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Origins
• Rodale Research Institute, First job 

Amaranth

• Geneticist / Bean Breeder –
breeding lines and varieties for the 
Andean region of South America, East 
Africa and the Caribbean. 

• Associate professor – Tennessee 
State University :  deploy tools of 
molecular biology for genetic diversity 
analysis of amaranth, marker assisted 
selection, and physiology studies. 



Introduction to TSU, 
College of Agriculture, 
Human and Natural Sciences

College of Agriculture, 
Human and Natural 

Sciences

TSU is an 1890s, land grant 
HBCU. in Nashville, 
Tennessee with a fast 
growing /great value 
agricultural training 
program characterized by 
low fees and costs for 
university students and a 
large number of faculty.  
TSU is a hub for plant and 
animal sciences within Coll. 
Agr. 



Tennessee State University (TSU) 
Location center of Southeast

TSU is within a day‘s drive of many land-grant 
Universities the South / Southeast in a region of 
heavy climate change; hence the need for 
adaptation through genetic research. 



Laboratory location
• Laboratory wing includes 8 labs with 

two each in:  
• Animal, Food, Plant and Soil 

Biotechnology



Present Research Focus

• Genetic studies of new crops 
(subtropical legumes and 
pseudocereals). 

• Adaptation to climate change 
(drought and heat tolerance). 

• Training of students and visiting 
researchers from USA, Bangl., China, 
Colombia, Ghana, Kenya, Ethiopia, 
Nepal and South Sudan. 



Genomic and Genetics 
Laboratory

• Genotyping with various 
markers

• SNP (single nucleotide 
polymorphism)

• SSR (simple sequence repeat)
• Marker conversion from GBS 

and seq.
• Association Mapping Genetic 

Studies
• Training of students



Laboratory conditions
• Plant Genomics Laboratory – Ag. Biotech 

Bldg.
• Robotics for DNA marker amplification and 

fingerprinting 
• Bench tops, DNA manipulation and tissue 

culture rooms



Amaranth 
Germplasm 
Screening

1) Seed Savers Exchange
(34 landrace varieties, from T. 
Johnson, Decorah, Iowa, never 
tested in South)
2) USDA – Core collection 
(260 accessions, from David 
Brenner, Iowa State University, 
Ames, Iowa)



Seed Savers Exchange
• Experimental Design and Mgmt.: RCBD, 

2rep
• Unfertilized, no pesticide use, 3 m long 

rows
• Plots made of 3 rows separated by 50“ 

spacing
• Greenhouse planted May 12th, 2015 

(jiffy)
• Field planted June 5th, 2015 (by 

transplants)
• Planted into a field treated with 

Dual/Prowl for bean planting two weeks 
earlier

• Harvested by hand Sept. 20th, 2015 (at 
5 months)

• Harvest being dried in a hoophouse for 
1 week

• Biomass of panicle
• Biomass of stems
• Biomass of grain 

Yield Traits measured
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Seed Savers Exchange – 
Transplants in Greenhouse



Seed Savers Exchange – 
Transplants ready for Field 

Transfer



Seed Savers Exchange – 
Field Expt.

Experiment:  3 Rows x 2 Replicates



Seed Savers Exchange – 
Field Expt.

Bordered by fast growing mung 
bean

i) to note any lack of uniformity 
and 

ii) to compare height to the 
legume



Seed Savers Exchange – 
Field Expt.

Good uniformity through
out experimental field



USDA – Core Collection

Yield Traits measured

• Un-randomized experiment : Uniform 
field location and soils, 

• Un-fertilized, no pesticide use
• Greenhouse planted April 29th, 2015 

(jiffy pots)
• Field planted June 5th, 2015 (by 

transplants)
• Planted into a field treated with 

Dual/Prowl for bean planting two weeks 
earlier

• Uneven harvest Early to late material 3 
- 6 mo.

• Harvest been dried in a hoop-house for 
1 week

• Biomass of panicle
• Biomass of stems
• Biomass of grain 



CampusGreenhouse

Goat Barns

Cumberland
River

Field Experiments = Early
Experiment:  short rows x non-

replicated



USDA – Core Collection – 
Seedlings

Purple Leaves / Non-dwarf Green Leaves / Dwarf Type



USDA – Core Collection – Stems

Green Stem  / No Flange Red Stem / Flange / Diameter



Compact Panicle / Early FloweringDropping panicle / Continous Flowering  

USDA – Core Collection – 
Flowers



USDA – Core Collection – 
Flowers

Purple Leaf / Purple panicle Red-green Leaf / Pink panicle



USDA – Core Collection – 
Flowers

Green Leaf / Orange panicle Green Leaf / Yellow/Green panicle



USDA – Core Collection – 
Flowers

Compact Panicle / No Side BranchesOpen panicle / Side Branches  
to Flower Head



In vitro growth used to create low starch tissue 
for DNA extraction

Figure 2.  (a)Matthew Edwards pouring basal media; (b) Amaranth 
seedlings germinated in magenta boxes in growth chamber.

Seed Germination / DNA



Herbicide Tolerant 
Parent
Parent 1:  PI654437 (A. 
hybridus) – weedy amaranth 
with ALS inhibitor resistance 
to imazethapyr (BASF) 
donated by P. J. Tranel, 
University of Illinois collected 
from a soybean field in Edgar 
County, Illinois.



Herbicide Susceptible 
Parent
Parent 2:  D136-1 relative 
of PI558499 “Plainsman” 
– grain amaranth that is 
susceptible to imazethapyr 
(BASF). 

F1 of the crosses were 
screened with Pursuit® 
herbicide treatments



F2 plants in 
Greenhouse

Figure 3.  Amaranth Population at early stages of development



Iowa State University 
Breeding Lines (semi-dwarfs)

Corn wind 
barrier at end

Three reps of 
four lines.

Plant height 
can be 
compared to 
cowpea to 
the left and 
corn at end 
of block

Average 
height under 
0.8 m!



Semi-dwarf comparisons
A breakthrough for the South

Most landraces / head height 

Semi-dwarf breeding lines / knee height



Semi-Dwarf
Breeding Lines

Normal height
Accessions

Semi-dwarf comparisons
A breakthrough for the World?

Dr. Dafeng Ding (Shandong Academy of Agricultural Sciences



Promotional / Extension 
Brochures



Pamphlet also made for Leafy 
Amaranths



Use of Unmanned Aerial 
Vehicle 
Drone

Amaranth Field 
shot on Sept. 8th 

John Cross 
(photograph

er)



Photosynthesis Equipment 

LICOR 
6400

SPAD 
reader



Other Evaluations - Future

CAL143
Very susc.
Hotter
canopy

DAB246
Tolerant
Cooler 
canopy

Thermographic 
image

Visible Light image





Thanks very 
much

for your 
attention!
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