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AND BIOTECHNOLOGY



Agriculture proposed origin 



• Eight “founder crops of agriculture”

• Emmer wheat, einkorn wheat, barley, 

peas, lentils, better vetch, chickpeas, 

flax

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

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


better vetch

Flax

Chickpea



Early on human civilization…. 

• Stay in one place 

• More people (from hunting periods)

• Living in community and development of 

trade requires technologies to process 

extra agricultural products  



Early biotechnology

• 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 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).

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


• >6,000 year old

• Found in 
Europe, Africa, 
Asia

wine

20/10/2015 3:37 pm“ The Or igins and Anc ient  Histor y of Wine”  @ Univer sity of Pennsylvania Museum of Ar chaeology and Anthr opology

Page 1 o f 3ht tp :/ /www.penn.museum/sites/w ine/wineneolithic . html

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.)

C o n t e n t s :

Intro - living out our past through wine

 Neolithic Period - "chateau hajji

firuz"

Egypt - wine for the afterlife

Mesopotamia - under the grape

arbors...

One of a kind laboratory - ancient

evidence; modern technology

Map - wine's whereabouts: then and now

The grapevine & tree resins -

nature's ingredients

.............................................................

Credits
Glossary
Links

Neolithic Period
“Chateau Hajji Firuz”
If winemaking is best understood as
an intentional human activity rather than a seasonal
happenstance, then the Neolithic period (8500-4000
B.C.) is the first time in human prehistory when the
necessary preconditions for this momentous innovation
came together.

Most importantly, Neolithic communities of the ancient



• >6,000 year old

• Found in Europe, 

Africa, Asia

CHEESE



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.



http://phys.org/news/2010-06-humans-extinct-years-eminent-scientist.html



Modern ages

• Industrial revolution

• Manufactured products  

• More people

• Big city

• Transportation 

• Life style change (single, small family, 

less cooking, to-go food)







STEPS IN FRUIT AND 

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

For some individual cereals like wheat, the post-harvest losses of wheat are estimated 
to the tune of 8 per cent of production. There are different estimates on post-harvest 
losses in foodgrains. According to one estimate, the harvest and post-harvest losses are 
as shown in Table 2 (Sreeramulu et al., 2005) 

Table 2 Different reasons may cause post-harvest losses of wheat  

Losses reason % of Losses Losses reason % of Losses 

Threshing  1.0  Birds  0.5  

Transport  0.5  Insect  3.0  

Processing  -  Moisture  0.5  

Rodents  2.50  Total :  8.0  

Percentages of harvest and post-harvest losses which came in Figure 1  and Table 2 
were not far from the percentage of losses cited by CIPHET prospective plane-vision 
2025 (CIPHET, 2007), where the losses of foodgrains due to improper handling and 
storage was mentioned to be  as high as 10 per cent. More than 6 per cent of rice is lost 
due to poor storage design and practices, about 66 per cent of rice is milled in hullers, 
while the remaining in shellers and modern rice mills. And it is estimated that more than 
25-40 per cent of the total production of fruits is lost due to spoilage at various post-
harvest stages, and around 20-25 per cent of the total vegetables is lost due to poor 
post-harvest practices. Therefore; development of need based post-harvest 
technologies for safe storage; development of agro-processing technologies for 
different commodities for adoption at rural level to minimize post-harvest losses and 

https://s3-eu-west-1.amazonaws.com/...u.../PostharvestSituationandLossesinIndia.pdf
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In northern part of India, Uttarakhand, study has examined the nature and extent of 
post-harvest losses in vegetable supply chain, multistage cluster sampling has been used 
for selection of 80 vegetable growers, 40 farmers from the hilly region and 40 farmers 
from the bhabhar region. The sample has also included 25 market functionaries. The 
total post-harvest losses at producer and retail levels ranged from 6 of 23 per cent of 
production for all vegetable as shown in Fig 2. 

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

The study has suggested that one possible solution to tackle these problems could be 
the establishment of producer co-operatives to handle various activities relating to 
production and marketing of vegetables. This will not only help reduce the post-harvest 
losses but will also increase the bargaining power of growers in marketing. It will help 
them in adopting consumer-oriented approach to vegetable marketing (Sharma and 
Singh, 2011). 

