Additional file 11: GO enrichment analysis of wheat genes differentially expressed in response to inoculation with Puccinia triticina, timepoint comparisons
	Comparison
	
	
	Molecular function

	Upregulated
	No. of DEG
	No. of DEG returned with GO annotations
	

	6 vs 12
	608
	410
	83 DEG ATP binding
69 DEG protein kinase activity
23 DEG Ca ion binding
7 DEG chitinase activity
5 DEG chitin binding (chitin catabolism)

	6 vs 24
	267
	187
	54 DEG ATP binding
30 DEG protein kinase activity
13 DEG transmembrane transporter activity
5 DEG carbohydrate kinase activity

	12 vs 24
	6
	0
	Non returned

	Overlap 6 vs 12 & 6 vs 24
	301
	205
	64 DEG ATP binding 
60 DEG protein kinase activity
5 DEG carboxypeptidase activity

	Overlap 6 vs 24 & 12 vs 24
	3
	0
	None returned

	Overlap 6 vs 12 & 12 vs 24
	0
	0
	None returned

	Common to all
	0
	0
	None returned

	Downregulated
	
	
	

	6 vs 12
	528
	414
	19 DEG RNA binding
10 DEG lipid binding
10 ATPase activity linked to transmembrane activity
9 DEG metal ion transmembrane transport
9 DEG UDP-glucosyltransferase activity
7 DEG aminoacyl-tRNA ligase activity
5 DEG oxidoreductase activity

	6 vs 24
	808
	520
	25 DEG hexosyl group transfer
19 DEG acyl (other than amino-acyl) group transfer
8 DEG endonuclease activity

	12 vs 24
	29
	18
	None returned

	Overlap 6 vs 12 & 6 vs 24
	391
	308
	17 DEG hydrolase activity
11 DEG peptidase activity
7 DEG exopeptidase activity
7 DEG oxidoreductase activity
8 DEG UDP-glucosyltransferase activity

	Overlap 6 vs 24 & 12 vs 24
	87
	48
	None returned

	Overlap 6 vs 12 & 12 vs 24
	0
	0
	None returned

	Common to all
	0
	0
	None returned



Summary of results
Examination of the wheat genes differentially expressed in flag leaves inoculated with Pt isolate MDT-MR between timepoints (additional file 11) identified a large number of genes upregulated at 6 hai relative to 12 hai (909 DEG) and 24 hai (571 DEG). GO enrichment analyses identified an upregulation at 6 hai of a large number of genes involved in ATP binding (83 & 54 DEG), and protein kinase activity (69 & 30 DEG) suggesting a rapid metabolic response to Pt inoculation. Seven DEG with chitinase activity, and 5 DEG with chitin and 23 DEG with Ca ion binding properties were enriched at 6 hai relative to 12 hai, while 13 DEG involved in transmembrane transport and 5 DEG involved in carbohydrate kinase activity were seen at 6 hai relative to 24 hai.
Similarly high numbers of genes were downregulated at 6 hai relative to 12 hai (919), and 6 hai relative to 24 hai (1286). At 6 hai relative to12 hai there was an enrichment for genes involved in lipid (10 DEG) and RNA binding (19 DEG), metal ion transmembrane activity (9 & 10 DEG), aminoacyl-tRNA ligase activity (7 DEG) linked to protein translation, UDP-glucosyltransferase activity (9 DEG) linked to a down-regulation of glucan biosynthesis, and oxidoreductase activity (5 DEG). At 6 hai relative to 24 hai there was an enrichment for genes involved in biological processes related to DNA catabolic processes (5 DEG) and regulation of RNA metabolic processes, including transcription (43 DEG). Molecular function identified 26 down-regulated genes involved in hexosyl group transfer and 19 in acyl group (non-amino acyl) transfer, along with 8 DEG with endonuclease activity.
Very few DEG were identified as significantly up or downregulated at 12 hai relative to 24 hai (9 DEG & 116 DEG, respectively). Consequently, no GO enrichment groups were returned from the 9 upregulated DEG, while for the 116 DEG downregulated no molecular function enrichment could be established. Biological process did indicate a possible downregulation of organonitrogen metabolic processes (5 DEG).
Looking at the overlap between the comparisons 6 hai v 12 hai and 6 hai vs 24 hai there were 301 genes in common that were significantly upregulated at 6 hai relative to both the 12 and 24 hour timepoints. A large number of these genes were involved in protein modification at 6 hai, primarily protein phosphorylation (60 DEG). This corresponded with 64 DEG upregulated at 6 hai being assigned the molecular function ATP binding properties and 60 DEG with protein kinase activity. In addition, 5 DEG with carboxypeptidase activity were upregulated at 6 hai. Looking at the overlap between 6 hai vs 12 hai and 6 hai v 24 hai there were 391 DEG in common that were significantly downregulated at 6 hai relative to both the 12 and 24 hour timepoints. Seven DEG with oxidoreductase activity and 8 DEG with UDP-glucosyltransferase activity were again found that were specifically downregulated at 6 hai. In addition, 11 DEG with peptidase and 7 DEG with exopeptidase activity, and 17 DEG with hydrolase activity were specifically downregulated at 6 hai. The biological processes and cellular component enrichments suggesting that these peptidase activities were associated with transmembranes.
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Additional file 1 1 :   GO enrichment analysis of wheat genes differentially expressed in  response to inoculation with  P uccin i a triticina , timepoint comparisons  

Comparison    Molecular function  

Up r egulated  No. of  DEG  No. of  DEG  returned  with GO  annotations   

6 vs 12  608  410  83 DEG ATP binding   69 DEG protein kinase activity   23 DEG Ca ion binding   7 DEG chitinase activity   5 DEG chitin binding (chitin catabolism)  

6 vs  24  267  187  54 DEG ATP binding   30 DEG protein kinase activity   13 DEG  transmembrane transporter activity   5 DEG carbohydrate kinase activity  

12 vs 24  6  0  Non returned  

Overlap 6 vs 12  & 6 vs 24  301  205  64 DEG ATP binding    60 DEG protein kinase activity   5 DEG carboxypeptidase activity  

Overlap 6 vs 24  & 12 vs 24  3  0  Non e   returned  

Overlap 6 vs 12  & 12 vs 24  0  0  Non e   returned  

Common to all  0  0  Non e   returned  

Downregulated     

6 vs 12  528  414  19 DEG RNA binding   10 DEG lipid binding   10 ATPase activity linked to transmembrane  activity   9 DEG metal ion  transmembrane transport   9 DEG UDP - glucosyltransferase activity   7 DEG aminoacyl - tRNA ligase activity   5 DEG oxidoreductase activity  

6 vs  24  808  520  25 DEG hexosyl group transfer   19 DEG acyl (other than amino - acyl) group  transfer   8 DEG endonuclease activity  

12 vs 24  29  18  None returned  

Overlap 6 vs 12  & 6 vs 24  391  308  17 DEG hydrolase activity   11 DEG peptidase activity   7 DEG exopeptidase activity   7 DEG oxidoreductase activity   8 DEG UDP - glucosyltransferase activit y  

Overlap 6 vs 24  & 12 vs 24  87  48  None  returned  

