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Background and Rationales 
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• Agrobacterium-mediated T-DNA transformation has become a predominant tool 

• However, many crop species are still difficult to be transformed using this approach 

• Genomics and genome editing demand for efficient T-DNA transfer in more crops 

• Studies on mechanisms of T-DNA transfer shall benefit crop transformation       

• Functions of most of the Agrobacterium genes in T-DNA transfer have been well studied 

• By contrast our knowledge of plant genes involved in this process is very limited 

• This project has been undertaken to discover plant genes involved in T-DNA transfer 

• There have been transcriptomics studies previously using subjective cDNAs and microarrays 

• No study has used RNA-Seq to reveal whole plant transcriptomes in response to T-DNA transfer 
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Advantages of RNA-Seq  
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• Allows discovery of complete transcripts and even splicing variants 

• Doesn’t need prior knowledge of transcript sequences 

• Is highly sensitive and enables to discover low abundant transcripts 

• Is accurate, fast, and now becomes economically feasible    
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Experimental Approach 
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• Agrobacterium avirulent A136 and virulent At804 strains were used 

• Mock inoculation was used as negative (blank) control 

• AGROBEST (2014) was used for whole Arabidopsis seedling infection 

• RNA samples were collected at 0, 3, 6, 12, 24, 48h post infection 

• RNA-seq was performed at MU DNA Core Facility 

• NextSeq 500 sequencer was used 

• Sequences were trimmed and mtDNA and rDNA were removed    
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Time Course RNA-Seq: 

Comparison at each time point 
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   O   3   6   12   24   48h pi 

 

Mock  Negative (blank) control 

 

Avirulent Pathogen-Associated Molecular Pattern-Triggered Immunity (PTI) 

 

Virulent  Elicitor-Triggered Immunity (ETI) + PTI 
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Results and Discussions 

Plant Science and Physiology 2017 

48 h pi 

72 h pi 
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(Narasimhulu et al. 1996) 

A B 

48 h pi 

72 h pi 

Verification of AGROBEST transformation system 

 

At804 

C 

3 independent experiments = 1 RNA-seq replicate > 2 RNA-seq replicates 
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Three-dimensional 

scatterplots 

showing DEGs 

log2-transformed FPKM 

(fragments per kilobase of 

transcript per million mapped 

reads) values  

 

Scatterplot3d R package  

3h 6h 

12h 24h 

48h 
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K-means 

clustering 

mock 

A136 

At804 

TrinityRNAseq 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwje1N3ZrMLTAhXhiFQKHaoLCmwQjRwIBw&url=http://nsei.missouri.edu/&psig=AFQjCNEA8sY6Oo_GeRjga2asMo84bpI7ug&ust=1493303424219556


Plant Science and Physiology 2017 

GO categories 

log2-transformed FPKM 

(fragments per kilobase of 

transcript per million mapped 

reads) values  

 

Gplots & RColorBrewer 
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 A-D, growth and development 

 E-H, defense 

Validation of 

Transcripts by  

qRT-PCR 

Ribosomal L10 family Cell cycle control 

Cell wall organization and biogenesis DNA methyltransferase 

FLG22-induced receptor-like kinase 1 Arabidopsis NDR1/HIN1-LIKE 10 

PEROXIDASE 33 Ethylene-responsive transcription factor 5 
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pEarleyGate202 for 

VirE2 and VirE3 

Overexpression  
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AGROBEST 

Leaf infiltration 

Root assay 

Root stable transformation 
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Responses of VirE2 and VirE3 overexpression lines to bacteria  
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Responses of VirE3 

Overexpression lines 

(Courtesy raw data from 

Niu et al., 2015) 
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Conclusions 

• We found a large number of plant genes in response to T-DNA transfer 

• Growth and development gene expressions were repressed 

• Defense response gene expressions were induced 

• Vir proteins VirE2 and VirE3 may have additional role in enhancing defense 

• Further study on individual genes and associated pathways are needed     
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Thanks for Your Attention! 
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