2.3 International organizations efforts  

The international organizations have been active in studying and reporting the post-
harvest situation and losses in India since long time ago. The International Rice Research 
Institute (IRRI) released technical book written for developing countries including India, 
It included appropriate equipment and design criteria for different Rice Post-harvest 
equipment which contributed in enhancing post-harvest industry (Wimberly, 1983). 

The ADM (Archer Daniel Midlands) Institute for the Prevention Post-harvest Loss, 
University of Illinois, funded 4 case studies in India (Sonka et al., 2012; Sonka et al., 
2008). The studies included, understanding rice post-harvest losses in Tamil Nadu, study 

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



Types of postharvest losses

• Biophysical loss

• Spoilage

• Breakage

• Nutrient loss

• Economic loss

• Financial loss

• Market force loss 



WHAT DO WE WANT FROM 

BIOTECHNOLOGY ?



• Premium line 

• Use less water, fertilizer = starting cost 

reduction

• Reliable production (timing, quantity and 

quality) = more profit   

• High nutritional value = increase value

• Slow senescence = waste reduction, more 

profit 

• Products which is robust and have 

flexibility to manufactured into high value 

products



• Maintenance of premium lines

• Good seeds

• Reliable cutting/stocks 

• Detection of impurity 

• Chemical contamination

• Microbial contamination

• Other contamination such as soil 

• Adulteration  



HOW DOES BIOTECHNOLOGY 

HELP REDUCING 

POSTHARVEST LOSSES ? 



(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.





Plant biotechnology

🌸 Plant tissue culture

🌸 Molecular marker



PLANT TISSUE CULTURE



Plant tissue culture

• Generate plantlets/organs/un-differentiate 

tissues in vitro

• Homogenise in plant developmental 

stages and strength (synchronize 

production) 

• With/without seeds



Plant tissue culture

• Using synthetic and complex media

• Sterilize condition 

• Disease free 





SLIDESHARE.NET



https://www.researchgate.net/profile/Moniruzzaman_Mr/publication/284131355/figure/fig4/AS:309101377671170@1450706

919402/Fig-4-The-major-area-of-plant-cell-and-tissue-culture-and-its-application.png
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Coconut 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

• 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







MARKER ASSISTED SELECTION 

(MAS)



• A process whereby a marker

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)

43



MAS

• Morphological marker

• Biochemical marker

• Cytological marker

• Molecular marker



Morphological markers

• the presence or 

absence of awn, leaf 

sheath coloration, 

height, grain color, 

aroma of rice 

45
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Flesh colour

Texture

Taste

Flesh aroma



Biochemical markers

• Proteins or chemical produced by plants

• Enzymatic activity, HPLC

47
nicotianamine synthase



48

Biochemical markers for cabbage seedpod weevil (Ceutorhynchus obstrictus 

(Marsham)) resistance in canola (Brassica napus L.)

Euphytica (2009) 170:297–308
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A new biochemical marker for aluminium tolerance in plants

PHYSIOLOGIA PLANTARUM 115: 81–86. 2002

R

S



Cytological marker

• Markers that are related to variation in 

chromosome number, shape, size and 

banding pattern





Molecular marker

• 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.
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Two basic types of DNA-markers

DNA marker in coding region that cause the phenotypic change

Presumed non-functional DNA-markers, in the gene (but not the causal 

mutations) or linked to the gene

M
m

- The most useful

-Difficult to find

- Easier to find

- Frequently used

Changes

Marker

Changes in nucleotides = Marker

….ATTGGTCA….

….ATTGCTCA….

….ATTGGTCA….
….ATTGCTCA….

CCCAAAGGTT
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Plant chromosome
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A=T

G=C



Gene structure

Protein MYB control 
the production of 
anthocyanin 

WIKIMEDIA.ORG



https://www.pioneer.com/CMRoot/Pioneer/About_Global/news_media/media_library/article

s/MolecularMarkers.pdf



Advantages of MAS
• Simpler method compared to 

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

• No environmental effects

• Can discriminate between homozygotes and 
heterozygotes and select single plants

Source: IRRI



Potential benefits from MAS

• More accurate and 

efficient selection of 

specific genotypes

• May lead to accelerated 

variety development  

• More efficient use of 

resources

• Especially field trials

Crossing house

Backcross nursery Source: IRRI



MOLECULAR 
MARKER

Hybridization based 

Restriction 
fragment length 
polymorphism 

(RFLP)

PCR based

Random Amplified 
Polymorphic DNA 

(RAPD)

Sequence 
characterized 

amplified regions 
(SCAR)

Simple sequence 
repeats (SSR)

Single nucleotide 
polymorphism  

(SNP)



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. 



