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Supplemental Figure 1. Heat map revealing distribution of various features on the U. hordei 

chromosomes. Chromosome numbers are given by Roman numerals and chromosome ends are 

indicated by vertical bars. Rows a, b and d to f represent the frequency of occurrence of the various 

elements over a 10 kb region of sequence. The color scale ranges from zero frequency (white) to 10 or 

more features (black) with red indicating a mid-range of 5. The mating-type locus MAT-1, the 

ribosomal DNA regions (see Supplemental Dataset 1) and names of cluster homology regions (see 

Supplemental Dataset 4) are indicated. The contents of the rows are as follows: (a) Called genes. Out 

of all 7113 called genes, 6879 genes are represented on the mapped supercontigs; 234 genes are 

located on assembled contigs that could not be mapped and may be located in the gaps. Interruptions 

indicate sequencing gaps. (b) Genes encoding small candidate secreted effector proteins (CSEPs). (c) 

Identified U. hordei CSEP cluster homology regions, named as defined in Supplemental Dataset 4; the 

colors represent regions with homology to U. maydis (black) and regions without such homology (red). 

(d) Small sequencing gaps within supercontigs. (e) All repetitive and transposable element sequences. 

(f) Family of 2752 variants of LTR2, LTR5, LTR13, and composite TE, Tuh3 and Tuh5 elements that 

are related to the Ty1/copia-type elements previously identified in the U. hordei MAT-1 mating-type 

region (Bakkeren et al., 2006). (g) Family of 1377 variants of LTR1, LTR3, LTR6, LTR7, LTR8, 

LTR10, LTR12 and Tuh1-related sequences, which belong to a Ty3/Gypsy class. Only the two largest 

repeat families are shown. Note that since many of the TEs and repeat elements are located on many 

small contigs that could not be assembled into the larger genome contigs, only a partial distribution can 

be revealed. 
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Supplemental Figure 2. Phylogenetic relationship of selected Dicer (A) and Argonaute (B) 

protein sequences. Trees were drawn from aligned protein sequences using MEGA5 (Tamura et al., 

2011). Dicer protein sequences were trimmed to span the two RIBOc domains. The Neighbor Joining 

method was used to construct the trees and the values at the nodes represent % of 1000 bootstrap 

replicates. Arabidopsis thaliana proteins (At1) were used to root the trees. Cc, Coprinopsis cinerea; 

Cn, Cryptococcus neoformans; Lb, Laccaria bicolor; Nc, Neurospora crassa; Pc, Phanerochaete 

chrysosporium; Pg, Puccinia graminis f. sp. tritici; Sp, Schizosaccharomyces pombe; Sr, Sporisorium 

reilianum; Uh, Ustilago hordei. 

Accession numbers were for the DICERs: At1, DCL1, AT1G01040; Cc1, D6RKZ5; Cc2, A8NX83; 

Cc3, A8PF80; Cn1, Q5KKA8; Cn2, Q5KKA7; Lb1, B0DAX9; Lb2, B0CY37; Nc1, DCL1, Q7S8J7; 

Nc2, DCL2, Q7SCC1; Pc1, Phchr1_1385; Pc2, Phchr1_4895; Pc3, Phchr1_890; Pg1, PGTG_12289.2; 

Sp, DCR1, Q09884; Sr1, sr16838; Uh1, UHOR_08937, and for the ARGONAUTE proteins: At1, 

AGO1, AT1G48410; Cc1, 1.108_5-1; Cc2, 1.108_5-2; Cc3, 1.198-10; Cc4, 1.213_11; Cc5, 1.224_12; 

Cc6, 1.258_15; Cc7, 1.325_24; Cn1, CNJ00490; Cn2, CNJ00610 ; Nc-qde2, Ago1, NCU04730; Nc-

sms2, AGO2, NCU09434; Pc1, White_Rot 120; Pc2, White_Rot 148.1; Pc3, White_Rot 148.2; Pc4, 

White_Rot 148.3; Pc5, White_Rot 158; Pc6, White_Rot 330; Pc7, White_Rot 635; Pg1, 

PGTG_08429.2; Pg2, PGTG_11327.2; Sp, SPCC736.1; Sr1, AGO, sr15057; Uh1, UhAGO1, 

UHOR_06256. The amino acid alignment used to produce the tree is presented in Supplemental 

Dataset 5 online. 
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Supplemental Figure 3. Comparative microsynteny around loci present in U. hordei (Uh) and S. 

reilianum (Sr) but missing in U. maydis (Um). Genes implicated in the RNA silencing pathway 

indicated as dark arrows: (A) RNA-dependent RNA polymerase UhRdRP1 (UHOR_08874), (B) 

UhRdRP2 (UHOR_01631), and (C) UhRdRP3 (UHOR_15740), are depicted. Synteny is indicated by 

shaded bars with percentage amino acid identity between the predicted flanking proteins. Note that the 

region surrounding UhRdRP1 (A) is more expanded and contains three U. hordei-specific genes, 

UHOR_13400, UHOR_08875 and UHOR_13402. The encoded proteins match many related protein 

sequences in the genome. UHOR_13402 encodes a protein with a RVT_2 superfamily retrotransposon-

like motif and UHOR_13400 codes for a protein with a putative integrase core motif. The region 

surrounding UhRdRP2 (B) harbors a small gene with unknown function. Interspersed between the two 

genes is UHOR_01630, also a gene of unknown function, but found in an inverted orientation 

compared to both the U. maydis and S. reilianum homologs. These features point to the involvement of 

TEs in the evolution of these loci and might have caused the deletion events that occurred in the U. 

maydis genome. 
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Supplemental Figure 4. Distribution of the 10-bp repeats in the U. maydis genome. The two 

simple repeat sequences R1 and R2, as well as their complementary sequences (Schirawski et al., 

2010), were searched across the 23 chromosomes of the genome and their occurrence was counted 

within each 10-kb window. Red indicates a high density of the repeats while white indicates a low 

density. 
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>um06396-um06397 (ex-Dcl1) 
GAGTGCAACTACAACATCTTTCAGATACGCCGGTCTTGACCTTCCGGCCACAATTCAGGATGAATTCAAGGGCGAACTTTTCACTCCGCAATCGTTTGCCAAG

CCCTTGGCCATCGCGCCGTTGCAATCGGCGCAGCCAAGCAACGGCGGCATCGATGACAATGCTTCACGCAGCACCACCGGTAGCGATGACAGTAGAAAACATG

GCAGTGTTGGATCTGCATCGATTAGCATACCCGTATGGAGGCGGTCTCCGGTGCTTTATTAGCACGAGTCTGTTCGTGAGGACGGGGGAAAATCATCTTGTCA

GTTGTGGCTTGAAGAGTTGGGGTTCATATCTCGTATACCCATCATCCCTCACAAACCGAGACAGAAACAGGTAGATAGTCTAACCACCACCACAGACGCTATA

CCCGCTCCGGATGTCACGCTCGGCGCCTCACGCGTCCTGCGTGTATCCCCACCGCCATGCTTTTCCACCAGCTTCGATCACGGTGATGGCTGATGCGATGCTG

ACGCTGAACGCGGGCGAGAGCATGGTCGCGTGATCGCGCCGAGTTGCGCAATCAAGCGATCACCTGGCCGCGCATACACACACACAGTCGGCA(ΔUHOR_

08937)CCACTTGATGGCGGATGCTTTGCGTTTTGATCGCATTCACACAATGATCCGTTTTTGCGGTCGCTGAGCCACAAGCTGCCATAGCTTAGCCAAC
ACGGTTCAGTTGACAAGCAAACTCCAACCACGATACTTTGCGATTGTGCGCAAGATGCACAACGAGCAGCACTGGCTCCTTGTTCTTGTCGAATTCAGCTTTC

ATCATGATGCTCAACCTGCGCAGAGACAGTCACGAGTGTGTTGGCTGGCGGCTAGGATACAAGTCGTGAGTGTATGCCAAGTGCGGCTGTGCGGTATGTTATC

GAGTTCGGGGTGGATTTGTCACACGTCAGAGCAGAAACGGCACAGGTTGAGAGAGTCACGAGTGGTGAGTGTCACGTGAGGTGAAAATTCGTGATTGACGATT

GTGAAGATGCGAAATAACTTAAGACGTAAAGCAAAAGCCGAAACGCGAGCAAGTGCAAGTGGAAAGCAGAAATGAGGAGTTGAATCCGATCCGACCAAGGATT

CAACCGATCTGCATTACGACGAGCACTCACGACTAGCGAATCATACGCATTGAAGCAACACTGGACAGACGCTCGAGCATGTACAACGGTATTGGACTCAAGA

CGGCACGTGGAACGGGCACGAATGGGTACGTGCAACGCAACCTCTCCAACTTCGAGGCTGGAAAGAAGCGGTGGAACAAGCGTGATGCGACCGATGAGGTCGG

GTCGGATACACGTCTTGGTCCCGACGCAGCGATTTTGGAGCACGAGCGAAAGCGAGCGGTGGAAGTGAAGTGCATGGAGCTGCGCGTCGAGCT 

 

>um04177-um10893/um04178 (ex-Ago1) 
CGTGAAGAGCAGGTTGAGCCAAGTGTTGCGGACATTTTTGCGGGCAAAGTCAACTTCTGGATGCAACAACTTTGCGCTCGCATCTTTTGGATGCATTCGACCG

GCTCGAGAGGTGTTGGTGGTGTTGCCAGATGATGAAGAGTGAGCAAAACTCTTTTTGACCAGGCGCTCGAGCTCTGCCTTCTGCCTGCGCCCTTGTTCAAGCA

GCATAGCGGCGCGCTGGTCCCTCTGTGACATGGCTGTAGTCGGTGAAGTAGTCATTTACCGTTAGTAGAGCGTGTTTCAATGCTAGTGATTTTGGTGAGGCAA

AGCAAATCAAGACGCTGAGGTTGTGATGCTGGCCGATCACGGATGTCGTCTGGTCGCAGTCTGACCACGGACCGCACCCGGTAGTCGCGTATGAGGTCGCTTC

TGCACAGCGCAGCTCGAGTTCAGATTAAAGGTAAGCAGCAAGTCTCGAGTTCAGACCATGATACCGAGCCACAGTTGAAACGAATCGTGAGAGGGTGACGAGG

GGGATGGATGTGGATGAGAGACAAGATGAGGAGATGCTGAATTTTTTGTAAACACTCACGACTGGCCTCTCTGTGCGGCGTGTGGACGACTCACTCGCCAATC

GTGAATCAGGAATTTAAGCGAAGTTCTAAAAATTGTGAATTGTGAATTGCTCCTTTCTGAGTGGGATTCGCGATTCGTGATTCTTGCTTGATTCACCAATTCA

CGATTCCGCGCACAGTCAAGAGAGACGGCAGCATTCCCAGATCCGCTCAGACCATCGATCTGAGGGATGCAACTTGATCGCACTGCCCCTTGTCTTCAACATG

AGAGCTTTGCAAAGAGAGAGAGTACCACTTGCATTTGAAAGAGGGGGTGAAGAATGGGTCGTATTCACGATCTGCCTGCAAGTTTTAACAGCAACTGTGTGAT

TCTCTTTCTTGGATCGCATATCAGAACCAACTCACACTCGTGA(ΔUHOR_06256)CTGACGACTGAAACGGAGGAGCACACGGACATACAGTCACG
AGTACATCCTCGAGCGAAATTCACGATTGACACACAGGATGTCTTTACGCTTCTGTCCAGGTGCGACTCGTGACTGGATGGTGTTCTCAATCCAATAGCCGGT

