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Liftover of gene models 
The two repeat masked sequences were aligned using Minimap2 v2.16, using the ‘Chinese Spring’ (CS) region as reference and with the command line options: "--cs=long -c -t 20 -K 500M -Y". The resulting PAF file was converted to MAF using paftools (included in Minimap2). The maf2hal and halLiftover utilities from Cactus (Paten et al. 2011; https://github.com/ComparativeGenomicsToolkit/cactus.git; commit d4a0e82) were then used to convert the MAF file into a suitable HAL file for the lift over of the transcript sequences. The CS GFF3 file corresponding to region 21536610-27030113 was converted to BED12 format using Mikado (Venturini et al. 2018) before using halLiftover to transfer the CS transcriptomic coordinates into a synthetic 2B assembled fragment BED12 file. A custom script remove_dupes.py, (https://github.com/lucventurini/ei-liftover) was then used to remove duplicates. Mikado was used to convert the transferred annotation into transcriptomic coordinates (BED12 format); the same was done with the original annotation from CS. Gffread v0.11.2 (https://github.com/gpertea/gffread) was used to extract the cDNA sequences of the transferred annotation. The transfer_cds.py utility from ei-liftover (https://github.com/lucventurini/ei-liftover) was used to transfer the original coding regions (CDS) to the transferred models, when possible. Gffread was used to extract the peptides and the multi_genome_compare.py from ei-liftover was then used to obtain the comparison between the original and transferred models.

RNA-seq data
The reads described in the Methods were trimmed to remove adapters and quality filtered using TrimGalore (Krueger F.) using commandline options: "-q 25 --clip_R1 1 --clip_R2 1 --length 50 –paired". Whole genome alignment against the full Synthetic W7984 assembly containing the synthetic 2B assembled fragment was performed using HiSat2 v2.1.0 (Kim et al. 2015) with command line options: "-q --phred33 --dta-cufflinks --max-intronlen 50000". Reads aligning to the Synth_chr2B:21536610-27030113 fragment were extracted before realignment to the Synth_chr2B:21536610-27030113 region only using both Star v2.6.1d (Dobin et al. 2013) and HiSat2 v2.1.0. These second alignments were performed using the command-line options: STAR: "--alignIntronMin 20 --alignIntronMax 10000 --alignMatesGapMax 10000 --out SAMattributes NH HI AS nM XS NM MD"; HiSat2: "--min-intronlen=20 --max-intronlen=10000". 

Transcript assembly
The Illumina RNA-seq alignments (from STAR and HiSat2) were assembled using two different tools, StringTie and Scallop. StringTie v.1.10 (Pertea et al. 2015) was called twice, using options "-f 0.05 -m 200 -u" and "-f 0.05 -m 200", ie with and without the correction for multi-mapping reads; Scallop v0.10.3 was invoked using the option "--library_type unstranded". Both StringTie and Scallop assemblies were filtered to remove any monoexonic transcript with an estimated expression level below 1 RPKM (for Scallop) or TPM (for StringTie) using the custom script filter_assemblies_by_quant.py (https://github.com/lucventurini/ei-annotation) with the command line options: StringTie: "-q TPM -m 1 -mu 0"; Scallop: "-q RPKM -m 1 -mu 0".

Validation of splice junctions
RNA-seq junctions (defining introns) were derived from the RNA-seq alignments using Portcullis v1.1.2 (Mapleson et al. 2016) and the default set of filtering parameters.  The junctions called by Portcullis on the different alignments were integrated into a single set using junctools, from the Portcullis suite, using the mean score across datasets as final score.

Protein alignment
Three protein datasets were used to help annotate the Synthetic W7984 Tsc2 region are as follows, by aligning them to the region using GenomeThreader:
(i) Proteins from the CS42 annotation ("self"; IWGSC, 2018), extracted using GffRead 0.11.2, with parameters "-intermediate -introncutout -gcmaxgapwidth 5000 -species rice -gff3out -gcmincoverage 95 -prhdist 4 -prseedlength 7 -paralogs"
(ii) Proteins from Aegilops tauschii (v.4.0; Ming-Cheng 2017) and Triticum durum ssp. dicoccoides (v 1.0; Ravni 2017), from EnsEMBL plants (Kersey, 2018), with parameters: "-intermediate -introncutout -gcmaxgapwidth 5000 -species rice -gff3out -gcmincoverage 90 -prhdist 7 -prseedlength 7 -paralogs". This set was indicated with the moniker “triticeae”.
(iii) Proteins from Oryza sativa (IRGSP 1.0;  Sakai, 2013), Brachypodium distachyon (v 3.0; Fox, 2013) and Sorghum bicolor (NCBIv3, McCormick 2017), from EnsEMBL plants, with parameters: "-intermediate -introncutout -gcmaxgapwidth 5000 -species rice -gff3out -gcmincoverage 80 -prhdist 10 -prseedlength 7 -paralogs". This set was indicated with the moniker “other”.

Mikado
Mikado (Venturini et al. 2018) was used to integrate the Illumina assemblies. After merging the assemblies into a coherent starting set, open reading frames (ORFs) were called on the remaining transcripts using TransDecoder v5.5.0 (Haas et al. 2013) with parameter "-m 60". Transcripts were compared with a combined database of all protein evidences, above, using DIAMOND Blastx v0.9.24 (Buchfink et al. 2014), with parameters: " --sensitive --salltitles --max-target-seqs 10 --evalue 1e-06”. In the final stage, Mikado defined gene loci and picked the best available transcript, integrating information coming from the DIAMOND Blastx, the imputed ORFs, and the junction information from Portcullis. The “athaliana_scoring.yaml” scoring file, included in the software distribution, was used to define the best transcript.

