
Alfalfa Research in Molecular Plant Pathology 
Laboratory, Beltsville Agricultural Research Center 

 
                  Lev G. Nemchinov and Olga A. Postnikova 

1 



I. Analysis of Alfalfa Root 
Transcriptome  

in Response to Salinity Stress 
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AZ-88NDC, a salt-susceptible accession AZ-GERM SALT-II, salt tolerant at the germination stage 
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Seed germination and concentration of ions in two alfalfa accessions used for 
NGS 
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A Venn diagram depicting the number of statistically significant (>2-fold) DEGs when the de novo 
transcriptome (green and red ovals, FDR <0.025) or the M. truncatula 3.5 data release (blue and 
yellow ovals, FDR <1E-04) were used as a reference for row reads mapping. 

Comparison of the root transctiptome between the two alfalfa accessions 

Mapped to de novo transcriptome  Mapped to M. truncatula 
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The bars represents the log2-transformed ratio between category portions in up-regulated and down-regulated gene sets. A ratio 
greater than zero indicates that there were more up-regulated genes in the category 

Distribution of the differentially expressed genes among functional 
Gene Ontology (GO)  categories 
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Transcription factors (TFs) differentially expressed under salt stress condition

         Eighty six TFs responsive to salt treatment were found in both accessions that 
represented 12% of all  unique TFs identified in the assembled transcriptome (726 TFs). 
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Validation of NGS data by qPCR 

Pearson correlation coefficient r = 0.84 
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Simple Sequence Repeats identified in two accessions 
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 Receptor–like kinases : hyperosmotic sensors  
 

 Calmodulin-like proteins and transcription activators: Ca2+ signaling; salt stress sensed 
by Ca2+ channels 
 

 MYB, AP2/EREBP, GRAS transcription factors: tolerance responses 
 

 ABC transporters, nitrate transporters: transporting stress-related secondary 
metabolites; nitrate assimilation 
 

 Albumins: osmoprotectants, reduce osmotic stress 
 

 Remorins: stabilization of the damaged plasma membrane 

Candidate genes responsible for adaptation to salinity in 
alfalfa 
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Conclusions, root transcriptome under salinity stress: 

 Salt-responsive genes identified 
 

 Gene candidates with roles in adaptation to salinity proposed 
 

 Polymorphic simple sequence repeats (SSR) identified 
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II. In silico identification of transcription 
factors in Medicago sativa  using available 

transcriptomic resources 
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Computational identification of transcription factors in Medicago sativa  
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AlfalfaTFDB 
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A. thaliana (green circles), M. truncatula (blue circles) and M. sativa (red circles). Tentative locations of the 
previously described A. thaliana subfamilies are indicated above the trees in Roman numerals. Novel clades 
found in alfalfa highlighted in yellow. 

Phylogenetic analysis of the ERF (A) and NAC (B)  transcription 
factors 

A B 
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Conclusions, identification of TFs in alfalfa: 

Predicted 983 TFs along with their sequence features and phylogenies 
 
Assembled an open-access database AlfalfaTFDB 
 
Revealed diversity in the composition of major TF families 
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III. Natural antisense transcripts 
associated with salinity response in 

alfalfa 
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Strand-specific RT-PCR using nested primers with 10 genes that are 
differentially expressed under salinity stress 

20 



1, Medtr2g060880.1, C2H2 zinc finger protein; 2, Medtr3g071740.1, abscisic acid receptor PYL6; 3,Medtr5g024020.2, 
seed lipoxygenase; 4, Medtr4g098850.1, inositol-145-trisphosphate5-phosphatase-likeprotein; 5, Medtr8g013680.1, 
aquaporin TIP2-1; 6, Medtr7g099800.1, K(+)/H(+) antiporter 

Expression profiling of six sense/antisense pairs using 
qPCR 
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 C2H2 zinc finger protein: transcription activator, stress responses 
 

 Abscisic acid (ABA) receptor: adaptation to osmotic stress 
 

 Seed lipoxygenase: scavenging of ROS 
 

 Inositol-145-trisphosphate5-phosphatase-likeprotein (IP3): activation 
of stress responses via Ca2+-regulated TFs 
 

 Aquaporin TIP2-1: membrane channel protein; plant–water relations, 
abiotic stressor 
 