CACAACAAGCAATCGTGAACCACAAATGATACTGTACAGTACATGTAGGAAAAAAAAAAAAAAAAAAACAAGAAAATCTGTAGTAATAATCGTGAATCGCATA

TCACGAATATTAATGTTATAATCGACAAGAGCGGACAAGCAGATCCCGTTCTATCACGTCTAACAAGTGGACTTTTGCAGCCTTCATTTCGACCGTAATTTGC

AATTTGCAGCATCGATTTCGGTGCTCTGTCGGTAAATCACGAATCACAAATTTCAGTCACGAGTCTGTGAGTCTCGAACTTAGTATGGAAAGTGGAGGCTAAC

GTACACGTTACCACATACAGCCATGCCGTGCCGTTGACGGTTGACATATTCGTGATTCGTGATTGTTTGATTCTGCTCGCTCGGTTCACAATGTCTCAGCTGA

GCAGCAAAAGACGATCTATGTCAGGAACGGCGCACCACTCGTCCCATCTCTGACGGTTCTTCTGAATCGGTGAAAGTCATTTGCGGGCTTGGGCAATCTTCTG

CGATCTCTTGCTTGACAACGGACAGCTCGCATCAGTTGTTCGGTTGTACAAATTTAGCACTGCATTCGGCGTCGCGCACGAGCCTTGATGGCTTCGCGAAGAT

CTGCAAGAGCCTCGGTAGGCAAGCGCCTCAGCTACCGAGAAGAGTCTGATCAAGACGACTCAACAGCTGATTTGACCGAAGACGAGTACCAGCAAGACCGAGC

ATCCACCAGCACAGACGATGGTGCGGTGGCTGAGGATGAACCCTCCGATGAGGCGAGCGAGGACAGCCAGGCTGGCAAGCGCAGGGCGGACGCTAAACGACGC

AAGTTGAACTCTGTATCGGTGCCGATCAAACACACTGCAGCAAAGAG 

 

>um06257-um06259 (ex-RdRp1) 
CTGGCGTGAGTTCACCCGGAAGTGCGGGCAGACCCGCGTCGTTGAGCGAACTCGACATTGGACTCTTGATGGGAGGAGTAAGTGTTATGGAAGGCGGCACTCA

TCTCAGTGCGAACAACACTGCGGTCGGAGATGGCGGCAATGCGGGTCCTGCTGAGCGCCAATTCCTTTCCTGATGTGTCTATCTATCTGTCAACAAGCGTTCG

TTGATATTCAGTCGTGCCAGGTGACACCTGGGGGTCTGTGATGTGTAAGAAACGATGCGGTAACGTGTCCCTTGGCAGAATCACGAATCGATCGTGGTTCATT

CGTGATTGACCCTCGTGAATCGCGAATCGTCCCGATCTGATTTTTTCAGGCAGATTCACGATTTACGATTCACGATTTGTGCCATGAAG(ΔUHOR_13

400)CGCTGCTAAGCACAATCACGAATAATCCTGAATAATCGTGAATCTCGGCTTGGCGTCTCGTCCGCGAGGCTGTGCGGGAGCCTGTCTGTGCACACGC
CATAAAAGACACACACATTCGTGATTCATATTAGTTCTGTGAGACCCTGAAGACCGTCCAACCGTTTACCTTTGCTCCCTCATCATTGGACGTCGACCTGCCT

CTATCACTCACTTTCTCTTTCCGAAGCTCACAACTACATCAAAGCTTGCATCTGGCAGGGTACCACCTTTTACTGAGCTGACAGCATGGACGGCGGCGGTGGA

AGCTGTAGCGGAAACGGCGGCGGCGGATTCTTTGGCGGTTGCAGCAGTGGCGATGGTGGAGCGACATCTGCTTTTGCTCACAGCAGCAGCCACCACCTCCATC

ACCTCCACCACAGTGCGCATGCTAGCAGTATGCCTCGACCTCGCGCATCCGCTGCGACCAATGCATCTTCATCCAGGCCATCACCTGCATCGACTCAAGCAAC

CACAGCAAATGATGAGGCACAATGGTCGCTAAAGGACATCGTTTGGCAAGGGCGTGAGTGCAAGATCATCACACAGAACCACAACGGACCATGCTCGCTCATC

GCGCTTTGCAACGTTCTGCTCTTGAGGGGCGAGCTTCAAATCACACCTCCCGATCGGCCCGTGGTCAGCTACAGCTACCTCAGTCAACTGCTTGCCGAGCATC

TGCTCACCAAAGTGACCAATGACGGACATGGAGGAGAAGAACTGGAAGCGGCGCTCAGCATCTTGCCTCGCACGCAGTACGGTTTGGACGTGGATGTCGGTTT

CGACTCGATCACTTCCTTTGCCGCTACCGCAGGGAACGATGGAGGCGCAGGGGAGCTCGCCCTGTTTCGGCTGTGCGGTGTGCAGCTTGTGCATGGCTGGCTA

CCCGATCCAGCCGATGCAGAGACCTATCAGGCAGTACAGGAAGCGCGCAGCTACAACAAGGCTACTGACGTGGTGGTCAAGGGTGACGCGGTGGCAGATGGTG

CGGTTGTGCGCGATCGAGGTGTCGGCGCCCTGGCAGCAGAGCTTGCAAGTCAGGCTGCAAGTTCCAATGGCAAGCGGCCGGAACGACGCGCCTGGACCGACGA

TCAACGTGCAACGATACGTCAGGCACTAGCTCTGCAATCATTCCTGGACACGCACTCAACTCAACTCACATATCACGGCTTATTTGTGCTGGCGCAAGAGATT

CCTGCGGGCCAGCCGATTGCGCTTTTCCGCAATTCACATCTCTCGGTGCTGTACAAGCGGCTGCCACACGAAGGCGTGAGCGCAGCGACTCAAGGCGCAGCAC

CTATGTCGCCGCCACCGCCACCGCCGAACCTCTTCACTCTGGCTACCGACGCGAGCTTCTTGATGGAGGATGAGATTGTTTGGGAGAGTCTGGTGGATGTGGA

TGGTGCAAGCAGCGAGTTTTTCGACGGAAAGTTTCACAAGTCGATACTGCGACAAGGCGATTACGTAGGAAGCAACGCGGACCGTCTTGGAGCCGATGGAGCC

GATAGGGCGGGCTATCAACAGAACGAAGATGCCGACTACGCGCTTGCGATGCAGATTTACCACAATGACCAGGATCGATTGGAGCGACACCAACAGAGACGGA

GGAACAGACAGTCACAATCTCAGCAGACAATGGTGCGAGGCGAGCGCAGCCACACGCCAGCTGCGCCTGAGCTGATGTTAGAGACGCCCAACGAGGTGTTCAC

CACCATGCGATTCGAGACGGTGCGCAGTAAAGACGAAGGAGATGCATTGATCGTGTCGAGCTTGATCCCATTACAACTGCGCAACGATCTTGCAGATTCGCTT

AGCAGTCTGCAGGATCTGTCGATCGGAGGATCAGAGGCTGTCGCATCGGTGCCGGTAGCAAGTCAATCGACTAACCCATTCCTCAATGCTTCAGAGACGGCTT

CAACACCTCATCCAACGAACCCGTTCCTTGTCAATGCGACGGCTCCGGCCAAGCATCGACTGTACCATCACATTCCATTGCTGGAGAAGCACTTGGAGCGTAT

CAAGCTATCGGCTGGTGCGATTTGCCGTGCCTATCCTGCCGTCTGGTCGATGCCGCTGCTAGAGCAAGAGAAATCGCTAGAGCCAGAATCTATCCTGGCAGCC

ATTGAGACGGCTTTGGCATCTGGTGCACCTCTCGAGAACACGGAGGGTCAGGTCAAGGGAATTCGAGTGGCAATTCGAAGGGATGGATTGATCAGGGTGACTG

AGCGCAACATCACAGCGTTTCCGAGCACCCTGGACAAGGGAATAGAAGCCGCTCCACCACCGAGCGTGCGGCTCGATTCGATTGCAACACGCGTGCGAACTTT

GGATCTGGAGCCCATCGTGTTCAACAAGACGGACGCACGGGGATTCTACGAAGCGGCGAAGCAGCGGGTGGGAGCGGATCCGGGAGTGCTTAGTGGAGTGCGC

AAGGGGGACGAGAAGTGCTTCGATGTGATACTGTGGAACGACGAACAGGAGCAAGTAGTGGACGGATCAATTGTGATGGCTACTTCGTCGACAAGGCTGGTGA

CCGAGTCGAGTCTGGCGAATGTGTTGGTCGAGGAGGTGGATGCTGTTGGAGGCACATCTCGCTTTGTGACGCCGCGAACGCAGACAGGCATGCTGGATGGTCT

GTTACGCCATTGGCTGGTCGAAAAGGGACTAGTACACGAGCAGGACGTGAGTGTTGACGAGCTTGTTGGTCGTGTGGACTCTGGAGCTGCGAACATCTGGCTT
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TGCAATTCCTTACGCGGAGTGTGGAAGGTAGAGTTGGTTCGTTTGGCGCAACACCACGGCGGAGCTTCTGGAAGCGCTGCTGGGGCCGATGCAGGTGGGCCAC

CAGCGCGAGTCAAAAAGACGCGCTTCTCTTCGCTCGTCCGGGGCCTTTCTCGATCCGACTCGACCAGCGGCGCAGCAGCTAGTTCGCAAAGACAAGCTGCAGA

ACCGCCAGCAGTGGAAGAAACAGTACGCGAACAAGTCCGTGACGATCTCTACGGTGACCGACGGGAAAGCAAAAGCAACCTTGGCAACGCCACCAAGTTCAAA

GGCAAGAAGGCGAAAAAGGGCAAGGACGACAAGAAGGATTGCTGCATCATGTGACGTAGAGTATTGCGTCAAAGGCTTTGCTACCTGTTGCAGCCAATCTAAG

AAGTGTTCGTCCAAGGGTCAGAGCAATTTGGCACGCTGTCTCGACGCAAAGGAATGAGTATTTGCTTTGCTATTCACAATTGTGCCAGGCCAGGGCCTCGACT

ACGCATCCTTGAATCGTGACTGAGCTGGATATACGATTCGTGATTGTCAAAGTTCCACTGGAACCTATACGAGAGCAGTCATCCCGTCCGCGTGTCCAACGGC

TCACAATTGCGGGCAGGTCACATGCACGAGATTCGTGATTTCTAACTGAGCCGCCCGTCGTGCGTGGCCGAATCGTGAATCGTGAATCGTGAATCACGAATCG

TAGT(ΔUHOR_08874;ΔUHOR_08875;ΔUHOR_13402)CACGAGTGGTAGATTATACCGAGTCACGAGTGTGAGGTTGGAGA 
AAGTCACACGGCTATACGCTAAAGCACGGATCTGAATCGTGAATCACGGAAGAAGCGCGGCTCGGAGAAGCTTCGTGCTTTTGTGTTTGGGCAAGCGCAGAAA

