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Abstract

Many students are drawn to subjects with specific careers in mind,
often mirroring the visible occupations of the area, for example
choosing biology and chemistry with an aspiration to study medicine
at university. Undoubtedly this is having a negative impact on the
pool of scientists entering research-based careers in the future.

We devised a long-term research project that gave students the
opportunity to carry out cutting edge genetics research to raise the
visibility of science as a career path. Students were using Oxford
Nanopore Technology to sequence chloroplast genomes of daffodils
selected for the interesting heritage.

Along with some phenomenal results, there have been beneficial
impacts on students’ attitudes to science. Their teachers have
reported an improvement in their subject knowledge and approach
to practical work and the scientists involved have noted the positive
impact on the psychological energy and sense of value.

Introduction

The traditional post-16 scheme of study for students in the UK
revolves around choosing 3, and in some cases 4 subjects to study
until the age of 18. There are no compulsory subjects and therefore
choices made at this point will impact their potential careers. With
this in mind, many students are drawn to particular subjects with a
focused aspiration (Archer et al, 2020). Typically, students start
studying Biology with aspirations to following Physiology into a
career, with many teachers reporting most students develop a keen
interest in Biochemistry during their post-16 Biology education
(Hale, 2020), but alarmingly, students are found to have limited
enthusiasm for Plant Biology, Classification and Evolution on
starting their studies. This project was focused on improving
attitudes towards these topics and growing aspirations to continue
studying them at university.

This project harnessed the technological advances in nanopore
sequencing to enable students to sequence chloroplast genomes
found in daffodils (Hale, 2020).

The selective breeding of daffodils belonging to the genus Narcissus
from approximately 84 species (Royal Horticultural Society, 2017)
has resulted in over 30 000 different cultivars, many of which are
polyploids (Willis, 2012). The vast number of daffodil cultivars
presents a hurdle in developing an understanding of their
phylogeny, however by using chloroplast genomes and high
throughput sequencing it may be possible to solve this problem.

Methods

Building on the success of the Jersey Daffodil Project, 8 schools
across Scotland, spanning the socio-economic spectrum, self-
selected to take part in the Daffodil DNA Project. They were
partnered with scientists from the James Hutton Institute and the
University of Dundee. These scientists were a regular point of
contact and included first-generation scientists and those who had a
non-traditional route into research.

Croft 16 selected 9 different daffodil cultivars to investigate based
upon inconsistencies in breeding records (fig. 1) and distributed
these in pairs to each school (fig.2).

Schools grew these rare cultivars before completing the DNA
sequencing using the Oxford Nanopore Technology MinION. Data
were subsequently analysed, both in school using drag and drop
software, and by bioinformaticists at the University of Dundee (fig.

3).
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Fig. 1. L-R top row: N. radiiflorus var. poetarum, Princeps,
Loch Fyne, Minne Hume, Lady Magaret Boscawen; L-R
bottom row: Ornatus, Lucifer, Empress, Albatross.
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A leaf sample was collected and
the chloroplasts isolated using
centrifugation.

© A DNA library was prepared using ©
the ONT fragmentation protocol. DNA is unwound by the
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Fig. 2. Distribution map of the daffodils used in the 2022 project. Fig. 3. Overview of methods and phylogenetic analysis. The

QR code redirects to a Claymation created by students
giving an overview of the project.

Results

Students have produced some exceptional data in their classrooms
allowing true comparative analysis of the daffodils. An example
chloroplast genome map is shown in figure 4.

However, the main successes of the
project relate to the soft skills of
the students, teachers and

scientists who worked
collaboratively to add new
knowledge to an understudied 2 | S e
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crop. Through regular engagement
with the same audience, the
scientists spoke of an increased
sense of worth, which they took
back into their own research. The
most prominent outcome for
teachers related to currency of B! e Gcemnes EUme TS M R B o s
their own subject knowledge. They & o eemee oy o producedbyschools
also highlighted the impact on

introverted students becoming

confident scientists.

As part of the measurable impacts of this project, a genome note for
each completed cultivar chloroplast will list the scientists, students
and teaching staff as co-authors hopefully cementing their
identities as scientists. Further data can be found at
https://dag.compbio.dundee.ac.uk/daffodils/

Discussion

This project has shown that students, teachers and professional
scientists can successfully collaborate with cutting-edge technology.
It has also shown that the organization of the project is scalable.
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