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Alfalfa: Queen of forages

Very importa nt fora ge

High nutritiona l va lue
Minera ls

Protein

Vita mins



LE AVE S

What about the stems?

Protein, minera ls  

S TE MS

S ource of 
energy!

Higher concentra tion of 
cell wa lls  (fibers) with lower 
digestibility

Improve digestibility



The cell wall
Prima ry wa ll S econda ry wa ll

xylose

Use genetic  engineering to ma nipula te the components of the cell wa ll

Pectin

C ellulose

Hemicellulose

Lignin

C ellulose

Hemicellulose

Glucuronic  a cid

Xyla n

Source: Adapted from Loux et al., Front. in Plant Science, 2017 

More digestible



Nucleotide sugar  pathway

UDP-glucoseUDP-ga la ctose

UDP-ga la cturonic  a cid UDP-glucuronic  a cid

UDP-a ra binose

UXS  (UDP Glua  
deca rboxyla se)

UDP-xylose

Ada pted from B a r-Peled a nd O'Neil, 2011



Objectives

Identify UXS   genes in the 
a lfa lfa  genome

Produce recombina nt a lfa lfa  
UXS  enzymes (E . coli) a nd 

cha ra cteriza tion in vitro

Functiona l cha ra cteriza tion 
(silencing/overexpressing) 



There are four  UXS  candidates in alfalfa genome 

Group I

Group II

Annota ted 
sequences in the 
a lfa lfa  genome 
simila r to uxs in 
Medica go 
trunca tula

Phylogeny: Alfa lfa , 
Medica go 
trunca tula  , 
Ara bidopsis 
tha lia na



E xpression of MsUXS  is higher  on the stems

MSAD_273820/MsUXS4

MSAD_317177/MsUXS4

MSAD_250001/MsUXS2

MSAD_257142/MsUXS2

Da ta  from O'R ourke J A et a l . 2015



UXS  expression in E . coli and activity assays

E xpression a nd purifica tion

NAD+ NADH

CO2UDP-glucuronic  a cid UDP-xylose

Qua ntifica tion using HPLC  
PDA detector

MsUXS 2 MsUXS 4



MsUXS 2 and MsUXS 4 have UDP- glucuronic acid 
decarboxylase activity

NAD+ NADH

CO2
UDP-glucuronic  a cid UDP-xylose



UXS  activity in alfalfa stems

1 hour 3  hour



Generation of alfalfa transgenic lines 
OverexpressionS ilencing

S ilenced, 
Overexpressed a nd 
control lines 
confirmed by PC R

MsUXS2

MsUXS4



E xpression levels by R T- qPCR
S ilenced

W ilcox test significa nt
p = 0.0001618



E xpression levels by R T- qPCR

W ilcox test not significa nt
p= 0.4524

W ilcox test significa nt 
p = 0.0001613

Ox:MsUXS 4 Ox:MsUXS 2



Uxs silenced lines have a stunted phenotype 

S ilencedC ontrol



Uxs silenced lines have misshapen vessels 

S ilenced C ontrol



Cell wall sugars composition is  
distinct in the silenced lines

p = 0.01 p = 0.56



Cell wall sugars composition 
is  distinct in the silenced lines

p = 0.131 p = 0.01 p = 0.01



Conclusion
Identified a nd cha ra cterized uxs genes in a lfa lfa

Next steps: C ell wa ll (suga rs, lignin) a nd in vitro digestibility a ssa ys

Investiga te wa ys to rescue the phenotype

Grea t potentia l in ma nipula ting the cell wa ll composition to increa se a lfa lfa  
digestibility 
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Tha nk  y o u!

There is  grea t potentia l in modifying the levels  of 

cell wa ll polysa ccha rides to improve a lfa lfa  

digestibility!

QUE S TIONS ?

21
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