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Pretest (please write your 
name and country)
1. What is biotechnology?
2. What does DNA stand for?
3 Wh t i GMO ?3. What is GMOs?
4. Which products ……….. do contain DNA
a) Cooking oil b) drinking water c) sun dried 

tomato and d) frozen pea  

Outline

INTRODUCTIONINTRODUCTION BIOTECHNOLOGYBIOTECHNOLOGY DISCUSSION&DISCUSSION&
CONCLUSION CONCLUSION 
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THE IMPORTANCE OF FRUITS 
AND VEGETABLES TO AND VEGETABLES TO 
HUMAN HEALTH

5 A day-The color way

• 5 servings of fruits and vegetables a day
• 5 different colors 

Blue/purples– Blue/purples
– White
– Red
– Green
– Yellow

10

Blue/purple

Yellow

Green

Red

Food Type 1,600 Calories 2,000 Calories Examples of One Serving

Grains

At least half of your servings
should be whole-grain.

6 servings per day 6-8 servings per day
1 slice bread
1 oz dry cereal (check
nutrition label for cup
measurements of
different products)
1/2 cup cooked rice,
pasta, or cereal
(about the size of a
baseball)

Vegetables

Eat a variety of colors and
types

3-4 servings per day 4-5 servings per day
1 cup raw leafy
vegetables (about the
size of a small fist)types size of a small fist)
1/2 cup cut-up raw or
cooked vegetables
1/2 cup vegetable
juice

Fruits

Eat a variety of colors and
types

4 servings per day 4-5 servings per day
1 medium fruit (about
the size of a baseball)
1/4 cup dried fruit
1/2 cup fresh, frozen,
or canned fruit
1/2 cup fruit juice

http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyEating/Suggested-Servings-from-
Each-Food-Group_UCM_318186_Article.jsp#.ViXg_3jlmZY
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HISTORY OF AGRICULTURE 
AND BIOTECHNOLOGY

• Eight “founder crops of agriculture”
• Emmer wheat, einkorn wheat, barley, 

peas lentils better vetch chickpeas flaxpeas, lentils, better vetch, chickpeas, flax

http://www.newworldencyclopedia.org/entry/History_of_agriculture

Flax

better vetch
Chickpea

Early on human civilization…. 
• Stay in one place 
• More people (from hunting periods)

Li i i it d d l t f• Living in community and development of 
trade requires technologies to process 
extra agricultural products  

Biotechnology

• Technology that involving living organisms 
(biomolecules) to transform agricultural 
products into new products with better 
taste, texture value and storage time 

• Based on natural microorganisms (such asBased on natural microorganisms (such as 
yeast) or biomolecules

• 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 II 
and III. 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).

• >6,000 year old
• Found in 

Europe, Africa, 
Asia

wine

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.)

CHEESE

• >6,000 year old
• Found in Europe, 

Africa, Asia

Agriculture Industry revolution

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.

Modern ages
• Industrial revolution

– Manufactured products  
• More people
• Big city
• Transportation 
• Life style change (single, small family, 

less cooking, to-go food)
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Family size

Life style

Agriculture land

http://phys.org/news/2015-02-agricultural-insecticides-pose-global-
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http://www.zespri.com/nutritious/vitamin-c

STEPS IN FRUIT AND 
VEGETABLE HANDLING
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5

2

3

1① Fruit and vegetable 
products 

② Harvest 
③ Processing
④ Package and

3

Post-harvest

5

4

3

④ Package and 
transport 

⑤ Storage
⑥ Consumption 

6

3

Expectation
� Use less water, land and fertilizer 
� Disease and insect resistance 
� Large numbers of fruits per plants /lots of leaves 
� High ratio of reproductive tissue to vegetative tissues
� High nutritional values
� Synchronize ripening/less senescent parts

Premium lines

� Synchronize ripening/less senescent parts
� Good texture
� Genuine products
� Products with good texture, taste
� Product with high standards
� Product with acceptable price (good value)  

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 "anyorganisms 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

� Plant tissue culture
� Marker assisted selection
� Genetic engineering
� Disease monitoring
� AAdulteration dulteration detectiondetection
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PLANT TISSUE CULTURE

Plant tissue culture
• Generate plantlets/organs/un-differentiate 

tissues in vitro
•• SSynchronize productionynchronize productionSSynchronize productionynchronize production
• With/without seeds
• Using synthetic and complex media
• Sterilize condition 
• Disease free 

46

Coconut tissue cultureCoconut tissue culture

Embryo rescue
• An intro technique for saving the hybrids from 

fertilization
• Many embryos die at an early stage of development 

due to unknown reason
I t ifi b t di l id d t t l id• 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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MARKER ASSIST SELECTION

