SERVICES & FACILITIES ANNUAL REPORT - FY April 2017 to March 2018

SERVICE FUNDING AGREEMENT ESTABLISHED as S&F | TERM
NERC Biomolecular Analysis PAYG & Block | F14/G6/48 1998 (NBAF-S) N/A
Facility, (NBAF-B: 2005 (NBAF-E &
NBAF R8/H10/61) NBAF-L)

2009 (NBAF-B)

TYPE OF SERVICE PROVIDED:

NBAF provides fully-supported access to a wide range of advanced molecular genetic, genomic, metabolomic and
bioinformatic technologies to the UK environmental science community in order to address ecological or evolutionary
questions. Service is provided at four nodes: Birmingham (NBAF-B: metabolomics), Edinburgh (NBAF-E:
sequencing and bioinformatics), Liverpool (NBAF-L: microarraying, sequencing and bioinformatics) and Sheffield
(NBAF-S: genotyping and population genetics). Access to the Facility is organised centrally through competitive peer-
reviewed proposals that are assessed by the independent members of the Steering Committee (application form at
http://www.nbaf.nerc.ac.uk) to ensure that (i) only the best science is supported, (ii) access to more than one node is
coordinated, and (iii) projects are followed through to dissemination of the results. Each node is embedded in a well-
equipped and vigorous research environment that, together with continuing developments in equipment and training,
makes ‘state-of-the-art’ services available to the NERC community. NBAF provides access to high-level capability,
and the associated training, that are rarely available elsewhere. NBAF-B supports metabolomic analyses using both
mass spectrometry and NMR methods. NBAF-S is equipped to train and supervise researchers (mostly PhD students)
in their own analyses at the bench. At NBAF-S most studies require metabarcoding (for biodiversity, dietary or
microbiome analyses) or genotyping (microsatellites, single nucleotide polymorphisms [SNPs], target amplicons or
telomeres) methods. Samples are prepared and analysed in large-scale studies using Illumina, PacBio or ABI
sequencers, SNP typing or qPCR platforms. NBAF-E supports whole-genome, transcriptome and reduced-
representation sequencing, including targeted resequencing, amplicon sequencing and genotyping-by-sequencing, at
any scale, using short-read (Illumina NovaSeq, HiSeqX and MiSeq) and long-read (PacBio Sequel) instruments.
NBAF-L offers sequencing, gene expression and bioinformatic services, particularly for environmental diversity
through amplicon sequencing on long-read platforms, targeted resequencing of exons and reduced genomic regions,
and gene expression analysis on microarray and short-read (Illumina and Agilent) platforms. All NBAF nodes provide
integrated experimental design, data generation and bioinformatic analysis; NBAF-L also offers statistical and
network-based interpretation of results. NBAF provides a wide diversity of training courses in genomics and
metabolomics, as well as project-specific wet lab and bioinformatics training. Access to NBAF-E and NBAF-L is
PAYG, but NBAF coordinates an annual, fully-funded Pilot Project scheme to introduce NERC researchers to next-
generation sequencing approaches to ecological and environmental science.

ANNUAL TARGETS AND PROGRESS TOWARDS THEM

Capacity is defined by the availability of staff time, and all four nodes make >85% of funded staff time available to
users, with any remainder allocated to R&D. NBAF-B projects have been delayed due to staff shortages. Otherwise
other projects have run largely as scheduled, except where users have failed to submit adequate samples on time.

OR A A R ea O O Date o a Revie 2011
Need Uniqueness Quality of Service | Quality of Science & Training Average
5 4.5 5 5 4.88

CAPACITY Staff (Grade, FTE): NBAF-S: DA Dawson (G7 100%), G Horsburgh (G7 100%), H Next Contract
of HOST Hipperson (G7 100%), C Pagnier (G5 80%), R Tucker (G6 20%); NBAF-B: D Varshavi | Review | Ends
ENTITY (G7 100%, arrived 7 July 2017); NBAF-E: U Trivedi (UOE7 50%), S Wardlow (UOES5 (March) | (31/3)
FUNDED by | 100%), M Arnot (UOE06 20%); NBAF-L: K Jackson (Res 9 20%), L Parsons (Cler 5 TBC 2021
S&F % 30%), R Gregory (Res 7 20%), J Kenny (Res 8 20%)
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| NBAFSC | Chair +5 | 1-2 | None (one SC for 4 nodes) |