GCGGAGATGTGCGCCGACAGTCGCGAGTTGGAAGAAATCACGAATCACGAATCGTGAATCACGAATGTGAATCGTTCGGCGCGCAGCTGACGGTAGAAAGTGC

GAGAACGTGGAAACCACTTTTTTAAGTAATGGCCAACATTCACGATCAGTTAACCGAGTCAACAGTCACAGTCACGACGACTACATATAACCAGTCGCATCTC

TTCCCCCCTCTCTCTCGCTCTCCTACACGCACAAACACCCCAGAGTAGACAGAAACAGCACGAATCCGACATCCAGCGACTGCAACCATGTCGAGCACAAACA

CGACGCCTAAACCAGGCAACCCGATCGTCTACCTCGATCTCGCCTTTGGTTCGTCGCCTGCGTCTCGCCCCGGATCCAACCGCATCGTCCTCGAGCTGTACGC

GGATCGTGTCCCGCGCACCGCCGAGAACTTTCGTGTACTCTGCACCAACACCTCG 

 

>um01077-um01079 (ex-RdRp2) 
TGGATACCTGAGTGGACGCAGCGTCCAGTAGCGAGGTCAAGGAAGAAGGGATGGCAGATCTAAGGGAGAAGCCGGCCTCGTCCGACCGGGTCGAAACGCTTGC

GAGCAGAGTATCGTCTGACTGAGGTGGATGAGTTGGCAAAAATGCGGATTGGTTATCAGAGGAGGGGCGTGTTGGCAAGTTGACGTCAGAAGCGGGAGAGGGA

GAGTGGAGGAAACTGTAGCAGTTGCTCAGTGGCATGTGTGATAGAGGCGAAAACAGTCGGATCAGCAGAGCATGGTGTTGGATGGGAGCAAGAAAGTCGGTGA

CAGAAAGAATGGAAACGGTACGAGGATCAAAAAAGGTAACGCGTATACTTGGGTTGGGATAACGGTCAAAGTGTTTGTGAGGCCTGAGGCGCTCGAGGAAGCA

CATTCGTCATGTCTCCTGTCTCGGTATCATGAACCAAAGCCAACTTGCTGGTCTGTGCGGCCAGACGGTGCGTAGATGCGCGCGTAACCCAACTTCTGTAAAG

ACAAGCCACGGCAGAGACACTCACAGAACGATCACGGATGTTGGCGTGGCTCAGCTATGTTATCACG(ΔUHOR_16687)AATCGTGAATGTGCTGA
GTTCAGGATCCCTCGCACGACCTGGTCCAGCAGTGCACGCCAGCAGTGCACGGATGGCTCTGATACTTTTTTAATGTGGATGCACCCTTGCAGCGCTCACCAC

GACTTTAGCTTTGAACCCTTGGACCCTTATGCTGGACAAGCGCCGCTCACGTCTTGCGCGCATTCACAATCACGAATGTGAATCACGAATTCGTGATTCGTGA

TTACAGTCCCGGGACGATTCACGATTTTTACAAGATCATAATGTGAAACGAACGGGCGTAACATCTGTATTTTTAACAACAAACGTTCAAGAGACGAAAAGTA

GGAAACGTGAAGCATTCACGATTCACGATTCACGCTCGTTTCGTGTTTGACATGATGCAGCTTGACGACGCTCTGGCTCGCATGCCCTATTTTCCCCCCTTTT

TCTCTCCCAATCGGGACTGCAGTCACTGTGCTCTCGCGTCGAGCTTACAGCTGGACATGCTAACTTAAGTTAACTCACACTCGTGACTTAGGTGAGCTCCAGC

TTTGGCCCGTCCTCCGCAATCCAGATCCAGACCCTGGTGGACTCTCTCTCTGATTGTGACTGCAGCCGATTCTGAGCAGATGCGACAGTCGTGAGTGCTCGAG

CCTGCGCACAGCTTTCTCCGCAATTGGTGCTTCGCGGAGCTCGGCTCTGTCCCAACCAGCTCTGTGTACAGCAGCTCTACCTGTGCTCAACAGCCTGAGCTGC

AGATTCAACGCGATCGGTCTGCACTAAGTTAGCCCCTCTTTCTTCTCGACATCCATCGACCTCAAATCACGCGACGTCTCAGAAATCAACGGCGACCTTGATC

ACCTACGCACCATGTCCAAACCCGAAGAGCGAATGAAGGCTGAGGCCACGCAGGCCCTCGACGCCCAGGATGAACTCAACTGTCCAGGCTTTGAATCGAGCCG

AGTTTTCGCGCTCTCGGCGCAGCTGCTCGCCAATCCGCCTGCGGGCTTCCCATCTCGTAAGCGCCTGCTGCGATCGCTCCAGAGCGTCTACCTCTTTTCCATC

CAGCCATCCACCGCCATTGATCCCTCCAACCCTCGCACCAAGCCAGTGCAGGGTAACGCATCCACGTCTGGTGGTGCGCTTCGACCGGCTCTCTGGTTCGCCG

ACATGAAGAACAAGGGCGTCATCGGTCGAGGCCAGCCACCCAAGACGGTGCTTGGTCGAAAACGTAAGGCTGACGTCGTGATCGAGTGCAGAGACAGGGACTT

TGTAGATCTTGCTACCGGAAAGGTTCAAGCCCAGCGACTCTACAACGAAGGAAGGGTAAGTGCTTGTCGCTGTTCGCTGTTCGCTGTCCGCTGTCCGCTCTTC

GCTATTCAGTTGTACATCAAGCGTCCAAGGCGAATGCATCAATATTTGTGACAATTAGATGGCTGACCGTGGACTTTCGGCATTTTTCCTGCCCGTATTGCAG

ATCAAGATCAAGGGTGACCTCGATCGCGCACTTCGAGTCGCTACGCTCTTCTCGCACGAGCGTTCCAAGATCTACGGAACTCCCTCTCCTACACCAGACGCCG

AGACCAAGGTCGCAGCCGTCGAATATCAGCGCGAGGGAAACGATGCTCGTGATACCGACTACGGCTCTGGTGCTCCCGCTCCGCTCCCCGATCGCGCAAGGCT

TTGAGTTCGGCATGCTGTCTGCTGCACTGTACACCACAGCTTTGGTCCCACCCAGCATCAAGCCGCTTAGCTTGAATGACCTGAGTGCCATAGTGGTGGCTTT

AGGACGTAGTTGCATAGCATGCTGTGTGGGGTAACTTCATCACTTCTTTTTCGGTAATGAATCTATTTACATTCTCAACAGAGTGTGAAAAGAACCGACTAAA

GCAAAAGGCGCAAATGGAATCAGACTTTGTGGGCCGATAAATAGAAACAGAGCAAAAAAACGAGCGTATAAAGTTGAATAAGGACTGTGAGAAATCATAAAGA

GCGAGACTTGAAAACAAAGAGAGACAAAACGACCAAGTCGGTTGTACGTAG(ΔUHOR_01631)AATCGTGAATACGAGTTATCACTTGACGAGGGG
AGCGCAGACTAGGATTGCTTGCGAAAAAGTCGGGTGAGCTTTCCGCTTTTAGCAACGCTCCTTTGGCGGTCTACCACACCGCCATTGGTCGCGTGCGTACCGG

GCGAAACACCTGCGTCGAGTAACAGATTCTGCAGTGCAGCGACGTTGCTTGTGCTAGGCGAAAAGAGAGCTGCCAGCGAGCGA 

 

Supplemental Figure 5. Sequences of the loci in U. maydis deleted for RNA silencing genes. 

Compare Figure 4 and Supplemental Figure 3. The sequences flanking the deletion site are largely 

conserved between U. maydis and U. hordei and are depicted in red, and those of the intergenic 

“empty” site are in black, in which also the estimated position of the deleted gene present in U. hordei 

is indicated (ΔUHOR_0xxx). The numerous 10 bp-repeats found in the U. maydis genome (Kamper et 

al., 2006; Schirawski et al., 2010) and their location, are depicted in pink (ATTCGTGATT or 

AATCACGAAT) and green (ATTCACGATT or AATCGTGAAT). 
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A  CCCCCCCTCAACAGCATATGTACCCTGTTCATTATGCTGTTGTTTCAAGGTGTGACCTCTGTTCTTCAACACTGTCGCAT    80  

B  CCCCCCCTCAACAGCATATGTACCCTGTTCATTATGCTGTTGTTTCAAGGTGTGACCTCCGTTCTTCAACACTGTCGCAT    80  

C  CCCCCCCTCAACAGTATATGTACCCTGTTCATTATGCTGTTGTTTCAAGGTGTGACCTCCATTCTTCAACACTGTCACAT    80  

D  CCCCCCCTCAACAGCATATGTACCCTGTTCATTATGCTGTTGTTTCAAGGTGTGACCTCCGTTCTTCAACACTGTCACAT    80  

 

A  AGCTCGGGGACCCCGTTTCGTACACTGCTGCCGGTATTTGCAGGTGTAGCCCAGATCTTGCTTGCTGCATTGCCTGTCTC   160  

B  AGCTCGGGGACCCCGTTTCGTACACTGCTGCTGGTATTTGCAGGTGTAGCCCAGATCTTGCTTGCTGCATTGCCTGTCTC   160  

C  AGCTCGGGGACCCCGTTTCGTACGCTGCTGCCGGTATTTGCAGGTGTAGCCCAGATCTTGCTTGCTGCATTGCCTGTCTC   160  

D  AGCTCGGGGACCCCGTTTCGTACACTGATGCCGGTATTTGCAGGTGTAGCCCAGATCTTGCTTGCTGCATTGCCTGTCTC   160  

 

A  CCAATGGGCTTTGTGAGTACGTCTGCCAAGTTTCTTGTGGTGTCTACGTACTTGATCTGCACCCTTCCCTCTTGGACATT   240  

B  CCAATGGGCTTTGTGAGTACGTCTGCCAAGTTTCTTGTGGTGTCTACATACTTGATCTGCACCCTTCCCTCTTGGATGTT   240  

C  CCAATGGGCTTTGTGAGTACATCTGCCAAGTTTCTTGTGGTGTCTACATACTTGATCTGCACCCTTCCCTCTTGGACATT   240  

D  CCAATGGGCTTTGTGAGTACATCTGCCAAGTTTCTCGTGGTGTCTACATACTTGATCTGCACCCTTCCCTCTTGAACGTT   240  

 

A  GTTACGGACGAAGTGATACTTGGTGTCGATGTGCTTAAGCTTCCAGTGCTGTGCTGGGTCCTTACTAACCTGTATGCAAC   320  

B  GTTACGGACGAAGTGATACTTGGTGTCGATGTGCTTAAGCTTCCAGTGCTGTGCTGGGTCCTTACTAACCTGTATGCAAC   320  

C  GTTACGGACGAAGTGATACTTGGTGTTGATGTGCTTAAGCTTCCAGTGCTGTGCTGGGTCCTTACTAACCTGTATGCAAC   320  

D  GTTACAGATGAAGTGATACTTGGTGTCGATGTGCTTAAGCTTCCAGTGCTGTGCTGGGTCCTTACTAACCTGTATGCAAC   320  

 