Categorising Mikado transcripts
In order to rank the reliability of the RNA-seq derived gene models, Mikado transcripts were compared to the liftover gene models, using Mikado compare. The predicted peptides were also compared to the original CS proteins. Transferred models were compared to the original CS gene model structures using the compare command of Mikado. Transcripts were divided as follows:
"Gold": 53 transcripts that fulfil all the following constraints:
· Concordance (F1 == 100) with the transferred annotation (from Mikado compare)
· AND One of the following:
· The transferred model has an F1 of CDS junctions equal to 100% (from 	multi_genome_compare)
· The transferred model has a CDS identity greater or equal to 95% (from 	multi_genome_compare)
· 95% or greater reciprocal coverage of the BLASTX and 95% or greater identity
· AND valid start and stop codon
"Silver": 51 transcripts that fulfil the following:
· Not in the gold set
· AND one of the following:
· The transferred model has a CDS Identity greater than 50% AND F1 of CDS 	Junctions greater than 0 	(from multi_genome_compare)
· Complete junction concordance with a model, F1 of 100% (from Mikado compare)
· BLASTX identity greater or equal than 70% and reciprocal coverage greater than 	50%
· AND junction F1 greater than 0
· AND valid start and stop codons
"Bronze": 113 transcripts that fulfil the following:
· Not in the gold or silver set
· AND BLASTX query coverage greater than 0 OR Mikado compare nucleotide F1 	greater than 0
· 144 transcripts with no assigned category.

Categorising transferred annotations
Taking the output of the multi_genome_compare.py script, transferred models were divided as follows:
· Gold, 156 transcripts:
· Transferred F1 of the CDS exons of 100% OR CDS identity of 100%
· Silver, 28 transcripts:
· Not Gold
· Transferred F1 of the CDS exons greater or equal to 50% OR CDS identity greater or 	equal to 50%
· Bronze, 52 transcripts:
· Not silver or gold

Augustus hints
1. Mikado hints
Mikado hints were prepared using the categorisation defined above (see "Categorising Mikado transcripts") and the ei-annotation script prepare_mikado_hints.py (https://github.com/lucventurini/ei-annotation). Gold models were allocated a score of 10 and source M, silver models a score of 6 and a source of F, bronze and remaining models a score of 6 and 4 respectively, with source E for both.
2. Transferred annotation hints
The transferred annotation was transformed into hints using the categorisation defined above (see "Categorising transferred annotations") and the ei-annotation script prepare_mikado_hints.py. Gold models were allocated a score of 20 and source M, silver models a score of 8 and a source of F, bronze models a score of 8 and a source F, and remaining models a score of 7 and source E.
3. Portcullis junction hints
Portcullis pass junctions were transformed into hints using the ei-annotation script filter_portcullis.py. Junctions with a score of 1 (certainty of being valid according to portcullis) were assigned a score of 6, while all remaining pass junctions had a score of 4. Both sets were assigned to source E.
4. Coverage hints
BAM files from both HISAT2 and STAR were transformed into BigWig files using the bamCoverage utility from DeepTools v3.1.3 (Ramirez et al. 2014), with parameters "--ignoreDuplicates --normalizeUsing CPM --skipNAs". The resulting BigWig files were then merged using the ei-annotation script bigWigMerge.py, with parameters "-n median". The resulting wig file was converted into hints using the Augustus script wig2hints.pl, with parameters: "--width 10 --margin 10 --minthresh 2 --src=W --strand . --type=exonpart --UCSC=coverage --pri=3 --minscore=4 --prune=0.1 --radius=4.5"
5. Protein hints
Protein GFF3 files were converted to hints using the convert_proteins_to_hints.py (https://github.com/lucventurini/ei-annotation), with source P. "Self" proteins were assigned a score of 4, "Triticeae" proteins a score of 3, and all other proteins a score of 2.
6. Repeat hints
The script prepare_repeat_hits.py (https://github.com/lucventurini/ei-annotation) was used to convert the GFF3 of the repeats into Augustus hints, with source RM and score of 1.

All hints were subsequently merged together using the GenomeTools (v1.5.9) "gff3" utility.

Augustus gene prediction
[bookmark: LPlnk467139]The repeat-masked scaffold was subdivided in sixty chunks with a minimum size of 50 kbps and a minimum overlap between chunks of 10kbps, using a script included in the ei-annotation suite (split_genome_fasta.py). Subsequently, Augustus (Stanke and Morgenstern 2005) was launched on all the scaffolds using the ei-annotation wrapper "execute_augustus.py", with the Augustus command line: "augustus --species=wheat --UTR=on --extrinsicCfgFile=<EI-ANNOTATION-CFG> --stopCodonExcludedFromCDS=false --genemodel=partial --alternatives-from-evidence=true --noInFrameStop=true --allow_hinted_splicesites=atac". The extrinsic hints configuration file can be found in the ei-annotation repository (https://tinyurl.com/y2gpq7sy). Augustus v.3.3.2 was used for this project. Finally, the Augustus models from the chunks were merged using the Augustus utility joingenes, with parameters "-i -a". The Augustus GTF file was converted into GFF3 using ‘Convert’ in Mikado utilities. In the process, two transcript models were stripped of their CDS as the coding sequence length was not a multiple of 3 (as expected).
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