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Abstracts
Quantifying inbreeding depression and heritability
Bruce Weir
Department of Biostatistics, University of Washington
Quantitative Genetics theory predicts levels of inbreeding depression and
heritability in terms of measures of inbreeding and relatedness. Initially those
measures were calculated from pedigrees or breeding designs, but genetic marker
data now enables their actual values to be estimated. Whenever data from a set of
individuals are used to estimate individual-specific measures, however, there are
confounding effects from the relatedness levels among all members of the set. Such
estimates can alter the rankings for inbreeding levels among individuals, for
example, and invalidate inbreeding depression results. Heritability estimates, on the
other hand, seem robust to the choice of inbreeding estimators.
We show the utility of estimators based on allele sharing within and among
individuals or populations and we emphasize that probabilities of identity by
descent are estimated on a SNP by SNP basis only relative to probabilities for a
specified set of individuals. We illustrate the performance of these estimators, and
contrast it with other estimators in current use, with whole-genome variant data
from the 1000 Genomes project. We find that, along with the inbreeding coefficient
for an individual, the average of its kinship values with other members of a study
sample is of central importance.

The evolution of Pacific genomes and the implications for the health of Pacific
peoples - an anthropological perspective
Lisa Matisoo-Smith*, Tony Merriman*# and Anna Gosling*
*
University of Otago, #University of Alabama
The Pacific region is an ideal place for studying human evolution, variation and
adaptation. It has a complex history of both ancient and recent human migrations,
variable levels of population interactions and a range of potential source
populations. There are an array of different physical environments and associated
pathogen loads which may have shaped Pacific genomes. Pacific communities have
distinct histories and impacts of European contact, including introductions of new
infectious diseases and differing levels of population integration. Pacific peoples
therefore likely adapted (both genetically and culturally) in unique ways. Despite
these differences, some Pacific populations share a propensity for unusually high
rates of metabolic disease – including type 2 diabetes, obesity, gout, heart and renal
disease. We are undertaking the first Pacific-wide, inter-disciplinary study, applying
an evolutionary approach to understand what factors shaped Pacific genomes
contributing to the high rates of metabolic disease we see in Pacific peoples today.

The evolution of Pacific genomes and the implications for the health of Pacific
peoples – genomic considerations
Anna Gosling*, Lisa Matisoo-Smith* and Tony Merriman*#
*
University of Otago, #University of Alabama
Following on from the previous talk, some of complications of identifying genetic
variants contributing to metabolic disease in Pacific populations are discussed. This
talk takes a retrospective look at different genetic/genomic approaches which have
been undertaken to date, explores the successes and weaknesses of some of these
approaches, and highlights the need for additional sampling and whole genome
sequencing when studying populations from regions that are not represented in
large comparative genetic databases.

More than just numbers: 21st Century quantitative genetics education in Otago
Phillip L Wilcox1, Michael Lee1 and Mik Black2
Department of Mathematics and Statistics1, and Department of Biochemistry2
University of Otago
The Otago region is heavily invested in quantitative genetics (‘QGEN’), where it is
utilised in virtually all of our major sectors: conservation and management of
endangered species, primary sector breeding, and medical research, as well as
fundamental research. In 2016, a further activity was initiated: graduate-level
QGEN education via the establishment of a degree programme in response to
nationwide skill shortages in this area. Through the Department of Mathematics and
Statistics and the Genetics Teaching Programme, the University of Otago offers post
graduate QGEN qualifications in Applied Sciences, ranging from Certificate, to
Diploma, and ultimately to Masters-level. Students with undergraduate degrees in
either genetics or statistics (and/or mathematics) are eligible. The programme aims
to deliver graduates with a working knowledge of key principles in QGEN, as well
as experience in some of the more commonly used analytical methods for genetic
parameter and breeding value estimation, in addition to principles of breeding
programme design. Also included in this education, are Māori ethical frameworks in
regard to genetic and genomic research. Such frameworks are now also now taught
in undergraduate biochemistry, statistics, agriculture and genetics papers, and
reflect the increasing importance of Te Ao Māori, and its contribution to application
of genetics and gene technologies, including QGEN. In this talk I will describe the
above initiatives, and provide examples of research conducted by QGEN students.

