Use of Multi-BAC Assemblies to Improve the Dog Genome
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The dog genome is impaortant for comparative analysis of mammalian genome Targeted Finishing

biclogy and evolution. CanFam 2.0, the current dog draft assembly, covers _ _ o _ _
approximately 99% of the euchromatic portion of the genome . Through the use Selection of regions for targeted finishing Is performed by exiracting
of targeted finishing, the accuracy and integrity of this draft assembly can be coordinates from CanFam 2.0. These regions comprise approximately SOME of
significantly improved in an efficient and cost effective manner. the dog genome and have the following charactenstics:

The use of mult-EAC contigs is central to the aforementioned
improvement process. BACSs and genome chunks (sections of WGA pulled for i :
direct finishing worl)) targeting large gaps, ENCODE regions, and uncertified 2. Uncertified regions
regions (areas of questionable integrity) are finished. Overlapping BACs and 3. Internal gaps >10kb
chunks are then identified as work regions, which are in turn integrated into 4. Supercontig gaps and chromosome ends
multi-BAC assemblies. This important step minimizes the draft finished 2. Clusters of gaps 1-10kb In size
sequence interfaces during finished data integration into the genome assembly .
These assemblies undergo a quality control step and are then patched into the
genome assembly. Finally, the chromosome that is patched undergoes another
L analysis. Through this process, a near-finished quality gencome can be
produced without the expense of generating a shotgun EAC library for the
entire genome . We will descnbe our process and results from generating these
contigs.

Completed Multi-BAC assemblies
are reviewed by comparing a dot
plot against the CankFam 2.0
assembly (see fig. 2). Coordinates
and orentation resulting from the
1. ENCODE regions plot are compared with expected
values . If the assembly orientation is
not positive or the coordinates are
discrepant, the multi-BAL assembly
IS returned to the finisher for
subsequent analysis,

Mulfi-BAC Assembly Infegration

A patcher program is used to
integrate the completed multi-BAC
assemblies into the genome
assembly and produce a single
coherent consensus. The sequence
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organism in pharmaceutical clinical trials! . Hence, the
importance of producing a near-finished quality dog

genome can not be overstated. ' ey
was sekcted for Fequencing.
The current dog assembly, CanFam 2.0, 1s a high quality draft assembly
with ~98% of bases at or abowe G40, and 99 3% considered to be "certified.”

Additional regions for targeted finishing include "uncertified™ regions greater
than 50kb in size and any fraament gaps greater than 35kb' . Finally,
supercontig gaps and chromosome ends are also selected for finishing.

In order to achieve a near-finished guality genome, the six standards! that
must be met have been specified below (tatxle 1)

TABLE 1: Standards for Mear-Finished Quality Dog Genome O _ A e ) : Esig

T Mo global misassembly, with 99 9% of the assembly certified

2 Greater than 99 5% coverage for the euchromatic portion of the genome
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EACS covering the selected regions enter the finishing process (fig. 1), In

Less than 10,000 CApPs in the CeEname, and fewer than 4 QEI:IS.I"MIZI SOme irIStEIrICES, rather than finish a BﬁC, the genome ESSEmbI*f s extracted Fig. 4 Flowohart depiclng the wul§-BAC assembly pmoess. A: Four owedzoning BACs are selecked a5 2 waork megion. B:

The frished BACE conesm sy s seyueres (s exdacted o 2 Beta fle, hmlen dovr indo b ovedzpning moeserEive eads

Finished quality far ENCODEZ™ regions between coordinates and finished using fosmid-based strategies, such as a2 2ssemhled igether ink momsentaie BACs. These mamsentatie BACE am combined ink 2 wuli-BAC 2ssembly,

fosmid primer walks. These regions undergo the same QC as BACS except for

8, inserf Gand conlg edforwind ow with 2 corstitvemts of the suli-840 sesemhly digalayed | L2A007 iz the dominant’
clone 25 it pmudes ome seguenoee Fomes the enlie owdaopivg egior. heefoe, e seguencs iz moeseried 3t Aasesin

fingerprint analysis, and are not submitted to GenBank as phase 3 sequence. which there are haplotype diferences. C: The completed mulf-BAC assembly resalves severml uncedifed moions i the

