Take-Home Midterm Exam (Advanced Nanotechnology (B))
Instructions to Students
You may use textbooks, papers, online resources, and AI tools. However, your answers must show your own understanding, synthesis, and judgment. Please send back your Midterm Exam by 5:00 PM May 15, 2026 to Almee Li @ RCAS office.
For all hand-drawn schematics:
· Draw them by hand on paper or tablet
· Label all important components clearly
· Add a short caption of 2–4 sentences explaining the figure in your own words
For all written answers:
· Use complete sentences
· When appropriate, compare concepts rather than only listing facts
· For any use of AI, include a short statement at the end describing how AI was used


Midterm Questions
Question 1. Hand-Drawn Schematic of DNA vs RNA (20%)
Draw a clearly labeled schematic comparing the molecular structures of DNA and RNA.
Then answer the following:
(a) Explain at least four structural differences between DNA and RNA.
(b) Explain how these structural differences influence their biological roles in cells.
(c) Discuss why DNA is better suited for long-term information storage, while RNA is better suited for more dynamic cellular functions.


Question 2. Comparing Sequencing Technologies (20%)
Compare:
· Sanger sequencing
· Next-generation sequencing (NGS)
· Third-generation sequencing
In your answer, discuss:
· typical read length
· throughput
· accuracy
· speed
· cost per base
Then explain in detail one representative platform for:
· NGS
· Third-generation sequencing


Question 3. Tracing Paternal and Maternal Lineage (20%)
You want to trace your ancestry along your father's side and mother's side using sequencing.
(a) Which genetic materials would be most informative for tracing paternal lineage and maternal lineage? Explain why.
(b) What types of inheritance patterns make these molecules useful for lineage analysis?
(c) Describe a sequencing-based strategy for investigating ancestry from both parental lines.




Question 4. Liquid Biopsy for Cancer Diagnosis (20%)
Sequencing is now used in liquid biopsy to detect cancer-associated nucleic acids in blood.
(a) Explain what a liquid biopsy is.
(b) What biomolecules can be analyzed in liquid biopsy for cancer detection?
(c) Why is sequencing useful in liquid biopsy?
(d) Compare liquid biopsy with traditional tissue biopsy in terms of advantages and limitations.


Question 5. Nanoparticle-Based Nucleic Acid Sensing for Viral Screening (20%)
Nucleic acids can be detected using nanomaterials with unique optical, electrical, magnetic, or catalytic properties.
Design your own nanoparticle-based system for detecting a viral nucleic acid target, using SARS-CoV-2 as an example.
Your proposal must include:
(a) Choice of nanoparticle platform

(b) Choice of nucleic acid target

(c) Sensing mechanism
Explain how target recognition occurs and how signal generation is achieved. 
(d) Hand-drawn schematic
Draw and label your sensing platform. The figure should include:
· nanoparticle
· recognition element
· target nucleic acid
· signal transduction mechanism
· expected readout
(e) Design rationale
Explain why you chose this nanoparticle and sensing strategy.


Question 6. Nanoparticle-Based Cancer Therapy Guided by Biomarkers and Targeted Drug Delivery (20%)
Design a nanoparticle-based drug delivery system for cancer treatment. Your system should use biomarkers to guide diagnosis, patient selection, targeting, treatment monitoring, or therapeutic decision-making, and the nanoparticle should function primarily as a drug carrier that delivers therapeutic agents to a specific tissue or tumor site.
Your answer must address all of the following:
(a) Cancer Type and Clinical Need
(b) Biomarker Selection
Explain:
· which biomarker(s) you would use
· whether they are used for diagnosis, targeting, prognosis, patient stratification, treatment response, or monitoring
· why these biomarkers are suitable for your proposed system
(c) Nanoparticle Carrier Design
Describe your nanoparticle drug carrier in detail
Explain why your chosen nanoparticle is appropriate for the selected drug and disease context.
(d) Target Tissue and Targeting Strategy
Specify the tissue, organ, or cellular target of your nanoparticle system. 
(e) Biological and Translational Barriers
Outline all major barriers your nanoparticle is likely to encounter from injection to therapeutic action. Your discussion should include, when relevant:
In the bloodstream
At the tissue level
At the cellular level
At the clinical level
(f) Strategies to Overcome Barriers
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