A  CAGTGTTGTCCGAGTAGACCATCGGTGTGTCTGTGGCAATGCCAATTGAGCGTAGCAGCTGCTTGAGGAAGAGCACCTCA   400 

B  CAGTGTTGTCCGAGTAGACCGTTGGTGTGTCTGTGGCAATGCCAATTGAGCATAGCAGCTGCTTGAGGAAGAGCACCTCA   400 

C  CAGTGTTGTCCGAGTAGACCGTTGGTGTGCCTGTGGCAATGCCAATTGAGCGTAGCAGCTGCTTGAGGAAGAGCACCTCA   400 

D  CAGTGTTGTCCGAGTAGACCGTCGGTGTGCCTGTGGCGATGCCAATTGAGCATAGTAGCTGCTTGAGGAAGAGCACCTCA   400 

 

A  CATGTTGCTTCCATGGCTGCAATGAACTCTGCCTCGACAGCGGACAATGACACGCATTTTTGTGTCGCTGACTTCCAGGC   480  

B  CGTGTTGCTTCCGTGGCTGCAATGAACTCTGCCTCGACAGTGGACAATGACACGCATTTTTGTGTCGCTGACTTCCAGGC   480  

C  CATGTTGCTTCCATGGCTGCAATGAACTCTGCCTTGACAGCAGACAATGACACGCATTTTTGTGTCGCTGACTTCCAGGC   480  

D  CGTGTTGCTTCCATGGCTGCAATGAACTCTGCCTCGACAGCGGACAATGACACGCATTTTTGTGTCACTGACTTCCAGGC   480  

 

A  TACTGGATTCCCATACACTAACGCCACTGACCCCGATGTGCTCCTTCTCTGTATGGTGGCATCGCTTGCCCAGTTTGCAT   560  

B  TACTGGATTCCCGTACACTAACGCCACTGACCCCAATGTGCTCCTTCTCTGTATGGTGGCATCGCTTGCCCAGTTTGCAT   560  

C  TACTGGATTCCCGTACACTAATGCCACTGACCCTGATGTACTCCTTCTCTGTATGGTGGCATCGCTCGCCCAGTTTGCAT   560  

D  TACTGGATTCCCGTACACTAATGCCACTGACCCCGATGTACTCCTTCTCTGTATGGTGGCATCACTCGCCCAGTTTGCAT   560  

 

A  CGCTGTGTGCAACCAGTGGCTCTTGCGACTCACTTGCTCTATAAACCAATCCAACCTGCCTTGTGCTTTCGAGGTAGCGT   640  

B  TGCTGTGTGCAACCAGTGGCTCTTGCGACTCACTTGCTCTATAAACCAATCCAACCTGCCTTGTGCTTTCGAGGTAGCAT   640  

C  CACTGTGCGCGACCAGTGGCTCTTGCGACTCACTTGCCCTATAAACCAATCCAACCTGCCTTGTGCTTTCGAGGTAGCGT   640  

D  CGCTGTGCGCGACTAGTGGCTCTTGCGACTCACTTGCCCTATAAACCAATCCAACCTGCCTTGTGCTTTCGAGGTAGCAT   640  

 

A  AAGACCCTTTGTGCTGCTTGATAATGCTCCTGTGATGGTTCATGCATGTGCCTAGCGAGAACACCCATGGTGAGACTAAG   720  

B  AAGACCCTTTGTGCTGCTTGATAATGCTCCTGTGATGGTTCACGCATGTGCCTAGCGAGAACACCCACAGTGAGACTAAG   720  

C  AAGACCCTTTGTGCTGCCTGGTAATGCTCCTGTGATGGTTCACGCATGTGCCTAGCAAGAACACCCACGGTAAGGCTAAG   720  

D  AAGACCCTTTGTGCTGCCTGGTAATGCTCCTGTGATGGTTCATGCATGTGCCTAGCGAGAACACCCACAGTAAGGCTAAG   720 

 

A  GTCGGGCCGGGTGCTGTTGGCAACCCAGAGCAGCTTGCCAACAATCACTGGATACTCCCTCTGTTGTGCTGCGCTTGCAA   800 

B  GTCGGGCCGGGTGCTGTTGGCAACCCAGAGCAGCTTGCCAACAATCACTGGATACTCCCTCTGTTGTGCTGCGCTTGCAA   800 

C  GTCGGGCCGGGTGCTGTTGGCAACCCAGAGCAGCTTGCCAACAATCACCGGATACTCCTTCTGTTGTGCTGCGCTTGCGA   800 

D  GTCGGGCCGGGTGCTGTTGGCAACCCAGAGCAGCTTGCCAACAATCACCAGATACTCCTTCTGTTGTGCTGCACTTGCGA   800 

 

A  CAAGGGTTCCCTCCAGTATGCTCTGCATTGGAACCATGGTCGGCTTCGTACGTTTGTCCAGGTGCTTTGCCAGCACTTGG   880  

B  CAAGGGTTCCCTCTGGTATGCTCTGCATTGGAACCATGGTCAGCTTCATACATTTGTCCAGGTGCTTTGCCAGCACTTGG   880  

C  CAAGGGTTCCCTCCGGTATGCTCTGCATTGGAACCATGGTCGGCTTTGTACATTTGTCCAGGTGCTTTGCCAGCACTTGG   880  

D  CAAGGGTTCCCTCCGGTATGCTCTGCATTGGAACCATGGTCGGCTTTGTACATTTGTCCAGGTGCTTTGCCAGCACTTGG   880  

 

A  TCAATGTACCCTGACTGACCAATCGTCATGGTGTGCATCGCACGGTCTCAACTGATTTTGATGCCCAAGAAGTGAGAGAC   960  

B  TCAATGTACCCTGACTGACCAATCGTCATGGTGTGCATCGCACGGTCTCGACTGATTTTGATGCCCAAGAAGTGAGAGAC   960  

C  TCAATGTACCCTGACTGACCAATCGTCATGGTGTGCATCGCACGGTCTCGACTGATTTTGATGCCCAGGAAGTGAGAGAC   960 

D  TCAATGTACCCTGACTGACCAATCGTCATGGTGCGCATCGCACAGTCTCGACTGATTTTGATGCCCAGGAAGTGAGAGAC   960  

 

A  CTCACCGCTATCTTCCATCTTCCATCTCTGACCAATCTGCTTCTTAATCTTTAGGACCATTTCCAGCTGTGGTGCTATGA  1040  

B  CTCACTGCTATCTTCCATCTTCCATCTCTGACCAATCTGCTTCTTAATCTTTAGGACCGTTTCCAGCCATGGTGCTATGA  1040  

C  CTCACCGCTATCTTCCATCTTCCATCTCTGGCCAATCTGCTTCTTAACCTTTAGGACCATTTCCAGCCATGGTGCTATGA  1040  

D  CTCACCGCTATCTTCCATCTTCCATCTCTGGCCAATCTGCTTCTTAACCTTTAGGACCGTTTCCAGCTGTGGTGCTATGA  1040  

 

A  ATCGACATAGATGACCACAATGGCCATATCTTCACCCTGTCCCTTGGTGTCTAATGTATCAGATGCAGGGAGCACACTCT  1120  

B  ATCGACGTAGATGACCACAATGGCCATATCTTCACCCTGTCCCTTGGTGTCTAATGTATCAGATGCAGGGAGCACACTCT  1120  

C  ATCGACGTAGATGACCACAATTGCCATATCTTCACCCTGTCCCTTGGTGTCTAATGTATCAGATACAGGGAGCGCACTCT  1120  

D  ATCGACGTAGATGACCACAATTGCCATATCTTCACCCTGTCCCTTGGTGTCTAATGTATCAGATACAGGGAGCGCACTCT  1120  

     * 

A  ACCTGGAAGAATCCCATGCATCGCAAAGACCTGTCGAACTCTTGATTCCATTCTCGCCCAGACTGCTTTAGGCCATATAG  1200 

B  ACCTGGAAGAATCCCATGCGTTGCAAAGACCTGTCGAACTCCTGATTCCATTCTTGCCCAGACTGCTTTAGGCCATATAG  1200 

C  ACCTGGAAGAATCCCATGTGTCGCAAAGACCTGTCAAACTCCTGATTCCATTCTCGTCCAGACTGCTTTAGGCCGTATAG  1200 

D  ACCTGGAAGAATCCCATGTGTTGCAAAGACCTGTCAAACTCCTGATTCCATTCTCGTCCAGACTGCTTTAGGCCGTATAG  1200 
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A  ACCCTTGACTACCTTGTACACCTTGCCAGGTGCTACTCCTGATCCTTCTGGCGGCTTCATGTAGATTGCTTCCTTTAACG  1280  

B  ACCCTTGACTACCTTGTACACCTTGCCGGGTGCTACTCCTGATCCTTCTGGTGGCTTCATGTAGATTGCTTCCTTTAACG  1280  

C  ACCCTTGATTACCTTGTACACCTTGCTGGGTGCTACTCCTGATCCTTCTGGTGGCTTCATGTAGATTGCTTCCTTTAACG  1280  

D  ACCCTTGATTACCTTGTACACCTTGCTGGGTGCTACTCCTGATCCTTCTGGCAGCTTCATGTAGATTGCTTCCTTTAACG  1280  

 

A  TGGAGTTCAAGTAAGCCATAGTGATGTCCAGAGCATGTACCTCCCAGTTGTTCTGCACCGCTAGTGCTAAGATGGCTCTG  1360  

B  TGGAGTTCAAGTAAGCCATAGTGATGTCCAGAGCATGTACCTCCCAGTTGTTCTGCACTGCTAGTGCTAAGATGGCTCTG  1360  

C  TGGAGTTCAAGTAAGCCATAGTGATGTCCAGAGCATGTACCTCCCAGTTGTTCTGCACCGCTAGTGCTAAGATGGCTCTG  1360  

D  TGGAGTTCAAGTAAGCCATAGTGATGTCCAGAGCATGTACCTCCCAGTTGTTCTGCACCGCTAGTGCTAAGATGGCTCTG  1360  

 

A  ATCACTCCGAGGGGTGCTACTGGAGAGAAGGTTTCTTGGTAGTCGATCCCCTCTCTCTGTGTGAAGCCCCTTGCGACCAG  1440  

B  ATCGCTCCGAGGGGTGCTACTGGAGAGAAGGTTTCTTGGTAGTCGATCCCCTCTCTCTGTGTGAAGCCCCTTGCGACCAG  1440  

C  ATCGCTCCGAGGGGTGCTACTGGAGAGAAGGTTTCTTGGTAGTCGATCCCCTCTCTCTGTGTGAAGCCCCTTGCAACCAG  1440  

D  ATCGCTCCGAGGGGTGCTACTGGAGAGAAGGTTTCTTGGTAGTCGATCCCCTCTCTCTGTGTGAAGCCCCTTGCAACCAG  1440  

 

A  TCGCGCCTTGTGCTTAACAGGTACGCCATCAGTGTCAAGCTTCAGCCGAAGCACAACCTTAGAGTCCACAAGTGGTACTC  1520 

B  TCGCGCCTTGTGCTTAACAGGTACGCCATCAGCATCAAGCTTCAGCCGAAGCACAACCTTAGAGTCCACAAGTGGTACTC  1520 

C  TTGCACCTTGTGCTTAACAGGTACACCATCAGCGTCAAGCTTCAGCCGAAGCACAACCTTAGAGTCCACAAGTGGTACTC  1520 

D  TCGCGCCTTGTGCTTAACAGGTACACCATCAGCATCAAGCTTCAGCCGAAGCACAACCTTAGAGTCCACAAGTGGTACTC  1520 

 

