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ONLINE  BIOTECH BASICS

Looking for a place to start? 
HudsonAlpha offers easy-to-understand 
explanations of foundational concepts at 
hudsonalpha.org/biotech-basics.
Twenty-four key technologies or 
concepts are described in detail. 
Language and concepts are 
intentionally geared to a high 
school or public audience. 

http://hudsonalpha.org/biotech-basics
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Current research focus areas are:

Genomic Research  

Educational Outreach

Biotech Enterprises 

science for life®

HudsonAlpha’s Educational Programs
HudsonAlpha's Educational Outreach team inspires and trains the next generation of life 
science researchers and workforce while building a more genomically-literate society. 
The dynamic educators at HudsonAlpha reach students, educators, medical practi-
tioners, and the community through hands-on classroom modules, in-depth school and 
workshop experiences along with digital learning opportunities. HudsonAlpha also 
provides educational opportunities for healthcare providers and learning tools for 
patients who are making medical decisions using their personal genomic information. 
Additionally, the team builds genomics awareness through community outreach 
classes and events. During the 2019-2020 academic year, 1,953,528 individuals were 
impacted through HudsonAlpha Educational Outreach. Over the past decade, 
HudsonAlpha has reached nearly 7.5 million people with these programs and resources. 

Classroom Kits and Digital Resources
HudsonAlpha has developed kits and activities to engage elementary and middle school 
students in hands-on experiences that match state curriculum requirements related to 
DNA and genetics. Multiple laboratory activities have also been crafted for students in 
grades 9-12. Activities highlight topics such as trait inheritance patterns, extracting DNA, 
exploring chromosome behavior in cells, diagnosing genetic disorders, and using bioin-
formatics databases. Many of these resources are commercially available to classrooms 
around the nation through a partnership with Carolina Biological (www.Carolina.com).  
HudsonAlpha has also launched a suite of free digital resources and activities available  
at hudsonalpha.org/educatorhub.

HudsonAlpha strengthens and diversifies Alabama’s economy by fostering success in life sciences 
companies of all stages and sizes. Its 152-acre biotech campus within Cummings Research Park 
supports more than 40 tenant companies, from startups to global leaders, with space for more. 
HudsonAlpha offers turnkey and build-to-suit laboratory and office space for lease in an energizing 
environment with superior shared amenities. Bioscience enterprises on campus benefit from  
access to HudsonAlpha researchers as well as strategic support through investor forums,  
workforce and business assistance, marketing resources and bioscience networking events.

Educator Professional Learning
HudsonAlpha has several opportunities for teacher professional learning, ranging from single-day 
workshops to ongoing classroom support. These increase an educator’s comfort in discussing 
genetic concepts and terminology along with the associated ethical, social and legal issues. 

Student Experiences
Field trips, classroom visits by industry leaders, 
summer camp sessions, in-depth internship 
opportunities and college-level laboratory courses 
engage students in biotechnology-related fields, 
increase exposure to career options, provide 
mentoring opportunities and equip students 
with a toolbox of content-specific skills.  

Neurological 
and Psychiatric DisordersUndiagnosed 

childhood genetic 
disorders

Pediatrics CancerBasic Research

Application of genomic 
technology to 
understand the 
immune system’s 
role in health 
and disease

Applying genomic 
knowledge to  
agriculture and 
bioenergy to create 
a more sustainable 
world

Leveraging the power 
of the human genome 
to diagnose, predict and 
prevent disease

Computational Biology 
and Bioinformatics

ImmunogenomicsAgriscienceGenomic Health

Deep computational analysis 
and interpretation of vast 
amounts of data, critical to 
the science of genomics

About HudsonAlpha
The HudsonAlpha Institute for Biotechnology is a nonprofit institute dedicated to developing and applying 
scientific advances to health, agriculture, learning and commercialization. Opened in 2008, HudsonAlpha’s 
vision is to leverage the synergy between discovery, education, medicine and economic development in 
genomic sciences to improve the human condition around the globe. The HudsonAlpha biotechnology 
campus consists of 152 acres nestled within Cummings Research Park, the nation’s second largest 
research park. The state-of-the-art facilities co-locate nonprofit scientific researchers with entrepreneurs 
and educators. HudsonAlpha has become a national and international leader in genetics and genomics 
research and biotech education. It includes more than 40 diverse biotech companies on campus. 

●	 Earlier and/or less invasive diagnostics
●	 Better, more customized treatments for disease
●	 Improved food, fiber and energy sources

Foundational research 
aimed at improving 
scientific theories 
and understanding

 

 

 

 

Global Footprint of 
Research Partnerships

HudsonAlpha partners with other research institutes and life 
sciences companies around the globe – and even in space –
to make genomic discoveries. 

Government support comes from: 

National Science Foundation
Department of Energy
 Joint Genome Institute
US Department of Agriculture
National Institutes of Health
 National Human Genome Research Institute
 National Institute of Arthritis, Musculoskeletal and Skin Diseases
 National Heart, Lung and Brain Institute
 National Institute of Mental Health
 National Institute of Environmental Health Sciences

Significant 
Research 
Publications
Our researchers have 
been published in more 
than 700 scientific 
publications since the 
beginning of HudsonAlpha 
in 2008 to help secure a 
global leadership position 
in genomic research. 

HudsonAlpha scientists are adding to the world’s body of knowledge about 
the basis of life, health, disease and biodiversity and seeking to enable:

Clinical Applications
HudsonAlpha is empowering patients to be informed genomic healthcare 
consumers and members of society. Our genetic counselors are involved in 
providing patient education and support for clinical and research activities 
across the Institute. The genetic counseling team also provides education 
and training programs for healthcare providers and trainees to support the 
integration of genomics into routine and specialized medicine.  

Multiple forms of 
cancer, including 
breast, ovarian, 
prostate, kidney, brain,
colon and pancreatic
 

SCIENCE FOR LIFE

including Alzheimer disease, 
Parkinson disease, ALS, 
Huntington disease, bipolar 
disorder, schizophrenia, 
autism and epilepsy

http://www.Carolina.com
http://hudsonalpha.org/educatorhub
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For Middle School Educators

SCIENCE FOR LIFE

Genetic Technologies for All Classrooms 
(GTAC) is an intensive professional learning 
experience offered at HudsonAlpha 
Institute for Biotechnology that 
prepares science educators to 
address high school-level 
genetics, genomics and biotech 
content. To learn more about 
the various GTAC offerings, 
visit www.hudsonalpha.org/gtac.

 

Professional Learning for 
Life Science Educators

 For High School Educators

 

 
 

 

Dr. Lamb’s blo

 

GTAC
Essential
 Biology

: Beyond the Blog

www.shareable-science.org

Dr. Neil Lamb presents Beyond the Blog, 
a companion to Shareable Science, to 
help make sense of the science related 
to the coronavirus COVID-19. 

This ongoing video series offers 
easy-to-understand explanations of 
the science behind the disease, how it 
spreads, and what scientists are doing 
to help diagnose and treat the disease. 
Also check page 18 to learn more  
about COVID. 

