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Feeding the world’s growing population…
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Feeding the world’s growing population…

UN Population Division, FAO

…will require plants that can grow on marginal lands
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Feeding the world’s growing population…

FAO

…will require new, highly nutritious crops



Quinoa can help improve global food security



Quinoa can grow on marginal lands



Quinoa is highly nutritious
Quinoa Maize Rice Wheat

Energy (Kcal/100g) 399 408 372 392

Protein (g/100g) 16.5 10.2 7.6 14.3

Fat (g/100g) 6.3 4.7 2.2 2.3

Total Carbohydrates (g/100g) 69.0 81.1 80.4 78.4

Source: Koziol (1992)

FAOa Quinoab Maizeb Riceb Wheatb

Isoleucine 3.0 4.9 4.0 4.1 4.2

Leucine 6.1 6.6 12.5 8.2 6.8

Lysine 4.8 6.0 2.9 3.8 2.6

Methionine 2.3 5.3 4.0 3.6 3.7

Phenylalanine 4.1 6.9 8.6 10.5 8.2

Threonine 2.5 3.7 3.8 3.8 2.8

Tryptophan 0.66 0.9 0.7 1.1 1.2

Valine 4.0 4.5 5.0 6.1 4.4
aAmino acid scoring patterns for 3 to 10 year old children, adapted from FAO (2013),

Dietary protein quality evaluation in human nutrition, Report of an FAO Expert Consultation, Rome.

bKoziol (1992)

cMethionine + cysteine

dPhenylalanine + tyrosine
FAO



Quinoa is popular

Old Navy



Quinoa production is low

Global quinoa production Global maize production

http://www.fao.org/faostat/en/



Quinoa production is expanding

Global Food Security 26:100429 (2020)



Quinoa isn’t well adapted to new environments 



Quinoa isn’t well adapted to new environments 



Most quinoa genetic resources are not public

State of the Art Report of Quinoa in the World in 2013, FAO

Quinoa accessions in germplasm banks



Quinoa has lost genetic diversity 

Original domestication of 
Andean quinoa, ~5000 ybp:

Repeated selection for cold 
tolerance, drought tolerance, 
saline-soil tolerance at high 

altitudes

Domestication



Can we improve quinoa production by increasing genetic diversity?

Genetic resourcesGenomic resources



Sequence reads are shorter than chromosomes
Assembly is the process of putting reads back together

Computational challenges of genome assembly

Chromosome

DNA sequencing reads

Assembled sequence











Computational challenges of genome assembly



Computational challenges of genome assembly

http://www.langmead-lab.org/teaching-materials/



Computational challenges of genome assembly

http://www.langmead-lab.org/teaching-materials/



Computational challenges of genome assembly  

http://www.langmead-lab.org/teaching-materials/



Quinoa and wild relatives genomic resources



Application of quinoa genomic resources



Application of quinoa genomic resources



Application of quinoa genomic resources

Nature 542:307 (2017)

Sweet Bitter

Foam



Can we improve quinoa production by increasing genetic diversity?

Genetic resourcesGenomic resources



Increasing quinoa diversity with C. berlandieri

Cien. Inv. Agr. 46:187 (2019)



Increasing quinoa diversity with C. berlandieri

var. berlandieri var. boscianum

Cien. Inv. Agr. 46:187 (2019)

var. macrocalycium



Increasing quinoa diversity with C. berlandieri

Generate interspecific quinoa × C. berlandieri crosses



Increasing quinoa diversity with C. berlandieri

APPS 8:e11402 (2020)

Identification of true hybrids using molecular markers



Increasing quinoa diversity with C. berlandieri

>Scaffold10:55985856-55986082
TTAATTTTTTTAACATCACAAACTCCGGGTTCGTCCCTCCAAGTTCTTGTATCCTTCGCAAGAACATCTCCGGAATATTGGGTTCTACCAACGGCAGTT
GTGGTGGTGGTGGCGGCGGCGGCGGCGGTGATGGCGTTCGAGGACGATCGACATTAATGATCTCATTAGTACGTTGTTGTTTGGAAGTCGAAGGA
ATTGAGTTGGGATCAACATTGATAATCTTGTG

RefName Ref 10175_Real 10177_Chir 10188_Cherr BYU1312 BYU1856 BYU1904 BYU937

Scaffold10:55985856-55986082 5 5,5 0,-4 5,5 4,4 5,5 5,5 3,3
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Increasing quinoa diversity with C. berlandieri



Increasing quinoa diversity with C. berlandieri

Phenotype segregating traits to map 
the underlying genes

Other target traits: seed size, height, abiotic stress tolerance, biotic stress tolerance

Perform crosses and advance 
populations
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Inducing novel variation in quinoa

6,000 x 2.0% EMS

6,000 x 2.5% EMS
5,000 M1 Plants 5,000 M2 lines M3 (in progress)

EMS is a chemical mutagen
G/C → A/T changes 



Inducing novel variation in quinoa

Wild type quinoa
(QQ74)



Inducing novel variation in quinoa

Branching mutants



Inducing novel variation in quinoa

Meristem mutants



Inducing novel variation in quinoa

Other mutants



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants
1. Find a mutant phenotype, work back to causative gene

MutantWT

31,564 mutations in this mutant family
9,331 within genes



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants
1. Find a mutant phenotype, work back to causative gene

MutantWT



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants
1. Find a mutant phenotype, work back to causative gene

MutantWT



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants
1. Find a mutant phenotype, work back to causative gene

Saponins: develop single-seed detection assay

Screen 24 seeds of each pooled M3 
family to identify saponin-free mutants



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants
1. Find a mutant phenotype, work back to causative gene
2. Find a mutant gene, work forward to mutant phenotype

Plant height: find mutations in GA signaling and biosynthesis



Linking mutations and mutant phenotypes

Genome sequencing of ~500 mutants
1. Find a mutant phenotype, work back to causative gene
2. Find a mutant gene, work forward to mutant phenotype

Projects for new students in my lab (PWS 494R)

Select mutation of interest → Research the gene → Design experiment
Fundamental lab skills: Basic command line, greenhouse, wet lab

Fundamental research skills: Literature review, hypothesis, experiment, data analysis, troubleshooting



Inducing targeted variation in quinoa
Transformation of quinoa
Generate undifferentiated callus tissue → transform with exogenous DNA → regeneration/embryogenesis

→ →
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