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Three mapping populations were genotyped with high density, sequence-based markers and genetic maps were created and used for anchoring, ordering and correcting scaffold positions in the v0.4, v0.5 and v1.0 pseudo-molecules. All three populations were developed from crosses between the parental lines Synthetic W7984 (M6) and Opata M85, and are described in detail in Sorrells et al., Genome 2011. These populations are: SynOpDH88, a population of double haploids of 88 individuals, and 2 populations of RILs: SynOpRIL173 and SynOpRIL993, of 173 and 993 individuals, respectively. The three linkage maps constructed were used to validate the order and to assist in correcting inconsistencies. All three maps were constructed using GBS-SNP-markers, using the reference CS sequence: 160509_Chinese_Spring. A pipeline was developed for GBS-marker discovery.

Methods
1) Restriction enzymes used: PstI-MspI (for SynOpDH88 and SynOpRIL173 populations) and PstI/HpaI (for SynOpRIL993 population)
2) From the GBS sequenced reads, reads were demultiplexed according to their tags using a C script for demultiplexing (Mascher et al, 2013). Reads were assigned to samples based on their initial barcode followed by the TGCA overhang sequence. Only exact matches were considered. The barcode + TGCA were trimmed off the reads. Reads with different tags but that belonged to the same individual were combined in the same file. Only reads above 30 bp long were kept.
3) Reads were aligned to the Chinese Spring genome with the program bwa-mem (v0.7.12) with the –T parameter set to 20 to output alignments with a score equal or above 20, and otherwise default parameters. A bash script was developed to automatically run the jobs.
4) “sam” alignment output files were converted to bam and sorted with samtools v 1.2.
5) SNP calling was done with samtools mpileup with –uv –t DP parameters and bcftools call –c –v (bctools v1.2). Job was created with the help of a bash script.
6) The output VCF file was filtered with an awk script. A homozygous genotype call was retained if at least one read supported it. Three reads were needed to support a heterozygous call. SNP calls with quality scores below 40, more than 15% missing data, more that 10% heterozygous calls, or a minor allele frequency below 20% were discarded.
7) Only SNP positions with successful genotype calls in both parents and homozygous for opposite alleles were retained. Individual’s heterozygous calls were set to missing for linkage analysis. A perl script was developed and used in this step.
8) Markers were given the following format: “chr1A_13829065”. The first part corresponded to the CS chromosome, and the second, after “_”, corresponded to the physical position on the corresponding CS genome assembly version.
9) MSTMap on the R/ASMap package for R was used for genetic linkage analysis. SNP-markers that aligned to the Unanchored scaffolds pseudochromosomes were removed for subsequent analysis. They were included later to assist in assigning scaffolds to chromosomes. To compare genetic maps and chromosome positions, and to draw the plots, only high quality SNP-markers were used.


Results
1)	High density genetic map development
· DH reference population. For the SynOpDH88 population. A total of 12,492 GBS-SNP markers passed the quality filters and were used for linkage analysis, of which 7,746 GBS-SNP markers were incorporated in the genetic map with strict tests for linkage. Genetic positions in the SynOpDH88-GBS map were checked for correlations with physical positions in the CS assembly. Spearman’s rho correlation between SynOpDH88 linkage map and genome positions was 0.986. A plot of genetic vs physical distances was drawn using R and standard functions (SynOpDH88_ChineseSpring_v0.5.pdf)
· RIL reference population. Two genetic maps were constructed using two subsets of the reference population of 179 and 993 individuals. A total of 8,250 and 8,698 GBS-SNP markers passed the quality filters for each population and used for linkage analysis. Two genetic maps, with a final number of 4,074 and 4,745 high-quality GBS-SNP markers were constructed. Spearman’s rho correlation between SynOpRIL179 linkage map and the CS genome positions was 0.988, and between SynOpRIL993 linkage map and the CS genome positions was 0.986. Two plots of genetic vs physical distances were drawn using R and standard functions (SynOpRIL179_ChineseSpring_v0.5.pdf and SynOpRIL993_ChineseSpring_v0.5.pdf).
· These three maps were used in the process of assembling v0.4 into v0.5 of the CS genome. Specifically, but not exclusively, to correctly orient inverted CS scaffolds and to help anchoring unanchored scaffolds.

