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seeding a sustainable future

International 
Conference on Sorghum 
for Biofuels 

Houston, Texas 
August 19-22, 2008 

Bottlenecks in Feedstock 
Development: Can 
Biotechnology Address 
These?
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Outline

Supply chain/value chain structure

Dedicated energy grass breeding goals & 
bottlenecks

How do we address them?
~ Sorghum as genomics/biotech research tool for all dedicated 

energy grasses
~ How can we deploy biotechnology in sorghum commercial 

products?
~ Biotech traits – lessons from other crops
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Biomass production & refinery operations 
will be locally integrated systems

Cartoon from Neil Rossmeissl, DOE

Variety
Developer

Growers
(200-1,000/biorefinery)

Final Biofuel
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LC Biomass Supply Chain

Biomass Production

Harvest &
Collection Storage Transportation Handling & 

Queuing

Biomass Conversion

Feedstock Interface B
oundary

-Equipment type, capacity
-Compositional Impacts

-Truck capacity
-Loading protocols, equipment
-Schedule, weather

•Consistency
•Efficiency ($/hr)
•Equipment utilization
•Biomass quality

- Road access
- Land value
- 5-10% shrinkage

Value Drivers:
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Mendel Crop Portfolio

Miscanthus Energycane 
/Miscane Sorghum

Short term
Vegetatively 
propagated 

varieties

Collaborate 
w/universities & 

companies

Existing forage 
breeding 
programs

Medium term
Seed 

propagated 
varieties

Miscanthus/ 
saccharum hybrids

“Biofuels”- 
type varieties

Long term
Seed 

propagated 
biotech varieties

Seed derived 
Miscane biotech 

varieties

Value-add 
varieties – 
biotech?
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Biorefinery system establishment

Year Perennial Grass 
Production

Annual Grass 
Need 

1 0 dt 0 dt

2 700,000 dt 350,000 dt

This analysis reveals a critical role for an annual grass, particularly in
the establishment period for a greenfield biorefinery.
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“Sorghum safety valve”

Year Perennial Grass 
Production

Sorghum Need 

3 950,000 dt 50,000 dt

4 1,050,000 dt None; 

5 925,000 dt 75,000 dt

6 1,025,000 dt 25,000 dt

….. …… ……
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Advanced Biofuel Feedstock Breeding 
Goals – General Considerations

Higher biomass yield (>15 dry 
tons/acre/year)

~ ~20% of 12 mi radius = 100M 
gal/year

Reduced input (fertilizer, 
water, tillage, pesticides)
Improved sustainability 
Stable quality from year to 
year

Julian day 1993
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mays



All Rights Reserved – Mendel Biotechnology 2008 11

Finding the customer – to define more 
specialized development goals

Increased energy yield/acre

What are the end markets?
~ Biorefineries

~ Thermochemical or Biochemical conversion
~ Power generation facilities

(e.g., coal-firing)

Breeding targets may be very different
~ Increased/decreased lignin content
~ Importance of water content, nutrient content
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How variable are the customer 
needs? For example:
~ Lower lignin and readily 

“resolved” lignin for biorefinery 
applications

~ Increased lignin for higher energy 
density per acre for co-firing 
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Mendel initial Miscanthus products

Clonal varieties
~ Amuri, Nagara

Seeded varieties
~ Differing maturity groups
~ Not yet named; being

trialed across U.S. &
Canada
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Sorghum improvement

Mendel has entered into a long-term collaboration 
with MMR Genetics to develop new “biofuels” 
varieties of sorghum
~ Based largely on a range of forage types

Sorghum is perhaps the most tractable genetic system 
amongst the 4 major genera under consideration 
~ A sorghum experimental model system would be 

advanageous
~ Short flowering time, low light-requiring sorghum model to support 

variety improvement across andropogoneae
~ This would support identification of biotech improvements that 

could be deployed in sorghum and related species
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Major bottlenecks for biiotech- 
generated sorghum improvement

Sorghum halapense
~ Fear of exacerbating problems 

with this globally significant 
noxious weed

~ No biotech applications for grain 
sorghum

Sorghum production systems 
that satisfy sustainability 
principles for biofuels

Trait-QTL associations
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Sorghum propinquum 20 690

Sorghum macrospermum 40 1014
Sorghum laxiflorum 40 1220
Sorghum angustum 10 1813
Sorghum intrans 10 1117
Sorghum leiocladum 10 2254
Sorghum plumosum 30 3748
Sorghum purpureo-sericeum 10 2048
Sorghum timorense 10 622
Sorghum trichocladum ?   ?
Sorghum versicolor 10, 20 1592, 3268
Cleistachne
Miscanthus sinensis 38 2824-3786

Sorghum nitidum 20 4307

Sorghum bicolor 20 736
Sorghum halepense 40 ?

Microstegium nudum

Saccharum officinarum 70-140
Saccharum cultivars 100-130 4183

Saccharum spontaneum 36-128

Zea mays 20 2300

Saccharum robustum 60-170
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Miscanthus sacchariflorus 76 2234-2867

M. sacchariflorus ‘Robustus’ 38
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15,700 bp

3,500 bp

2,800 bp

Intergeneric hybrids retain both 
sugarcane (15.7kb) and sorghum alleles 
(3.5, 2.8 kb)

Sorghum is closely-related to sugarcane and 
Miscanthus

Courtesy of Andrew Paterson
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Dedicated energy grasses genomes 
will be aligned to Sorghum map 

Within 3-4 years expect large amounts of genome 
sequence from 4 closely related Andropogoneae 
species:
~ Zea, Saccharum, Sorghum, Miscanthus

Sorghum and Zea likely anchors for increasingly 
informative Andropogoneae integrated genome- 
wide views
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Deploying biotech traits in sorghum

Gene flow from domesticated sorghum into S. 
halapense may – or may not – create an increased 
weediness problem
~ Premise: such gene flow is not likely to be acceptable from 

a public perspective, or a regulatory agency perspective

While it may not be possible to commercialize 
biotech traits in grain sorghum, it could be more 
readily done in “biofuels” sorghum
~ Multiple approaches to sterility:

~ Triploidy, via crosses between diploid and tetraploid species
~ “Operational” sterility via photoperiodic loci that delay 

flowering past the end of the growing season
~ Biotech sterility via ablation of pollen production

~ Two systems may be necessary – “belts and suspenders”
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Traits for corn – a recent Mendel example 
of enhanced drought tolerance
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Yield efficacy demonstrated at normal and high planting density for 2 events

…and a Mendel biotech trait for yield 
enhancement

(Courtesy of Monsanto Co.)
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Summary & perspectives

Sorghum can be an excellent tool for both 
conventional genetics and biotech trait development 
for other dedicated energy crops
~ A sorghum model should be given priority

Sorghum is probably the most rapidly improvable of 
the major dedicated energy crops
~ But biotech trait deployment, critical for long-term 

improvement, will likely require systems that minimize gene flow



23CONFIDENTIAL – Mendel Biotechnology, Inc. 23

seeding a sustainable future

Thanks!
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Mendel has developed Miscanthus 
transformation capability

transgenic Miscanthus Sinensis

Gus positive

Contains GUS DNA

Transgenic 
leaf #1

Transgenic 
leaf #2

Control 
leaf #1

Control 
leaf #2

plasmid
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