
Dr. Neil Lamb, Vice President for Educational Outreach

Session 1:  
understanding the basics

HudsonAlpha Institute for Biotechnology



• improve human health 

HudsonAlpha’s mission is to use biotechnology to:

• and inspire Alabama’s youth to seek 
careers in science

• stimulate economic development 

HudsonAlpha’s Research Goal
Build a first class institute dedicated to solving some of 
humanity’s most vexing problems

• not-for-profit research institute 
• discovery-driven research 
• funding by grants, awards, State, philanthropy 
• students, postdocs, technicians, computer scientists, engineers  
• close relationships with industry 
• encourage incubation of new biotech companies 
• large infrastructure for genomic technologies
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Tom May, PhD

To help found, nurture and grow Alabama biotechnology 
firms. 

To connect the state’s strength in basic and clinical research 
with the institute’s high throughput approach and 
entrepreneurial environment. 

HudsonAlpha’s Entrepreneurial Goals



HudsonAlpha’s Associate Companies

diagnosing rare 
& unexplained 

disease

Powered by HudsonAlpha, Children’s of 
Alabama and UAB Medicine 

Genomic Medicine being practiced on campus



To provide cutting-edge training and technology 
to teach genetic and biotechnology concepts to 
teachers, students and the public 

1. create genomically-literate citizens 
2. build the future bioscience workforce

HudsonAlpha’s Educational Goals

Biotech 101 & 201: public seminar series 
DNA Day GeneChat: social media event
Digital applications*

Genomics & Your Practice: healthcare provider continuing education
Genome Gateway®: patient communications and education

Community events and activities

APPLE: scientists on site with AP Biology classes
Biotech Academy: summer intensive experience
Summer Short Course: themed science camp 
LABS: after-school lab skills program 
Digital applications *

Annual Guidebook: recent biotechnology discoveries and applications 
GTAC®: summer educator professional learning academies 
GREAT: genetic content updates for Alabama educators
Bicentennial Barcoding: cataloging Alabama’s native plants
Alabama Science in Motion: classroom kits
Compendium: a Biology teacher’s fieldguide
Field trips to biotech campus

* Digital applications:

Alabama Math, Science and Technology Initiative: 
     genetics and biotechnology classroom module
Middle School GPS: genetics content updates for Alabama educators
Fieldtrips to biotech campus 

iCell®, GenomeCache®, The Progress of Science Timeline, 
Touching Triton®, Vimeo® web channel

EDUCATION
PROGRAMS

The HudsonAlpha Educational Outreach team 
inspires and prepares society to embrace and 
use genomic information. The team nurtures 
the workforce for tomorrow’s life science 
laboratories and companies. 

HudsonAlpha provides educational 
programs for students, teachers, health 
professionals and the community at large. 
This graphic highlights the various 
outreach opportunities. 

Visit www.hudsonalpha.org/education to find out 
more about the programs offered at HudsonAlpha.
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 Graduate Students

Code of Life, 
I Want to Work in a Lab Coat,  

UDSO Challenge: 
summer camp series
Digital applications*

BioTrain®: summer student internship
CODE: DNA variant modeling

Genetic Counseling mini rotation
PORTALS: biotech skills course  

Nursing student training
Digital applications*

 



• improve human health 

HudsonAlpha’s mission is to use biotechnology to:

• and inspire Alabama’s youth to seek 
careers in science

• stimulate economic development 

Using biological systems, organisms or processes to create 
products that improve our environment and quality of life 

What is Biotechnology?



Using biological systems, organisms or processes to create 
products that improve our environment and quality of life 

What is biotechnology?

Chromosomes 
humans have 46 - 
organized in pairs



Understanding Size

carbon atom size of a small grain of rice

red blood cell size of a one-story house

thickness of a hair length of a football stadium

height of a human
distance from New York

to Los Angeles!

Imagine that we scale up a DNA helix from 80-billionths of an 
inch wide to 1/4-inch wide, the same diameter as a pencil.

At that scale, we get the following relative sizes:

Chromosome

unwound DNA from the chromosome

A closer look



MEAT TAME     TEAM     META     AMTE

The order of the rungs has meaning 
the sequence provides the instruction

Gene: A set of DNA instructions 
for making proteins or regulatory molecules

protein - made of 
amino acids

~20,000 genes in human DNA
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the 46 human chromosomes, paired by size

part of the HBB gene’s 
DNA sequence

Image credits: www.genome.gov; https://pdb101.rcsb.org/motm/41; Darryl Leja, NHGRI
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genes that code 
for hemoglobin

chromosomes 
contain DNA 
tightly wound 

around 
proteins

the gene 
sequence tells 
the cell how to 
assemble the 

protein
gene: a specific 
segment of the 

DNA that encodes 
instructions for 
making proteinhemoglobin 

2 alpha (blue) & 2 beta (red) protein chains 

the whole picture

Different cells activate different genes 
cell-specific gene activity (expression)

skin muscle



the parts list

What does 
DNA tell us?

• in Humans, about 1-2% is actually the genes

• most of the remainder is regulatory
• the genomes of any two humans differ by less 

than 1%
• some of these differences are in a single base 

(“rung”); others are thousands of bases long

Genome findings
 genome - the collection of DNA found inside a cell



An analogy to cooking

What happens when a cooking recipe changes?



What happens when the DNA recipe changes?

Silent 
no difference

Polymorphism 
normal variation

Mutation 
harmful

DNA variation - changes in the recipe

• most commonly due to errors in DNA replication

• also caused by DNA damage that is not repaired

• if the change occurs in a body cell, it is not passed 
to children

• if the change is present in an egg or sperm cell, the 
variation can be passed along from generation to 
generation



DNA variation - changes in the recipe

• genetic variation can occur at many levels 
chromosomes 
parts of chromosomes 
blocks of DNA 
at the level of the individual gene 
outside of genes 

• variation can be used to understand 
identity & ancestry 
disease risk 
treatment options

Single Gene Disorders
• mutation in a single 

gene leads to disease

• often has characteristic 
family inheritance 
patterns

J Neurol Neurosurg Psychiatry 2002;73:ii5-ii11



Complex Traits

• causative risks can include 
genetic changes (both large and small scale) 
environmental factors (head injury, nutrition, exposure to toxins) 
societal factors (death of family member, abuse, hardships) 

• most common traits and diseases have a 
complex etiology

• in most cases - not triggered by a change in a 
single gene but rather by the interaction of several 
genetic, environmental and societal risks

How do we measure this variation?

High-Throughput Sequencing Machines



MacConaill, L., Journal of Clinical Oncology (2013) 31:1815-24

Impact of Hi-throughput Sequencing

the parts list

the instruction manual

What does DNA tell us?



combine the genetic risks with your lifestyle and environmental risks to 
determine overall susceptibility

Individualized Medicine

Pharmacogenomics

using genetic 
information to 
determine 
appropriate 
drugs and 
dosage



Nature/Nurture

our DNA is NOT the 
sole determinant of 
what we are 

there is a strong 
environmental 
component for most 
traits and diseases

Let’s Recap
• DNA is the “recipe of life” - a set of instructions
• DNA is stored in the nucleus of cells as tightly 

wound structures called chromosomes 
• a gene is a specific instruction that tells cells how to 

make proteins
• different types of cells call on different sets of genes
• the genomes of all humans differ only slightly
• these differences may have no impact, be part of 

normal variation, or lead to clinical symptoms 