A  CTGGTGGTTGGTGCACCACCTCCCAAGTCCCCATTGCCTCAAGTCCTTCTAGCTCCTTTCGTATTGCCTCCTTCCAGAGC  1600 

B  CTGGTGGTTGGTGCACCACCTCCCAAGTCCCCATTGCCTCAAGTCCTTCTAGCTCCTTTCGTATTGCCTCCTTCCAGAGC  1600 

C  CTGGCGGTTGGTGCACCACCTCCCAAGTCCCCATTGCTTTGAGTCCTTCTAGCTCCTTTCATATTGCCTCCTTCCAGAGC  1600 

D  CTGGCGGTTGGTGCACCACCTCCCAAGTCCCCATTGCCTCGAGTCCTTCTAGCTCCTTTCGTATTGCCTCCTTCCAGAGC  1600 

 

A  TGGGCATCCTCACCATTCATTGCTTCCCCAAGCGTTGGGTCCAGGTTCAGTATTGCTGTGTTGGCGGCGCCTACTGTGCT  1680  

B  TGGGCATCCTCACCATTCATTGCTTCCCCAAGCATTGGGTCCAGGTTCAGTATTGCTGTGTTGGCGGCGCCTACTGTGCT  1680  

C  TGGGCATCCTCACCGTTCATTGCTTCCCCAAGCGTTGGGTCCAGGTTCAGTATTGCTGTGTTGGCGGCACCTACTGTGCT  1680  

D  TGGGCGTCCTCACCATCCATTGCTTCCCCAAGCGTTGGGTCCAGGTTCAGTATTGCTGTGTTGGCGGCACCTACTGTGCT  1680  

 

A  GTCTACGGCTGGTAGGAGATCCTCCACTGCGGCCTCTGATTTGGTCTCCTCCTCCACTGTGGCTGGTGTGACACCCTCCT  1760  

B  GTCTACGGCTGGTAGGAGATCCTCCACTGCGGCCTCTGATTTGGTCTCCTCCTCCACTGTGGCTGGTGTGACACCCTCCT  1760  

C  GTCTACAGCTGGTAGGAGATCCTCCACTGCGGCCTCTGATTTGGTCTCCTCCTCCACTATGGCTGGCATGACACCCTCCT  1760  

D  GTCTTCGGCTGGTAGGAGATCCTCCACTGCGGCCTCTGATTTGGTCTCCTCCTCCACTATGGCTGGCGTGACACCCTCCT  1760  

 

A  CCTCGACCTCCGCAGTCACCACGGGCCTGACTGCCTCTTGTTGGCGATCACTCCATCCCTTGTCCTCATGGAACGTTGCT  1840  

B  CCTCGACCTCTGCGGTCACCACGGGCCTGACTGCCTCTTGTTGGCGATCACTCCATCCCTTGTCCTCATGGAACATTGCT  1840  

C  CCTCGACCTCCGTGGTCACCACAGGCCTGACTGCCTCTTGTTGGCGATCACTCCATCCTTTATCCTCATGGAATGTTGCT  1840  

D  CCTCGACCTCCGCGGTCACCACGGGCCTGACTGCCTCTTGTTGGCGATCACTCCATCCTTTATCCTCATGAAATGTTGCT  1840  

       *          *      * 

A  GAGTTGCTCCATTGAATTGACGCAGGCTGGTCCGGGTTGCAAAACTTCCATGCTTTGTGTTCTTCGTCATACCCAATCAT  1920  

B  GAGTTGCTCCATTGAATTGACGCAGGCTGGTCCGGGTTGCAAAACTTCCATGCTTTGTGTTCTTCGTCATACCCAATCAT  1920  

C  GAGTTGCTCCATTGGATTGACGCAGGCTGGTCCGGGTTGCAAAACTTCCATGCTTTCTGTTCATCATCATACCCAATCAT  1920  

D  GAGTTGCTCCATTGGATTGACGCCGGCTGGTCCAGGTTGCAAAACTTCCATGCTTTGTGTTCATCGTCATACCCAATCAT  1920  

 

A  GATGGCTGGCTTTGCTCTAGCCCCATACTTGCCCTGCTGGTCCTTCTGTTGAATATGAACCCATGCCAAGCATCCGAAGA  2000 

B  GATGGCTGGCTTTGCTCTAGCCCCGTACTTGCCCTGCTGGTCCTTCTGTTGAATATGAACCCATGCCAAGCATCTGAAGA  2000 

C  GATGGCTGGCTTTGCTCTAGCCCCGTACTTGCCTTGCTGGTCCTTCTGTTGAACATGAACCCATGCCAAGCATCCGAAGA  2000 

D  GATGGCTGGCTTTGCTCTAGCCCCATACTTGCCTTGCTGGTCCTTCTGTTGAACATGAACCCATGCCAAGCATCTGAAGA  2000 

      * 

A  CTCTCAGCTGCTGGGCCAGCTTGTGCGCGGTGGTTCCATAAAAGGCCTCGTGGGGAATGGTTTTGGTGGCTGACAGGGTA  2080  

B  CTCTCAGCTGCTGGGCCAGCTTGTGCACGGTGGTTCCATAAAAGGCCTCGTGGGGAATGGTTTTGGTGGCTGACGGGGTA  2080  

C  CTCGCAGCTGCTGGGCCAGCTTGTGTGCAGTGGTTCCATAAAAGGCCTCATGGGGGATGGTTTTGGTGGCTGACGGGGTA  2080  

D  CTCGCAGCTGCTGGGCCAGCTTGTGCGCGGTGGTTCCATAAAAGGCCTCATGGGGAATGGTTTTGGTGGCTGACGGGGTA  2080  

 

A  AGGTTCATCATGTGTGCTGCTGCTGTGATTGCATATGGCCACAACTCTCTGGGGCAAGCTCGACCAATCAGCATCGAGTG  2160  

B  AGGTTCATCACGTGTGCTGCTGCTGTGATTGCATACGGCCACAACTCTCTGGGGCAAGCTCGACCAATCAGCATCGAGCA  2160  

C  AGGTTCATCACGTGTGCTGCTGCTGTGATTGCATATGGCCACAACTCTCTGGGGCAAGCTCGACCAATCAGCATCGAGTG  2160  

D  AGGTTCATCACGTGTGCTGCTGCTGTGATTGCATACGGCCACAACTCTCTGGGGCAAGCTCGACCAATCAGCATCAAGCG  2160  

 

A  CATCTTTTCTTGGACCAACCTGATTGCTCTCTCCGCCCGTCCATTTTGGACGCTGATCCCCGGGACGCTCTTTTGCCACT  2240  

B  CATCTTTTCTTGGACCGACCTGATTGCTCTCTCTGCCCGTCCATTTTGGACACTGATCCCCGGGACGCTCTTTTGCCACT  2240  

C  CATCTTTTCTTGGACCGACCTGATTGCTCTCTCTGCCCGTCCATTTTGGACGCTGATCCCCGGGACGCTCTTTTGCCACT  2240  

D  CATCTTTTCTTGGACCGACCTGATTGCTCTCTCTGCCCATCCATTTTGGACGCTGATCCCCAGGATGCTCTTTTGCCACT  2240  

   * 

A  TGAAACCCTCTTGTGTTTGCCAGTCTTCGGCTGCTATGCTGCACCATTCTCCTCCATTGTCGCTGCGGAGTGTTTTGAGT  2320  

B  TGAAACCCTCTTGTGTTTGCCAGTCTTCGGCTGCTATGCTGCACCATTCTCCTCCATTGTCGCTGCGGAGTGTTTTGAGT  2320  

C  TGAAACCCTCTTGAGTTTGCCAGTCTTCGGCTGCTATGCTGCACCATTCTCCTCCATTGTTGCTGCGGAGTGTTTTGAGT  2320  

D  TGAAACCCTCTTGAGTTTGCCAGTCTTCGGCTGCTATGCTGCACCATTCTCCTCCATTGTTGCTGCGGAGTGTTTTGAGT  2320  

 

A  TTCCTGTCTGTTGCCTGTTCCATCCTGGCTATCCACCTTCTCAGCACCGTGAGTGCGGCGCTCTTTGTGCAGAGTGGTTC  2400 

B  TTCCTGTCTGTTGCCCGTTCCATCCTGGCTATCCACCTTCTCAGCACCGTGAGTGCGGCGCTCTTTGTGCAGAGTGGTTC  2400 

C  TTCCTGTCCGTTGCCCATTCCATCCTGGCTATCCACCTCCTCAGCGCCGTGAGTGTGGCACTCTTTGTGCAGAGTGGTTC  2400 
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D  TTCCTGCCTGTTGCCCGTTCCATCCTGGCTATCCACCTCCTCAGCGCCGTGAGTGCAGCACTCTTTGTGCAGAGTGGTTC  2400 

 

A  CATGTAGATCAGAGAGGAGAAGTCGTCCACAGCAACTAGTGCGTAGTGGTAGTTGGCATGTCCTTTGAAATCTGTCATCA  2480  

B  CACGTAGATCAGAGAGGAGAAGTCATCCACAGCAACTAGTGTGTAGTGGTAGTTGGCATGTCCTTTGAAATCTGTCATCA  2480  

C  CACGTAGATCAGAGAGGAGAAGTCGTCCACAGCAACTAGTGCGTAGTGGTAGTTAGCATGTCCTTTGAAATCTGTCATCA  2480  

D  CACATAGATCAGGGAGGAGAAGTTGTCCACAGCAACTAGTGCATAGTGGTAGTTGGCATGTCCTTTGAAATCTGTCATCA  2480  

 

A  GGTCTACGTGTACCAGCTCTAATGGTGCCTCCATTCTTTCCGACTCTGATTGGCCCATCCGTGCTCGAGTCTGTTTTCCT  2560 

B  GGTCTACGTGTACCAGCTCTAATGGTGCCTCCATTCTTTCTGACTCTGATTGGCCCATCTGTGCTTGAGTCTGTTTTCCT  2560  

C  GGTCTACGTGTACCAGCTCTAATGGTGCCTCCATTCTTTCTGACTCTGATTGGCCCATCCGTGCTCGAGTCTGTTTTCCT  2560  

D  GGTCTATGTGTACCAGCTCTAATGGTGCCTCCATTCTTTCCGACTCTGATTGGCTCATCCGTGCTCGAGTCTGTTTTCCT  2560  

 

A  TGACTGCACGTGTTACAGTGCTTCGACTCATGTTCCATTTTCTTGTCGGTACCTAGGTAATGGGCCCGGATTTGTCTCGT  2640  

B  TGACTGCACGCGTTACAGTGCTTCGACTCATGTTCCATTTTCTCGTCGGTACCTAGGTAATGGGCCCGGATTTGTCTCGT  2640  

C  TGGCTGCACGCGTTACAGTGCTTCGACTCATGTTCCATTTCCTTGTCGGTACCTAGGTAATGAGCCCGGATTTGTCTCGT  2640  

D  TGGCTGCACGCGTTACAGTGCTTCGACTCATGTTCCATTTCCTCGTCAGTACCTAGGTAATGAGCCCGGATTTGTCTCGT  2640  

 