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



variant

variant variant
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RAPD  - Random Amplified 

Polymorphic DNA 

• 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

• Can be used with DNA of unknown 

sequence 



Griffiths AJF, Miller JH, Suzuki DT, Lewontin RC & Gelbart WM (1996). An Introduction to Genetic 

Analysis, 6th edn. W.H. Freeman and Co., NY.
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Solanum L., the largest genus of the Solanaceae family, vary morphologically, is diverse in number and 
is ecogeographically distributed. In Nigeria, previous studies had focused mainly on chromosome 
morphology, genome description and medicinal values, which are insufficient for genetic affinities. This 
study used four highly polymorphic random amplified polymorphic DNA primers to describe both the 
genetic relatedness and variability among 25 accessions of eggplant from Southwestern Nigeria. At a 
truncated line of 65%, five clusters and two ungrouped samples are distinguishable from the 
dendrogram. The data reveals that Solanum dasyphyllum Schum. & Thonn. is more closely related to 
Solanum macrocarpon L. than to Solanum melongena L. The relatedness between Solanum incanum L. 
and Solanum melongena, a probability of being progenitors from a common ancestral lineage was also 
shown. Occurrence of Solanum scabrum L. and Solanum nigrum L. in the same clusters different from 
S. melongena, is an indication of distant relatedness to S. melongena but close relatedness between 
them. High level of polymorphism was observed in this study going by the coefficient of variation which 
exhibited a good separation from a conserved region of the genome. This study, therefore, reveals a 
wide and diverse genetic base in Nigerian eggplant Solanum.  

 
Key words: Eggplant, genome, synonymy, polymorphism, phylogenetic. 

 
 
INTRODUCTION 
 
Solanum L., a complex and large genus of the family 
Solanaceae has an unresolved proper delineation of the 
species. The genus contains roughly between 1,500 and 
2,000 species (Bohs, 2001). They are morphologically 
varied, numerically diversed and vastly ecogeographically 
distributed. Several species of vegetable Solanum 

important for human diet and health are referred to as 
eggplant (Daunay et al., 2001). Examples include 
Solanum melongena, Solanum aethiopicum, Solanum 
macrocarpon, Solanum quitoense Lam., Solanum 

sessiliflorum Dunal and related species. The taxonomy of 
eggplant Solanum has remained challenging due to 

species’  large  size,  overlapping  ecogeographical  
distribution (Levin et al., 2005), morphological plasticity, 
similar genomes (Okoli, 1988) and existence of swamps 
of natural hybrids (Obute et al., 2006; Oyelana and 
Ugborogho, 2008). The inconsistencies and 
misconceptions generated by these factors have made 
past attempts at taxonomically resolving the complexities 
associated   with   the   genus   difficult.  The   taxonomic 
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Table 1. Eggplant Solanum samples and places of collection. 
 

Sample 
I.D no. 

Identification Name Place of collection 
State of 

collection 

OG02 Solanum dasyphyllum Wasinmi Ogun 

OG03 S. nigrum Wasinmi Ogun 

OG04 S. dasyphyllum Joga orile Ogun 

OG05 S. nigrum Joga orile Ogun 

OG06 S. macrocarpon (White fruit) Abulemaria Ogun 

OG07 S. macrocarpon (Green fruit) Abulemaria Ogun 

OG08 S. torvum Wasimi-Imasai Ogun 

OG09 S. erianthum Wasimi-Imasai Ogun 

OG10 S. melongena (Green fruit) Wasinmi-Imasai Ogun 

OY11 S. gilo Raddi (White fruit) Igboho Oyo 

OY12 S. gilo Raddi (White fruit) Igboho Oyo 

OY13 S. gilo Raddi (White fruit) Igboho Oyo 

OY14 S. gilo Raddi (White fruit) Igboho Oyo 

OY15 S. incanum L. (Green small fruit) Igboho Oyo 

OY16 S. scabrum Igboho Oyo 

OY17 S. aethiopicum Igboho Oyo 

OY18 S. scabrum Igboho Oyo 

OY19 S. melongena (White fruit) Igbope Oyo 

OY20 S. aethiopicum Igboho Oyo 

OS21 S. torvum Iwo Osun 

OG22 S. melongena (Green fruit) J3 Camp, Ijebu Ode Ogun 

LA23 S. gilo Raddi (Green egg-shaped fruit) Bariga, Lagos Lagos 

LA24 S. gilo Raddi (Green round fruit) Agbowa-Ikosi Lagos 

LA25 S. gilo Raddi (Green round fruit with greenish purple stem) Agbowa-Ikosi Lagos 