Embracing technology change over the decades to drive genetic gain for NZ’s
primary industries
Ken Dodds and Shannon Clarke
AgResearch, Invermay Agricultural Centre, Mosgiel, NZ
In this talk we will give an overview of the quantitative genetics work being done at
AgResearch’s Invermay campus. This work has been focussed on improving New
Zealand’s livestock. In the late 1980’s molecular marker work began, primarily to
map a prolificacy gene in sheep and to provide breed and parentage tools to the
deer industry. This soon expanded to quantitative trait mapping for many traits and
species, as well as developing low-cost parentage assays for livestock. With the
declining cost of sequencing and development of SNP array technologies it became
possible to predict genetic merit without the need to map trait loci and estimate
their individual effects. This technology was adopted, particularly in the sheep
industry. Genotyping-by-sequencing was adopted as a genetics tool for plant and
animal species where low-cost SNP arrays were not available and has been applied
to livestock, forage, aquaculture and tree breeding as well as in ecological and
conservation studies. In parallel, there have been technology developments which
allow new traits to be measured or traits to be measured in new ways. Alongside
these changes it has been necessary to adapt or develop data analysis techniques to
allow the best use of the information obtained.

Quantitative genetic solutions for sustainable livestock production
S.J. Rowe1, M.K. Hess1, P.L. Johnson1, S.M. Hickey2, A. Jonker3, T. Bilton1, M.
Bastiaanse1, P.H. Janssen3, and J.C. McEwan1
1
AgResearch Limited, Invermay Agricultural Centre, Puddle Alley, Mosgiel,
2AgResearch Limited, Ruakura Agricultural Centre, Bisley Rd, Hamilton,
3
AgResearch Limited, Grasslands Research Centre, Tennent Dr, Palmerston North,
In New Zealand, 80% of methane emissions, a potent greenhouse gas, are derived
from the microbial fermentation of feed in the gut of ruminant livestock. There is,
however, heritable variation in the direct measure of methane emitted per kg of feed
consumed, and in the efficiency of use of the resulting nutrients derived. Divergent
sheep selection lines for enteric methane emissions have also been shown to have
divergent rumen microbiomes. These changes are postulated to have resulted in a
cascade and chain of physiological outcomes ultimately leading to a change in the
energy source to the animal. We have shown that quantitative genetics approaches
have been successful in the selection of low methane emitting sheep both by using
a direct measure of methane emitted by the host and by using sequence information
from the symbiont rumen microflora. Here, we show that the accuracy of prediction
of methane and other energy related traits using direct genomic predictions on the
host can be improved upon by combining genomic information from the host and
the rumen microbes in a holistic approach to selection of livestock with lowered
environmental impact. We describe technology developed to deliver direct on farm
tools for greenhouse gas mitigation using multi-dimensional data. This is a direct
example of the application of quantitative genetics to deliver a practical, cost
effective solution.

Relatedness estimation in autopolyploid species using low-depth high-throughput
sequencing data
Timothy P. Bilton1,2*, Glenn J. Bryan3, Matthew R. Schofield2, Michael A. Black4,
Jeanne M. E. Jacobs5, Sanjeev Kumar Sharma3, Ken G. Dodds1
1Invermay Agricultural Centre, AgResearch, Mosgiel, 2Department of Mathematics
and Statistics, University of Otago, Dunedin, 3The James Hutton Institute,
Invergowrie, Dundee, UK 4Department of Biochemistry, University of Otago,
Dunedin, 5Lincoln Science Centre, AgResearch, Christchurch
Relatedness information is central to a number of analyses in genetic applications,
such as genomic selection, parentage analysis and conservation management. Tools
for estimating relatedness in diploids are well developed and widely available, but
are not suitable for autopolyploids due to these species having a more complex
inheritance architecture (e.g., multivalent pairing) than diploids. Furthermore,
researchers are increasingly using high throughput sequencing (HTS) methods (e.g.,
genotyping-by-sequencing, exome capture sequencing) to genotype autopolyploid
species. HTS methods provide a low cost and efficient approach for genotyping,
but the data generated are subject to errors in the form of miscalled bases and
heterozygous genotypes being incorrectly called with the wrong dosage or as
a homozygote due to low-read depths. Errors relating to low-read depths are
especially problematic and if unaccounted for, have been shown to inflate selfrelatedness estimates. We present two new relatedness estimators (based on the
VanRaden (2008) and Weir & Goudet (2017) estimators) that we have derived for
autopolyploid species with low-depth HTS data. These estimators account for
sequencing errors and low-read depths thereby overcoming bias issues in
relatedness values resulting from the errors in the data. We examine the properties
of these estimators using simulations across different levels of sequencing errors
and average read depths. We also test our estimators using a collection of potato
cultivars that were genotyped using both a SNP-array and genotyping-bysequencing. Results show that relatedness values were highly concordant between
the two genotyping platforms, but some differences between the two estimators
were observed. An implementation of our estimators is freely available in the R
package GUSrelate (github.com/tpbilton/GUSrelate).