A  TTTGTCTCGTCCTGGGTGTCCGAACCTCTCATGCCATAGGTAGCTGTCTCGATGCTTCGTGTCCTTATTGCCCTCCAGGG  2720  

B  TTTGTCTCGTCCTGGGTGTCCGAACCTCTCATGCCATAGGTAGCTGTCTCGATGCTTCGTGTCCTTATTGCCCTCCGGGG  2720  

C  TTTGTCTCGTCCTGGGTGTCCGAACCTCTCATGCCATAGGTAGCTGTCTCGATGCTTCGTGTCCTTATTGCCCTCCGGGG  2720  

D  TTTGTCTCGTCCTGGGTGTCCGAACCTCTCATGCCATAGGTAGCTGTCTTGATGCTTTGTGTCCTTATTGCCCTCTGGGG  2720  

         *            * 

A  CATTATCTAGTTTTCCTGTGTTCTGGTTGTCCACTGGGACATCATCTCGTGTTTCCTCCAGTTCCAAAGCCAGTGCTTGC  2800 

B  CATTATCTAGTTTTCCTGTGTTCTGGTTGTCCGCTGGGACATCATCTCGTGTTTCCTCCAGTTCCAAAGCCAGTGCTTGC  2800 

C  CATTATCTAGTTTTCCTGTGTTCTGGTTGTCCTCTGGGACATCATCTCGTGTTTCCTCCAGTTCCAAAGCCAGTGCTTGT  2800 

D  CATTATCTAGTTTTCCTGTGTTCTGGTTGTCCTCCGGGACGTTGTCAAGTGTCTCTTCCAACTCCAGGGCTAGTGCCTTT  2800 

    *    *      *   *      * 

A  CCTCACACTTTGAAGTGACCCTGTCTTCTGTCCCTTTTGAATTGTACTTGGGTACCGTCGTTCTGCTTTATGGTAGTTCC  2880  

B  CCTCGCACTTTGAAGTGACCCTGTCTTCTGTCCCTTTTGAATTGTACTTGGGTACCGTCGTTCTGCTTTATGGTAGTTCC  2880  

C  CCTCGCACTTTGAAGTGACCCTGTCTTCTGTCCCTTTTGAATTGTACTTGGGTACCATCGTTCTGCTTTATGGTAGTTCC  2880  

D  CCCTGTACTTCGAACCGCCCTTTTCTTCTGTTCCTCTTGTATTGTATTTGTGTACCGTCATTTTGCTTAATGATGGTTCC  2880  

            * 

A  AAATTCGTCAAAGATTACTCGTGCACCATTCTCGATCAAGCCTTGTACAGACAATAAATTAGCATTCAGTTTCGGTACAT  2960  

B  AAATTCGTCAAAGATTACTCGTGCACCATTCTCGATCAAGCCTTGTACGGACAATAAATTAGCATTCAGTTTCGGTACAT  2960  

C  AAATTCGTCAAAGATTACTCGTGCACCATTCTCGATCAAGCCTTGTACGGACAATAAATTAGCATTCAGTTTCGGTACAT  2960  

D  AAACTCATCAAAAGTTACCCATGCACCATTCTCGATCAAGCCTTGTACTGATAATAAATTAGAATTAAGTTTCGGCACAT  2960  

         * 

A  AAAGCACATCCAATAGTTGGATGGTGGCCTCACCGACCCGAAGGGAGGCATCTCCTATAGCCTTCACCTGAAGCTTTTCG  3040  

B  AAAGCACATCCAATAGTTGGATGGTGGCCTCACCGACCCGAAGGGAGGCATCTCCTATAGCCTTCACCTGAAGCTTTTCG  3040  

C  AAAGCACATCCAATAGTTGGATGGTGGCCTCACCAACCCGAAGGGAGGCATCTCCTATAGCCTTCACCTGAAGCTTTTCG  3040  

D  AGAGCACATCCAATAGCTGAATGGTTACATCGCCAACCTGAAGGGAGGCGTCTCCTATGGCCTTCACTTGAAGCCTTTCA  3040  

  *  *      *     *        * 

A  TCCCCAGCTGTACTGATTTGGCCGACCTTGTTCGTCGAGGTGAGCAGCATTCTCTCATCATTTACCATATGATGGGTTGC  3120  

B  TCCCCAGCCATACTGATTTGGCCGACCTTGTTCATCGAGGTGAGCAGCATTCTCTCATCATTTACCATATGATGGGTTGC  3120  

C  TCCCCTGCTGTACTGATTTGGCCGACCTTGTTCGTCGAGGTGAGCAGCATTCTCTCATCATTTACCATATGATGGGTTGC  3120  

D  TTTCCAGCCATACAGATCTGACCGTCCTTGCGCATCGAGGTGAGCAGCATTCTTTCATCATTTACCATGTGGTGCGTCGC  3120  

                * 

A  ACCTGAATCGATGATCCAGGTGTCGCATGCTGATCGCTCGCCCCTGTCGACTGCTAGAAAGGTGCACCCGAGTTCCTAGT  3200 

B  ACCTGAATCGATGATCCAGGTGTCGCATGCTGATCGCTCGCCCCTGTCGACTGCTAGAAAGGTGCACCCGAGTTCCTAGT  3200 

C  ACCTGAATCGATGATCCAGGTGTCACATGCTGATCGCTCGCCCCTGTCAACTGCTAGGAAGGTGCACCCGAGTTCCTAGT  3200 

D  ACCCGAATCGATGATCCAGGTGTCCAATGTTGGTTGCTCATCCCCGCCGATCGCTAGGAGGGTGCACCCGAGTTCCTATC  3200 

        *  *  *             *     * 

A  GGTTCACCTCTTGTGTCGTATGAGCAACAGGTTCGCTTGTGCCTGGTGTG---------------TTCGTGCAATTTTGA  3265  

B  GGTTCACCTCTTGTGTCGTATGAGCAACAGGTTCGCTTGTGCCTCGTGCG---------------TTTGTGCAATTTCGA  3265  

C  GGTTCACCTCTTGTGTCGTATGGGCAACAGGTTCGCTTGTGCCTGGTGCA---------------TTTGTGCAATTTCGA  3265  

D  GACTCGCTTCTTGTGCTGGATTGGGGGTGGGTCCGTCTCTACTAGGTGTGGGGTTATTGTTGGTGTTCGTGCAGTTTCGA  3280  

 

A  GCAATGTGATTCGGTTCTCCACAAGCGTAGCACTTTGGAGGGGCCAAGGGATTGCGAGGGTCGCGCCTGC CCCTGGGTCC 3345  

B  GCAATGTGATTCGGTTCTCCACAAGTGTAGCACTTTGGAGGGGCCAAGGGATTGCGAGGGTCGCGCCTGC CCCTGGGTCC 3345  

C  GCAATGTGATTTGGTCCTCCACAAGCATAGCACTTTGGAGGGGCCAAGGGATTGCGAGGATCGCGCCTGC CCCTGGGTCC 3345  

D  GCAATGTGATTAGGTCCTCCACAAGCGTAGCACTTTGGAGGGGCCAAGGGGTTGCGAGGATCGCGCCTGC CTCTGGGTCC 3360  

 

A  TTGCCCCACCTGGTTGGCACTCCCCTGTTCCGCGCTTGTGGCAACCCTTGCTGCTCCTCTAATGCGGCCAGTGATCTCAC  3425  

B  TTGCCCCGCCTGGTTGGCACTCCCCTGTTCCATGCTTGTGGCGACCCTTGCTGCTCCTCTAATGTGGCCAGTGATCTCAC  3425  

C  TTGCTCCGCCTGGTTGGCACTCCCCTGTTCCGCGCTTGTGGCGACCCTTGCTGCTCCTCTAATATGGCCAGTGACCTCAC  3425  

D  TTGCTCCACCTGGT---------------CCGTGCTTGTGGCAACCCTTGCTGCTCCTCTAATATGGCCGGTGACCTCGC  3425  

 

A  CATCCTGCTGTTTCTTGGCAAGTGCGTGGTAGGCTTCGTCATACTTACAGTCTGGTCTGGCCGTCTTCAGTGCATCAACG  3505  

B  CATCCTGCTGTTTCTTGGCAAGTGCATGGTAGGCTTCGTCATACTTACAGTCTGGTCTGGCCGTCTTCAGTGCATCAACG  3505  

C  CATCCTGCTGTTTCTTGGCAAGTGCGTGGTAGGCTTCATCATACTTACAGTCTGGTCTGGCCGTCTTCAGTGCATCGACG  3505  

D  CATCCTGCTGTTTCTTGGCAAGTGCGTGGTAGGCTTCGTCATACTTGCAGTCTGGTCTGGCCGTTTTCAGTGCGTCGACA  3505  

               * 

A  GTGTTGGCATAGAACCAATCTTGAGCCGTGCAGCGATAGAGAGTTGATTTCTTGAGGTCCTCGTCGAAACGCTTTCCGAG  3585 

B  GTGTTGGCATAGAACCAATCTTGAGCCGTGCAGCGATAGAGAGTTGATTTCTTGAGGTCCTCGTCGAAATGCTTTCCGAG  3585 
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C  GTGTTGGCATAGAACCAATCTTGAGCTGTGCAGCAATAGAGAGTTGATTTCTTGAGGTCCTCGTCGAAATGCTTTCCGAG  3585 

D  GCATTGGCATAGAACCAATCTTGGGCCGTGCAGCGATAGAGAGTTGATTTCTTGAGGTCCTCGTCGAAACGCTTTCCCAG  3585 

 

A  GCATGCCGCATCGTTCCAGATCGAATCAAGTTCCTTGCCTAGCCTGACGACGTCTCAATTGTGCAAGTGCACTGTGTGGA  3665 

B  GCGTGCTGCATCGTTCCAGATCGAATCAAGTTCCTTGCCTAGCCTGACGACGTCTCGATTGTGCAAGCGCACTGTGTGGA  3665  

C  GCGTGCCACATCGTTCCAGATCGAATTGAGTTCCTTGCCTAGCCTGACAACATCTCGATTGTGCAAGCACACTGTGTGGA  3665  

D  GCGTGCCACATCGTTCCAGATCGAATCGAGTTCCTTGCCTAGCCTGACGACGTCTCGATTGTGCAAGTGCACTGTGTGAA  3665  

 

A  TACGATCCTGCAGTCCTGCTCGCTTTACAGCATCGTTTAGTGTTAGTGCCTTCTTGAGTTTGGCATAGAGTGTGCTGCCA  3745  

B  TACGATCCTGCAGTCCTGCTCGCTTTACAGCGTCGTTTAGTGTTAGTGCCTTCTTGAGTTTGGCATAGAGTGTGCTGCCA  3745  

C  TACGATCCTGCAGTCCTGCTCACTTTACAGCGTTGTTTAGTGTTAGTGCCTTCTTGAGTTTGGCATAGAGTGTGCTGCCA  3745  

D  TACGATCCTGCAGTCCTGCTCGCTTTACAGCGTCGTTCAACGTTAGTGCCTTCTTGAGTTTGGCATAGAGTGTGCTACCG  3745  

 