APPLICATIONS: DISTRIBUTION OF GRADES (current FY N 2017/18)

10 9 8 7 6 5 4 3 2 1 0 R* Pilot
NERC Grant projects* 1 6 6 1 0 0 0 0 0 0 0 0 N/A
Other academic 0 0 1 0 1 0 0 0 0 0 0 0 21
Students 0 1 5 2 2 1 1 0 0 0 0 1 22
TOTAL 1 7 12 3 3 1 1 0 0 0 0 1 43
N OF us 3 final 4/2015, 2015/2016 & 2016/2017)
10 9 8 7 6 5 4 3 2 1 0 R* Pilot
NERC Grant projects* 1 6 8 3 0 0 0 0 0 0 0 0 N/A
Other academic 0 0.3 2 3 1.7 0 0 0 0 0 0 0.3 19.7
Students 0 0.7 4 5.3 3 0.7 0.3 0 0 0 0 1 10.7
TOTAL 1 7 14 11.3 4.7 0.7 0.3 0 0 0 0 1.3 30.3
10 9 8 (14) 7 6 (13) 5 (12) 4 3(11) 2 1(" 0 Pilot
NERC Grant projects* 4 15 20 2 1 0 0 0 0 0 0 0
Other Academic 0 0 4 7 0 0 0 0 0 0 0 10
Students 0 3 12 12 9 0 0 0 0 0 0 7

Project Funding Type (current FY £2017/18) (select one category for each project)

Grand Infrastructure PAYG
PhD Students | NERC NERC | PhD Students | NERC
*
Total Supplement to NERC Grant NERC | Other | Centre Other Grant* | NERC | Other | Centre Other
106 2 13 22.5 1 10 40 0 7.5 0 10
Project Funding Type (per annum average previous 3 financial yeafd 2014/2015, 2015/2016 & 2016/2017)
Grand Infrastructure PAYG
PhD Students | NERC NERC PhD Student | NERC
*
Total Supplement to NERC Grant NERC | Other | Centre Other Grant* | NERC | Other | Centre Other
126 7.5 11 19.5 2.7 7.5 53.8 2.8 7.8 0 13.5

User type (current FYD2017/18) (include each person named on application form)

Academic NERC Centre NERC Fellows PhD Students
203 7 7 48

User type (per annum average previous 3 financial yeaf$ 2014/2015, 2015/2016 & 2016/2017)
Academic NERC Centre NERC Fellows PhD Students
245 23 15 34

OUTPUT & PERFORMANCE MEASURES (current year)

Publications (by science area & type) (calendar year 2017)

Commercial
1

Commercial
2

SBA ES MS AS TFS EO Polar Grand Total Refereed Non-Ref/ Conf Proc PhD Theses
0 1 12 0 84 0 5 103 71 11 21
Distribution of Projects (by science areas) (FY2017/18)
Grand Total SBA ES MS AS TFS EO Polar
106 0 35 15.5 0 82.5 0 4.5

OUTPUT & PERFORMANCE MEASURES (per annum average previous 3 years)

Publications (by science area & type) (Calendar years 2014, 2015 & 2016)

SBA ES MS AS TFS EO Polar Grand Total Refereed Non-Ref/ Conf Proc PhD Theses
0 0.3 24 0 933 0 2.3 120 78.3 20.7 20.7
Distribution of Projects (by science areas) (F 2014/2015, 2015/2016 & 2016/2017)
Grand Total SBA ES MS AS TFS EO Polar
126 0.3 3.5 26.7 1 89.8 0 4.8

Distribution of Projects by NERC strategic priority (current FY 2017/18)
Grand Climate System Biodiversity Earth System Sustainable Use of Natural Environment, Pollution | Technologies
Total Science Natural Resources Hazards & Human Health
106 10.7 78.5 0.3 6.7 6.2 3.5 0




OVERVIEW & ACTIVITIES IN FINANCIAL YEAR ( 2017/18)

Despite having no staff for a quarter of a year, and only one staff member since then, NBAF-B has progressed many of
the metabolomics projects by utilising capability in Phenome Centre Birmingham (as a short-term solution). In addition to
training the new member of the team, progress has been made with experimental designs, training visitors in metabolite
extraction, preparation of samples, metabolomics data acquisition, processing, statistical analyses and metabolite
identification. Extensive training continues through the Birmingham Metabolomics Training Centre (BMTC), via
delivery of several introductory and advanced courses.