Tools for the management of genetic diversity in an isolated population of the
honeybee (Apis mellifera)
Gertje Petersen
AbacusBio
Beekeepers and honeybee queen breeders alike currently have few tools at their
disposal for the management of genetic diversity (and, concurrent, avoidance of
inbreeding) in the absence of instrumental insemination or the use of isolated
mating stations. Since they are operating in an extremely low-margin farming
system (due to unavoidable high labour costs), beekeepers cannot readily afford to
genotype selection candidates. Simultaneously, pedigree information is often absent
or at best incomplete due to honeybee mating habits and acquiring material for
genotyping without risk to individual queen bees up for selection can be
unpredictable, depending on queen management practices.
In New World honeybee populations, where import of additional genetic material
to refresh the population is restricted or even impossible, management of genetic
diversity within the entire population is crucial for population sustainability. While
the role of individual beekeepers in maintaining genetic resources becomes crucial
under these circumstances, a more holistic approach to the management of genetic
diversity is needed to allow for maximum impact of their contribution.
Low-cost genotyping tools for beekeepers are just as essential as accessible ways of
presenting the information to beekeepers and queen breeders to help them
understand their role in maintaining overall genetic diversity in the honeybee
population. Regular rounds of voluntary bee sampling around the country can be
used as the basis for management decisions without concentrating genotyping load
on specific operators and restricting diversity assessments to sub-populations, for a
more sustainable and diverse population.
The first round of sampling was performed in 2019 and revealed that while larger
beekeeping operators often have limited genetic diversity within their populations,
bees of different geographic (and subsequently climatic) origin can be expected to
differ in their genetic makeup. These findings are encouraging in the context of
increased interest in honeybee genetic improvement in an isolated population.

Bayesian Micro-haplotype assembly in polyploid Kiwifruit (Actinidia spp.)
Tim Millar
Dept of Biochemistry, University of Otago & Plant & Food Research
Kiwifruit (Actinidia spp.) are a genetically complex group of interbreeding taxa with
variable ploidy levels. The natural mechanism of polyploidisation in Actinidia is
typically autopolyploidy, arising from the full duplication of a single genome.
Actinidia species have a relatively short history of cultivation and rapid
domestication over the past 50 years. Selection for consumer and adaptive traits,
and the outbreak of Pseudomonas syringae pv. Actinidiae (PSA) are likely to have
resulted in multiple hard or soft sweeps across the genome. However, the
assessment of selective sweeps within a single breeding programme is complicated
by co-ancestry of individuals resulting from pedigree structure.
We have developed the software ‘MCHap’ to perform Bayesian assembly of microhaplotypes in polyploids using short-read sequences. Micro-haplotypes are a
powerful marker category that combine the heritability information of
microsatellites with the ubiquity of SNPs. We are using micro-haplotype markers,
assembled from a 10K capture-GBS array, to identify loci under selection and trace
selected alleles through the Actinidia pedigree to its founding members.

