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 A Brief History ... 10 thousand years! 

-Since agriculture began around 10,000 years ago, best-performing plants that nature 
provided were selected and retained. 

-Traits that had appeared spontaneously were bred into certain crops by human 
selection, often by going against natural selection 

https://ceticismo.net/wp-content/uploads/2015/invento-agricultura.jpg 

https://fthmb.tqn.com/sCXTECijGo-GQ8YaX0jK4Ll2xNo=/768x0/ 



 A Brief History ... 10 thousand years! 

-Traits that had appeared spontaneously were bred into certain crops by human 
selection, often by going against natural selection 

http://sn.uagro.com.br/static//img/editor/660fc43d2b382f67d2e6ae2714cfc63a.jpg 



 A Brief History ... 10 thousand years! 



Mendel’s laws of accelerated plant modification 

-Mendel’s discovery of the laws of inheritance towards the end of the 19th century 
accelerated plant modification. 

http://www.canil-boiadeiro.com.br/wp-content/uploads/2016/08/Mendel.jpg https://faculty.uca.edu/johnc/Mendel's%20garden.JPG 



Starting point e Plant Breeding 

Amazon.com 



Plant Breeding Approach 

http://images.slideplayer.com/40/11135381/slides/slide_8.jpg 



Plant Breeding Approach 

https://www.sciencesource.com/Doc/SCS/Media/TR1_WATERMARKED/d/1/3/5/SS2108529 



FROM GENOME TO PHENOTYPE 



Molecular Markers 

"Associating phenotypic differences to polymorphisms 
of  specific regions in the genome " 



 

-Characterization of biodiversity (divergence and phylogeny); 

 

- Identification of markers associated with phenotypic characteristics. 

Prediction of phenotypes Based on 
genomic information 

Molecular Markers 



Over the last 4.5 decades, several techniques for detecting 

polymorphisms in DNA have been developed 

RFLP RAPD AFLP 

SSR ISSR SNP 

Molecular Markers 

Rad-seq 



Crossa et al . Trends im Plant Science (2017) 

Genomic selection (GS) 

Facilitates the rapid selection of superior 
genotypes and accelerates the breeding cycle 



Prediction of phenotypes 

STRONGLY DEPENDENT  ON 
FENOTIPING QUALITY (Phenomics) 



14.9 

11.5 

7.7 

0.0 

10.3 

2.3 

0.0 

23.8 

2.5 

8.9 

7.8 

1.4 

0.7 

0.0 

0.0 

6.7 

0.9 

6.6 

0.1 

3.5 

7.4 

0.0 

6.2 

0.2 

9.8 

saagcag.178

saagcaa.256

saagctc.137

sY20.520

sacacac.311

sT12.1320

sAU17.960

sAE18.1095

iaggcac.149

sagccat.151

iI18.940

iI17.1050

mTcCIR43

mTcCIR12

sacactg.176

sAF08.860

iaagcag.31

iaggcac.148

saagcaa.217

iAH14.925

mTcCIR32

sZ11.740

iP081100

sAR17.2040

iAW02.720

sAV10.1465

LG2

(133.2 cM, 26 markers)

14.9 

11.5 

7.7 

0.0 

10.3 

2.3 

0.0 

23.8 

2.5 

8.9 

7.8 

1.4 

0.7 

0.0 

0.0 

6.7 

0.9 

6.6 

0.1 

3.5 

7.4 

0.0 

6.2 

0.2 

9.8 

saagcag.178

saagcaa.256

saagctc.137

sY20.520

sacacac.311

sT12.1320

sAU17.960

sAE18.1095

iaggcac.149

sagccat.151

iI18.940

iI17.1050

mTcCIR43

mTcCIR12

sacactg.176

sAF08.860

iaagcag.31

iaggcac.148

saagcaa.217

iAH14.925

mTcCIR32

sZ11.740

iP081100

sAR17.2040

iAW02.720

sAV10.1465

14.9 

11.5 

7.7 

0.0 

10.3 

2.3 

0.0 

23.8 

2.5 

8.9 

7.8 

1.4 

0.7 

0.0 

0.0 

6.7 

0.9 

6.6 

0.1 

3.5 

7.4 

0.0 

6.2 

0.2 

9.8 

saagcag.178

saagcaa.256

saagctc.137

sY20.520

sacacac.311

sT12.1320

sAU17.960

sAE18.1095

iaggcac.149

sagccat.151

iI18.940

iI17.1050

mTcCIR43

mTcCIR12

sacactg.176

sAF08.860

iaagcag.31

iaggcac.148

saagcaa.217

iAH14.925

mTcCIR32

sZ11.740

iP081100

sAR17.2040

iAW02.720

sAV10.1465

LG2

(133.2 cM, 26 markers)