Marker assisted selection or marker 
aided selection (MAS) 

• is a process whereby a marker 
(morphological, biochemical or one 
b d DNA/RNA i ti ) i dbased on DNA/RNA variation) is used 
for indirect selection of a genetic 
determinant or determinants of a trait 
of interest (i.e. productivity, disease 
resistance, abiotic stress tolerance, 
and/or quality)

51

Morphological markers
• The presence or 

absence of 
morphological 
character such as 
awn, leaf sheath 
coloration, height, 
grain color, aroma of 
rice 

52

Flesh colour

53

Texture

Taste

Flesh aroma

Biochemical markers

• Proteins or chemical produced by plants
• Enzymatic activity, HPLC

54nicotianamine synthase
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Biochemical markers for cabbage seedpod weevil (Ceutorhynchus obstrictus 
(Marsham)) resistance in canola (Brassica napus L.)

Euphytica (2009) 170:297–308

R

S

56

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

DNA MARKER

Plant chromosome

58

59

A=T

G=C

60

G=C
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Protein MYB control 
the production of anthocyanin Blueberry 

DNA marker in coding region that cause the phenotypic change

- The most useful
-Difficult to find

Changes in nucleotides = Marker

….ATTGGTCA….

….ATTGCCTCA….

62

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

M m - Easier to find
- Frequently used

Changes

Marker

….ATTGGTCA….
….ATTGCCTCA….

CCCAAAGGTTCCCAAAGGTT

DNA marker

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

• DNA marker can be the target gene or• 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

• it can aid the breeder in more efficiently 
selecting the plants or lines to move 
forward in the program (forward 
selection)

• Can also be used to improve all otherCan 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)

* Polymorphic

* Occurs throughout the genome

* Co-dominant inheritance

Desirable properties for a good 
molecular marker

* Occurs throughout the genome

* Easy, fast and cheap to detect

* Reproducible

* Selectivity neutral

* High resolution with large number of samples

Molecular markers

• RFLP (Restriction Fragment Length Polymorphism) 
• RAPD (Random Amplified Polymorphic DNA) 
• AFLP (Amplified Fragment Length Polymorphism)
• SSR (Simple Sequence Repeat)• SSR (Simple Sequence Repeat) 
• SCAR (Sequence Characterized Amplified Region) 
• CAP (Cut/Cleaved Amplified Polymorphism)

PCR
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RFLP  RFLP  -- Restriction fragment Restriction fragment 
length polymorphismlength polymorphism
• A technique to identify a change in the 

genetic sequence that occurs at a site 
where a restriction enzyme cuts RFLPswhere a restriction enzyme cuts. RFLPs 
can be used to identify specific mutations, 
and as molecular markers. 

Restriction enzymes are proteins isolated 
from bacteria that recognize specific short 
sequences of DNA and cut the DNA at 
those sites. The normal function of these 
enzymes in bacteria is to protect the 
organism by attacking foreign DNA, such 
as viruses. 

RsaI from Rhodopseudomonas sphaeroides (S. Kaplan)

MboI from Moraxella bovis

EcoRI from Escherichia coli

CSS/HORT 430
Plant Genetics
Updated by Tanya F
Chutimanitsakun fro
Sagar Sathuvalli

3

2

61 2 43 51

RFLP Polymorphisms interpretation

3

6

4

5

71

Make a better marker
from RFLP for pepper

Random Amplified Polymorphic DNA Random Amplified Polymorphic DNA 
RAPD RAPD 

Amplifies anonymous stretches 
of DNA using arbitrary primers

Fast and easy method for 
detecting polymorphismsdetecting polymorphisms
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F u ll  L e n g t h  R e s e a r c h  P a p e r  
 

Partitioning and distribution of random amplified 
polymorphic DNA (RAPD) variation among eggplant 

S o la n u m  L. in Southwest Nigeria 
 

73

 
 
Figure 1. Variability in fruit colour and shape of 
some eggplant samples studied. Legend: (a - d) S .  
m e lo n g e n a ; (e and f) S .  m a c r o c a r p o n ; (g) S .  
d a s y p h y l l u m ; (h and i) S .  g i l o ; (j) S .  s c a b r u m ; (k) S .  
i n c a n u m ; (l) S .  a e th io p i c u m ; (m) S .  e r i a n t h u m .  