Quantitative Genetics in Conservation – a Search for Understanding and
Application
Neil Gemmell
Department of Anatomy, University of Otago
Many of the genetic traits of concern to conservationists, such as inbreeding
depression and loss of evolutionary potential, involve quantitative genetics.
Unfortunately, the application of quantitative genetics in conservation has often
been hampered by small or incomplete sample sets, an absence of pedigree data,
incomplete or poor quality phenotypic data, and, historically, an absence of genetic
markers – issues seldom causes for concern in the agricultural, horticultural and
medical genetic field where quantitative genetic approaches have prospered. In this
talk I will highlight some of the ways in which we have sought to appy quantitative
genetic approaches to understand traits affecting the fitness of a variety of species of
conservation interest and concern, what we have learned and the prospects for the
future

Leveraging quantitative genomics for the conservation of the critically endangered
kākāpō
Lara Urban
Dept of Anatomy, University of Otago
Across the world, wild populations are declining at an unprecedented rate,
culminating in the loss of genetic diversity and adaptive potential. Only few
genomic studies have informed conservation decisions, often due to failure of
complementing genomics with fitness or demographic data. Combining genomic
and phenotypic data, however, enables the application of quantitative genomic
approaches that link genomic regions with important traits and directly assess the
adaptive potential of populations. We leveraged cutting-edge quantitative genomic
approaches to explore genomic, phenotypic, and environmental factors that affect
the persistence of the critically endangered kākāpō (Strigops habroptilus). An
extraordinarily detailed phenotypic catalogue allowed us to (i) assess heritability
and polygenicity, (ii) identify underlying genes and gene pathways, and (iii)
evaluate genomic predictability of various traits of the species. I will report on two
exemplary phenotypes, plumage morphology and disease susceptibility, to
showcase the power of such quantitative genomic approaches and their potential to
benefit conservation management in direct collaboration with Kaitiaki Rōpū, the
Kākāpō Recovery Team and Genomics Aotearoa: We found kākāpō plumage to be
a Mendelian trait, with LHX8 as the potential causative gene impacting early feather
development. We identified several immune genes that contributed to the species’
cloacitis susceptibility, which allowed us to identify kākāpō individuals at
putatively elevated risk of contracting the disease. Gene pathway analyses further
indicated that cloacitis might be caused by retroviral infection, an important clue in
the search for the still unknown causative agent of the disease.

Hardy-Weinberg filtering and population stratification choice shapes population
genomic inferences
William Pearman, Lara Urban, Alana Alexander
An essential step in any population genomic analysis is the filtering of genetic
variants (SNPs), including discarding loci that exhibit significant departures from
Hardy-Weinberg equilibrium (HWE). Many population genomic studies do not
specify assumptions about the population stratification that underlie the
identification of HWE departures, e.g., if discarded SNPs exhibit departures in all
subpopulations, in any of the subpopulations, or across all of them. However,
choice of population stratification approach can have a significant impact on SNP
filtering and genetic inference and should not be conflated with sampling hierarchy
(e.g., conflating populations with sampling locations). In this study, we leverage
forward-time population genetic simulations to establish that population
stratification choice is an essential consideration for assessing HWE departures. We
show that different stratification assumptions during SNP filtering lead to disparate
inferences of population structure that vary based on the degree of gene flow
between populations. Finally, we compare our forward-time simulations to real
population genomic data to provide best practice guidelines for HWE-based SNP
filtering in population genomic analyses.

The Selective Maintenance of Polymorphism at Two Linked Loci
Hamish G. Spencer
Department of Zoology, University of Otago
Theodosius Dobzhansky argued for his whole career that the genetic variation we
see in natural populations, the so called "standing variation," was actively
maintained by balancing selection. Mathematical investigations of single-locus
models of selection have shown, however, that extremely unusual fitness values are
required to maintain much diversity: the proportion of fitness- parameter space
affording polymorphism is vanishingly small. Thus, selection appears to have low
potential to maintain variation. Even a dynamical approach, in which
polymorphism is constructed over time by the sequential addition of new alleles,
seems to indicate that the realized potential is likely to be low. In brief, selection
seems a poor explanation for the maintenance of standing variation. Surely, this
means that Kimura’s neutral theory is vindicated: standing variation must be
selectively neutral, the consequence of a balance between mutation and genetic
drift. Yet the evidence that standing variation is often not neutral is growing. How
can we bridge this empirical- theoretical disconnect?
One approach is to refine our models to examine the effect of selection at a broader
level than a single locus. Here, as a first step in that direction, we examine the
potential for selection acting at two linked loci to maintain genetic variation. We
discover that the answer is not evident from a simple extension of one-locus theory.
Potential is greater when the number of alleles at each locus is similar. The
dynamical approach, by contrast, suggests that variation at one locus but
monomorphism at the other is a more likely result. This latter outcome has
significant explanatory power when we examine variation in natural populations.