8.9

1.7

0.0

0.0

0.0

0.0

2.2

0.0

0.0

0.0

0.0

0.0

0.6

0.0

0.0

3.3

0.0

3.2

0.0

6.1

4.9

2.1

7.8

0.1

5.2

0.0

12.3

3.1

22.0

4.9

16.4

7.6

8.3

sAB01.585

iacacac.93

sAH01.960

sS10.920

sAR16.715

iAV19.720

sactctg.194

sG06700

mTcCIR19

sacgctt.256

sZ15.600

iactcac.219

iacccaa.253

sacacac.279

sAH09.2100

sactcac.150

sAH18.1230

iAX07.1020

sY18.800

iactcac.149

saaccag.122

iAE12.1170

sAB01.950

iAX07.480

iT1.1020

sactcat.133

mTcCIR60

iF091130

iaggctt.111

sagccta.250

sAI09.650

sAV11.840

sAU15.785

sAB12.350

LG3

(121.3 cM, 34 markers)

8.9

1.7

0.0

0.0

0.0

0.0

2.2

0.0

0.0

0.0

0.0

0.0

0.6

0.0

0.0

3.3

0.0

3.2

0.0

6.1

4.9

2.1

7.8

0.1

5.2

0.0

12.3

3.1

22.0

4.9

16.4

7.6

8.3

sAB01.585

iacacac.93

sAH01.960

sS10.920

sAR16.715

iAV19.720

sactctg.194

sG06700

mTcCIR19

sacgctt.256

sZ15.600

iactcac.219

iacccaa.253

sacacac.279

sAH09.2100

sactcac.150

sAH18.1230

iAX07.1020

sY18.800

iactcac.149

saaccag.122

iAE12.1170

sAB01.950

iAX07.480

iT1.1020

sactcat.133

mTcCIR60

iF091130

iaggctt.111

sagccta.250

sAI09.650

sAV11.840

sAU15.785

sAB12.350

sAB01.585

iacacac.93

sAH01.960

sS10.920

sAR16.715

iAV19.720

sactctg.194

sG06700

mTcCIR19

sacgctt.256

sZ15.600

iactcac.219

iacccaa.253

sacacac.279

sAH09.2100

sactcac.150

sAH18.1230

iAX07.1020

sY18.800

iactcac.149

saaccag.122

iAE12.1170

sAB01.950

iAX07.480

iT1.1020

sactcat.133

mTcCIR60

iF091130

iaggctt.111

sagccta.250

sAI09.650

sAV11.840

sAU15.785

sAB12.350

LG3

(121.3 cM, 34 markers)

LG3

(121.3 cM, 34 markers)

iT02.2200

iAU15.475

iaaccag.288

iactcat.153

iT08.570

iZ06.470

iAS19.970

iAC01.475

iacacac.261

iAD19.965

iaaccag.126

iBG09.580

iaagctc.65

sacacac.83

iAE06.950

iBB12.1100

iT12.260

iAH18.850

iaacctg.270

sAF16.2315

iagccat.163

sAD17.1120

sAE06.585

sAV11.1140

sAR10.760

sAN16.1410

sAN16.1100

sagccat.210

sZ19.640

iaagctc.395

iR05.960

iJ18.440

saggctt.146

iD08490

iacacaa.304

iBG04.1080

iAL04.1230

mTcCIR6

saagctc.264

iaagctc.266

saagctc.86

14.6

4.0

1.3

0.0

5.5

5.6

17.7

0.0

6.0

2.8

1.3

0.0

1.5

3.0

3.4

3.0

0.0

3.3

20.3

0.0

0.0

0.0

5.6

0.0

4.3

0.0

1.1

2.2

0.0

0.0

0.0

0.0

0.0

10.4

2.0

0.0

12.1

6.4

0.0

0.0

LG1

(138.3 cM, 41 markers)

