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Background
Parrots are some of the belong to a group of behaviorally advanced vertebrates groups and have an advanced ability of vocal learning relative to other vocal-learning birds. They can imitate human speech, synchronize their body movements to a rhythmic beat, and understand complex concepts of referential meaning to sounds [1–5]. However, little is known about the genetics of these traits. Elucidating the genetic bases would require whole genome sequencing and a robust assembly of a parrot genome.
Raw genome DNA sequencing reads
We performed several blood bleeds of the alar vein, from which we isolated high molecular weight (MW) genomic DNA using Qiagen Genomic tip 500G (Catalog number 10262). For 454 sequencing, the DNA was fragmented using a HydroShear apparatus from Genomic Solutions Ltd, prepared for shotgun (FLX and FLX+), 3Kbp, 8Kbp, and 20Kbp mate-paired (MP) library sizes as described in[6].  The 454 sequences were sequenced to a total of 15.4X coverage (Table 1).
Assemblies
The quality statistics of three hybrid assemblies are listed in Table 2. Brief descriptions of their construction and relative quality are provided:
1. 454-Illumina hybrid CABOG assembly (known as Budgerigar_v6.3). CABOG [7] [] was used to assemble 15.4X coverage 454 FLX (~200 bp) and FLX+ (~700 bp) reads from multiple insert size libraries (range 0.4 to 20Kb) combined with 7.8X coverage of 75bp paired-end Illumina reads. Details of the parameters for the CABOG assembler are in Additional file v6-sli. The Illumina data was primarily used for improving consensus accuracy, and the paired-end information was not used in the assembly. Instead, the paired end information of the 454 data was used for scaffolding. The N50 scaffold size is greater than those of the zebra finch and chicken galGal3 (v3) assemblies (Table 2). This assembly has also been independently annotated and posted in the NCBI [8] and UCSC Genome Browser [9] pages for Budgerigar. This assembly was not entered in Assemblathon 2, because the competition required that the assembly be not be improved with iterative feedback from other published genomes.
2. PacBio corrected reads (PBcR) hybrid assembly. First, 5.5X PacBio RS reads were error corrected with 54X Illumina reads (comprising 400-600bp paired-end Illumina reads (see GigaDB [10]) to obtain 3.75X corrected PacBio reads [11]. The PBcR reads were then combined with the 15.4X 454 reads to build a hybrid assembly using CABOG. Relative to the Budgerigar_v6.3 assembly, the N50 contig size of the PBcR assembly was greatly improved (Table 2); however, the N50 scaffold length was greatly reduced (Table 2). It appears that the combination of multiple technologies negatively affects the CABOG scaffolding module, and similar effects have been observed when combing 454 and Illumina data in hybrid CABOG assemblies. The PBcR assembly was entered in the Assemblathon 2 competition as the “CBCB” bird assembly, where it obtained the 7th best cumulative assembly quality score and the 5th best average rank out of 14 assemblies [12]. The assembly is available at [13] under the Assemblathon code name bird_9C.
3. Illumina-454 hybrid SOAPdenovo2 assembly. SOAPdenovo2 [14] was used to assemble 137.59X Illumina reads from with multiple insert size libraries (range 0.2 to 40Kb). Additionally, 6.85X 454 FLX+ data were used to improve the assembly using a custom BGI pipeline. The hybrid assembly has the highest N50 scaffold and contig sizes and the longest scaffolds and contigs of all the budgerigar assemblies presented in this paper (Table 2). However, it also has many more scaffolds and contigs, suggesting a preponderance of short scaffolds and contigs. This assembly was entered in Assemblathon 2 competition as the SOAP** bird assembly, where it obtained the 5th best cumulative assembly quality score and the 4th best average rank out of 14 assemblies [11]. This assembly is available at [13] under the Assemblathon code name bird_14E.

Annotation of Budgerigar PacBio assembly based on human, chicken and zebra finch proteins
The following is the description of the common pipeline used to propagate annotations from a reference set of human, chicken and zebra finch reference protein sets to the budgerigar assemblies. However, the reference sets were different for the Budgerigar_v6.3 and the PBcR assemblies. Please refer to the “Annotations” section of the main manuscript for more details.

(a) Rough alignment.
We aligned the non-redundant protein sequences from human, chicken, and zebra finch (the longest translations were chosen to represent each gene) to the assembly by TblastN at E-value 1e-5, and linked the blast hits into targeted gene fragments by genBlastA. We filtered those targeted fragments with homologous block length shorter than 30% of query proteins.
(b) Precise alignment.
We then extracted the targeted nucleotide gene fragment sequences from the genome by extending 10,000 bp at both ends of the alignment regions, included the intron regions, and did the precise alignments for the parent protein sequences to these DNA fragments by Genewise. This step outputs the precise structure of the homologous genes in the target genomes.
(c) Overlapping gene filtering.
We merged all three sets from human, chicken and finch to make a reference set. Transcripts were clustered by loci overlapping. Only the one with the longest transcript was kept in every cluster.

Validating sequence assemblies with optical maps
To create an optical map for the budgerigar genome, DNA from Mr. B was first stretched out into single molecules in nanotubes and cut with the enzyme SwaI, using a described protocol [15]. The individual DNA molecule restriction maps (Rmaps) were de novo assembled into 93 whole genome optical map contigs using the algorithm Germinate and Grow (G&G) [16].
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