View now at 
www.hudsonalpha.org/beyond-the-blog

HudsonAlpha realizes that COVID-19 has 
shifted the landscape and changed the way teachers  
interact with their students. HudsonAlpha Beacon is a 
tool to help educators find life science content from a  
distance. These virtual opportunities provide teachers 
with a variety of genetics and biotechnology content, 
along with technology integration and best practices for 
virtual delivery. Experiences include unique webinars 
along with multi-day online sessions that combine  
synchronous and asynchronous learning.

www.hudsonalpha.org/beacon

GTAC
Advanced
Concepts

LifeScience Links is a summer professional  
learning experience that provides seventh-grade 
life science teachers updated content knowledge, 
engaging strategies and authentic lab experienc-
es. Educators leave the workshop equipped to link 
Course of Study Standards to real-world biotech 
applications and careers. Learn more at 
www.hudsonalpha.org/lifesciencelinks.

http://www.hudsonalpha.org/gtac
http://www.shareable-science.org
https://hudsonalpha.org/beyond-the-blog/
https://hudsonalpha.org/beacon/
http://www.hudsonalpha.org/lifesciencelinks
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Neil Lamb, PhD

EXECUTIVE SUMMARY

It’s a supreme understatement to say that 2020 has been 
eventful. In particular, the COVID-19 pandemic has taken  
a staggering economic, educational and emotional toll.  
Activities that traditionally brought people together became 
potential pathways for infection. Seemingly overnight, 
physical distancing and learning from home became the 
standard for millions of households. 

Around the globe, the pandemic quickly mobilized the  
scientific and technological workforce in new directions, 
diving deeper into the fields of biology, immunology and in-
fectious disease. Researchers, clinicians and data analysts 
set aside their usual responsibilities and dedicated them-
selves to learning as much as possible about COVID-19 
and the SARS-CoV-2 virus. Entrepreneurs, innovators and 
manufacturers applied those findings to developing tools 
for improved testing, treatment and prevention. 

The process of scientific discovery has been on full display. 
Students are discovering that “The Scientific Method” is 
nothing like those six easy steps listed in their textbook. 
The data is messy, contradictory at times, and certainly not 
resolved by a single experiment.

Neil E. Lamb, PhD

Vice President for  
Educational Outreach

HudsonAlpha Institute  
for Biotechnology

email: nlamb@hudsonalpha.org
twitter: @neillamb 

SCIENCE SNAPSHOTS
a quick summary of 10 genetics and biotech stories

The laboratories of HudsonAlpha faculty researchers 
Jane Grimwood, PhD, and Jeremy Schmutz contributed 
to this work.

Now more than ever, there is a critical need to communi-
cate the meaning of these scientific findings – using under-
standable language that doesn’t stray beyond the boundar-
ies of what the data can tell us. Around the world, science 
educators have stepped into this gap, going beyond the 
headlines to separate fact from fear. That same goal drove 
the creation of HudsonAlpha’s Shareable Science Beyond 
the Blog: a continuously updated library of short videos 
explaining recent COVID-19 results. These straightforward 
mini-lessons are at hudsonalpha.org/beyond-the-blog.  

In spite of the pandemic, scientific research continues to 
break new ground in agriculture, human health and other 
bioscience fields. This year’s guidebook brings together 
45 of those discoveries, ranging from the production of 
dairy-identical proteins through fermentation to a gene 
editing breakthrough that treats thalassemia and sickle 
cell anemia. An infographic on pandemics rounds out the 
content. Each story includes a link to the original research 
article or data source, to give learners first-hand access to 
the science. 

For additional background and context, look to our online 
Biotech Basics series at hudsonalpha.org/biotech-basics. 
Twenty-four foundational topics provide an introduction to 
key genomic and bioscience concepts and technologies.  
For educators, we’ve also included the Alabama Course  
of Study Alignment Guide, linking the foundational stories  
to high school life science and career and technical  
education coursework. 

 

The laboratory of HudsonAlpha faculty researcher 
Richard M. Myers, PhD, contributed to this research.

The laboratory of HudsonAlpha faculty researcher 
Shawn Levy, PhD, is testing technologies associated with 
long-read sequencing for the All of Us initiative.

6.  The All of Us research initiative seeks to build a diverse  
human database with more than 1 million Americans.  

More than 350,000 have enrolled since the program 
began in mid 2018 — completing surveys, sharing data 

from their electronic medical records and donating 
samples for genetic testing. Half of the participants 
are from racial or ethnic minority groups. The initial 
set of data are available for study through the All of 
Us Researcher Workbench, currently in beta testing. 

7.  The Encyclopedia of DNA Elements (ENCODE) Project is a 
worldwide effort to understand how the human genome functions. 
For nearly two decades, researchers have been developing a map of 
the millions of DNA switches that regulate when and where genes are 
turned on and off. Findings from the most recent phase of ENCODE 
were described in over a dozen papers coordinated for simultane-
ous publication. Six thousand additional datasets were generated 
from 500 cell and tissue samples. Nearly one million new regulatory 

regions were identified in the human genome, along with nearly 
340,000 similar regions in mice. 

8.  Historically, researchers have developed and 
utilized a single “reference genome” for an individ-
ual species, e.g., the Human Genome Project. While 

beneficial, these references are limited in their ability 
to capture the variety of DNA sequences present within 

a population. Scientists have begun developing a multi- 
genome human reference that is as universal and complete 

as possible, representing 350 human genomes and known as a 
“pan-genome.” They estimate that a full human pan-genome may  
include as many as forty million bases of DNA missing from the 
current reference.

9.  Approximately 10% of the human population is left handed.  
Prior studies have suggested there is a genetic component to hand-

edness, but the specific genes have remained elusive. Analyzing 
the genomes of approximately 400,000 individuals, including 

38,332 “lefties,” identified four DNA regions associated 
with left-handedness. The strongest association is 

located in a gene associated with brain development 
and patterning.

10.  An epigenetics study on aging throws doubt on 
the saying that one year of a dog’s life is equivalent 

to seven human years. Patterns of DNA methylation 
were compared between 104 Labradors and 320  

humans across a range of ages. Changes in DNA  
methylation occur predictably over time and are one way to 

measure aging. Dogs and humans showed changes in similar 
sets of developmental genes. Compared to humans, the process 
occurs more quickly in young dogs but slows as they get older. 

1.  First identified in 1903, chestnut blight resulted  
in the destruction of an estimated four billion mature  
American chestnut trees over the following half century. 
The genome of Cryphonectria parasitica, the fungus 
that causes chestnut blight, was recently sequenced. 
Researchers hope to identify key clues within the 
genome to uncover the mechanisms that allow this 
pathogen to destroy chestnut trees.