iT02.2200

iAU15.475

iaaccag.288

iactcat.153

iT08.570

iZ06.470

iAS19.970

iAC01.475

iacacac.261

iAD19.965

iaaccag.126

iBG09.580

iaagctc.65

sacacac.83

iAE06.950

iBB12.1100

iT12.260

iAH18.850

iaacctg.270

sAF16.2315

iagccat.163

sAD17.1120

sAE06.585

sAV11.1140

sAR10.760

sAN16.1410

sAN16.1100

sagccat.210

sZ19.640

iaagctc.395

iR05.960

iJ18.440

saggctt.146

iD08490

iacacaa.304

iBG04.1080

iAL04.1230

mTcCIR6

saagctc.264

iaagctc.266

saagctc.86

14.6

4.0

1.3

0.0

5.5

5.6

17.7

0.0

6.0

2.8

1.3

0.0

1.5

3.0

3.4

3.0

0.0

3.3

20.3

0.0

0.0

0.0

5.6

0.0

4.3

0.0

1.1

2.2

0.0

0.0

0.0

0.0

0.0

10.4

2.0

0.0

12.1

6.4

0.0

0.0

iT02.2200

iAU15.475

iaaccag.288

iactcat.153

iT08.570

iZ06.470

iAS19.970

iAC01.475

iacacac.261

iAD19.965

iaaccag.126

iBG09.580

iaagctc.65

sacacac.83

iAE06.950

iBB12.1100

iT12.260

iAH18.850

iaacctg.270

sAF16.2315

iagccat.163

sAD17.1120

sAE06.585

sAV11.1140

sAR10.760

sAN16.1410

sAN16.1100

sagccat.210

sZ19.640

iaagctc.395

iR05.960

iJ18.440

saggctt.146

iD08490

iacacaa.304

iBG04.1080

iAL04.1230

mTcCIR6

saagctc.264

iaagctc.266

saagctc.86

14.6

4.0

1.3

0.0

5.5

5.6

17.7

0.0

6.0

2.8

1.3

0.0

1.5

3.0

3.4

3.0

0.0

3.3

20.3

0.0

0.0

0.0

5.6

0.0

4.3

0.0

1.1

2.2

0.0

0.0

0.0

0.0

0.0

10.4

2.0

0.0

12.1

6.4

0.0

0.0

LG1

(138.3 cM, 41 markers)

sacacac.78

saccctg.80

sactcat.202

sZ1.2070

sacgctt.102

sAV18.590

sZ4.500

sacacac.307

sX18.1545

mTcCIR58

sAV14.940

sacgcat.78

iAZ12.845

mTcCIR35

mTcCIR24

mTcCIR30

iAL04.1040

saggcat.108

iaagcag.395

iactcac.167

sAR15.1380

2.5

8.2

0.0

16.5

6.5

0.0

0.0

2.3

1.1

12.5

0.0

7.8

0.0

3.7

3.7

4.2

2.1

0.6

11.2

13.0

LG4

(96.2 cM, 21 markers)

B
u

tt
e
r 

c
o

n
te

n
t

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

H
a
rd

n
e
s
s
 b

u
tt

e
r

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

sacacac.78

saccctg.80

sactcat.202

sZ1.2070

sacgctt.102

sAV18.590

sZ4.500

sacacac.307

sX18.1545

mTcCIR58

sAV14.940

sacgcat.78

iAZ12.845

mTcCIR35

mTcCIR24

mTcCIR30

iAL04.1040

saggcat.108

iaagcag.395

iactcac.167

sAR15.1380

2.5

8.2

0.0

16.5

6.5

0.0

0.0

2.3

1.1

12.5

0.0

7.8

0.0

3.7

3.7

4.2

2.1

0.6

11.2

13.0

LG4

(96.2 cM, 21 markers)