2) Check the consistency of the v1.0 CS assembly (161010_Chinese_Spring_v1.0)
· The analyses outlined in the previous point (point 1) were repeated using the final version v1.0 CS genome (161010_Chinese_Spring_v1.0). For these analyses, 2 populations were used: 
· A subset of the SynOpRIL population with 867 individuals (SynOpRIL867). This map has a final number of 3217 markers.
· A subset of the SynOpDH population with 90 individuals (SynOpDH90). This map has a final number of 4114 markers.
· For these maps, GBS-SNP markers that did not belong to the proper linkage group or were out of order in regard to the CS physical positions were removed before each round of linkage analysis.  
· We compared the published wheat 9K and 90K consensus maps with the reference IWGSC CS pseudomolecules. The average correlation for 9K maps and CS reference positions is 0.94, with 11 of them greater than 0.97. The average correlation for 90K maps and CS reference positions is 0.97. The wheat 9K genetic maps are known to possess incomplete chromosome linkage groups, and is therefore expected to have lower correlations with the CS assembly.

List of files included as supplemental material:
- SynOpDH88_ChineseSpring_v0.5.datapoints.txt. List of GBS-SNP positions and their correspondent linkage group and position. For the SynOpDH88 population.
- SynOpDH88_ChineseSpring_v0.5.SummaryPositions.txt. Summary of the linkage map and physical positions for the SynOpDH88 population. 
- SynOpDH88_ChineseSpring_v0.5.pdf. Plot of genetic vs physical positions.
- SynOpRIL179_ChineseSpring_v0.5.datapoints.txt. List of GBS-SNP positions and their correspondent linkage group and position. For the SynOpRIL179 population.
- SynOpRIL179_ChineseSpring_v0.5.SummaryPositions.txt. Summary of the linkage map and physical positions for the SynOpRIL179 population. 
- SynOpRIL179_ChineseSpring_v0.5.pdf. Plot of genetic vs physical positions.
- SynOpRIL993_ChineseSpring_v0.5.datapoints.txt. List of GBS-SNP positions and their correspondent linkage group and position. For the SynOpRIL993 population.
- SynOpRIL993_ChineseSpring_v0.5.SummaryPositions.txt. Summary of the linkage map and physical positions for the SynOpRIL993 population. 
- SynOpRIL993_ChineseSpring_v0.5.pdf. Plot of genetic vs physical positions.
- mapDH125x_ChineseSpring_v1.0.datapoints.txt. List of GBS-SNP positions and their correspondent linkage group and position. For the SynOpDH90 population.
- mapDH125x_ChineseSpring_v1.0.SummaryPositions.txt. Summary of the linkage map and physical positions for the SynOpDH90 population. 
- mapDH125x_ChineseSpring_v1.0.pdf. Plot of genetic vs physical positions.
- mapRIL1000z8_ChineseSpring_v1.0.datapoints.txt. List of GBS-SNP positions and their correspondent linkage group and position. For the SynOpRIL867 population.
- mapRIL1000z8_ChineseSpring_v1.0.SummaryPositions.txt. Summary of the linkage map and physical positions for the SynOpRIL867 population. 
- mapRIL1000z8_ChineseSpring_v1.0.pdf. Plot of genetic vs physical positions.

[bookmark: _GoBack]2 files with the SNP calls used for the RIL (993 individuals) and DH (88 individuals) populations for the quality control of the wheat genome sequence:
· SynOpDH88_ChineseSpring_v0.5.genotype.calls
· SynOpRIL993_ChineseSpring_v0.5.genotype.calls

3) Validations on the IWGSC Chinese Spring genome assembly v1.0 using physical maps
· We validated the IWGSC Chinese Spring 1D, 4D, 6D chromosome physical map orders using 4208 BACs that belong to 2989 independently developed physical contigs. Our results show that the within contig BACs are largely collinear with reference molecules. Over 90% show correlations greater than 0.9.  Four of the contigs with relatively high number of BACs (ctg781, ctg2, ctg1012, ctg215) all have Pearson correlation r > 0.997. In addition, the Spearman correlations between the order of de novo genetic maps for these contigs and reference pseudomolecules are over 0.98 for all three chromosomes 1D, 4D, 6D.
· We validated the IWGSC Chinese Spring 3A chromosome physical map orders using 4478 wheat 3A contigs assembled using BAC by BAC approach. The average Pearson’s correlation for 3A BAC based contigs and 3A pseudomolecule is 0.97. We potentially detected reversely oriented BACs in the BAC-based contigs. We do not favor the opinion that IWGSC reference pseudomolecule has micro-scale (BAC level) orientation problems.