2.  Scientists have created a comprehensive catalog of all 
the known genomes of bacteria living inside our digestive  
system. The freely accessible Unified Human Gastrointestinal 
Genome Collection includes over 200,000 genomes from more than 
4,600 bacterial species. The research team developed a companion 
catalog of over 170 million proteins produced by these bacteria.  
The specific activity of more than 70% of the gut bacteria in this  
collection remains unknown.

3.  CAR T therapy genetically engineers a subset of a patient’s  
T cells (a specialized immune cell) to recognize a protein on 
the surface of cancer cells and coordinate their destruc-
tion. This form of immunotherapy has experimentally 
treated a number of different cancers, but has been 
less effective in treating glioblastoma, an aggressive 
form of brain cancer. A recent tweak to the process 
incorporates a protein found in scorpion venom.  
This allows the engineered T-cells to lock on to more 
glioblastoma cells without attacking the surrounding 
normal cells. Clinical trials are now underway.

4.  While there are over 2,000 known mutations in the CFTR 
gene that are associated with cystic fibrosis, the most common is 
F508del which deletes the genetic code for the amino acid phenylala-
nine at the 508th position in the protein. At least 90% of patients with 
cystic fibrosis carry one or more F508del mutations. The U.S. Food 
and Drug Administration recently approved Trikafta®, a combination 
of three drugs that target faulty CFTR proteins caused by mutations 
like F508del. Trikafta helps the damaged protein fold correctly. It also 
increases the flow of chloride molecules through the protein 
channel. The protein operates more effectively, improving 
lung function for patients. The drug is priced at $311,000 
per year, but is covered by some insurers. 

5.  Forensic genetic genealogy is a popular new tool 
to uncover clues in criminal cold cases as well as 
more recent crimes. The approach scans public  
databases to identify families with a potential 
connection to DNA samples recovered from crime 
scenes. The branches of those family trees are then 
searched in hopes of finding a suspect. The U.S.  
Department of Justice has developed an interim policy for 
genetic genealogy in response to privacy concerns raised among 
ethicists and legal experts. The approach is limited to violent crimes 
or unidentified human remains where no match is found in the  
existing FBI genetic database. The policy went into effect in  
November 2019 with final guidance to follow. 

chestnuts

This year’s Guidebook would not have been possible without the dedicated efforts of my colleagues at  
HudsonAlpha. This includes science writer Sarah Sharman as well as layout and design expert Cathleen 
Shaw. Special thanks go to April Reis, Jennifer Carden, Jennifer Hutchison, Madelene Loftin and Dasi Price, 
who served as advisors and reviewers throughout the Guidebook’s development. I’m humbled and grateful to 
work with such a talented group of individuals.

SCIENCE FOR LIFE

mailto:nlamb@hudsonalpha.org
https://hudsonalpha.org/beyond-the-blog/
https://hudsonalpha.org/beyond-the-blog/
https://hudsonalpha.org/beyond-the-blog/
http://hudsonalpha.org/beyond-the-blog
https://hudsonalpha.org/biotech-basics/
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Genetic signatures  
of the slave trade
An estimated 12.5 million people were forcibly removed from African 
countries and transported across the Atlantic Ocean to the Americas 
during the transatlantic slave trade. Their arrival changed the Amer-
icas not only culturally, psychologically, and sociologically over time, 
but also genetically. For many modern-day African Americans, their 
ancestral roots are defined by this transatlantic migration. 

The genetics company 23andMe® set out to help understand the  
genetic contributions of these mass movements of people by  
performing the largest DNA study of African ancestry in the Americas. 
Over the past decade, researchers studied genetic samples from over 
500,000 participants living along the West Coast of Africa and along 
the eastern coastlines of North, Central, and South Americas where 
slaves are known to have been traded. 

With the help of historians, researchers compared the genetic 
profiles with historical shipping documents from slave voyages. 
They concluded that the proportion of individuals forced from Africa 
to the Americas is mirrored in genetic similarities between individuals 
from those regions. For example, the results confirmed that most 
Americans of African descent have genetic origins in Angola and 
the Democratic Republic of Congo, which is consistent with 
historical records.

Variation from the expected genetic patterns can be explained by  
an increase in secondary slave trading within the Americas after the 
transatlantic slave trade ended, variable survival rate of slaves in  
different parts of the Americas and regional differences in the treat-
ment of slaves. This study shows how genetic signatures can be used 
to effectively help trace the movements of populations of people that 
occurred hundreds of years ago.  

REFERENCE:  Micheletti, S.J. et al. Genetic consequences of the Transatlantic 
slave trade. The American Journal of Human Genetics (2020) 107: 265-277 doi: 10.1016/j.
ajhg.2020.06.012. 

Stress really can cause gray hair
It turns out that the old wives’ tale that stress can turn your hair gray 
may be true. Scientists have found that when dark-
furred mice are exposed to experimental 
stress they turn white in mere days. After 
ruling out both the immune system and 
stress hormone involvement, the scientists 
discovered that the mice’s sympathetic 
nervous systems were to blame for the 
whitened hair. 

The sympathetic nervous system is respon-
sible for an animal’s fight-or-flight response 
in the face of stress or fear. The stress trig-
gered fight-or-flight response causes the release 
of a neurotransmitter called norepinephrine. Norepinephrine causes 
hair follicle stem cells to prematurely differentiate into melanocytes, 
the cells that give hair its color. Normally, a population of stem cells 
exists to replenish melanocytes as they die. However, in the stressed 
mice the stem cell pool was rapidly depleted, leaving the mice with no 
new melanocytes to continue producing hair color.  

By analyzing gene expression in stressed stem cells, the scientists 
discovered changes in several cell cycle regulatory genes. Activation 
of such genes triggers the stem cells to leave the G0 resting phase 
of the cell cycle, enter the cell cycle and terminally differentiate into 
melanocytes, thereby depleting the stem cell pool. 

The researchers tested the mechanism on human hair follicle stem 
cells and found similar results. This study suggests that stress, in 
addition to aging, could contribute to the graying of hair in humans. 

REFERENCE:  Zhang, B. et al. Hyperactivation of sympathetic nerves drives depletion 
of melanocyte stem cells. Nature (2020) 577:676-681 doi: 10.1038/s41586-020-
1935-3. 

DNA double helix can form 
four-stranded regions
When someone says “DNA” an image of a double helix shape probably 
comes to mind. DNA, or deoxyribonucleic acid, usually forms as the 
classic double helix shape composed of two strands of nucleic acids 
wound around each other. However, other structures of DNA, such as 
quadruple helix structures, have been created in test tubes in labs or 
found in cancer cells. 

DNA G-quadruplexes (G4s) form within traditional double strand-
ed DNA helices when guanine-rich stretches of DNA fold into 
four-stranded structures through the bonding of guanine bases with 
each other. G4s are difficult to detect in living cells because the tech-
niques required to visualize the DNA kill the cells. To solve this prob-
lem, an international research team invented a fluorescent marker 
to attach to G4s in living cells without disrupting the DNA. Using their 
new marker, the research team was able to visualize G4s in healthy, 
living human cells. 