sacacac.78

saccctg.80

sactcat.202

sZ1.2070

sacgctt.102

sAV18.590

sZ4.500

sacacac.307

sX18.1545

mTcCIR58

sAV14.940

sacgcat.78

iAZ12.845

mTcCIR35

mTcCIR24

mTcCIR30

iAL04.1040

saggcat.108

iaagcag.395

iactcac.167

sAR15.1380

2.5

8.2

0.0

16.5

6.5

0.0

0.0

2.3

1.1

12.5

0.0

7.8

0.0

3.7

3.7

4.2

2.1

0.6

11.2

13.0

sacacac.78

saccctg.80

sactcat.202

sZ1.2070

sacgctt.102

sAV18.590

sZ4.500

sacacac.307

sX18.1545

mTcCIR58

sAV14.940

sacgcat.78

iAZ12.845

mTcCIR35

mTcCIR24

mTcCIR30

iAL04.1040

saggcat.108

iaagcag.395

iactcac.167

sAR15.1380

2.5

8.2

0.0

16.5

6.5

0.0

0.0

2.3

1.1

12.5

0.0

7.8

0.0

3.7

3.7

4.2

2.1

0.6

11.2

13.0

LG4

(96.2 cM, 21 markers)

B
u

tt
e
r 

c
o

n
te

n
t

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

B
u

tt
e
r 

c
o

n
te

n
t

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

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

H
a
rd

n
e
s
s
 b

u
tt

e
r

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

H
a
rd

n
e
s
s
 b

u
tt

e
r

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

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

10 cM

R2=10 %

10 cM

R2=10 %R2=10 %

Araújo et al, 2008.  

Molecular Markers 



Takeda & Matsuoka (2009) Nature Reviews Genetics 9. 

QTL MAPPING 



Maize IBM genetic map showing locations of QTL for N-responsive traits 

http://nitrogenes.cropsci.illinois.edu/projects.cfm?page=3 

QTL MAPPING 



Takeda & Matsuoka (2009) Nature Reviews Genetics 9. 

QTL MAPPING 



MOLECULAR PLANT BREEDING 



-Often, QTLs do not explain relevant part of the phenotype 
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-QUESTIONS: 

1- Where are, in the 

genome, the other 

regions responsible for 

the phenotype? 

2- Why were they not 

detected? 

Limitations for the application of QTLs 



1- Most marker techniques perform only genome samplings. Thus, 

even inserted into a binding map, many polymorphisms remain 

unknown; 

 

2- Many QTLs have a "minor effect" on the phenotype, and are 

ignored during statistical analysis (influenced by segregating 

population size, heritability…). 

 

3- Several QTLs are heavily affected by environment. 

Limitations for the application of QTLs 



FROM GENOME TO PHENOTYPE 

Plant Breeding Approaches  
and Tolls 



FROM GENOME TO PHENOTYPE 

Plant Breeding Approaches  
and Tools 

??? 

??? 

Molecular Markers Phenomics 



Plant Molecular Biology and Biotechnology 

BETWEEN GENOME AND PHENOTYPE 



Transcriptomics 

BETWEEN GENOME AND PHENOTYPE 

Plant Molecular Biology and Biotechnology 



http://www.pnas.org/content/pnas/early/2018/03/07/1800529115/F1.large.jpg 

Transcriptomics 

BETWEEN GENOME AND PHENOTYPE 

Plant Molecular Biology and Biotechnology 



Proteomics 

BETWEEN GENOME AND PHENOTYPE 

Plant Molecular Biology and Biotechnology 



Proteomics 

BETWEEN GENOME AND PHENOTYPE 

Plant Molecular Biology and Biotechnology 



Metabolomics 

BETWEEN GENOME AND PHENOTYPE 

Plant Molecular Biology and Biotechnology 



Metabolomics 

BETWEEN GENOME AND PHENOTYPE 

Plant Molecular Biology and Biotechnology 



Prediction of phenotypes 

STRONGLY DEPENDENT  ON 
FENOTIPING QUALITY (Phenomics) 



Products of Plant Biotechnology for Plant Breeding 

Discovery of Genes with Relevant Function 

DEVELOPMENT OF GENETICALLY MODIFIED VARIETIES 

Slow and expensive process. Effective for few qualitative traits. 
 