 K(+)/H(+) antiporter: ion transport processes; turgor maintenance 

Natural antisense transcripts with possible roles in 
regulating transcription of salt-responsive genes in 

alfalfa  
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Conclusions, NATs in alfalfa: 

 Detected NATs associated with salt-responsive genes  
 

 Detected NATs that changed their expression in response to salinity 
 

 Proposed gene regulation by NATs in alfalfa 
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IV. Transcriptome Analysis of Resistant and 
Susceptible Alfalfa Cultivars Infected With Root-

Knot Nematode Meloidogyne Incognita 
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Root-knot nematode (RKN)  Meloidogyne  incognita  

  https://en.wikipedia.org/wiki/Root-knot_nematode 

 
• Meloidogyne  incognita or southern root-knot nematode is a major pest worldwide able 

to infect almost every cultivated crop, including alfalfa  
 

• Little information is available on molecular mechanisms of defense responses in alfalfa   
against RKN 

 
• Prior to this work, no studies have been published on global gene expression profiling in 

alfalfa infected with RKN or on any other plant parasitic nematode 
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Alfalfa cultivars used in the study 

Check cultivar resistant to M. Incognita:  Moapa 69  
 
Check cultivar susceptible to M. incognita: Lahontan 
 
Source: 
 
G. D. Griffin, R. N. Peaden and W. J. Knipe. 1991. Root-Knot Nematode Resistance. Standard Tests to 
Characterize Alfalfa Cultivars, third addition (amended 2004). North American Alfalfa Improvement 
Conference. https://www.naaic.org/resource/stdtests.php 
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A. Alfalfa excised root culture, five weeks old. B. M. incognita on alfalfa excised root 
culture, four weeks post inoculation. 1, infective juveniles. 2, female nematode and 
infective juveniles. 3, sedentary females surrounded by laid eggs. 

M. incognita on alfalfa excised root culture:  
since nematodes infect the roots, the most important changes in gene expression are 

expected to be in the roots.  

A 

B 

1                                          2                                            3 
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Differentially expressed transcripts (DETs) found in resistant 
Moapa 69 and susceptible (Lahontan) cultivars 

The number of DEGs in susceptible cv. exceeds those in resistant cv. by three-to-one margin:  
successful infection was established in the susceptible cultivar but was mostly aborted in the 

resistant cultivar 
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A short list of candidate genes responsible for the unique 
resistance interactions between cv. Moapa 69 and RKN  

Highlighted in green: up-regulated orthologs of genes induced in resistant tomato and soybean in response 
to RKN. (Schaff et al., Plant Physiol 2007 144:1079-92; Beneventi et al., BMC Genomics 201314:322). 
Highlighted in yellow: common DEGs up-regulated in resistant cultivar and down-regulated in susceptible cv. 
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Effectors 

No feeding cells formed   

  Nematode 

Plasma membrane 

   Resistant plants (no HR) 

 Stylet 

R gene-mediated  No R gene involved: 
post-invasion non-host 

resistance? 

Defense uncoupled  
from  HR cell death 

 Effectors ineffective 

Tentative mechanisms of resistance against RKN in Medicago sativa 

Proteins in R gene signaling               
pathway modified Host target modified? 

  Effectors modified? 
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Conclusions, transcriptome of alfalfa infected with RKN: 

 Identified genes responsive to nematode infection 
 

 Proposed candidate genes that contribute to protection against M. incognita 
 

 Proposed mechanism of resistance against M. incognita in alfalfa 
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V. Development of VIGS (virus-induced 
gene silencing) technology for functional 

genomics studies in alfalfa 
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Virus-induced gene silencing (VIGS): a powerful tool for functional genomics 

  VIGS vector with a target gene 
insert 

 
  Virus transcripts with a target 

gene 
 
  DICER enzyme cleaves  dsRNA  

intermediate into short double-
stranded RNA fragments, siRNA 
 

 
  RISC (RNA-induced silencing 

complex) directs siRNA to host 
complementary messenger RNA 
(mRNA) transcripts and cleaves 
them 

 
  mRNA degradation 
 
Gene silencing 
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 Alfalfa latent virus (ALV) is a member of the carlavirus group 
and occurs symptomlessly in alfalfa  
 
 In the United States it is prevalent in Nebraska and Wisconsin 

 
 The virus is recognized as a strain of Pea streak virus (PeSV)  

 
No complete genomic sequence of PeSV or ALV was available 

prior to this work 

Alfalfa  latent  virus  
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Alfalfa  latent  virus, cont. 

