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ABSTRACT
The Support Center for Microsystems Education (SCME) is an NSFfunded organization that develops educational materials that enhance
students’ knowledge of microsystems. These materials, which consist
primarily of online downloadable materials and hands-on kits, have
historically focused on fabrication processes of Microelectronic and
Mechanical Systems (MEMS) and have primarily been of interest to
engineering (and related) students. In 2017, SCME expanded its reach,
with a “Scaling Microsystems Support” project and partnered with Lone
Star College to both expand and further diversify its offerings, including a
greater emphasis on BioMEMS, which are, essentially, MEMS devices
used in biological applications. One effort stemming from this
collaboration has involved an effort by the Lone Star College
Biotechnology Institute (LSCBI) to facilitate a student-led effort
developing an educational kit that helps students understand the complex
technologies underlying modern DNA sequencing. This effort has been
highly collaborative, with students from both introductory and advanced
biotechnology courses participating in various aspects of the kit
development and, in so doing, learning about these cutting-edge
technologies that are largely inaccessible to community college
laboratories. The kit, once completed, will feature activities that highlight
the four generations of DNA sequencing technology development and will
focus on one specific technology per generation: (1)1st generation: Sanger
sequencing, (2) 2nd generation: massively parallel sequencing by
synthesis (i.e., “next-gen” sequencing), with a focus on Illumina, 3) 3rd
generation: single molecule sequencing, with an emphasis on nanopore
and (4) 4th generation: in situ sequencing. This poster details the progress
made thus far in this endeavor.

BACKGROUND
DNA sequencing is the process of determining the nucleotide (i.e, T, G, A
and C) sequence in DNA molecules. Sequences contain the information a
cell needs to carry out vital cellular processes that underlie life. Efforts
towards sequence determination have been ongoing for more than half a
century. The technology has evolved from costly early time-, and laborintensive efforts to deduce coding sequences of individual genes to
modern technologies enabling whole genome sequencing in 1-2 days1.
One can think about the progression of the technologies that accomplish
this task as being grouped into four successive generations: first
generation2 (sequencing a single DNA sample), second generation3 (large
numbers of reactions occurring simultaneously), third generation4 (single
molecule sequencing) and fourth generation5 (in situ sequencing of RNA
molecules). Learning these technologies can be overwhelming for
students, in part because of technological complexity and in part because
of the dearth of student opportunities to access these technologies due to
their considerable expense. Here, we describe a multi-semester, courseembedded, project during which students have learned about these
technologies and applied their new knowledge toward the prototyping of a
classroom-based kit designed simulate four different DNA sequencing
technologies, one from each of the four technological generations.

Prototype Preliminary Design

Prototype Sketching
• Students in BIOL 1414 (“Introduction to Biotechnology”) are introduced
to Sanger sequencing (the primary 1st generation sequencing technology)
as a normal part of the curriculum. Students in the Spring 2019 section
were introduced to Illumina sequencing (2nd generation), Nanopore
sequencing (3rd generation) and fluorescent in situ sequencing (FISSEQ,
4th generation).
• They were divided into four groups and each group was randomly
assigned one of these sequencing platforms.
• Each team was to develop a consensus about what their specific kit
component, corresponding to the individual sequencing technology, would
eventually look like.

• Students in BITC 2441 (“Molecular Biology Techniques”) learn numerous genomics-related concepts, including
multiple sequencing technologies, as a normal part of the curriculum. Students in the Fall 2019 section of this
course further developed the prototype concepts from their “Introduction to Biotechnology” predecessors by
designing early prototypes of the physical components of the DNA sequencing kit.
• They were divided into four groups and each group was randomly assigned one of these sequencing platforms.
• Their task was to utilize the “Introduction to Biotechnology” students’ preliminary sketches and each team was to
develop a consensus about what their specific kit component, corresponding to the individual sequencing
technology, would eventually look like. Next, they developed budgets for a materials order and constructed their
early prototypes over a period of two weeks.
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Figure 3: Molecular Biology Techniques students’ early prototypes of kit components for Sanger sequencing (A), Illumina
sequencing (B), Fluorescence in situ sequencing (C) and 2 different potential designs for Nanopore sequencing (D)
Figure 1: Introduction to Biotechnology students discussing conceptual aspects of a
Nanopore DNA sequencing kit component.

Prototype Documentation Development
• Students in BIOL 1402 (Biotechnology Methods & Techniques) do not
typically study DNA sequencing as part of their curriculum. However,
because COVID-19 disrupted the Spring 2020 semester, students learned
the basics of the four generations of DNA sequencing technologies,
discussed the work that the previous students working on this project had
completed, and began to develop documentation for future kits, including
pre-and post-tests, operational instructions and background materials.

CONCLUSIONS
• Lone Star College Biotechnology students are making steady progress towards the development of a DNA
sequencing-themed classroom kit to complement the myriad MEMs-oriented kits already in inventory. This will
significantly enhance SCME’s BioMEMs kit offerings.
• Because the majority of this kit’s development has come about because of biotechnology course-embedded
activities, student engagement has been quite high, and much quality learning has occurred.
• While the COVID-19 pandemic has elicited much uncertainty about instructional options in the coming months,
we expect LSC students and faculty to complete the kit prototyping process by the end of the current grant cycle.
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Figure 2: Biotechnology Methods & Techniques student draft of
Illumina DNA sequencing kit component.
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