and Nutrition, DOT: 10.1080/10408398.2014.967834
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Table 2. Commen adulterants in seme of the major traded spices

Commeodity —
Chemical / earthy material Biological
Blackpepperberries | mineral oil Dricd pagaya seed (Carics papays); wild
Piper nigriom) Piper Spp. (P atteruatun and P paleanm);

fruits of Lantara camara and Embelia ribes;
seeds of Mirabilis jalapa; berries of Schimes
molle; exhausted black pepper; light berries,
stems and chafT of black peppes.

Powdered papaya sced; wild Piper berries;
Lantara camara; Embelia vibes; Mirabilis
jalapa seeds; Schinus molle berries;
exhausted black pepper and light berries;
starch from cheaper source

Black pepper powder Dye

Chilli fruits (Capsicum | Dyes, mineral ol -

P—
Chilli powder Drye- coal tar red, sudan red, para | Powdered fruits of *Chot ber” {Ziziphus
red; vk ide; Mineral laria); red beet pulp: almond shell
oil; tale powder; brick powder; salt | dust; extra amounts of bleached pericam,
powder. seeds, calyx, and peduncle of chilll; starch of

cheap origin; tomato wastes.
(Turmierle power. Drye-Metanil Yellow, Orange llcad | Wild Curcuma spp- C. zedoaria Rose or

chromate; chalk powder; yellow | ‘yellow shotti' syn. C. xantkarrhiza Roxb.
soap stone powder. ("Manjakua’} or C. malabarica; starch from
cheaper source; saw dust

Clercuma longa)

Dhanya and Sasikumar, 2010

Table. 1. Adulterant/contaminant detection end authenticity assessment of plant derived food and

agriculturz] commodities using DNA based techniques.

11/4/2015

Application Techmique Target gene Reference

Detection of cashew husk (Aracardium | Species-specific PCR | TS of 55 rRNA 52)
aceidentale L) adulteration in tea [Camellia
sinensis (L) samples
Differentiation of 'Arabica’ and 'Robusta’ coffee | PCR-RFLP chloroplastic
beans genome (93]
Detection of rhubarb yogurt in raspberry yogust | PCR.

scquencing chlaroplast rhcl (s1)
Deetection of mei {Pran dphum (Prumus | Seecific PCR Ribosoemal ITS] 95)
salicina) adulteration in preserved fruit products
Authenticity testing of raw rice materials in rice- | ggg Microsattclite DNA | (5T)
based food product

e L g Fod e, W 8 N2, 211 55

e RO S v

Table 3. Speci Pmer Sets
Tovard priner
spice revere prmer engh (bp) accesson’ ‘abbrevigion

i’ (P doica) MTGOSGI00GTTGORTT £ A1 [
CCCTGRCOGTGECTTCY

ok musad (Beesianige) CGTGBTTATGTGICCSTC ] DODES ]
TTAGACTITACATTGCAGCACTA

catavaf’ (C.an) GBGATICCTTCCCATGTTG 1 AFUTIETS [
TTHGMTGACOCCACAGEE

cttanon (€ caanonum) TIGTGMTGTGTCA0GCEC 10 a7 2]
GAGAGTCATTTGATTATBAGGC

celer’ (Apium graveclens) ACCCBTTAGGBGCGBC ~310° U30s82.1 Cel
CTCOTTAGATGACACMTTACG" Uatssa 1

dove (5. aomatim) CGCCORACGTCTCTAGAC ] EFLR2 oo
CACCATGCTGAGACGGC

anin’ 0 covR om
TOCACTOACTICRCTTCR

g @ngtercfinak) GTTGCRATGOGTBAATGTS 5 0005590 6n
GGMTCTCCGACECATCS

@ caieetes Vai

TCGATCOCCCAMCACEC

oo (Al cpa) TGTGAMATIGTACTCATACCCG 215 At o
CRBACGCTCACTGGANTAKC

® careetes 7y

CTCCCOGACACACAGACA

epper (Poarnigum) AGACGGAAGCGAACTTGTGA o EROTT 7y
TRCRCGCCCTCCATCC

amson® (4. ursim) TTAACCATOBAGAACAMCCAG 18 A1z Ran
GATACACCECRCCACATAM

seffort (Cos satus) TIACTTACTTACGACTCCGTTC ] D085 B
GTGGAGAGGGCCO0GA

seranse (L o) TCCTICGGGGCCCTAGAT ® AFtE s
TATTCGGGTCTACAGCACCA

tarager (4 dacncuks) MOCGAGTGTOGTTTGATC m A Tar
CGGGACTACACGAMACGA

tomet T 1% Aeoury Tom
TTRACAGKGOAGCRCECTT

White mustard (Shaps abe) TGCGTTAAGTTCCCAGCCA 169 AYT22486 Wit

”

Discussion and conclusion

warvest 2
D Fruit and vegetable i
products : ¢
@ Harvest ONOTFROM FROM CONCENTRATE

@ Processi NG  Post-harvest

@ Package and
transport

® Storage
® Consumption

=

CONCENTRATE

ORANGE JUICE PRODUCTION ==y

ConcENTRATI 3

storsce O

TRANSPORTA /|

E”ﬂ seconstmur 3

PASTEURIS) 3

wir
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Biotechnology Bottlenecks
1 Plant tissue culture 1 | * Not every techniques are available (at all,
o in your countries, legal issues etc)
1 Molecular marker Premium line ) _ _ o
_ _ _ » Some techniques require trained scientists,
] Genetic engineerin - well equipped laboratories, financial
] Disease monitoring support
. . Customer
1 Adulteration detection | satisfaction
Opportunities » Other technology including material
» Each country has varieties of fruits and science, computer science, engineering
vegetables that can export AND increase and food science are also needed to
the value after harvest --- but--- Due to improvel/increase the value of our fruits
the limit resources identification of and vegetables
champion fruits/vegetables might be - Co-operation (institutes/regions/global)

important

« Some thought is needed from plantation,
harvest, processing, packaging and
manufacture whereby biotechnology can

play important roles
123

o

Post-test (please write your
name and country)

» Descript one technique of biotechnology
that could be useful to you and why
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