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Introduction:

Gene loss plays an important role in plant evolution, polyploidization!, and adaptation to new
environments and lifestyles?3. ldentifying gene loss events requires the quality annotation of
shared genes between species, called orthologs. While many methods for identifying orthology
exist, these tools typically only return “yes/no” ortholog pairs without any quantitative
confidence value. Here we evaluate several metrics for estimating orthology uncertainty and
their performance on reported gene loss events in Dendrobium orchids.

Developing an orthology confidence score:

Our goal is to train a classifier for a single orthology confidence score that be used for detecting
orthology uncertainty. If an ortholog group O contains g genes, then the confidence score C, for
that group would be

Co =f(wog+w My +--w, M)

where M. is a gxg matrix of pairwise confidence values from a given scoring metric.

Orthology confidence metrics

For each gene pair a and b, is the best sequence match to gene a in species
B present in the ortholog group? Is the best match to gene b in species A
present?

Specificity: Are non-reciprocal hits primarily from one gene or many?
Fragmentation: Do the best hits of a and b primarily match their ortholog
group assignments?
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Signal strength: % best hits placed in any group

Requires: all-vs-all sequence similarity scores (e.g. BLAST)

How many species pairs are represented among syntenic blocks sharing
orthologs?

Requires: GFF files, sequence similarity scores, syntenic blocks (e.g.
MCScanX)

How many gene neighborhood features are shared, and across how many
species?

Features can be ortholog group membership, gene family membership,
etc...
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Secondary confidence metrics

Are there any orthologs with sequence lengths considerably greater or less
Protein length than the median ortholog length?

Requires: protein sequences

For each gene pair a and b, are there any species in the gene tree subset of
a and b that are not in the species tree subset of species A and B?

Requires: species tree (can be multifurcating), gene trees
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Dendrobium orchid dataset and orthology:

Dendrobium is a large genus with variation in both flower morphology and lifestyle habits,
including both lithophytic (rock-growing) and epiphytic (tree-growing) species. Many species are
also valued for medicinal and horticultural purposes.
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Evaluating metrics against random gene groups:

| developed two sets of gene groups to compare against the predicted orthology calls: randomly
grouped genes (“randologs”), and randomly grouped genes from the same Pfam gene family
(“within-family randologs”). Gene families were generated based on Pfam predictions from
InterProScan. Group sizes were randomly pulled from the size distribution of the real orthology
calls.
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Detecting out-paralogs, ancestral orthologs, and fragmentation:

The RBH fragmentation quadrant can be useful for clarifying relationships between ortholog
group calls. Below are two examples for a MIZ ortholog group from PhyloGeneious (left) and
OMA (right): the first shows a supported ortholog group duplicated in Dendrobium, while the
second shows a fragmented ortholog group.
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Validating a reported gene loss:

AGL12: Involved in root development, the loss of this gene is believed to be important to the
development of epiphytic lifestyles in orchids’-8. It was recently hypothesized that this gene was
lost in the ancestor of all orchids and then convergently regained in Australian Dendrobium’;
however our metrics support these Dendrobium genes as true AGL12 orthologs.
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All reciprocal hits in group
No reciprocal hits in other species
Microsynteny 6/15 species pairs, including between Asparagus and Dendrobium

Gene neighborhood -
orthologs

11/15 species pairs, 2 ortholog neighbors shared between all Asparagales

Gene neighborhood - 15/15 species pairs. 2 gene family neighbors shared between all six
PG gene families species, and 3 between saffron and Dendrobium

Protein length Saffron 211.. genes shorter than range (missing part of K-box domain)

Species tree agreement Conflict from saffron 211.. genes

Conclusion:

These orthology confidence metrics were successful in distinguishing high quality ortholog calls
from random groups. Such metrics can be useful filter out low-confidence orthology
relationships from phylogenomics and evolutionary analyses. | also found that these metrics
can be valuable for validating evolutionary events such as out-paralogy/gene duplications and
gene losses.

Next steps:

My next step will be simulating a “ground-truth” whole genome dataset for training our
orthology confidence classifier, in order to have a single unified confidence score for filtering
low-confidence ortholog calls. Our ultimate goal is to release the classifier and individual
metric scripts as a community tool for improving evolutionary investigations.
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