A  AGTTGAACTTCTTCATCCACCCCTCTGACGGTATAGGTGTCGATGTGGCTATCCGGGCTGTTATCGCAGCAGGCGTGGAT  3825  

B  AGTTGAACTTCTTCATCCACCCCTCTGACGGTATAGGTGTCGATGCGGCTATCCGGGCTGTTATCGCAGCAGGCGTGGAT  3825  

C  AGTTGAATTTCTTCATCTGCCCCTCTGACAGTGTAGGTGTCAATGCGGCTATCCAGGCTGTTATCGCAGCAGGCGTGGAT  3825  

D  AGCTGGACTTCTTCATCCACTCCCCTGACAGTGTAGGTGTCGATACGGCTGTCTGGACTGTTGTCACAGCAGGCGTGGAT  3825  

 

A  GAGGCCCACGAGTGCCTTGTCTAGGTCTTCATCGTATTCCTCGCTCCCAGGTACAACGGTACCATACAGGATTTCCTTCG  3905  

B  GAGGCCCACGAGTGCCTTGTCTAGGTCTTCATCGTATTCCTCGCTCCCAGGTACAACGGTACCATACAGGATTTCCTTCG  3905  

C  GAGGCCCACGAGTGCCTTGTCTAGGTCTTCATCATATTCCTCGCTCCCGGGTACAACGGTACCATACAGGATTTCCTTCA  3905  

D  GAGGCCCACGAGGGCTTTATCCAAGTCTTCGTCGTATTCCTCGTTTCCAGGCACTACCGTGCCATACAGTATCTCCTTCG  3905  

           * 

A  CGTTGTGCACTCTCTGGAGGCAGTCGATAAAGGTGGGTTCCCAGGTGTGCCAATTGCTATCGCTGAGCTTCTTGATGTGA  3985 

B  CGTTGTGCACTCTCTGGAGGCAGTCGATAAAGGTGGGTTCCCAGGTGTGCCAATTGCTATCGCTGAGCTTCTTGATGTGA  3985 

C  CGTTGTGCACTCTCTGGAGGCAGTTGATAAAGGTGGGTTCCCAGGTGTGCCAATTGCTATCGCTGAGCTTCTTGATGTGA  3985 

D  CATTATGTACTCTTTGGAGGCAGTCAATGAAGGTAGGTTCCCAAGTGTGCCAGTTGCTGTCGCTGAGCTTCTTGATGTGC  3985 

   *     *              * 

A  GCAATGGAGCTCGATACATCCTTGGGGATCTTTTCGGTCTCCCCGCGTGGAGCTTGGTTGCTAATGTTGACCAGACCCAT  4065  

B  GCAATGGAGCTCGATACGTCCTTGGGGATCTTTTCGGTCTCCCCGCATGGAGCTTGGTTGCTAATGTTGACCAGACCCAT  4065  

C  GCAATGGAGCTCGATAAGTCCTTGGGGATCTTTTCGGTCTCCCCACATGGAGCTTGGTTGCTAATGTTGACCAGACCCAT  4065  

D  GCAATGGCACTTGACACCTCCTTGGGGATCTTCTCAGTTTCCCTGCGTGGAGTCTGGTTGCTAATGCTGATGAGACCCAT  4065  

 

A  GGCCCATACTATTGCTTCCTCTGCCGATAGTGCTGGGTTCGCCAGCTGGAGGATCCTGACTACCTGTGTGAGCCATCCTT  4145  

B  GGCCTGTACTATTGCTTCCTCTGCTGATAGTGCTGGGTTCGCCAGCTGGAGGATCCTGACTACCTGCGTGAGCCATCCTT  4145  

C  GGCCCGTACTATTGCTTCCTCTGCCATTAGTGCTGGGTTTGCTAACTGGAGGATTCTGACTACCTGCGTGAGCCATCCTT  4145  

D  AGCTCGTACGATTGCTTCCTCGGCCGTTAGTGCTGGGTTCGCCAGCTGGAGGATCCTGACTACCTGCGTGAGCCATCCTT  4145  

   *     *        * 

A  CCTCCTGTCCATTTCCTG---TTGTTTGATCATCATCCCCCCTTCCTGTCTGTCCTGCTCTTGTCGATGGCGGCATTGCG  4322  

B  CCTCCTGTCCATTTCCTG---TTGTTTGATCATCATCCCCCCTTCCCGTCTGTCCTGCTCTTGTTGATGGCAGCATTGCG  4322  

C  CCTCTCGTCCATTTCCTGCAGTCGCTTGATCATCATCTC---TTCCCACCTGTCCAGCTCTTGTCGATGGTGGCATTGCA  4322  

D  CCTCCTGTCCGTTGCCTGTGGTCATTTGATCATCATCGCCCCTTCCCGTCTGTCCAGCTCTTGTCGATGGCGGCATTGCG  4325  

 

A  TTGAGTTTCAGACTCTTAATC 4243 

B  TTGAGTTTCAGACTCTTAATC 4243 

C  CCGAGCTTCAGACTCTTAATC 4243 

D  TTGAGTTTCAGACTCTTAATC 4246 

 

Supplemental Figure 6. Indication of RIP in U. hordei. DNA sequence alignment of four 

representative LTR-repeat sequences from cluster 2: (A) G_Tuh3_LTR.7822, (B) G_Tuh3_LTR.7853, 

(C) G_Tuh3_LTR.7876, (D) G_Tuh3_LTR.7874. The Clustal program, version 2.1 (Larkin et al., 

2007) was used for this comparison. Indicated are G to A and C to T transitions (in red); many 

occurred at TCG triplets (or CGA on the opposite strand; highlighted in yellow) as found in the related 

smut fungus, Microbotryum violaceum (Hood et al., 2005), though they were not strictly limited to 

these triplets, as in M. violaceum. Classical repeat-induced point (RIP)-type CA to TA and TG to TA 

mutations (Clutterbuck, 2011) appear in grey boxes. The G-to-A mutation in the triplet TCA in bold 

type (or TGA on the opposite strand) introduces a stop codon in the putative transposase encoded on 

sequence A that may render this element inactive. Presence of mutations in both strands indicates 

multiple rounds of RIP activity at this locus. Mutations appear somewhat random with no particular 

target site preference, except when two mutations appear side-by-side, in which case a preference is 

seen at CpA (TpG) dinucleotides. Asterisks indicate alternative transitions (C to A, C to G and T to A) 

below. 
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Supplemental Figure 7. Analysis of dinucleotide frequency in three smut fungi. (i) In U. hordei, 

RIP targets repeats causing deamination of cytosine residues at CpG dinucleotides. This is evident by 

the depletion of CpG dinucleotides and the concomitant increase is both CpA and TpG (circles). (ii) 

RIP is evident at CpG only in U. hordei repeats (circle). All three fungi show depletion of TpA 

dinucleotides (asterisk). (iii) Dinucleotide frequency is nearly identical for the three smuts when 

comparing gene sequences. All three fungi show reduction in TpA dinucleotides, as was seen in the 

repeats (asterisk). A slight decrease in CpG dinucleotides can be seen in U. hordei only (arrow). After 

Zemach et al., 2010. 
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GROUP 1 

SCORE=99, Nseq=5, Len=280  

           *     * 

R17  AACCGCCAGGAGGAGGAGGAGGAGGTCGTAGCAGCGCCTCCGGCCGCAGTCGCTGATGGCGACGACGCTTCAGAGGATGGCGAT 

R135 ------------------------------------------GCCGCAGTCCCTGATCGCGACGACGCTTCAGAGGATGGCGAT 

R149 ------------------------------------------GCCGCAGTCCCTGATGGCGACGACGCTTCAGAGGATGACGAT 

R198 -ACCGCCAGGAGGAGGAGGAGGAGGTCGTAGCAGCGCCTCCGGCCGCAGTCCCTGATCGCGACGACGCTTCAGAGGATGACGAC 

R248 ------------------------------------------GCCGCAGTCCCTGATCGCGACGACGCTTCAGAGGATGACGAT 

                                               ********* ***** ********************* ***  

   *   *  *     * 

R17  GAAGCTCTTTTGGCGTCACCAACGACCCCCTCTCCACCGCCCACGCACAGTTTCCTGGACGAGCTCGACGACAGCGAGCCTCTC 

R135 GAAGCTCTTTTGGCGTCAGCAACGACGCCCTCTCCACCGCCCACGCACAGTTTCCTGGACGAGCTCGACGATGGCAAGCCTCTC 

R149 GAAGGTCTTTTGACGTCATCAACAACCCCCCCTCCACCGCCCACGCACACGTTCCTGGACGAGCTCGACGACAACAAGCCCCTC 

R198 GAAGCTCTTTTGGCGTCACCAACGACCCCCTCTCCACCGCCCACGCACAGTCTCCTGGACGAGCTCGACGACAGCAAGCCTCTC 

R248 GAAGCTCTTTTGGCGTCAGCAACGACCCCCTCTCCACCGCCCACGCACAGTCTCCTGGACGAGCTCGACGACAACCAGCCCCTC 

     **** ******* ***** **** ** *** ****************** *********************   * **** *** 

      *     *        * 

R17  AGCACCATCGACGATGATGACCCCGGCGGCTTCGGATTCTTTGATACGCTCCCTCAGGCCGGCCCTTCTCGTACCAAGCATTGA 

R135 AGCACCATCGACGATGATGACCCTGGCGGCTTCGGATTCTTTGATACGCTCCCTCAGGCCGGCCCTTCTCGTACCAAGCATTGA 

R149 AGCACCATCGACGAGGATGACCCTGGCGGCTTCGGATTCTTTGATACCCTCCCTCAGGCCGGCCCTTCTCGTACCAAGCATTGA 

R198 AGCACCATCGACGATGATGACCCCGGCGGCTTCGGATTCTTTGATACGCTCCCTCAGGCCGGCCCTTCTCGTACCAAGCATTGA 

R248 AACACCATCGACGATGATGACCCCGGCGGCTTCGGATTCTTTGATACGCTCCCTCAGGCCGGCCCTTCTCGTACCCAGCATTGA 

     * ************ ******** *********************** *************************** ******** 

      * 

R17  TTCCGACTTGTTTCTCATGTACCGTAGC 

R135 TTCCGACTTGTTTCTCATGTACCGTA-G 

R149 TTCCGACTTGTTTCTCATGTACCGTA-G 

R198 TTCCGACTTGTTTCTCATGTACCGTA-G 

R248 TTCCGACTTGTTTCTCATGTACCGTA-G 

     **************************   

 

 

 

GROUP 2 

SCORE=100, Nseq=3, Len=238  

 

R165 TCGCGGCATGCAGGCGTGCAGGAAGGCGTGAAAAGAAGCTTCGATTGCGGATATAAGCGGTGGTGGCGGTGGAAGCGGTGG 

R257 TCGCGGCATGCAGGCGTGCAGGAAGGCGTGAAAAGAAGCTTCGATTGCGGATATAAGCGGTGGTGGCGGTGGAAGCGGTGG 

R266 TCGCGGCATGCAGGCGTGCAGGAAGGCGTGAAAAGAAGCTTCGATTGCGGATATAAGCGGTGGTGGCGGTGGAAGCGGTGG 

     ********************************************************************************* 

 