This study proves G4s exist in cells as stable structures created  
by normal processes, although their function is still widely unknown.  
Because G4s form and disappear quickly, the research group  
thinks they might function to temporarily hold open DNA to  
facilitate transcription. 

REFERENCE:  Di Antonio, M. et al. Single-molecule visualization of DNA G-quadru-
plex formation in live cells. Nature Chemistry. (2020) doi: 10.1038/s41447-020-0506-4. 

Getting by on 20 winks of sleep
For most people, a good night’s beauty sleep involves an  
average of 8 hours of sleep per night. Waking up after a  
poor night’s sleep can leave you feeling foggy and unwell.  
In fact, sleeping for less than 6 hours a night several days in 
a row leads to a decline in cognitive abilities for some people. 
Chronic sleep deprivation contributes to several disorders 
including obesity, heart disease, high blood pressure, diabetes 
and depression. However, we all know someone who functions 
perfectly fine on less sleep, but how? It turns out that their 
genes may be the answer.

By studying families that require less than the average amount 
of sleep to feel fully rested, a group of researchers identified 
several genetic mutations they think dictate the amount of 
sleep a person requires. Two genes in which they identified 
mutations, ADRB1 and NPSR1, both encode proteins that are 
involved in sleep behavior. 

After identifying the potential candidate mutations, research-
ers bred rats and mice with the same mutations and studied 
their sleep habits. Rats with the ADRB1 mutation slept about 
55 minutes less per day and had altered activity in the dorsal 
pons area of the brain, known to regulate sleep. Mice with 
NPSR1 mutations also slept less without the obvious effects on 
health or memory associated with chronic sleep deprivation. 

In addition to feeling fully rested with almost half the amount 
of sleep required by the average person, the families with 
these genetic variants do not appear to suffer negative health 
consequences, although longer-term studies are necessary to 
confirm this. It might be possible to develop drugs to mimic  
the effects of these mutations, but the researchers caution  
that they might produce harmful side effects since these genes  
are also involved in stress and fear regulation. 

REFERENCES:  Shi, G. et al. A rare mutation of ß1-Adrenergic receptor 
affects sleep/wake behaviors. Neuron. (2019) 103:1044-1055 doi: 10.1016/j.
neuron.2019.07.026.

Xing, L. et al. Mutant neuropeptide S receptor reduces sleep duration with 
preserved memory consolidation. Science Translational Medicine. (2019) 
11:eeas2014 doi: 10.1126/scitranslmed.aax2014. 

Short, tall and genetic variation 
Peruvians are some of the shortest people in the world, with 
average heights of about five feet five inches for men and about 
five feet for women. A Harvard Medical School-led team of 
researchers believe they have found the genetic contributor 
to this short stature in Peruvians. In fact, they report they 
have identified the single largest genetic contributor to height 
known to date.

The research team conducted a genome-wide association study 
using height and genotyping data from over 3,000 individu-
als from nearly 2,000 households in Lima, Peru. They found 
five single nucleotide changes, also called single-nucleotide 
polymorphisms (SNPs), located on areas of the gene FBN1 that 
are associated with height. FBN1 encodes the protein fibrillin 1, 
which is involved in tissue development, homeostasis and repair. 

One of the variants of FBN1 was associated with an almost 
2.2-centimeter (0.87") decrease in height that doubled to an 
almost 4.4-centimeter (1.7") decrease if the individual had two 
copies of the variant. Height variants discovered prior to this 
study only influence height by less than 0.5 centimeters,  
making this the largest variant of height ever reported. 

Contrary to the effects of the newfound FBN1 variants, previ-
ously reported mutations in the FBN1 gene cause Marfan or 
Marfan-like syndromes, which are characterized by extremely 
tall stature. This highlights how genetic variants in the same 
gene can have vastly different effects. 

REFERENCE:  Asgari, S. et al. A positively selected FBN1 missense variant 
reduces height in Peruvian individuals. Nature (2020) 582: 234-239 doi: 10.1038/
s41586-020-2302-0. 

Native American  
contributions to  
Polynesian peoples
The Polynesian islands in the central and 
southern Pacific Ocean were originally settled by Asian migrants   
but were colonized by Europeans during the 16th century. Research-
ers have long been intrigued by the possibility that Native Americans 
and Polynesian islanders came in contact before European inter-
action. As proof of such a meeting, supporters of the idea point to 
architectural similarities between Polynesian and Native American 
ceremonial sites, and agricultural clues such as the presence on 
the islands of the American sweet potato which exists nowhere else 
outside of pre-Columbian Americas. To date, however, genetic data 
has never supported this idea. 

In a recent study published in Nature, researchers analyzed the  
genomes of more than 800 people from 15 Native American 
populations along the Pacific coast of Central and South America 
and 17 groups currently living on the Polynesian islands. Through a 
combination of genetic analysis and historical records, the data  
suggests Native Americans and Polynesians encountered one anoth-
er and produced children during a single time period around 1200 CE, 
nearly 500 years before Europeans arrived. This study highlights the 
usefulness of genomic analysis to allow researchers to track human 
migration and contact events that are invisible from an archaeological 
or historical standpoint.

REFERENCE:  Ioannidis, A.G. et al. Native American gene flow into Polynesia 
predating Easter Island settlement. Nature (2020) 583: 572-577 doi: 10.1038/s41586-
020-2487-2.

Finding free-floating mitochondria 
Mitochondria are called the powerhouse of the cell because 
they produce most of the chemical energy needed for cells to 
function properly. Through cellular respiration, these double-
membrane-bound organelles convert oxygen and molecules 
from food into usable energy called adenosine triphosphate (ATP). 
While most mitochondria exist within cells, a study published in 
The FASEB Journal suggests that intact, functional mitochondria 
can circulate in blood without a cell carrier. 

The researchers were studying cell-free mitochondrial DNA  
fragments as a potential cancer biomarker when they noticed that 
certain fragments were longer and more resistant to degradation 
than others. Upon further investigation, they identified two popula-
tions of cell-free mitochondrial DNA: small, degraded fragments, and 
long, full-length copies of the mitochondrial genome. Through the 
use of a wide range of techniques, the scientists concluded that the 
free-floating, full-length mitochondria were functional, respiratory  
organelles like their cell bound counterparts.

The function of the free-floating mitochondria is currently unknown. 
The researchers who made the discovery propose that the indepen-
dent mitochondria may be released by cells for signaling purposes, 
although more work is needed to validate this hypothesis. Whatever 
their function, it is an intriguing finding that mitochondria can func-
tion normally while drifting around in the blood of healthy people. 

REFERENCE:  Dache, Z. et al. Blood contains circulating cell-free respiratory compe-
tent mitochondria. The FASEB Journal (2020) 34:3616-3630 doi: 10.1096/fj.201901917RR. 

NEW FINDINGS
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NEW FINDINGS — AGRICULTURE

Smartphone DNA testing
A device that can fit in your pocket and perform DNA testing in the 
middle of nowhere in as little as 80 minutes seems like something 
out of a futuristic, science fiction movie. But thanks to an international 
team of researchers, this smartphone-based device is a reality. 

