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Introduction 

Plant breeding – an ancient practice of crossing, selecting, and improving crops for traits of value 

to humans 

Necessary to develop resistance to diseases and pests, to drought and temperature extremes, and to 

improve quality factors 

Helping adapt crops to new locations throughout the world - improving food security and 

supporting local and regional food systems 

Conventional breeding – sexually crossing between two parents, transferring many traits along 

with traits of interest and germplasm availability limitation 

Modern breeding – newer techniques discovered in the 20th century including DNA-based 

selection strategies and advanced statistical models 

Plant breeders – a vital link in the chain between farmers and consumers 



Plant Breeding History 

Four parts 

 - Pre-Mendelian Era (before 1900) – domestication, interspecific hybridization, artificial   

   hybridization in fruit crops, Mendel’s Plant Hybridization Experiment 

 - Mendelian Era (1900 – 2000) – pureline theory, selection methods, heterosis 

 - Post Mendelian Era (1921 – 1950) – mutation breeding, CMS, Dominance Hyothesis,   

   transformation principle 

 - Modern Era ( after 1950) – multilines, green revolution, first transgenic tobaco and cotton 

   (genetic engineering), new breeding techniques (gene editing, reverse breeding, etc.)  



GMOs vs CRISPR Gene Editing 

• GMOs – a foreign gene insertion into the DNA strand and improved characteristics associated with the 

new gene as well as dectecion on the genetic modification 

• Gene Editing – gene cut and its DNA modification and changing crop’s DNA and not identification on 

the mutants ( similar as natural mutation) 

  

Genome Editing  

• Genome editing technologies enable scientists precisely modify the target DNA of many 

organisms, including plants, bacteria, and animals. 

• These technologies act like molecular scissors, cutting the DNA at a specific spot, then scientists 

can remove, add, or replace the DNA where it was cut. 

• It can be manipulated for various purposes including treating disease such as gene therapies and 

generation of improved cultivars. 
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 Meganucleases  

 Zinc Finger Nucleases (ZFN) 

 Transcription activator-like effector  

nucleases 

 Clustered Regularly Interspaced Short 

Palindromic Repeats and CRISPR-

associated protein 9 (CRISPR/Cas9) 

 

 

Four Gene Editing Techniques CRISPR/Cas9 

 a guide RNA, complementary with a specific 

chromosomal target sequence 

 Cas9 nuclease cleavage to RNA/DNA complex 

 widely and preferentially uses in many laboratory for 

genome editing 



 

 

Developed from adaptative immune system of bacteria 

 Spacer acquisition 

 - Certain region of viral DNA incorporation into  

    the  CRISPR section of bacterial genome. 

 Biogenesis of CRISPR-RNAs (CrRNA) 

 - CRISPR DNA containing viral target sequence  

   transcription into CrRNA 

 Interference 

 - CrRNA guides Cas9 to the invading viral DNA 

   to cleave it 

 

 







Cas9 variants 



NHEJ  - small indels into the DSB 

and resulting as frame-shift mutations 

or premature stop codons, knocking 

out the target gene 

 DSB induction in the target DNA  fixing the DSB by (endogenous repaired system – Non-homologous end 

joining (NHEJ) or Homologous recombination (HR) in the presence of donar DNA template 

 

In the presence of a homologous donor DNA spanning the DSB, HR >>> 

cause nucleotide substitution, gene replacements and insertions in the 

target region of the chromosome. 

1 2 
2 

Genetic Modification via CIRSPR/Cas9 
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Jaganathan et al., 2018 

Steps in the workflow of CRISPR/Cas9-based genome editing 
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Jaganathan et al., 2018 



Agrobacterium (CRISPR/Cas9 expression) 

transformation >>> the transgenic plants (T) generate 

in T0 generation.  

Selection of the edited transgenic plants (M) and non-

edited transgenic plants (NET) in the T1 generation to 

produce the T2 generation, while throw non-

transgenic plants (NT)  

The editing of target genes – not finish in one 

generation 

T2 generation >>> plants with desired mutation(s) 

and lost the Cas9/sgRNA transgenes through 

segregation (transgene free lines) 

Transgene-free plants production 



CRISPR/Cas9 Application in Agriculture 
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Jaganathan et al., 2018 

Nutritional improvement in cultivated crops has been a 
major target of conventional genetic modification 
technologies 



 Nutritional improvement in cultivated crops – a major target of conventional genetic modification 

technologies 

Nutritional Improvement in Crops Using CRISPR/Cas9 



To enhance the content of grain Fe and Zn by promoter modification of OsNAS2 using 

CRISPR/Cas9 
 

IR64-IRS1361-009-001-033 and  IR64-IRS1361-009-001-031 (mutants) from T2 generation 

>>> high grain Fe and Zn content per plant and higher yield compared to WT (IR64)  

Research Experiences 

The grain Zn and Fe content per plant of candidate plants of IR64-IRS1361 events in field-bed experiment 

EVENTS 
Zn Mest. 

(ppm) 

Fe Mest. 

(ppm) 
Yield (g) Zn/plant (ppm) Fe/plant (ppm) 

IR64-IRS1361-009-001-031(+) 31.05 4.07 20.31 630.63 A 82.66 A 

IR64-IRS1361-009-001-033(+) 28.56 4.95 15.91 454.39 C 78.76 A 

IR64-IRS1361-TC1-001-031 25.42 2.69 14.87 377.95 E 40.00 G 

WT (IR64) 25.82 2.65 18.57 475.65 C 47.62 F 

Events Sequence Information Note 

  REF: GGA-GTGACCATACGCGAGAAGC   

IR64-IRS1361-009-001-033  A1: GGA-GTGACCATACGCGAGAAGC No indels/SNP 

IR64-IRS1361-009-001-031  A1: GGACGTGgCCATACGCGAGgAGC 1 bp insertion + 2 SNPs 



• The similar result of the two fold-increases of grain Fe and Zn content in polished seed through 

overexpressing OsNAS2 gene (Johnson et al., 2011, and  Zhen et al., 2010) 

• The introduction of 35S enhancer element in T-DNA backbone for OsNAS3 - the content of 

micronutrients, Fe (2.9-fold) and Zn (2.2-fold) in mutant plants than WT grains (Lee et al., 2009) 

• Longest grains – higher Fe and Zn content > WT (IR64) and TC, Grain size – determine grain Fe 

and Zn content; longer grain (Basmati) – high grain Fe content, narrower grains – higher Zn, Mn 

and P contents (Zheng et al., 2005 and Anuradha et al., 2012) 

• New breeding techniques such as CRISPR/Cas9 system – crop improvement programs in both rice 

and other commercial crops depending on consumers’ preferences and climate change 

 

Research Experiences 
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