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Robust gene representation in the reference assembly is a critical aspect for analyzing whole genome and whole e ol 5 sequncss G s G Human specific sequences occur due to genomic duplication that has occurred only in
exome data. Using gene annotation data from the NCBI eukaryotic annotation pipeline, we looked at Gene IDs " the human lineage. These sequences show a high degree of sequence identity between
that are not represented at all in GRCh37 or were partial gene annotations in GRCh37, but complete in GRCh38. |  paralogs and are difficult to sequence and assemble. These sequences are often involved

in the expansion and contraction of sequences between assembly builds However, many
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Figure 5. This figure shows a family of genes known as the SRGAPS. Only SRGAP2A is seen in other
primates, the partial copies are human specific. No member of this gene family is well represented in
GRCh37, but are all fully represented in GRCh38. This gene family is involved in neuronal outgrowth.

Alignment to GRCh38

Figure 2. Some gene fixes are more subtle. PTPRQ, associated with autosomal recessive
deafness, contained an internal deletion in GRCh37 due to an error in assembling the
underlying clone sequence. This has been fixed in GRCh38 by inserting a small piece of the
HuRef assembly. The green box highlights the discrepant region.

GRCh38 adds previously missing human sequences
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Alternate Loci
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The repetitive nature and structural complexity of centromeres meant that Highly diverse regions of the human genome cannot be assembled into a
These important biological structures were represented by 3 million ‘N’s in single consensus. In these cases, the GRC constructs individual sequences and
Previous assembly versions. Miga et al. were able to construct graph-based T incorporates one into the chromosome while any other sequences are scaffolds
models of the alpha satellite sequences in the HuRef assembly (Figure 6). — aligned to the chromosome. In GRCh37, there were 3 genomic regions containing
9 alternate loci. In GRCh38, there are 178 regions of the genome containing
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Centromere Models
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of some chromosomes could not be separated (. ABBAO 185959)
(chr5 and chr19 collapse into one model; the AT AG cenArrayd AGD = prem e
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model). This means that some of the model
Figure 7. An example of the linearization and integration of a model centromere sequence for

. i i Figure 8. Alignment of the GRCh38 chromosome 6 sequence to one of the

sequence IS represented more than one time in _ , _ , . , : . Figure 9. Deletion alternate loci are rare, but this example on chr22 shows an alternate alternate loci at the MCH region. The top 2 tracks are the alternate sequence and
] o . ) GRCh38. Of interest in the above figure is the inclusion of a contig that was previously

the P”mary reference assembly- This is a situation unplaced in the HuRef assembly. The inclusion of these sequences are often supported by

locus in the APOBEC region. The deletion allele creates a new gene that is a combination of  genes annotated on this in NCBI Homo sapiens annotation 106. The bottom two
Ce : ther | ¢ . ] 4 show additional utility for including th A the APOBEC3A and APOBEC3B genes. The deletion allele shows population stratification as tracks show the alignment to chromosome 6 and genes annotated there. The
that is similar to the Pseudoautosomal region (PAR)- :)nogglsmes O Mapping evIdence and Snow additional Utiiity Tor Inciuding the centromere it is the minor allele (or never seen) in some populations but the major allele in others. green box highlights gene models present on the alternate locus that are not on
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the chromosome assembly.

The inclusion of centromere models allows for improved study of centromeric Alternate loci add gene models in biomedically important regions.
regions and should improve alighments of NGS sequences containing alpha
satellite.
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