NBAF-E is delivered from within Edinburgh Genomics, one of the largest genomics facilities in the UK. Edinburgh
Genomics brings a decade of experience of next generation sequencing to support clinical, biomedical, agricultural,
evolutionary and ecological science. NBAF users have access to a wide range of the most advanced sequencing
technologies. The support offered extends from experimental design through to assistance with publication, and includes
long experience with “difficult” — especially low quantity — sample sets. Edinburgh Genomics runs five [llumina HiSeqX
instruments, designed to deliver medium to high coverage of whole genomes to NERC science at very favourable costs,
and Illumina MiSeq. Edinburgh Genomics recently added the newest Illumina instrumentation to its fleet, and offers
sequencing on the NovaSeq platform — a high-volume option for low coverage or reduced representation sequencing,
RNA-Seq and other counting-by-sequencing applications. The Facility also now offers PacBio Sequel long-read
sequencing for genomics, amplicons and full-length transcript sequencing. NBAF-E continues to offer standard Sanger
sequencing in bulk. Larger projects are delivered using dedicated robotics, which are particularly used for RNA-Seq,
double-digest RAD-Seq and multiplexed targeted selection sequencing. Edinburgh Genomics offers standard and bespoke
support in bioinformatics analyses of high volume data. Edinburgh Genomics has a dedicated genomics and
bioinformatics training strand accessible to NERC science, and ran over 25 short courses reaching over 420 scientists.

NBAF-L purchased a 10X Chromium system, which allows barcoded droplet library preparation. Applications relevant to
NERC science include the cost-efficient generation of de novo assembly of non-model genomes of >1Gbp. This is
already being used to support major grants in NERC highlight topics. Other applications include gene profile of
individual cells within populations to identify subsets of cells with different activity. NBAF-L also developed
applications on its PacBio Sequel long-read sequencer, which allows NBAF to retain its cutting edge in this area. These
included generation of high-quality and full-length transcriptomes; assays of viral diversity; and genome assembly and
annotation informatic pipelines. NBAF-L ran short courses in gene analysis and metagenomic analysis of communities,
which were well received and over-subscribed.

NBAF-S saw a large increase in projects requiring metabarcoding techniques, including dietary analysis in multiple
species from scat samples, biodiversity analyses of pollinating insects in agricultural landscapes and of fish in Lake
Tanganyika, microbiome analysis (of public water systems and bird nest communities), and parasite detection.
Genotyping applications included studying the genetic relationships between male African elephants, relatedness
estimates in pheasants, population genetic analyses of the Asiatic wild ass and various bird populations using genotyping
by sequencing, and telomere assays in badgers. These projects exploited our modern qPCR platform, a high-throughput
QuantStudio 12k Flex Real-Time PCR system. This system is used to support high-throughput telomere analyses, in
particular, and provides a efficient alternative to the node’s LGC KASP system for some configurations of SNP typing.
The system is also invaluable for precise sample quantification when preparing libraries for multiplexed high-throughput
sequencing. The host lab acquired a PacBio Sequel and this will be available to NBAF-S users for amplicon sequencing
(especially MHC typing). NBAF-S ran 6 courses this year on metabarcoding and on data analysis using the HPC grid at
Sheffield. NBAF-S’s population genomics course was again highly over-subscribed, with 154 applicants applying for the
35 available places, and was again very positively received by those who could be accommodated.

NBAF funded 11 Pilot Grants projects in October 2017, enabling new users (including PhD projects), to gain access to
NBAF-E and NBAF-L, which are otherwise only accessible via PAYG.




SCIENCE HIGHLIGHTS.