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

SNPs
(Single Nucleotide Polymorphisms)

SNPs on a DNA strand

Molecular markers which their polymorphism can be determined by single nucleotide difference

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

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

77

An example of the use of SNP for flesh colour
In cucumber
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Marker comparison

79

Around 80% of molecular markers
are arbitrary amplified DNA markers

Application of markers in crop 
improvement 
• Selection of good characters lines from germplasm

– Fruit characters; firmness, sweetness, colour, aroma, 
ethylene production 
M h l h i– 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

Examples

• Chili pepper (disease resistance, 
pungency)

• Radish (male sterility)
O i (b lb l )• Onion (bulb colour)  

Yoon et al 2015

Modification of plant 
genome

83
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GM GM plant developmentplant development

BT toxin

Toxins 2014, 6(12), 3296-3325; doi:10.3390/toxins6123296
Review: Bacillus thuringiensis Toxins: An Overview of Their Biocidal Activity
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ABIOTIC STRESS 
RESISTANT/TOLERANT TRAITS

AGRONOMIC AND 
HORTICULTURAL TRAITSHORTICULTURAL TRAITS
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DISEASE/INSECT 
RESISTANT TRAITSRESISTANT TRAITS

GM tomato with good processing
characters

GM tomato with delayed ripening

102
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Gene from lemon basil

Gene from Snapdragon

103Purple tomato Flavour enhancing tomato  104

PRSV resistant papaya

Borer resistant eggplant

DiagnosisDiagnosis
• Detect the presence of pathogens, 

contaminants on the plants and on the 
fruits/vegetable using molecular techniques

• Testing of GM materials 
• RT-PCR, real time PCR, hybridisation
• Antisera  
• Using minute amount
• Standardisation of the plantation and products 

105 Fig. 1. M ethods of plant disease detection.

F. Martinelli et al.

Fig. 3 Traditional and innovative methods. Their timing of use during plant disease progression was indicated. Four disease stages were considered

Agron. Sustain. Dev.
DOI 10.1007/s13593-014-0246-1
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Fig. 4 Field reflectance spectra
for healthy tomatoes plants (H)
and plants infected with late
blight disease increasing severity
(from 1 to 4). S is the average
spectrum for soil. The insert is an
enlarged view of the abrupt
changes at approximately
1,040 nm (from Zhang et al.
2003) ( f h

F. Martinelli et al.

2003) (courtesy of the
International Journal of Applied
Earth Observation and
Geoinformation, edited by
Elsevier)

Fig. 7 Comparison of methods for plant disease detection (PDD). The
qualitative scales indicate: 1 poor, 2 fair, 3 good, and 4 very good. The
categories evaluate individual techniques with respect to: (i) Availabili-
ty—easeof use,availability of equipment, and cost; (ii) detection stage—
when infections can be detected (4 infected vectors present, 3 isolated
infected plants, 2 many infected plants, and 1 symptomatic stagedisease
has spread over the cultivated area); (iii) speed—total time required

between collection of field data and thedelivery of results (thus includes
sample collection, preparation, and testing); (iv) spazialization—the po-
tential to spatializeresults (4 inputdataalready carriedout inaspatialized
dimension, 3 data easily spatializable, 2 data difficult to spatialize, and 1
data not subject to spatialization); and (v) reliability—effective accuracy
of results

AAdulteration dulteration detectiondetection
Trade food and agricultural commodities
Black pepper, chilli, turmeric 
Destroy reputation and tradeDestroy reputation and tradeDestroy reputation and trade Destroy reputation and trade 
DNA based techniquesDNA based techniques

111

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, DOI: 10.1080/10408398.2014.967834
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115
Dhanya and Sasikumar, 2010

Discussion and conclusion

5

2

3

1① Fruit and vegetable 
products 

② Harvest 
③ Processing
④ Package and

3

Post-harvest

5

4

3

④ Package and 
transport 

⑤ Storage
⑥ Consumption 

6

3
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Biotechnology

� Plant tissue culture 
� Molecular marker Premium line 

� Genetic engineering
� Disease monitoring
� AAdulteration dulteration detectiondetection

Customer 
satisfaction

Bottlenecks
• Not every techniques are available (at all, 

in your countries, legal issues etc)
• Some techniques require trained scientists• Some techniques require trained scientists, 

well equipped laboratories, financial 
support  

Opportunities
• Each country has varieties of fruits and 

vegetables that can export AND increase 
the value after harvest --- but--- Due to 
the limit resources identification of 
champion fruits/vegetables might be 
important 

• Some thought is needed from plantation, 
harvest, processing, packaging and 
manufacture whereby biotechnology can 
play important roles

123

• Other technology including material 
science, computer science, engineering 
and food science are also needed to 
improve/increase the value of our fruits 
and vegetables

• Co-operation (institutes/regions/global)

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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