LA26 S. macrocarpon (Green fruit) Agbowa-Ikosi Lagos 

 
 
 

 
 

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

26 samples of eggplants, can 

be separated 

by RAPD in to 5 groups



SCAR  - Sequence characterized 

amplified 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 

Amplified Polymorphic DNA) fragments 

linked to a trait of interest.





SCAR marker



SNP  - Single nucleotide 

polymorphism

• a DNA sequence 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.

• Single nucleotides may be changed (substitution), 

removed (deletions) or added (insertion) to a 

polynucleotide sequence

• SNPs may fall within coding sequences of genes, 

non-coding regions of genes, or in the intergenic

regions between genes
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An example of the use of SNP for flesh colour
In cucumber





SSR  - Simple sequence repeats 

• 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

• Can be used with DNA of unknown 

sequence 



https://www.pioneer.com/CMRoot/Pioneer/About_Global/news_media/media_library/article

s/MolecularMarkers.pdf



http://image.slidesharecdn.com/microsatellite-120515062853-

phpapp01/95/microsatellite-9-728.jpg?cb=1337063766
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ABSTRACT

Bulked segregant analysis was undertaken to tag gene(s) controlling rust resistance using molecular markers in cowpea, to

permit rapid selection of superior desirable rust resistant genotypes in the breeding program. For this purpose, the C-152,

cultivated variety with high yielding, semi determinate plant type, good protein content and highly rust susceptible was crossed

with genotype IC202778, the landrace from Himachal Pradesh, India having determinate, semi spreading and rust resistant

characters. The parental genotypes were analyzed with 92 SSR markers for detection of polymorphism and only 13 markers

showed polymorphism between the parents. Using each of these 13 SSR primers, we carried out bulked segregate analysis on

F
2
 plants representing two extremes of rust disease resistance and susceptible trait. Three SSR markers VuUGM02, VuUGM08

and VuUGM19 were found to be associated with rust resistance. This was further confirmed through selective genotyping. The

co-segregation data on these molecular markers and rust resistance on F
2
 plants were analysed by means of  single-marker linear

regression approach. Significant regression suggested linkage between VuUGM02 and rust resistance gene.

Key words: Fenugreek, Hydropathicity, PMDB, Protein, Script.

INTRODUCTION

Cowpea rust caused by Uromyces vignae is a major

disease and considered as most destructive disease in Cowpea

(Vigna unguiculata L). The disease is disseminated through

urediniospores carried by the wind and can develop rapidly,

causing loss of foliar area and a severe reduction in yield

(Chandrasheker et. al.,1989). Occasionally, it causes the death

of the young as well as mature plants. Although fungicide

applications are able to reduce losses in yield, the use of

resistant or tolerant cultivars is seen as the best alternative

for disease control due to factors such as reductions in cost,

management facility and environmental concerns.

Consequently, efforts are intensifying to breed and select a

variety for rust resistance. Selection for cowpea rust resistance

can be facilitated by molecular markers. Tight linkage

between molecular markers  and rust resistance loci can serve

as a basis for efforts to identify these genes and subsequent

efforts to determine the mode of action at the biochemical

level. Asish ( 2009 ) reported that per cent disease index of

cowpea rust (PDI) varied from 0.5% to 43% in the segregating

population of C-152 x IC68786. This indicates that there is a

wide variability in the germplasm and vast scope for rust

resistance breeding  in cowpea. Through inheritance studies

carried out earlier, it was noticed that difference in rust

resistance between two parents was due to two major genes

(Rangaiah,1997), even though a number of QTLs per se may

control the trait.

In recent years, the potential of molecular marker-

assisted selection in plant breeding has been demonstrated in

several crops (Hittalmani et al., 1995, Huang et al. 1997;

Ichikawa et al.1997; Lang et al. 1999). However, its utility

in the hands of plant breeders has not demonstrated yet in

resistance to rust, even though molecular markers associated

with dozens of genes controlling several traits of economic

importance have been developed in this crop. The

improvement in resistance breeding of this crop is a major

concern for plant breeders and it is difficult to achieve

effective selection criteria because selection is both  time-

consuming and expensive. In this view, development of one

or more molecular markers to be used for indirect selection

for rust resistance should be a convenient alternative.