Regional adaptation defines sensitivity to future ocean acidificatioiCalosi et al 2017 Nature Communications 8,
13994; JIF: 12.1) Physiological responses to temperature are known to be a major determinant of species distributions
and can dictate the sensitivity of populations to global warming. In contrast, little is known about how other major global
change drivers, such as ocean acidification (OA), will shape species distributions in the future. Here, by integrating
population genetics with experimental data for growth and mineralization,

physiology and metabolomics, we demonstrate that the sensitivity of .f .
populations of the gastropod Littorina littorea to future OA is shaped by e : e
regional adaptation. Individuals from populations towards the edges of the T
natural latitudinal range in the Northeast Atlantic exhibit greater shell g o Lemmesion
dissolution and the inability to upregulate their metabolism when exposed to . o 'jce Co o 1
low pH, thus appearing most sensitive to low seawater pH. Our results suggest tegemdrk a,__;:_,,c,_m:,; i
that future levels of OA could mediate temperature-driven shifts in species - - e;wf"
distributions, thereby influencing future biogeography and the functioning of | . ..% : "l S
marine ecosystems. [Figure 1: PCA scores plot showing site differences in the
metabolic profiles of L. littorea that were exposed to high pCO2.] NBAF-B [ . . 47 o ] A
conducted the metabolomics data acquisition and statistical analysis. - s 500

A polychromatic 'greenbeard' locus determines patterns of cooperation in a social amoel@ruenheit et al 2017
Nature Communications 25, 14171; JIF: 12.1) Cheaters disrupt cooperation by reaping the benefits without paying their
= fair share of associated costs. Cheater impact can be diminished if cooperators
B display a tag (‘greenbeard’) and recognise and preferentially direct cooperation
. towards other tag carriers. Despite its popular appeal, the feasibility of such
greenbeards has been questioned because the complex patterns of partner-
specific cooperative behaviours seen in nature require greenbeards to come in
different colours. Gruenheit et. al. show that a locus (7gr) in a social amoeba
~ represents a polychromatic greenbeard. Patterns of natural 7gr sequence

e, ..\ - polymorphism predict partner-specific patterns of cooperation by underlying
- \) e variation in partner-specific protein—protein binding strength and recognition
> ;' . specificity. Tgr locus polymorphisms increase fitness because they help avoid

the potential costs of cooperating with incompatible partners. These results
suggest that a polychromatic greenbeard can provide a key mechanism for the
evolutionary maintenance of cooperation. [Figure: Dictyostelium discoideum
https://commons.wikimedia.org/w/index.php?curid=3740693] NBAF-E provided whole-genome resequencing and expert
advice.

Evolutionary genomics of the coldadapted diatom Fragilariopsis cylindrus(Mock et al 2017 Nature 541, 536-540;
JIF: 40.1) The Southern Ocean houses a diverse and productive community of
organisms. Unicellular eukaryotic diatoms are the main primary producers in
this environment, where photosynthesis is limited by low concentrations of
dissolved iron and large seasonal fluctuations in light, temperature and the
extent of sea ice. How diatoms have adapted to this extreme environment is
largely unknown. Here, Mock ef al. present insights into the genome evolution
of a cold-adapted diatom from the Southern Ocean, Fragilariopsis cylindrus,
based on a comparison with temperate diatoms. Approximately 25% of the
diploid F. cylindrus genome consisted of loci with highly divergent alleles.
These divergent alleles were differentially expressed across environmental
conditions, including darkness, low iron, freezing, elevated temperature and
increased CO,. Alleles with the largest ratio of non-synonymous to synonymous
nucleotide substitutions showed the most pronounced condition-dependent
expression, suggesting a correlation between diversifying selection and allelic differentiation. Divergent alleles may be
involved in adaptation to environmental fluctuations in the Southern Ocean. [Figure : F. cylindrus H. Lange & G.
Dieckmann (Alfred-Wegener Institute for Polar and Marine Research, Germany)] NBAF-E provided sequencing,
bioinformatic analysis and advice.