R165 TGGCGGCGAGTTCCAGAAAGTCGGATGGTGGGGCTCAGGAACGGAATAAGCTCAGGCCTCACGATCATGCACACTCACTCC 

R257 TGGCGGCGAGTTCCAGAAAGTCGGATGGTGGGGCTCAGGAACGGAGTAGGCTCAGGCCTCACGATCATGCACGCTCACTCC 

R266 TGGCGGCGAGTTCCAGAAAGTCGGATGGTGGGGCTCAGGAACGGAACAAGCTCAGGCCTCACGATCATGCACACTCACTCC 

     *********************************************  * *********************** ******** 

 

R165 ATCAAAATGGTGGGACTTTCAAATTTTATTTCCGCGTCGGCACTACAGATGCGTCGGAACTACTTAAATTACGTTA 

R257 ATCAAAATGGTGGGACTTTCAAATTTTATTTCCGCGTCGGCACTACAGATGCGTCGGAACTACTTAAATTACGTTA 

R266 ATCAAAATGGTGGGACTTTCAAATTTTATTTCCGCGTCGGCACTACAGATGCGTCGGAACTACTTAAATTACGTTA 

     **************************************************************************** 

 

 

 

GROUP 3 

SCORE=99, Nseq=3, Len=344  

 

R143 ------------------------------------------------------------------------------------ 

R174 GGAAAAGGTTCTGACGCAGTCAGCCGCCCGGAAAGCCTTCTCGGACTCCGGAATCAGCCTCGATCCGAGTCCGGAGAAGGTTCT 

R180 GGAAAAGGTTCTGACGCAGTCAGCCGCCCGGAAAGCCTTCTCGGACTCCGGAATCAGCCTCGATCCGAGTCCGGAGAAGGTTCT 

     ************************************************************************************ 

 

R143 ----------------------------------------------CCGCTTCAGGAACTCGCCGTCCCACGCTCAACCTCGGC 

R174 GCAACGTCTACCCGGCCGTTCTACGCCAGCCGAAGCTTCTAGAACGCCGCTTCAGGAACTCGCCGTCCCACGCTCAACTTCGGC 

R180 GCAACGTCTACCCGGCCGTTCTACGCCAGCTGAAGCTTCTAGAACGCCGCTTCAGGAACTCGCCGTCCCACGCTCAACTTCGGC 

     ****************************** *********************************************** ***** 

 

R143 TTTCAACGCCACGCTCGACGCCACACTCAACGCCCACGCTCAGGAACCCGGCTCACAGGAAGTACAGACGCTCAAGCGCACGCT 

R174 TTTCAATGCCACGCTCGACGCCACACTCAACGCCCACGCTCAGGAACCCGGCTCACAGGAAGTACAGACGCTCAAGCGCACGCT 

R180 TTTCAATGCCACGCTCGACGCCACACTCAACGCCCACGCTCAGGAACCCGGCTCACAGGAAGTACAGACGCTCAAGCGCACGCT 

     ****** ***************************************************************************** 

 

R143 TCAACAAACAAACGCCGCGGCGCAGGCTTCTATTGTGGTTCTCAAAGCCGAAGTCAACATGCTTCAAGCTCAACACGAGCGAAA 

R174 TCAACAAACAAACGCCGCGGCGCAGGCTTCTATTGTGGTTCTCAAAGCCGAAGTCAACATGCTTCAAGCTCAACACGAGCGAAA 

R180 TCAACAAACAAACGCCGCGGCGCAGGCTTCTATTGTGGTTCTCAAAGCCGAAGTCAACATGCTTCAAGCTCAACACGAGCGAAA 

     ************************************************************************************ 

 

R143 GAGGAAAA 

R174 GAGGAAAA 

R180 GAGGAAAA 

     ******** 

 

Supplemental Figure 8. Indication of RIP in S. reilianum. DNA sequence alignment of members 

representing three repeat families, using the CLUSTAL program (T-COFFEE Version_8.69; 

http://www.tcoffee.org). 

 

 

http://www.tcoffee.org/
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Supplemental Figure 9. Diversity among U. hordei and U. maydis proteins. Depicted is the 

distribution of amino acid identities in 10 % increments (X-axis) among all U. hordei and U. maydis 

proteins (blue bars) as a percent of the total complement of 7,113 U. hordei proteins (Y-axis). The red 

bars represent the distribution of amino acid identities compared to U. maydis homologs of the 

predicted U. hordei candidate secreted effector proteins as a percentage of the 369 predicted secreted 

proteins. 
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Supplemental Figure 10. Molecular phylogeny tree depicting the relatedness among all Mig1-

related proteins found in the genomes of U. hordei, U. maydis and S. reilianum. The evolutionary 

history was inferred by using the Maximum Likelihood method based on the JTT matrix-based model 

(Jones et al., 1992). The tree with the highest log likelihood (-11797.2241) is shown. Initial tree(s) for 

the heuristic search were obtained automatically as follows. When the number of common sites was 

<100 or less than one fourth of the total number of sites, the maximum parsimony method was used; 

otherwise the BIONJ method with MCL distance matrix was used. The tree is drawn to scale, with 

branch lengths measured in the number of substitutions per site. The analysis involved 31 amino acid 

sequences and one U. hordei Mig2 protein (UHOR_14902) was chosen to root the tree. There were a 

total of 309 positions in the final dataset. Evolutionary analyses were conducted in MEGA5 (Tamura et 

al., 2011). Proteins with an asterisk are paralogs that were identified through protein sequence 

comparisons using BLASTp, or were identified based on similarity of cysteine residue patterns 

(Supplemental Dataset 3); they are not predicted to be secreted by SignalP. Expansions of homologs 

specifically in U. hordei (groups 4, 5 and 6) or also in S. reilianum (groups 1 and 2) are suggested, 

whereas some have one conserved member in each species (group 3). In S. reilianum, the 8 MIG1-

related effectors are located within 17.7 kb on Chr 8, whereas in U. maydis, the 4 Mig1-related Um 

effectors and two pseudogenes (um12351 and um12352) are clustered within 6.5 kb on Chr 8. In U. 

hordei, among the 19 MIG1-related proteins, only five (UHOR_04922, UHOR_04923, UHOR_04990, 

UHOR_15214 and UHOR_05040) are found on Chr 8. UHOR_04736, UHOR_04675 and 

UHOR_04676 are found on Chr 7, and all others are spread out over the genome. The amino acid 

alignment used to produce the tree is presented in Supplemental Dataset 6 online. 
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Supplemental Table 1. TEs and repeat content among five basidiomycete genomes. 

 U. hordei U. maydis S. reilianum S. roseus M. globosa 

Genome Size (Mb) 20.01 19.68 18.47 20.98 8.93 

Entropy (trinucleotides) 3.97 4.10 3.99 4.03 4.12 

TEclass/RepeatMasker Prediction 
1,2 

DNA Transposons 627 (0.44) 220 (0.10) 106 (0.05) 268 (0.10) 13 (0.19) 

DNA Transposons >200 bp 67 (0.21) 4 (0.01) 3 (0.01) 1 (<0.01) 5 (0.18) 

LTR Retrotransposons 2242 (3.37) 407 (1.19) 89 (0.07) 455 (0.94) 29 (0.09) 

LTR Retrotransposons >200bp 1237 (2.70) 201 (1.07) 12 (0.07) 218 (0.79) 20 (0.07) 

Unclassified Retrotransposons 822 (1.00) 252 (0.17) 96 (0.07) 324 (0.40) 22 (0.04) 

Unclassified Retrotransposons >200bp 329 (0.75) 59 (0.08) 15 (0.03) 92 (0.30) 3 (0.02) 

LINES 636 (2.66) 70 (0.22) 31 (0.02) 53 (0.20) 25 (0.21) 

LINES >200bp 634 (2.65) 70 (0.22) 10 (0.02) 53 (0.20) 25 (0.21) 

SINES 17 (0.01) 27 (0.01) 12 (<0.01) 9 (<0.01) 7 (0.01) 

SINES >200bp 10 (0.01) 4 (0.01) 2  (<0.01) 1<(0.01) 0 (0.00) 

Unclassified nonLTR Transposons 46 (0.19) 17 (0.02) 8 (<0.01) 13 (0.01) 7 (0.03) 

Unclassified nonLTR Transposons >200bp 33 (0.18) 6 (0.01) 2 (<0.01) 3 (0.01) 3 (0.03) 

Unclassified Repeats 152 (0.23) 52 (0.07) 15 (0.01) 43 ( 0.06) 7 (0.02) 

Unclassified Repeats >200 bp 47 (0.19) 14 (0.05) 15 (0.01) 9 (0.05) 1 (0.01) 

Small RNAs 41 (0.01) 55 (0.03) 26 (0.03) 96 (0.11) 29 (0.07) 

Simple Repeats 3288 (0.75) 2080 (0.48) 3471 (0.76) 3677 (0.56) 724 (0.37) 

Low complexity 971 (0.3) 414 (0.10) 777 (0.20) 1799 (0.55) 209 (0.13) 

Total Repeat Coverage in kb 1560 (7.8) 3 401 (2.0) 143 (0.8) 532 (2.5) 80 (0.9) 
1
 An estimate of the genome coverage in percent between parentheses is shown for each element type. 

2
 TE Class Classifications for RepeatScout repeats of 200 bp or more are also reported. 

3
 Total coverage in the assembled U. hordei genome; this value increases to ~10% if the 1241 repeat-

containing, small (<500 bp) contigs are included that could not be placed on the genome. 
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Supplemental Table 2. Number of clusters of TEs and repeat elements in four basidiomycete 

genomes. 

Clustering parameters U. hordei U. maydis S. roseus M. globosa 

75% alignment length, 80% identity 709 245 366 37 

90% alignment length, 80% identity 1344 355 489 46 

no alignment threshold, 90% identity 258 142 250 26 

no alignment threshold, 80% identity 142 117 226 23 

no alignment threshold, 65% identity 142 117 226 23 

 

 

 

Supplemental Table 3. Conservation between U. hordei and S. reilianum proteins involved in 

transcriptional gene silencing and chromatin remodelling but absent from U. maydis. 

Tentative protein name U. hordei ID S. reilianum ID % Identity 
1
 E-value 

2
 

RNA-dependent RNA 

polymerase, UhRdR1 
UHOR_08874 sr16789 68 0 

RNA-dependent RNA 

polymerase, UhRdRp2 
UHOR_01631 sr12376 66 0 

RNA-dependent RNA 

polymerase, UhRdRp3 
UHOR_15740 sr05666 59 0 

Argonaute (UhAGO1) UHOR_06256 sr15057 66 0 

Dicer (UhDCL1) UHOR_08937 sr16838 60 0 

Chromodomain protein 

UhCHP1 (HP1-like) 
3
 

UHOR_05116 sr14286 55 8e
-104

 

Chromodomain protein 

UhCHP2 (HP1-like) 
UHOR_07750 sr15731 60 2e

-102
 

Chromodomain protein 

UhCHP3 (no 

chromoshadow domain) 

UHOR_16420 sr10127 52 0 

Cytosine5-specific methyl-

transferase UhDNAme 

(Dim-2, Masc1, Masc2) 

UHOR_08509 sr16612 56 6e
-224

 

1
 Amino acid identities 

2
 BLASTx 

3
 For review of the HP1 family see (Lomberk et al., 2006) 
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