MATERIALS AND METHODS

In this present investigation, F
2
 segregating

population derived from the cross between C-152, cultivated

variety with high yielding, semi determinate plant type, good

protein content and highly rust susceptible was crossed with
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FIG 2: SSR markers VuUGM05 and VuUGM19 revealed clear

cut difference in both parents as well as in two bulks.

M-Marker

R-Resistant

S-Susceptible

RB-Resistant Bulk

SB-Susceptible bulk

R
1
-R

10
-Resistant Individual Plants

S
1
-S

10
-Susceptible Individual Plants

FIG 1: Frequency distribution graph of per cent leaf area affected

by rust in F
2
 generation of C-152 x IC 202778.

TABLE 2: Single marker analysis for rust scoring

SSR Marker R2 Value Adjusted R2 Value

VuUGM02 34.8 34.0

VuUGM08 22.0 21.0

VuUGM19 19.8 18.8

VuUGM47 19.1 18.1

VuUGM22 18.5 17.5

VuUGM05 18.0 17.0

VuUGM94 15.0 13.9

VuUGM10 14.3 13.2

VuUGM42 12.5 11.4

VuUGM03 11.9 10.8

VuUGM11 8.8 7.7

VuUGM14 3.9 2.7

VuUGM71 2.4 1.2

the goodness of fit to normal distribution. The data suggested

a very high probability for a good fit (P >0.62) to the normal

distribution. Based on an earlier study of inheritance of rust

resistance in cowpea, it was predominantly controlled by

dominance genes with additive effect (Rangaiah,1997) and

recessive genes ( Uma and Salimath, 2003 & 2004). In the

present study normal distribution of F
2
 plants for rust

resistance inheritance suggests that the two parents may differ

at several loci controlling this trait and resistance maybe

controlled by polygenes located at different loci.

Marker identification: The parental genotypes were

analysed with 92 SSR primers for detection of polymorphism,

of these primers 13 SSR primers were detected polymorphism

between the parents (Uma et.al.2011).Using each of these

13 primer pairs, we conducted bulked segregant analysis

(Michelmore et al. 1991) on two pooled DNA samples, each

consisting of 10 F
2
 plants of both resistance and susceptible

plants. An apparent association between the markers and the

rust resistance was observed in 3 of the 13 primer pairs. In

case of SSR primers VuUGM05 and VuUGM19 exhibited

amplification  profiles (200bp for  rust resistance)

characteristic of rust resistance and susceptible parents in the

corresponding bulks following bulked segregant analysis

(Fig. 2). To further confirm this association, we carried out

single marker analysis for rust resistance of individual F
2

plants (Table. 2). The results revealed that all the VuUGM02,

VuUGM08 and VuUGM19 closely associated with rust

resistance. This confirmed an association between the SSR

markers (VuUGM02, VuUGM08 and VuUGM19) and rust

resistance by showing higher regression values.Our results

together with the above reports suggest that several QTLs

control  rust resistance in cowpea. We propose to identify

more markers, particularly SSR markers, associated with the

other QTLs.

In conclusion, the results  revealed that rust

resistance is controlled by polygenes located at different

loci. The parental polymorphic survey was carried out  by

using 92 SSR primers, showed higher polymorphism between

the parents in thirteen SSR primers. Molecular analysis of

susceptible and resistant plants with 13 polymorphic markers

through Bulk Segregate Analysis in F
2
 generation has been

done. Single marker analysis for rust resistance has done and

identified few SSR markers (VuUGM02, VuUGM08 and

VuUGM19) closely associated with rust resistance. Present

study will support vastly to marker assisted selection for rust

resistance trait. With the use of more SSR markers and other

marker systems viz., SNP and AFLP, there is possibility to

get more polymorphic markers and we can get closer to the

QTL for rust resistance trait.
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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  
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GENETIC ENGINEERING



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.