The device uses simple 3D-printed parts to turn a standard smart-
phone into a $10, on-the-spot DNA test that achieves 97 percent 
accuracy. Samples are loaded into the attachable detector, mixed 
with pre-filled chemicals and heated by the phone itself. The sam-
ple lights up or changes color if complementary DNA in the sample 
binds a probe within the device. This signal is detected through a lens 
attached to the camera on the phone, and the results are displayed 
on the phone. 

Through preliminary testing, the researchers determined the device 
can detect long and short fragment deletions, single-base substitu-
tions and insertions, as well as pathogen-specific DNA sequences 
from a variety of samples including blood, cheek swabs, urine, milk, 
river water and plant leaves. They identified genetic conditions like 
alpha- and beta-thalassemia in blood, E coli bacteria in river water 
and milk and a bacterium that attacks kiwi fruit plants from samples 
of the plants leaves. 

Although this is an early prototype, it shows promise for portable, 
affordable DNA testing devices that would be invaluable for doctors, 
farmers, food safety officials and environmental monitoring agencies. 

REFERENCE:  Xu, H. et al. An ultraportable and versatile point-of-care DNA testing 
platform. Science Advances (2020) 6:eeaz7445 doi: 10.1126/sciadv.aaz7445. 

Ginkgo immune system 
The oldest living Ginkgo biloba tree is thought  
to be over 1,500 years old, meaning it was 
cultivated in the early 6th century. Several 
ginkgo trees even survived the bombing of Hiroshima. 
As a species, ginkgo has been around for over 
270-million-years and has changed very little 
genetically. However, scientists are still at odds 
with how the trees have such extraordinary lifespans. 

A group of researchers set out to determine 
the molecular and metabolic mechanisms behind the longevity. 
By looking at tree cores from young and old Ginkgo biloba trees in 
China ranging from 15 to 1,353 years old, the team determined that 
tree growth did not decline from 10- to 600-year old trees. This 
indicates that the vascular cambium, the layer of stem cells between 
the bark and the inner wood of the trunk, can maintain continuous 
growth for several hundred years. 

The researchers also performed genetic analysis on the vascular 
cambium stem cells. They found that the genes responsible for the 
trees’ immune systems do not diminish over time like they do in  
other organisms as they age. This means the trees have antioxidants,  
immune cells and hormones that allow them to fight off pathogens 
and stressors throughout their centuries-long lives. 

REFERENCE:  Wang, L. et al. Multifeature analyses of vascular cambial cells reveal 
longevity mechanisms in old Ginkgo biloba trees. PNAS (2020) 117:2201-2210. doi: 
10.1073/pnas.1916548117.

Cosmo the bull
In the beef industry, male cattle are more desirable than 
females because they are about 15 percent more efficient at 
converting feed into weight gain. More weight gain means more 
beef yield per cow, allowing ranchers to keep fewer cattle on 
their farms. Producing more male cattle is not only econom-
ically desirable but also environmentally favorable because 
fewer cattle also means a lower production of greenhouse  
gas emissions. 

Like most sexually reproducing animals, cows have a 50 percent 
chance of giving birth male offspring. However, scientists at the 
University of California, Davis, seek to increase cows’ likelihoods 
of producing male offspring using genome-editing technology. 

Cosmo, a 110-pound bull calf born in April 2020 at UC Davis, 
was genome-edited as an embryo so that he will produce more 
male offspring. Scientists used CRISPR-based genome editing 
to make targeted cuts in a chromosome and insert the SRY 
gene, in a process called gene knock-in. SRY, typically found 
on the Y chromosome, encodes for sex determining region Y 
(SRY) protein that is responsible for the initiation of male sex 
characteristics, like the formation of testes. Cosmo’s offspring 
should be 75 percent males, with 50 percent XY males and 25 
percent XX animals that co-inherit the SRY gene and develop 
male traits. 

The SRY gene was integrated in a region of bovine chromosome 
17 known as a genomic safe harbor site, meaning the genetic 
insertion doesn’t interfere with nearby genes. Scientists will not 
know if inheriting the SRY gene is enough to trigger the male 
developmental pathway in XX embryos until Cosmo reaches 
sexual maturity in a year and can produce offspring. 

REFERENCE:  Owen, J.R. et al. Production of a gene knock-in bull calf by  
embryo-mediated genome editing. Poster presented at: American Society of  
Animal Science meeting (2020). 

Vineyard foe
A tiny aphid-like insect called phylloxera 
is capable of single-handedly decimat-
ing entire vineyards by feeding on, and 
ultimately killing, the grapevine roots 
and leaves. Phylloxera create tumor-like 
structures, called galls, in the grape vines 
which afford them a nutrient source as well 
as protection from other parasites. The galls 
disrupt the grapevine’s ability to move nutrients 
and feed itself. 

Phylloxera was accidentally introduced to Europe in the 1860s and 
nearly brought French grape cultivation to an end. Because North 
American grapevines are resistant to phylloxera, many growers graft 
American roots onto European grapevines to give them tolerance. 
This is time consuming and expensive. Understanding the manner 
by which phylloxera invade and destroy the grapevines would make it 
possible to engineer phylloxera-resistant grapevines. 

By sequencing the genome of phylloxera and comparing it with its 
common ancestor aphids, researchers identified a huge new gene 
family containing nearly 3,000 genes that have evolved in the phyllox-
era genome. These genes code for small secreted proteins, called 
effectors, which scientists think deactivate the basic defenses of the 
plants, enabling the insects to colonize and feed on the grape vines. 

Phylloxera originated in North America and researchers believe a 
co-evolutionary relationship developed with American grape vines, 
allowing the parasite and host plant to co-exist. However, cultivated 
European vines lack the ability to ward off the lethal cocktail of  
effector proteins. 

REFERENCE:   Rispe, C. et al. The genome sequence of the grape phylloxera  
provides insights into the evolution, adaptation, and invasion routes of an iconic pest.  
BMC Biology (2020) 18:90. doi: 10.1186/s12915-020-00820-5. 

Lab-based sugar substitute
Sugary confections are a central feature of many holiday celebrations, 
family gatherings, and restaurant menus around the world. And while 
jellybeans, candy corn, pastries and pies might invoke a sweet sense 
of comfort and joy, excessive sugar consumption can lead to obesity, 
type 2 diabetes and heart disease. In order to feed their sweet tooth 
but also stay health conscious, many people use sugar substitutes  
in place of sugar. 

Stevia is a popular natural sweetener obtained from plants grown 
in South America that is 250 times sweeter than sugar. Scientists 
analyzed stevia to determine at a molecular level how it achieves this 
level of sweetness. They found that two molecules, Reb M and Reb D, 
gave stevia its sweetness without the bitter aftertaste associated with 
the most common molecule, Reb A. However, Reb M and Reb D are 
present in less than one percent of the stevia leaf, so extracting them 
from the plant is not feasible. 