Demographic Inference for Wild New Zealand Chinook Salmon (Oncorhynchus
tshawytscha) Populations Using Genotype-Free Estimation Of Allele Frequency
Spectra.
Monica Vallender1,2, Ken Dodds2, Alana Alexander1, Rasmus Gabriellsson3, Jane
Symonds4, Shannon Clarke2 & Neil Gemmell1.
1
Department of Anatomy, University of Otago, Dunedin, 2AgResearch Ltd,
Invermay, Mosgiel, 3Fish and Game, Canterbury, 4Cawthron Institute, Nelson.
The New Zealand (NZ) population of Chinook salmon were introduced from
Sacramento, California in ~1905 to a single river on the East Coast of the South
Island where they naturally strayed and established runs north along the East Coast.
In ~1950, few runs of self-sustaining populations were recorded on the West Coast
and land-locked in lakes of Central Otago. The NZ Chinook salmon population has
some unique properties. Most significantly, previous research on the morphology of
New Zealand Chinook salmon has established that there is observable (phenotypic)
structure just 26 generations after introduction between East Coast populations,
however how this variation compares with the West Coast and land-locked
populations is largely unknown In addition, the broader genetic relationships of
these populations to each other are unknown, complicating quantitative genetic
analyses of the morphometric variation present across these populations.
To investigate the demographic history of NZ Chinook salmon since their
introduction ~115 years ago, and how populations are related to each other,
coalescent methods can be used on GBS SNP data generated for samples from 8
populations of Chinook salmon from East Coast, West Coast and land-locked
locations. Specifically, this utilises a low-depth GBS sequencing approach, which
when coupled with genotype-free estimation of the allele frequency spectrum (AFS,
e.g. through ANGSD), allows a ‘big-data’ approach, by estimating population
specific AFS even in the face of large levels of missing data. Coalescence simulation
software (e.g. fastsimcoal2) can then be used to estimate the historical effective
population size and time of divergence of each of the 8 populations from the single
introduction to NZ, based on the inferred allele frequency within and between our
sampled populations.

Can short haplotypes improve genomic prediction?
Jie Kang124, Ken Dodds2, Michael Black3, Stephen Byrne4, Dan Milbourne4, Marty
Faville5, Jeanne Jacobs6, Phillip Wilcox1
1

Department of Mathematics and Statistics, University of Otago, Dunedin, 2AgResearch, Invermay
Agricultural Centre, Mosgiel, 3Department of Biochemistry, University of Otago, Dunedin, 4Teagasc,
Crop Research Centre, Oak Park, Carlow, Ireland, 5AgResearch, Grasslands Research Centre,
Palmerston North, 6AgResearch, Lincoln Research Centre, Lincoln.

Haplotypes are defined as a type of genomic variant at the multiple-nucleotide
level. Previous efforts focused extensively on phased haplotypes or “longhaplotypes”, where remarkable progress has been made in genome-wide
association and prediction studies, particularly in human genetics research. Single
nucleotide polymorphisms (SNPs), in contrast, are still the marker of choice in plant
and animal breeding.
Reduced-representation sequencing methods, such as Genotyping-by-Sequencing,
offer a cost-effective way to obtain genomic information for many non-model
species of agricultural importance.
Such genomic information has been successfully utilised in genome-wide
association and prediction at the SNP level. Multiple SNPs located within each GBS
fragment also naturally form and ascertain short haplotypes (or “shortHaps”). We
hypothesise that shortHaps are more informative than their contributing
(independent) SNPs, and therefore a more powerful marker system for genomic
prediction.
To investigate the usefulness of shortHaps, we developed a software with the team
at AgResearch to simulate GBS data, and collaborated with a group from ILVO,
Belgium to develop a bioinformatics workflow to capture shortHaps. We also
extended the SNP-based approach to construct shortHap- based genomic
relationship matrices (GRMs). Using the simulated data, these shortHap-based
GRMs can then be used for genomic prediction and compared to the results
obtained using SNP-based approach.