GM plant development













(oil seed rape)



Golden rice



Purple tomato
Gene from Snapdragon



Traits

• Improve shelf life

• Improve nutrition

• Stress resistance 

• Herbicide resistance

• Pathogen resistance

• Production of biofuels

• Production of useful by products (drugs, 

antigens, materials, bioremediation)





• Button mushroom

• CRISPR

• Polyphenol oxidase 

(PPO)

• Resist browning 

• US regulation 

102



The techniques under evaluation of US and 

European Commission :

• Site-Directed Nucleases (SDN) including Zinc finger 

nuclease technology, CRISPR and TALENs

• Oligonucleotide-directed mutagenesis

• RNA interference (RNAi)*

• Cisgenesis

• Intragenesis

• Grafting

• Agro-infiltration

• RNA-dependent DNA methylation

• Reverse breeding

* Only for US 
103

http://gmo.geneticliteracyproject.org/FAQ/how-are-governments-regulating-crispr-and-new-breeding-technologies-nbts/

http://beyond-gm.org/gmo-or-gm-no-how-will-the-eu-regulate-new-plant-breeding-technologies/





Diagnosis

• 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 
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octanone, thus attracting insect vectors, is a direct host re-

sponse to fungal infections (Cardoza et al. 2002). This study

highlightsthecomplex interplay between host VOC responses

to variousstressesand pathogen infections, and theinteraction

of these signals with insects and herbivore predators.

VOCsprofiling of potato tubers inoculated with lateblight

(Phytophthora infestans) and dry rot (Fusarium coeruleum)

after harvest identified 52 volatiles. The most abundant com-

pounds were benzothiazole, 2-ethyl-1-hexanol, hexanal, 2-

methyl propanoic acid-2, 2-dimethyl-1-(2-hydoxyl-1-

methylethyl)-propyl ester, 2-methylpropanoic acid-3-hydrox-

yl-2,4,4-trimethyl-pentyl, various esters, and phenol. Thedif-

ferences in theemitted VOC profileof potato tubers inoculat-

ed with P. infestansand F. coeruleumwereevident and might

providean early warning VOC system for postharvest disease

in potato (de Lacy Costello et al. 2001), aiding postharvest

cash crop management.

Cucumber mosaic virus (CMV) has also been investigated

using VOC profiling. Cultivated squash (Cucurbita pepo cv.

Dixie) wereused asamodel system to investigatethemodeof

action of thevirus, thesubsequent induced host response, and

resulting downstream effects upon insect vectors. To account

for variation in growing conditions and environment, both

greenhouse and field-grown plants were used. CMV-infected

plantsshowed an overall net increasein VOCs. (E)-2-hexenal,

6-methyl-5-hepten-2-one, (E)-β-ocimene, methyl benzoate,

linalool, 4-ethyl-benzaldehyde, (Z)-3-hexen-1-yl butyrate,

(Z)-3-hexen-1-yl 3-methylbutyrate, (E)-2-decenal, ethyl

acetophenone, 3,5-dimethyl-1,2,4-trithiolane, citronellyl pro-

pionate, b-selinene, and (Z) jasmonewerepresent in all plants,

but no major qualitative difference in VOC profiles could be

identified in infected plants (Mauck et al. 2010). Both insect

vectors, Aphisgossypii and Myzuspersicae, werepreferential-

ly attracted to CMV-infected plants, as with BAW to mouldy

peanut plants, despite the smaller size and inferior quality of

CMV-infected plants. The altered VOC profile emitted by

CMV-infected plants may effectively mimic that of healthy

plants. This demonstrates that the plant is inducing altered

VOCs profile in response to viral infection, a mechanism

knownas“super normal stimulus” (DawkinsandKrebs1979).

A significant body of work addresses emitted and induced

VOChost responsetoplant pathogen infections. Several VOC

markers are associated with host response, independent of

plant species and disease type: (Z)-3-hexenol, methyl salicy-

late, (E)-β -ocimene, linalool, (E)-β -farnesene, (E)-4,8-

dimethylona-1,3,7-triene (DMNT), and (E,E)-4,8,12-

trimethyl-1,3,7,11-tridecatetraene (TMTT). While this list is

not complete or exhaustive, no single VOC marker has been

associated only with one specific plant disease (Jansen et al.

2009, 2011).

