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Abstract

Background: False duplications in genome assemblies lead to false biological conclu-
sians. We quantified false duplications in popularly used previous genome assemblies
for platypus, zebra finch, and Anna’s Hummingbird, and their new counterparts of the
same species generated by the Vertebrate Genames Project, of which the Vertebrate
Genomes Project pipeline attempted to eliminate false duplications through haplotype
phasing and purging. These assemblies are among the first generated by the Verte-
brate Genomes Project where there was a prior chromosomal level reference assembly
to compare with.

Results: Whole genome alignments revealed that 4 to 16% of the sequences are
falsely dupiicated in the previous assemblies, impacting hundreds ta thousands of
genes. These lead to overestimated gene family expansions. The main source of the
false dupfications is heterotype duplications, where the haplotype sequences were
relatively more divergent than other parts of the genome leading the assembly
algorithms to classify them as separate genes or gencmic regions. A minor source

is sequencing errors. Ancient ATP nuclectide binding gene families have a higher
prevalence of false duplications compared to other gene families. Although present
in a smaller proportion, we cbserve false duplications remaining in the Vertebrate
Genomes Project assemblies that can be identified and purged.

Conclusions: This study highlights the need for more advanced assembly methods
that better separate haplotypes and sequence errars, and the need for cautious analy-
ses o gene gains.

Keywords; False duplication, Assembly error, Phasing error, De nova assembly,
Vertebrate genome project
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False gene and chromosome losses e

iIn genome assemblies caused by GC content
variation and repeats

Juwan Kim'", Chul Lee'", Byung June Ko?, Dong Ahn Yoo, Sohyoung Won', Adam M. Phillippy?,

Olivier Fedriga®, Guojie Zhang™®"2, Kerstin Howe®, Jonathan Wood®, Richard Durbin®'®, Giulio Ferment*'’,
Samara Brown'', Lindsey Cantin'', Claudio V. Mello'?, Secae Cho'?, Arang Rhie®, Heebal Kim'~#'*" and

Erich D. Jarvis*'" '@

"juwan Kimand Chul Lee

contributed equally to this work. Abstract

*Correspondence: Background: Many short-read genome assemblies have been found to be incom-
heebal@snu.acks; plete and contaln mis-assemblies. The Vertebrate Genomes Project has been produc-
i ing new reference genome assemblies with an emphasis on being as complete and

! Interdiscip gy oo, error-free as possible, which requires utilizing long reads, long-range scaffolding data,
jj'iprf;g_:o':l;:siff oyl new assembly algorithms, and manual curation. A more thorough evaluation of the
of Karea recent references relative to prior assemblies can provide a detailed overview of the
*Vertebrate Genome Lab, The types and magnitude of improvements.

Rockefeller University, New York

City, USA Results: Here we evaluate new vertebrate genome references relative to the previous
Full fist of author information is assemblies for the same species and, in two cases, the same individuals, including a

vt heend ol anicle mammal (platypus), two birds (zebra finch, Anna’s hummingbird), and a fish (climbing

perch). We find that up to 11% of genomic sequence is entirely missing in the previous
assemblies. In the Vertebrate Genomes Project zebra finch assembly, we identify eight
new GC- and repeat-rich micro-chromosomes with high gene density. The impact

of missing sequences is biased towards GC-rich 5™-proximal promaoters and 5' exon
reglons of protein-coding genes and long non-coding RNAs. Between 26 and 60% of
genes include structural or sequence errars that could lead to misunderstanding of
their function when using the previous genome assembilies.

Conclusions: Our findings reveal novel requiatary landscapes and protein coding
sequences that have been greatly underestimated in previous assemblies and are now
present in the Vertebrate Genomes Project reference genomes.

Keywords: Genomics, Gene structure, GC content, Genomic dark matter, Annotation
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