• Achieved the first complete genome sequence of ALV 
 

• Determined genome structure of the virus 
 

• Established phylogenetic relationship of ALV with other carlaviruses 
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Development of VIGS vector based on Alfalfa latent virus 

1   2 Positive 
control 

Uninfected samples 

WB with antiserum to PeSV 

P. sativum  

control pALV 

• Obtained a full-length ALV cDNA  clone  
 
•  Engineered ALV-based vector 
 
•  RNA transcripts generated from pALV and ALV/MCS  plasmids were infectious 
 

1 2 
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Uninfected control 

pALV-infected plant 

ALV derived from the cloned viral cDNA was infectious in alfalfa 



Conclusions, VIGS in alfalfa: 

 Obtained first complete genomic sequence of Pea streak virus, ALV strain 
 

 Constructed a full-length infectious cDNA clone of ALV 
 

 Engineered ALV-based virus vector 
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VI. Gene expression profiling in 
Pseudomonas syringae  pv syringae 

 Bacterial stem blight of alfalfa caused by P. syringae pv. syringae occurs in 
the central and western U.S. and yield losses can be as high as 50% of the 
first harvest  

 
 To obtain more information on the pathogen, we performed a large scale 

transcriptome profiling of P. syringae pv. syringae  
 
 Focused on viable but nonculturable (VBNC) state of bacteria, a possible 

bacterial survival strategy in response to various stresses  
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Type III secretion system  

Phytotoxin synthesis and transport  

Peptidoglycan/cell wall polymers  

Energy generation  

Carbohydrate metabolism and transport  

QAC metabolism and transport  

Polyamine metabolism and transport  

Chemosensing & chemotaxis  

%  of  induced (red) and repressed (green) genes in each category among  down-
regulated and up-regulated genes  

Overrepresented functional categories identified in VBNC cells of P. 
syringae pv. syringae  using gene representation analysis  

43 



 Two-component 
system 

Chemotaxis 

 Oxidative 
phoshorylation 

 Peptidoglycan 
biosynthesis 

ABC transporters 

  Krebs (TCA)  
cycle 

 Secretion system 

Flagellar motor 

H2O2,  ACE, PAX 

VBNC 

trigger maintain 

MarR LysR Lrp/AsnC 

Multidrug efflux pumps 

 Psyr_2356,      
Psyr_0905,  
 Psyr_2215, 
Psyr_1099 

Psyr_3404, Psyr_2967, Psyr2968, Psyr_2969, 
Psyr_3201, Psyr_3209, Psyr_1737, Psyr1738, 

Psyr_2414, Psyr_4102 

Psyr_1216, Psyr_0778, Psyr_1802 

OM 

IM 

VBNC state in P. syringae  pv. syringae: proposed network of biochemical reactions  

OM, outer membrane; IM, inner membrane; Highlighted in red, representative up-
regulated genes; highlighted in green, representative down-regulated genes.  
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Conclusions, expression profiling in P.syringae  pv syringae : 

 Identified bacterial genes and pathways associated with VBNC 
 

 Proposed mechanisms that trigger VBNC in P. syringae pv. syringae 
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 Identified genes-candidates that are involved in controlling  complex trait of salt 
tolerance in alfalfa 
 
 Revealed and systematized alfalfa transcription factors 

 
 Discovered natural antisense transcripts (NATs) differentially expressed under salinity 

stress 
 
 Identified candidate genes that contribute to protection against RKN M. incognita in 

alfalfa and proposed mechanism of resistance against the RKN 
 
 Obtained the first nucleotide sequence of Alfalfa latent virus (ALV), its complete 

infectious cDNA clone and engineered ALV-based virus vector 
 
 Performed large scale transcriptome profiling of P. syringae pv. syringae and identified 

candidate genes and pathways involved in bacterial resistance to stress 

Summary 
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 This is primarily a fundamental research project intended to 
improve our basic understanding of stress tolerance in alfalfa 
 

 The project does have a practical side: identification of gene 
candidates will be followed by experimental confirmation of their 
roles; development of molecular markers based on the 
discovered SSRs or SNPs is one of the project’s priorities 
 

 From our point of view, each of the research directions 
mentioned here has a great potential for alfalfa improvement but 
needs further development and investment 
 

 This is a grossly underfunded project 

Relevance & concerns 
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