3.2.1 Instrumentation development for plant VOCsbiomarker

detection

Oneroutinely measured plant VOCsmarker isethylene, alow

molecular weight biomolecule that regulates a multitude of

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

F. Martinelli et al.
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Abstract Plant diseases are responsible for major economic

losses in the agricultural industry worldwide. Monitoring

plant health and detecting pathogen early are essential to

reduce disease spread and facilitate effective management

practices. DNA-based and serological methods now provide

essential toolsfor accurateplant diseasediagnosis, in addition

to the traditional visual scouting for symptoms. Although

DNA-based and serological methods have revolutionized

plant disease detection, they are not very reliable at

asymptomatic stage, especially in caseof pathogen with syste

mic diffusion. They need at least 1–2 daysfor sampleharvest,

processing, and analysis. Here, we describe modern methods

based on nucleic acid and protein analysis. Then, we review

innovative approaches currently under development. Our

main findings are the following: (1) novel sensors based on

theanalysisof host responses, e.g., differential mobility spec-

trometer and lateral flow devices, deliver instantaneousresults

and can effectively detect early infectionsdirectly in thefield;

(2) biosensors based on phage display and biophotonics can

also detect instantaneously infections although they can be

integrated with other systems; and (3) remote sensing tech-

niques coupled with spectroscopy-based methods allow high

spatialization of results, these techniques may be very useful

asarapid preliminary identification of primary infections. We

explain how these tools will help plant disease management

and complement serological and DNA-based methods. While

serological and PCR-based methods are the most available

and effective to confirm disease diagnosis, volatile and

biophotonic sensors provide instantaneous results and may

be used to identify infections at asymptomatic stages.

Remote sensing technologies will be extremely helpful to

greatly spatialize diagnostic results. These innovative tech-

niques represent unprecedented tools to render agriculture

more sustainable and safe, avoiding expensive use of pesti-

cides in crop protection.

Keywords DNA-based methods . Immunological

assays . Spectroscopy . Biophotonics . Plant disease .

Remote sensing . Volatile organic compounds .
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Johnson et al. 2003; Mewes et al. 2011; Mirik et al 2013).

With the increasing altitude of acquisition of spectral mea-

surements, issues such as atmospheric effect, pixel heteroge-

neity, and acquisition geometry have to be taken into account

when analyzing the signal.

Observation conditions are strongly connected to the ob-

servation scale (Woodcock and Strahler 1987). While ecolo-

gists and environmental scientists are usually aware that spa-

tial patterns (heterogeneity/homogeneity) of environmental

phenomena are strongly scale dependent (upscaling), such

issues can be overlooked in other branches of the natural

sciences. Understanding upscaling mechanisms and spatial

patterns of disease phenomena is crucial for operational

disease assessment through spatialized techniques like RS

(Hufkens et al. 2008). Knowledge of the dynamics that regu-

latethespatiotemporal heterogeneity of plant diseasesisnot as

advanced astheoretical detection of diseasesbased on spectral

features in the laboratory, though they are topics of equal

importance (Anderson et al. 2004). Three scales of observa-

tion can be identified: (i) the single leaf scale, mainly used in

theoretical studies and to test the methodology/algorithms,

performed in laboratory or in the field, and relying on either

destructive or nondestructive sampling (Smith and Dickson

1991; Delalieux et al. 2007; Stilwell et al. 2013; Chaerleet al.

1999; Chaerle and Van Der Straeten 2000; Lins et al. 2009;

Graeff et al. 2006; Huang et al. 2012; Yuan et al. 2014; Zhang

et al. 2014); (ii) the plant scale, which takes into account the

structural characteristics of the plants, usually performed in

situ for precision farming and pest management applications

(Yang et al. 2007; Chen et al. 2008; Moshou et al. 2004, 2005;

Mirik et al. 2006; Okamoto et al. 2007; Nutter 1989); and (iii)

the spatilized scale, which can encompass an entire farm by

exploiting airborne data (Seiffert and Schweizer 2005;

Hillnhütter et al. 2011; Zhang et al. 2003) or drones (un-

manned aerial vehicle (UAV)), or a region, by using satellite

sensors (Mirik et al. 2011, 2013). The scale of observation

regulates the outcomes of each approach, and upscaling the-

oretical methodologies for operational field- or regional-scale

studies can introduce significant distortions and error sources

that compromise the results in practice. Particular attention

must be focused on this issue when selecting an appropriate

method for a particular analysis. RS methods are closely

linked to the instrument used for datacollection (i.e., imaging

or nonimaging, active or passive, ground-based, airborne, or

satellite mounted, mono-, multi-, or hyperspectral sensor). A

summary of RS methods to assess plant disease, including

sensor technology used, diseaseorigin, observationconditions

Fig. 5 Cost and availability of imaging spectroscopy data could be

improved using an Unmanned Aerial Vehicle (UAV) remote sensing

system. The md4-1000 UAV used by Torres-Sánchez et al. (2013) can

carry any sensor weighing less than 1.25 kg. For evaluation of weed

infestation, it wasequipped with astill point-and-shoot cameraand asix-

band multispectral camera (courtesy of Public Library of Science)