Two companies discovered a process to create the calorie-free sweet-
eners through fermentation. They developed a yeast strain that pro-
duces the same enzymes used by the stevia plant. In a fermentation 
tank, the yeast converts simple sugars, like sucrose or dextrose, into 
Reb M and Reb D. The sweetener is being tested in over 300 products 
with some expected to hit shelves this year. 

REFERENCE:  Winnipeg Free Press. Cargill starts making next-generation  
sweetener for 2020 debut. 16 November 2019. Web. 4 September 2020.  
https://www.winnipegfreepress.com/business/cargill-starts-making-next-genera-
tion-sweetener-for-2020-debut-565030932.html.

 

In some cases, production of products further involves forming  
casein micelle structures, or clusters of casein protein, which 
more accurately mimics the natural form casein protein takes 
when suspended in milk water. The food scientists use calcium 
and various salts to form the micelles, providing additional nutri-
tional value to the proteins. 

After harvesting the proteins, they can be combined with plant 
fats, water, vitamins, minerals and other components to produce 
dairy-free versions of products such as cheese, milk and ice 
cream. Perfect Day recently began selling ice cream made with its 
animal-free dairy proteins and the reviews so far indicate that it is 
a dairy-free product that tastes and feels identical to regular ice 
cream made from cow’s milk. 

Whether their motivation to eat animal-free dairy products is driv-
en by ethical, environmental or health reasons, consumers will 
soon have a variety of dairy-identical products from which  
to choose. 

REFERENCES:  Forbes. Got Milk? This $40M Startup Is Creating Cow-Free Dairy 
Products That Actually Taste Like The Real Thing. 9 January 2019. Web. 30 August 
2020. https://www.forbes.com/sites/alexandrawilson1/2019/01/09/got-milk-this-
40m-startup-is-creating-cow-free-dairy-products-that-actually-taste-like-the-re-
al-thing/#2e71ce9540dc.

Livekindly. Dairy-identical vegan cheese is coming to save the cows. 29 January 
2020. Web. 30 August 2020. https://www.livekindly.co/dairy-identical-vegan-cheese-
is-coming-to-save-cows.

Food Navigator-USA. ‘Real’ cheese… without cows? New Culture makes  
mozzarella with milk proteins via microbial fermentation. 24 June 2019. Web. 30  
August 2020. https://www.foodnavigator-usa.com/Article/2019/06/24/Real-cheese-
without-cows-New-Culture-makes-mozzarella-with-milk-proteins-via- 
microbial-fermentation.

Cosmo and his
mother behind him

Dairy-identical cheese 
For those following an exclusively plant-based diet, trying to 
create a crispy yet gooey grilled cheese sandwich using vegan 
cheese has historically been a challenge. Dairy-free, plant-
based cheeses had a reputation for having a weird, plasticky 
texture and lacking a true cheese flavor.  As veganism and the 
animal-free food movement continue to gain momentum, there 
is a growing desire for tastier and more realistic dairy-identical 
products made without cows.

Several food-tech companies, such as Perfect Day®, New  
Culture® and Motif Foodworks®, have recently set out to produce 
dairy-identical products in labs using genetically engineered  
microflora, like yeast, fungi or bacteria. Using cow DNA as a  
model, scientists synthesize DNA sequences containing instruc-
tions for the production of dairy proteins such as casein and whey. 
The DNA is inserted into the microflora which is then used to 
produce the dairy proteins through a process called fermentation. 

During fermentation, carbohydrates like sugars are converted 
into energy without the use of oxygen. To begin fermentation, 
the engineered microflora are fed plant sugars, such as glucose 
and galactose, and other nutrients to support abundant growth. 
The microflora not only convert the sugars into energy and other 
fermentation byproducts but also produce the dairy proteins. 
The proteins are harvested by either collecting them from within 
the cells or removing them from the fermentation culture liquid, 
depending on the type of microflora that produced them. 

https://www.winnipegfreepress.com/business/cargill-starts-making-next-generation-sweetener-for-2020-debut-565030932.html
https://www.winnipegfreepress.com/business/cargill-starts-making-next-generation-sweetener-for-2020-debut-565030932.html
https://www.forbes.com/sites/alexandrawilson1/2019/01/09/got-milk-this-40m-startup-is-creating-cow-free-dairy-products-that-actually-taste-like-the-real-thing/#2e71ce9540dc
https://www.forbes.com/sites/alexandrawilson1/2019/01/09/got-milk-this-40m-startup-is-creating-cow-free-dairy-products-that-actually-taste-like-the-real-thing/#2e71ce9540dc
https://www.forbes.com/sites/alexandrawilson1/2019/01/09/got-milk-this-40m-startup-is-creating-cow-free-dairy-products-that-actually-taste-like-the-real-thing/#2e71ce9540dc
https://www.livekindly.co/dairy-identical-vegan-cheese-is-coming-to-save-cows
https://www.livekindly.co/dairy-identical-vegan-cheese-is-coming-to-save-cows
https://www.foodnavigator-usa.com/Article/2019/06/24
https://www.foodnavigator-usa.com/Article/2019/06/24
https://www.foodnavigator-usa.com/Article/2019/06/24
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NEW FINDINGS — EPIGENETICS NEW FINDINGS — CANCER 

Increasing mutation rates
generates treatment resistant  
cancer cells
Imagine the devastation that 
patients feels when they are  
told the cancer treatment that 
was working wonders for them 
for a year is now ineffective  
because their cancer is no lon-
ger responding to the treatment. 
This phenomenon, known as 
drug resistance, is a major setback in many patient’s cancer treat-
ment plans. 

The current understanding is that within the tumor’s population 
of millions or billions of cancer cells, one or more already contain 
drug resistance mutations prior to treatment. However, a group of 
scientists challenged this understanding by turning to an unlikely 
source: bacteria. An increased DNA mutation rate has been observed 
in bacteria exposed to stress, like antibiotic treatment. This improves 
their odds of developing a mutation that will cause resistance to the 
antibiotic and increase their chance of survival. 

In a recent Science study, the scientists provide evidence that cancer 
cells may use a similar mechanism that generates resistance to 
drug treatment. As in the bacteria, colon cancer cells that survived 
drug treatment had a stress-induced increase in DNA mutation rate. 
Specifically, they had shifted gene expression from efficient repair 
systems towards error-prone repair pathways. The higher mutation 
rates increased the chance of acquiring drug resistance.

In future studies, the scientists hope to determine the mechanism the 
cells use to increase their mutation rate and find a drug target to stop 
or delay drug resistance. 

REFERENCE:  Russo M, et al. Adaptive mutability of colorectal cancers in response 
to targeted therapies. Science (2019) 366:1473-1480 doi: 10,1126/science.aav4474.