Sexspecific early survival drives adult sex ratio bias in snowy plovers and impacts mating system and populati(
growth (Eberhart-Phillips et al 2017 Proceedings of the National Academy of Sciences of the United States of America
114 E5474-E5481; JIF: 9.7) Adult sex ratio (ASR) is a central concept in population biology and a key factor in sexual
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selection, but why do most demographic models ignore sex biases? Vital rates often vary between the sexes and across
life history, but their relative contributions to ASR variation remain poorly understood—an essential step to evaluate sex-
ratio theories in the wild and inform conservation. Here, we combine structured two-sex population models with
individual-based mark-recapture data from an intensively monitored polygamous population of snowy plovers. We show
that a strongly male-biased ASR (0.63) is primarily driven by sex-specific survival of juveniles rather than adults or
dependent offspring. This finding provides empirical support for theories of unbiased sex allocation when sex differences
in survival arise after the period of parental investment. Importantly, a conventional model ignoring sex biases
significantly overestimated population viability. We suggest that sex-specific population models are essential to
understand the population dynamics of sexual organisms: reproduction and population growth are most sensitive to
perturbations in survival of the limiting sex. Overall, our study suggests that sex-biased early survival may contribute to
mating system evolution and population persistence, with implications for both sexual-selection theory and biodiversity
conservation. NBAF-S supported microsatellite and sex-typing and provided expert advice.

Annual time-series analysis of agueous eDNA reveals ecologically relevant dynamics of lakesgstem biodiversity
(Bista et al 2017 Nature Communications 8, 14087; JIF: 12.1) The use of environmental DNA (eDNA) in biodiversity
assessments offers a step-change in sensitivity, throughput and simultaneous
| measures of ecosystem diversity and function. There remains, however, a need
to examine eDNA persistence in the wild through simultaneous temporal
measures of eDNA and biota. Here, Bista et al. used metabarcoding of two
- markers of different lengths, derived from an annual time series of aqueous
lake eDNA to examine temporal shifts in ecosystem biodiversity and in an
ecologically important group of macroinvertebrates (Diptera: Chironomidae).
The analyses allow different levels of detection and validation of taxon
richness and community composition (!-diversity) through time, with shorter
eDNA fragments dominating the eDNA community. Comparisons between
eDNA, community DNA, taxonomy and UK species abundance data further
show significant relationships between diversity estimates derived across the
disparate methodologies. Our results reveal the temporal dynamics of eDNA and validate the utility of eDNA
metabarcoding for tracking seasonal diversity at the ecosystem scale. NBAF-L provided sequencing assays and expert
advice.

Mating system manipulation and the evolution of sebiased gene expression irosophila (Veltsos et al 2017
Nature Communications 8, 2072; JIF: 12.1) Sex differences in dioecious animals are pervasive and result from gene
expression differences. Elevated sexual selection has been predicted to
increase the number and expression of male-biased genes, and experimentally
imposing monogamy on Drosophila melanogaster has led to a relative
feminisation of the transcriptome. Here, we test this hypothesis further by
subjecting another polyandrous species, D. pseudoobscura, to 150 generations
of experimental monogamy or elevated polyandry. We find that sex-biased
genes do change in expression but, contrary to predictions, there is usually
masculinisation of the transcriptome under monogamy, although this depends
on tissue and sex. We also identify and describe gene expression changes
following courtship experience. Courtship often influences gene expression,
including patterns in sex-biased gene expression. Our results confirm that
mating system manipulation disproportionately influences sex-biased gene
expression but show that the direction of change is dynamic and unpredictable.
NBAF-L provided gene expression assays and bespoke statistical analysis.

FUTURE DEVELOPMENTS/STRATEGIC FORWARD LOOK

Assembling and annotating reference quality genomes: Most of the target organisms of interest to NERC science are not
members of the elite “model species” group for which high-quality genomes are available. Major global projects have
recently been proposed to generate reference-quality genomes for all life on earth. To generate reference genomes, high-
quality, high-contiguity data are needed. These data types include short-read mate pair, chromatin conformation capture
and single-molecule local library, long-read single molecule, and long, single-molecule optical mapping. For many
research programmes within NERC science, additional data from genetic linkage mapping can add final chromosomal
contiguity. Long-read transcriptome data are key to enhanced gene finding and annotation of these reference genomes.
NBAF nodes already offer RAD-seq and other genotyping-by-sequencing technologies for cost-effective linkage
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mapping of new species, Sequel long-read data for genome assembly and annotation, and Chromium 10X libraries for
local long-fragment assembly approaches. NBAF also have experience sequencing and analysing chromatin conformation
capture libraries. These data are now being used to understand the complex genomes of wild animals, plants and protists.

