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In 2001 a small group of scientists from the U.S. Dairy Forage Research Center (USFDRC), the Noble 

Foundation, and Forage Genetics International (FGI) began discussions about the potential use of new biotech 

tools for improving forage quality in alfalfa.  The consensus of that group was that conventional breeding 

methods were unlikely to provide significant breakthroughs in alfalfa forage quality, and that new approaches 

were warranted.  The three organizations formed the Consortium for Alfalfa Improvement (CAI) in 2002, 

dedicated to a long-term collaboration bringing together expertise in plant biology, molecular biology, 

biochemistry, plant breeding and ruminant nutrition.  Pioneer joined the Consortium in 2005. 

At the first CAI meeting it was decided that the collaboration would focus on traits that could improve the 

efficiency of utilization of alfalfa fiber and protein.  In this presentation I will provide updates on the two most 

promising projects; lignin modification for improved fiber digestibility and production of condensed tannins in 

leaves and stems to increase the efficiency of protein utilization by ruminants.  I will also report on a more recent 

project to delay flowering in alfalfa.  In all of the following examples a GE approach was utilized to modify 

expression of native genes. 

Reduced Lignin Alfalfa 

The lignin biosynthetic pathway is well understood, and loss-of-function mutants for specific genes coding for 

key biosynthetic enzymes have been successfully exploited in brown midrib corn silage and forage sorghum for 

improved fiber digestibility.   Gene suppression techniques were used in alfalfa to suppress each of the genes in 

the lignin biosynthetic pathway, and transgenic plants were evaluated for lignin content, lignin composition, fiber 

digestibility (NDFD), lodging potential and forage yield.  Only one suppression construct provided the desired 

outcome – a significant increase in NDFD with no effect on agronomic performance.  This construct significantly 

reduced expression of the gene CCOMT (caffeoyl-CoA 3-O-methyltransferase).   

About 1000 transgenic events were produced using a RNAi CCOMT construct, and in field-based event 

sorting (70 events field tested) nurseries we found that the best events had moderately strong suppression of 

CCOMT and that events with very high suppression had agronomic problems.  Event KK179 was chosen as the 

commercial event (brand name HarvXtraTM).  HarvXtra varieties also containing the Roundup Ready trait 

(HvX/RR) are now sold in the U.S. and Canada, will soon be sold in Argentina, and are in the deregulation 

process in Mexico. 

Numerous field studies have confirmed a 15-20% reduction in lignin content (ADL) and a 14-16% increase in 

fiber digestibility (NDFD) in fall-dormant genetic backgrounds.  The graph below summarizes changes in forage 

quality with advancing maturity of a FD4 HarvXtra variety and the mean of several conventional FD3-4 checks.  

This test was conducted at four locations, for two years, and with 6 sampling dates per cut.  HarvXtra had 

significantly higher (p=0.01) NDFD than all of the conventional controls at all sampling times.  There was no 

significant difference in NDFD between the controls when averaged over all locations, both years and all 

sampling times. 
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Figure 1: Changes in Quality with Advancing Maturity 

These trials also confirmed that NDFD for the HarvXtra variety was equal to or better than NDFD of the 

commercial checks harvested 7-10 days earlier.  This is consistent with earlier studies, and suggests the 

potential for a delayed harvest without a decrease in fiber digestibility relative to the controls.  The graph below 

compares data from trials harvested at a 28-day vs 35-day cutting interval.  In this trial NDFD for the HarvXtra 

variety harvested at 35 days was equal to or better than NDFD of the control harvested at 28 days.  There was 

a significant forage yield advantage for the 35-day harvest system vs the 28-day harvest system, demonstrating 

another potential benefit for the technology.  Preliminary data also shows improved stand life with 35d vs 28d 

harvest schedules.  