A key step in reaching these goals is the integration of the finished Multi-BAC Assembly

seduence back into the whole genome assembly. Doing so for each BAC
individually poses two problems. Meighboring BEACS may represent different
haplotypes, and it increases the number of exchange points in the AGF and
therefore problems due to shifting coordinates. A multi-BAC assembly
approach addresses these concerns by "normalizing” haplotype differences and
minimizing the number of exchanges.

Chromosome Q0
Fegions covered by several overlapping BEACSs and/or finished genome chunks

are identified as work regions and processed for multl-BAC assemblies. These
EACSs and chunks are assigned to a project group to provide an identifier for the
wiork region (Fig.3) and the consensus fasta files are used to generate
representative reads for each member of the project group . These reads are
then assembled into representative BACSs. A complete depiction of the multi-
EAC assembly process s illustrated in figure 4.

updated sequence.

Footnotes Acknowledgments

" Uncertified regions are those areas of CankFam 2.0 that contain
clustered read pair discrepancies andfor =2 haplotypes.

™ Encyclopedia of DMA Elements 15 an NMHGEI project launched to identify all
functional elements in the human genome=.

" Mumbers in this table are approximations, as the ratio of wiork regions to
EACSs Is constantly adjusted. Also note, the 90ME total number includes
10ME of untargeted sequence that is incidentally captured by BACS and

wWiork regions.
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Once work regions are integrated, a new fasta i1s generated and aligned against
the original CanFam 2.0 assembly. Dot plots and pips (such as those
represented in fig.2) are used to wvenfy coordinates or sequence shifts. Any
discrepancies are corrected and the sequence is patched into the assembly
adain. The flexibility of the patcher software allows for iterative patching and
correction of localized regions without the need to reintegrate the entirety of the
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Results

To date, 27 multi-BAC assemblies S —
hawve been finished, composing 13% of )
the total sequence targeted by the dog
dename improvement project. These
regions range from 200KE to 1. 1ME in
size (see fig. 6) for a total of
approximately 12ME of total

sequence . Analysis of haplotype
differences in regions with overlapping
EACS suggests a bi-modal
polymorphism pattern (see fig 5
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Tabkle 2: Current Status of the Dog Genome Improverment Project

|FI"I|:IFEI"-.-"ET'I"IE!FI1I current Y Soal
Soal CanFam 2.0 TEIT'QEt otatus CDFI"I[:”EtE
ENCODE H.Q:. Draft Finished Finishing  Finished
euchromatic (% cov.) 99,2 »00 5 99,3 99,5
Certified Regions (% cov.) 99,5 »90 8 ~09.7 99.86
Base Quality =40 ~95% 99.50% ~08 6 99.56
Contiguity (gapse] 19 < 11.7 11
Gene Coverage ~5000 <100 TED TED

Table 2, abowve, displays the current status of each targeted goal in the Dog
enome Improvement Project, and indicates that the majorty of the goals
are nearly complete. Table 3, below, demonstrates the contributions of the
multi-BAC assemblies as compared to regular EACS.

Table 3:Multi-BAC Assembly Contributions™
MBA (current) MBA (projected) Non-MBA  Total

SEUENCE 12MB S1MB J9MB S0MB
% of Total 13% a7% 3% 100%
Exchanges 27 85 201 85
Exchange Efficiency (KB/exchange) 4410 220 190
Conclusion

The use of the Muli-BEAC assembly method to patch in large segments of finished
sequence has made a significant contribution towards the Dog Genome
Improvement Project at the Broad Institute . [t currently accounts for 13% of the
targeted sequence, and is projected to cover approximately 7% of the targeted
region. Furthermore, this method reduced the number of exchanges into the
WWSA by 70%, thereby saving significant human time, effort and computer
Processing power.
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