Genetic patterns of  
mimicry: the same… 
only different
In South America, there are many Heliconius 
butterflies that have identical wing coloration  
and markings, despite belonging to different  
species. The bright black, red and white wing color patterns serve as 
a warning that the butterflies are poisonous, affording them a survival 
advantage in the face of hungry predators. Over time, some species 
have evolved and more closely resemble the poisonous species in a 
process called mimicry. These lookalike butterflies provide evolution-
ary biologists with a unique opportunity to study the evolutionary and 
genetic basis of mimicry. 

A recent study published in Current Biology aimed to answer the  
question: Do distantly related species of butterflies use the same 
genetic path to evolve identical wing-color patterns? An internation-
al group of scientists used CRISPR/Cas9 genome editing to knock 
out an important wing patterning gene, WntA, from the butterflies’ 
genomes. WntA is known to be important for the generation of  
Heliconius butterfly stripes. The scientists thought that if WntA played 
the same role in each of the butterfly species, inactivating it would 
lead to identical knockout butterflies. 

However, the knockout butterflies were not identical, having notice-
able differences in their wing patterning and coloration. Although 
evolution of color patterns in the butterflies was driven by similar 
forces, such as survival and mating success, the study suggests that 
there are several different genetic pathways that can lead to identical 
color patterns in butterflies. 

REFERENCE:  Concha, C. et al. Interplay between Developmental Flexibility and  
Determinism in the Evolution of Mimetic Heliconius Wing Patterns. Current Biology 
(2019) 29:3996-4009 doi:10.1016/j.cub.2019.10.010.

Exercise, motivation and genes
If you’ve ever lacked motivation to hit the gym, it turns out your genes 
could be to blame. A recent study suggests that voluntary exercise 
behavior is influenced by epigenetic changes in early development.  
These changes, such as DNA methylation, are chemical modifications 
to DNA that affect gene activity without altering the DNA sequence. 

In the study, scientists deleted, or knocked out, a DNA methylation 
gene in a subset of neurons in the hypothalamus of mice thought to 
be responsible for regulating the amount of food that animals eat. 
Genome sequencing of hypothalamic neurons showed altered meth-
ylation patterns in several genes, some of which could be involved in 
exercise motivation.

Although they weighed more, juvenile knockout mice ate the same 
amount of food as the normal mice. But, when the mice were offered 
an exercise wheel, the knockout mice exercised far less than their 
counterparts. While it still requires translation to humans, the study 
suggests a possible epigenetic-driven developmental connection 
between motivation and exercise. 

REFERENCE:  MacKay H. et al. DNA methylation in AgRP neurons regulates vol-
untary exercise behavior in mice. Nature Communications (2019) 10:5364 doi: 10.1038/
s41467-019-13339-3. 

Skewing X inactivation may  
activate autoimmune disorders
Many autoimmune diseases disproportionately affect 
women more than men. One such disease, systemic lupus 
erythematosus (SLE), affects women nearly ten times more 
frequently than men. However, the molecular basis for the 
sex disparity is poorly understood. A recent study published 
in Human Molecular Genetics suggests that X chromosome 
inactivation could be to blame. 

Because females carry two X chromosomes compared to 
men who carry one, mammals evolved X chromosome inac-
tivation to randomly silence, or turn off, genes on one of the 
X chromosomes in females. This allows XX females and XY 
males to have equal expression of X-linked genes, or genes 
located on the X chromosome. X chromosome inactivation 
is largely mediated by a molecule called XIST which recruits 
multiple proteins to the inactivated X chromosome to initiate 
and maintain gene silencing. 

By using RNA sequencing technology, scientists compared 
expression patterns of X-linked alleles in immune cells from 
female SLE patients and healthy subjects. They found that 
SLE patients had skewed X chromosome inactivation in  
T and B cells, meaning that the inactivation of one  
X chromosome occurs more frequently than the other.  
Offering a potential mechanism for the skewed X chromo-
some inactivation, the scientists also observed that XIST was  
upregulated in the immune cells of patients with SLE. 

Because the process of X chromosome inactivation is 
limited to female cells, these findings may explain the 
female predisposition to autoimmune diseases like SLE. 
The skewed silencing of certain X-linked genes in SLE 
patients could increase the generation of immune cells that 
attack the patient’s own tissue, or reduce a patient’s ability to 
eliminate such cells. 

REFERENCE:  Zhang, Y. et al. Skewed allelic expression on X chromosome 
associated with aberrant expression of XIST on systemic lupus  
erythematosus lymphocytes. Human Molecular Genetics (published  
online ahead of print, 2020 Jul 6) doi: 10.1093/hmg/ddaa131.

The laboratory of HudsonAlpha faculty researcher 
Devin Absher, PhD, contributed to this research.

Researchers  
assemble database 
of cancer genomes
Cancer is a genetic disease that is 
characterized by the uncontrollable 
growth of abnormal cells that often 
travel to and invade other parts of the 

body. It is commonly caused by the accumulation of many different 
types of DNA mutations. Cancer is an extremely diverse disease, 
meaning that one person’s cancer genome can look entirely different 
from another person’s cancer genome. As we move closer to an era 
of precision medicine and personalized cancer treatment, it is critical 
to understand the thousands of different types and combinations of 
mutations that can cause cancer.

To date, cancer research has mainly focused on well-known can-
cer-associated genes, specifically mutations in the protein-coding 
components of those genes. However, this only represents a mere 
1% of the entire genome. Therefore, a majority of the genome has 
been largely unstudied and unsequenced as it relates to mutations 
associated with cancer. 

However, the ICGC/TCGA Pan-Cancer Analysis of Whole Genomes 
(PCAWG) Project team recently completed the largest whole-genome 

tumor sequencing project to date. The team performed whole- 
genome sequencing and analysis on more than 2,500 samples from 
38 different primary cancers and matching normal tissue samples, 
including brain, skin, esophagus and liver. 

An interesting finding was that about 95% of the tumors had at least 
one identifiable DNA mutation in their genome that appeared to drive 
the cancer. These mutations, known as driver mutations, are  
responsible for cancer development and progression. About 13% of 
the driver mutations occurred in those non-coding portions of DNA 
that are not regularly analyzed. Many cancer drugs are designed 
to target specific proteins affected by driver mutations. Unearthing 
driver mutations in non-coding regions of a patient’s tumor genome 
could open the door to new avenues of treatment that would other-
wise be missed. 

These studies represent a big step toward uncovering and under-
standing all of the major cancer-causing mutations. In an effort to 
continue the momentum of this collaborative endeavor, the Project 
team has made all of its data and analytic tools freely available to the 
research community. 

REFERENCE:  The ICGC/TCGA Pan-Cancer Analysis of Whole Genomes Consortium. 
Pan-cancer analysis of whole genomes. Nature. 578:82-93 (2020) doi: 10.1038/s41586-
020-1969-6. 

Genomic analysis of childhood  
cancer patients identifies  
potential targets for treatment
The availability of targeted therapeutics for pediatric cancers 
pales in comparison to those available for adults. However, a 
recent study suggests that some FDA-approved drugs could be 
repurposed to treat pediatric cancer. 