 

 

Figure 2: Effect of cutting interval on forage yield 

 

In 2016 sixteen U.S. Midwest dairy producers were recruited to conduct an on-farm feeding trial comparing a 

HarvXtra variety vs a non-HarvXtra commercial control.   Participating producers were required to manage the 

HarvXtra and control stands similarly and to feed a high forage diet (>50% forage), with alfalfa being at least half 

the forage component.   In all cases the ration with the control hay was feed for a 4-week period, after which the 

HarvXtra ration was fed.  Producers measured milk production and milk components for each of the treatment 

periods.  On average the ration with HarvXtra alfalfa gave a 4.1 lbs milk/cow/day increase compared with the 

ration with control alfalfa. 
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Tannin Alfalfa 

Forage legumes can be divided into two groups, those that have the potential to cause rumen bloat, and those 

that do not.  In all cases, the non-bloating types contain condensed tannins in leaves and stems.  Alfalfa-

induced bloat is a common problem for dairy producers that graze alfalfa, leading to substantial economic 

losses.  Condensed tannins also bind with forage proteins slowing the rate of rumen protein fermentation, 

resulting in an increase in rumen undegradable protein (RUP) – which bypasses the rumen for degradation in 

the lower tract.  When alfalfa forage is fed to high producing dairy cows, the protein fraction is fermented faster 

than the rumen microbes can use it for growth.  As a result, excess nitrogen (NH3) is transported out of the 

rumen and excreted in the urine.  Anything that can slow the rate of protein degradation in the rumen should 

increase RUP, significantly improve the efficiency of alfalfa protein utilization, and decrease nitrogen losses to 

soil and water on the dairy.    

Alfalfa makes condensed tannins, but the biosynthetic pathway is tightly regulated, and condensed tannins are 

only produced in alfalfa seed coats and in the tips of glandular hairs.  CAI scientists agreed on a plan to modify 

expression of these native genes for condensed tannin biosynthesis, so that condensed tannins would be 

synthesized also in leaves and/or stems.  

In this project various genes, most of which are transcription factors, were evaluated singly and in various 

combinations to find a gene or gene stack that would provide >1% condensed tannins (dry weight) in alfalfa 

leaves and/or stems.  The first experiments were conducted with breeding stacks of various transformation 

events, with a very limited number of events evaluated for each transgene tested. Our most promising results 

were from breeding stacks that include both a transcription factor that increases flux generally through the 

anthocyanin/tannin biosynthetic pathway, and a second transcription factor that shunts flux of the branched 

pathway away from Anthocyanin to Proanthocyanidins (condensed tannins).  

 

 

Figure 3: Scheme of the flavonoid pathway leading to proanthocyanidin (PA) production in Medicago truncatula 

(R.A.Dixon).  

Our preliminary results allowed us to narrow the 6-7 candidate genes down to the two described above.  

Although common elements in the initial constructs eventually led to gene silencing instability, we were able to 

demonstrate accumulation of condensed tannins in alfalfa leaves at up to 2% of dry matter, and show such 

accumulation resulted in a decrease in protein-induced foaming in a rumen simulator and a decrease in rate of 

protein fermentation in vitro. 
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FGI has now produced numerous events of optimized constructs expressing the two genes described above, 

with the hope of finding plants with sufficient condensed tannins to provide the feed quality benefits and without 

any significant negative impact on agronomic performance. 

Delayed Flowering 

Alfalfa forage quality begins to decline rapidly after initiation of flowering. At about the same stage the rate of 

dry matter accumulation starts decreasing.  Our hypothesis is that changes in forage quality and dry matter 

accumulation at the onset of flowering are not coincidental, but are controlled by the same developmental 

“master switch”.  In 2014 FGI and the Noble Foundation began a combination of forward and reverse genetic 

screens in M. truncatula to identify mutant loss-of-function alleles that give a delayed flowering phenotype.  The 

mutant phenotype was confirmed for one such gene, referred to here as DF, in transgenic alfalfa with a RNAi 

construct that suppressed gene expression.  Several events from this construct were evaluated in the 

greenhouse and field in 2017 as T0 clones, and in the field as F1 progeny in 2018. 

Flowering delay appears to be related to level of DF gene suppression, and in the 2017 trials appears to range 

from approximately 14-28 days.  In all cases DF suppression and delayed flowering appeared to increase 

biomass compared to the non-transgenic control. In a 2018 trial both forage yield and forage quality (NDFD) 

were measured on three DF events compared to a non-transgenic control with harvest 35 days after previous 

cutting. These results are summarized in Figure 4, and confirm the potential to use the delayed flowering trait to 

increase both forage quality and forage yield.   

 

 

Figure 4:  Forage yield and forage quality of three DF transgenic events compared to a non-transgenic control 

All three of the above projects were subject to multi-party research collaborations.  In addition to the CAI 

collaborators mentioned previously, AgResearch NZ and the University of North Texas collaborate on the tannin 

project, and the delayed flowering project is an FGI/Noble Research Institute collaboration.  