Fig. 4 Field reflectance spectra

for healthy tomatoes plants (H)

and plants infected with late

blight disease increasing severity

(from 1 to 4). Sis theaverage

spectrum for soil. The insert is an

enlarged view of the abrupt

changes at approximately

1,040 nm (from Zhang et al.

2003) (courtesy of the

International Journal of Applied

Earth Observation and

Geoinformation, edited by

Elsevier)

F. Martinelli et al.



decreasing costs of kits, reagents, and equipment render it

available for use by large companies or consortia which can

afford a molecular biology lab. However, like ELISA, this

method istimeconsuming: several daysarerequired toextract

RNA, perform RNA qualitative analysis, synthesize cDNA,

amplify it, and analyze theresulting data. Thismethod isalso

unable to detect early infections: it is quite unreliable before

symptoms appear. At the asymptomatic stage, both false

negatives and false positives frequently occur in plants, due

to the presence in plant extracts of amplification inhibitors,

uneven pathogen distribution, and incorrect sampling in plant

extracts. Spatialization is difficult although possible in the

near future due to the essential simplicity of thermocyclers.

Biophotonic-based sensors have three strengths: (1) they

can effectively detect early stages of infection, (2) results are

rapid and presented directly in theorchard, and (3) they could

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 dataand thedelivery of results (thus includes

sample collection, preparation, and testing); (iv) spazialization—the po-

tential to spatializeresults(4 input dataalready carried out in aspatialized

dimension, 3 data easily spatializable, 2 datadifficult to spatialize, and 1

data not subject to spatialization); and (v) reliability—effective accuracy

of results

Fig. 6 Polycyclic diseases. A

scheme of their cycle was

represented. Timing of plant

diseasedetection methods was

indicated

F. Martinelli et al.



Adulteration detection

 Trade food and agricultural commodities

 Black pepper, chilli, turmeric 

 Destroy reputation and trade 

 DNA based techniques
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Trend: Consumer Preferences 
Price and taste have long been the most important decision factors for the majority of consumers 
when choosing food (Mintel 2015). However, there are some notable factors driving consumer 
preferences that can influence new product development and product acceptance: shifting 
demographics, convenience, environmental stewardship, and desire for more information about 
food (Figure 2). 
 
Shifting demographics, precipitated by aging Baby Boomers, the growing purchasing power of 
Millennials, and increased ethnic diversity, are contributing to changing food preferences. These 
factors are influencing trends toward food products with enhanced nutrition, ethical food choices 
(such as animal welfare and fair trade), environmentally sustainable diets, as well as new taste 
profiles and flavour combinations. 

 
Consumers want foods that are quick or ready for immediate consumption, but also fresh and 
nutritious, such as bag salads, and single portion prepared fruits and vegetables – as well as 
foods that can replace certain meals, such as br eakfast bars. 
 

Figure 2. Consumer Preferences 

 
Millennials tend to seek out information and are increasingly focused on environmental 
stewardship. These consumers are concerned about the impacts of agricultural and p rocessing 
practices on the environment (for example, pesti cide use, transportation, excessive packaging, 
and food waste). These concerns have led to the rising popularity of choices that are perceived to 

Generation Y, Generation Me 

and Echo Boomers

starting birth years ranging 

from the late 1970s to early-

1980s and ending birth years 

ranging from the mid-1990s 

to early-2000s.
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Biofortification is the 

process by which the 

nutritional quality of food 

crops is improved through 

agronomic practices, 

conventional plant 

breeding, or modern 

biotechnology

Fortification refers to "the 

practice of deliberately 

increasing the content of an 

essential micronutrient, ie. 

vitamins and minerals 
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CONCLUSION



What do we want from biotechnology 

to reduce postharvest losses

• Premium line 

• tissue culture, molecular marker, 

genetic engineering

• Maintenance of premium lines 

• tissue culture, molecular markers

• Detection of impurity 

• diagnosis 



More…

• 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  



THANK YOU FOR YOUR 

ATTENTION