Both NBAF-E and NBAF-L continue to work with research colleagues assessing the Oxford Nanopore MinION system, a
long-read platform that has benefits of size and adaptability, particularly in the detection of non-canonical bases (such as
methylations). This technology is maturing rapidly, and has recently been released for commercial delivery. NBAF will
continue to offer emerging technologies in this area, and to work with NERC research consortia to deliver to the goal of a
global library of reference genomes.

Short-read sequencing: capacity and flexibility. Developments in the landscape of short-read sequencing, dominated by
[llumina technology, are driven by the market for cheap clinical genomics. This has a positive knock-on for NERC
science, as NBAF-E and NBAF-L are embedded within larger facilities that have the throughput and the ambition to
remain at the forefront of the ongoing revolution in clinical genomics. NBAF is therefore able to offer access to the latest
in Illumina sequencing platforms, including especially the NovaSeq. The Novaseq is a redesign of the core Illumina
platform, focussed on speed and volume, offering up to 2.5 billion read pairs and over 700 Gbase of data per 3-day run.
Importantly, unlike the previous high-volume Illumina platform the HiSeqX, there are no restrictions on use of the
NovaSeq for non-clinical genomic applications. The NovaSeq platform has been made available to NBAF collaborators
since late 2017.

Gene expression profiling and epigenetics: Knowledge of the underlying genome sequence, and of the pattern of
variation across populations, is only the beginning of understanding the environmental biology of a species. Detailed
assessment of gene expression and its plastic and epigenetic modulation in the face of environmental challenge can be
achieved by using sequencers (in particular the HiSeq4000 and NovaSeq platforms) as counting instruments. IsoSeq
analysis on the PacBio Sequel is improving the characterisation of full-length RNA transcripts, including splice variants.
The facilities will continue to develop new standard assays for single-cell transcriptome and for whole-genome DNA
methylation sequencing and related approaches. The 10X Chromium system at NBAF-L permits transcriptome profiling
of individual cells using droplet technology. NBAF nodes are collaborating to develop best-practice methods for analysis,
and exploring the parameters of replicate numbers and other experimental design parameters that will maximise access to
biological insight using these new technologies.

eDNA and metabarcoding: NBAF-S has a long history of using mitochondrial barcoding to detect and identity parasites
(such as malaria strains) and analyse diets (e.g. moth predation by bats, used to describe habitat use). The advent of NGS,
especially longer reads on the MiSeq, has made these kinds of studies ever more feasible. NBAF-S has greatly increased
the implementation of eDNA and metabarcoding techniques over the last year. NBAF-S has always fully supported many
ecologists with little knowledge of molecular techniques, and the demand from this community (rather than experience
geneticists) is increasing, as the potential for these methods in describing distribution, biodiversity, food chains and
ecological interactions continues to increase.

Population genomics: At NBAF-E, installation of the NovaSeq and its extension to non-human genome sequencing and
resequencing brings powerful population genomics even more within the reach of NERC science. The NovaSeq offers
radically reduced per-gigabase sequencing costs. We are continuing to develop new applications on this new instrument.
NBAF-S has now transferred most of its sequencing needs to Illumina platforms, especially the MiSeq as it provides
read-lengths of up to 600 bp, so matching the read-length on the ABI platforms used previously. All the NBAF-S
genotyping development work is currently conducted on the MiSeq platform, and the use of multiplexed tags within
single MiSeq sequencing libraries for microsatellite analyses is currently being trialled. While most NBAF genotyping
has moved to Illumina, KASP or gPCR platforms, the ABI platform is still the most appropriate and economical for a
subset of projects and will need to be retained.

Pilot grants scheme: The scheme will be funded again in 2018-19. It is the only means through which non-grantholders
are able to access NBAF-E and NBAF-L, and a key avenue to both educating our research community and trialling novel
and potentially disruptive technological advances. The cost is relatively small, so that it continues to represent excellent
value for money.