Contribution of Genome Selection for Plant Biotechnology 

Discovery of Genes with Relevant Function 

DEVELOPMENT OF GENETICALLY MODIFIED VARIETIES 

Slow and expensive process. Effective for few qualitative traits. 
 

Genome 
Selection 

Approaches 



CRISPR/Cas9-mediated genome editing and gene replacement in 
plants:  A promising point of convergence 

Schaeffer et al, Plant Science 240 (2015): 130-142. 



CRISPR/Cas9-mediated genome editing and gene replacement in 
plants:  A promising point of convergence 



Implementation of the CRISPR/Cas9 technology has been initiated in economically 
important crop plants: 

Species Gene(s) targeted Editing efficiencya Trait changed CRISPR technique 
Transformation/transfecti
on technique 

Glycine 
max 

GmDD1 ∼0–14% 
DNA Methyltransferase 
activityb 

Single DS Break Particle bombardment 

Nicotiana tabacum NtPDS ∼82% Etiolated leaves Single DS Break 
Agrobacterium-mediated 
transformation 

Oryza sativa 

OsSWEET1a 
OsSWEET1b 
OsSWEET13 
OsSWEET11 

70% 
20% 
60%/100% 
12.5% 

Bacterial blight resistance CRISPR multiplexing 
Agrobacterium-mediated 
transformation 

Solanum tuberosum StIAA2 50% 
Petiole hyponasty 
and shoot 
morphogenesisb 

Single DS Break 
Agrobacterium-mediated 
transformation 

Triticum aestivum TaMLO-A1 5.6% 
Powdery mildew 
resistance 

Single DS Break Particle bombardment 

Zea mays ZmIPK 13.1% Phytic acid synthesis Single DS Break 
Agrobacterium-mediated 
transformation 

CRISPR/Cas9-mediated genome editing and gene replacement in 
plants:  A promising point of convergence 

https://www.sciencedirect.com/science/article/pii/S0168945215300686
https://www.sciencedirect.com/science/article/pii/S0168945215300686
https://www.sciencedirect.com/science/article/pii/S0168945215300686


CRISPR/Cas9-mediated genome editing and gene replacement in 
plants:  A promising point of convergence 

Discovery of Genes with Relevant Function 

DEVELOPMENT OF “GENETICALLY MODIFIED” VARIETIES 

Discovery of Genes with Relevant Function 

Discovery of specific specific alleles  for   
Relevant Function 

Multiplexed edition of such specific specific  
alleles  in plants 



http://www.ornl.gov/sci/techresources/Human_Genome/po
sters/beyondhgp/index.shtml 



 - Tools of genomics, epigenetics, transcriptomics, proteomics and metabolomics 
 analysis have specific advantages and limitations. 

-  
 - The combined use of these approaches and data is the way to understand 
 biological systems and their interactions with the environment. 

-  
 - The ability to analyze such data sets in integrative approaches tends to become 
 an essential quality. 
 

 - Associative work is essential. 

“Integrative Biology applied to plant breeding: New challenges for the 
future plant breeder” 



Integrative Biology Applied to 
Biotecnology & Crop Breeding 



INTEGRATIVE BIOLOGY BUILDING- UENF 

Integrative Biology Applied to Biotecnology & Crop Breeding 



Genomics Lab Proteomics Lab Metabolomics Lab 

Integrative Biology Applied to Biotecnology & Crop Breeding 



Plant Breeding Lab Plant Physiology Lab 

Integrative Biology Applied to Biotecnology & Crop Breeding 



Integrative Biology Applied to Biotecnology & Crop Breeding 



- New scientific information in Biotechnology and Plant breeding; 

GOALS 

-Participate in the development of new cultivars of Maize, coconut, papaya, passion fruit 
and guava...;  

-Integrate complementary research in multidisciplinary approaches; 

-Improve the training of new professionals 

Integrative Biology Applied to Biotecnology & Crop Breeding 



“Technology can help you go further, or go faster. But the decision 
will always depend on driver´s competence.” 

Where do 
you want 
to go? 

Where do 
you want 
to go? 

Where do 
you want 
to go? 



“Technology can help you go further, or go 
faster. But the decision will always depend 

on Breeder´s competence.” 
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