Solid tumors account for about 50% of pediatric cancers. They 
are generally assumed to be heavily influenced by germline 
DNA variants, mutations inherited from the parent’s germ cells 
and present in all of the child’s cells, in addition to somatic mu-
tations that only occur in the cancer cells. However, germline 
genomic analysis is not regularly used when determining the 
course of therapy for such patients. Scientists at the Cleveland 
Clinic have shown that such an analysis could be valuable when 
selecting a treatment strategy for these young cancer patients. 

During the study, scientists analyzed germline DNA from over 
1,500 patients under the age of 29. They found that many of 
them carried germline mutations in known cancer-causing 
genes. Some of the mutations are known to be treatable with 
drugs already approved by the FDA for adult patients. In fact, 
thirty-four percent of the patients had at least one mutation 
that was potentially druggable. 

This study highlights the importance of sequence analysis of 
both germline and cancer genomes in pediatric and adolescent 
patients. By detecting more druggable targets, more approved 
drugs could be available, giving these young patients a wider 
range of therapeutic options in their battle against cancer. 

REFERENCE:  Akhavanfard S, et al. Comprehensive germline genomic 
profiles of children, adolescents and young adults with solid tumors. Nature 
Communications (2020) 11:2206 doi: 10.1038/s41467-020-16067-1.
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Gene editing:  
promises and pitfalls

CRISPR is a gene editing technology that creates targeted 
and specific changes to DNA. It is widely used in a labo-
ratory setting to cheaply and efficiently study the function 
of specific genes. However, CRISPR-based gene therapy 
to treat genetic disease in humans is gaining popularity. 

Recent studies suggest that while gene therapy shows 
promise, direct gene editing of human embryos should be 

approached with caution. 

CRISPR Promising Results 
Treating Rare Inherited Diseases 
Beta thalassemia and sickle cell disease are inherited blood 
disorders caused by mutations that affect the production or 
structure of hemoglobin, the protein that carries oxygen in red 
blood cells. Promising preliminary results presented at a scien-
tific meeting this year report that due to CRISPR-based therapy 
three people with these disorders no longer require the blood 
transfusions they previously relied on to treat their symptoms. 
For the gene therapy, bone marrow stem cells were removed 
from the affected individuals and the gene that turns off fetal 
hemoglobin production was disabled with CRISPR. The edited 
cells were transfused back to the patient and the now active fetal 
hemoglobin, which is normally turned off after birth, can carry 
oxygen throughout the body. 

In Vivo Gene Editing 
In another promising advance for gene editing, scientists used 
CRISPR to try to edit a gene while the DNA was still inside the 
person’s body. Scientists engineered a harmless virus to deliver 
the instructions to manufacture the CRISPR gene-editing 
machinery within the body. The virus was injected into the eye 
of patients with blindness due to a rare genetic disorder. Once 
inside the eye, the CRISPR machinery repaired the genetic defect 
that caused the blindness in hopes that the person’s vision is 
ultimately restored. 

CRISPR Cautionary Tales 
Not all of the buzz surrounding the advancement of CRISPR 
gene editing to treat human disease is positive. Three recent 
studies that were published on the preprint server bioRxiv reveal 
how gene editing can go awry. Each of the studies set out to edit 

one gene in human embryos but showed large-scale, unintended 
DNA deletions and rearrangements, some as large as a whole 
chromosome. While it is well known that gene editing can cause 
"off target" mutations, these studies suggest a much larger land-
scape of CRISPR-influenced errors. 

Because of the unknown nature of CRISPR-based gene editing, 
many countries limit its use to human somatic cells, banning 
editing in germline, or reproductive, cells. The CRISPR-baby 
scandal rocked the scientific community and sparked controversy 
across the globe when a Chinese scientist, He Jiankui, secretly 
created the world’s first genetically edited babies. He was recently 
sentenced to prison for illegally practicing medicine, supporting 
the notion that the practice of human gene editing should be 
approached in a methodical and cautious manner, backed by 
supportive research in accepted experimental models. 

REFERENCES:  CRISPR Therapeutics. CRISPR Therapeutics and Vertex 
Announce New Clinical Data for Investigational Gene-Editing Therapy CTX001™ in 
Severe Hemoglobinopathies at the 25th Annual European Hematology Association 
(EHA) Congress. 12 June 2020. Web. 31 August 2020. https://crisprtx.gcs-web.
com/news-releases/news-release-details/crispr-therapeutics-and-vertex-an-
nounce-new-clinical-data. 

NPR. In A 1st, Scientists Use Revolutionary Gene-Editing Tool To Edit Inside  
A Patient. 4 March 2020. Web. 31 August 2020. https://www.npr.org/sections/
health-shots/2020/03/04/811461486/in-a-1st-scientists-use-revolutionary- 
gene-editing-tool-to-edit-inside-a-patient. 

Alanis-Lobato, G. et al. Frequent loss-of-heterozygosity in CRISPR-Cas9- 
edited early human embryos. Preprint posted to Biorxiv 5 June 2020. doi: 
10.1101/2020.06.05.135913.

Zuccaro, M.V. et al. Reading frame restoration at the EYS locus, and allele-specific 
chromosome removal after Cas9 cleavage in human embryos. Preprint posted to 
Biorxiv 18 June 2020. doi: 10.1101/2020.06.17.149237.

Liang, D. et al. Frequent gene conversion in human embryos induced 
by double strand breaks. Preprint posted to Biorxiv 20 June 2020. doi: 
10.1101/2020.06.19.162214.

AP News. China convicts 3 researchers involved in gene-edited babies.  
30 December 2019. Web. 31 August 2020. https://apnews.com/7bf5ad-
48696d24628e49254df504e3ee. 

Early testing, markers and risk  
factors for Alzheimer disease 
Diagnosis of Alzheimer disease is currently made with clinical  
assessments of memory and cognitive impairment along with diag-
nostic tests, such as MRI and PET scans, which are expensive and  
unavailable for some patients. The limitations of current diagnos-
tic tests combined with the growing rate of Alzheimer disease and 
dementia worldwide highlight a need for more accurate, affordable 
diagnostic tests. 

Blood test for Alzheimer disease diagnosis
An international team of researchers have developed a blood-based 
test for the diagnosis of Alzheimer disease that is more accurate than 
MRI brain scans, and as accurate as PET scans and spinal taps. The 
test measures a form of tau protein in blood, which is a protein re-
sponsible for the devastating tangles that promote damage within the 
brain. The test can not only differentiate between Alzheimer demen-
tia and other forms of dementia, but can also predict how quickly a 
person’s cognitive ability will decline by measuring the amount of the 
protein in their blood. The test needs to undergo further clinical trials 
but could be available within the next two to three years.

Disruption of blood-brain barrier early marker 
In a recent study published in Nature, researchers suggest that the 
APOE4 gene, long known to increase a person’s risk for Alzheimer 
disease, causes damage to the blood-brain barrier (BBB) which nor-
mally helps to keep toxins out of the brain. The research team found 
that people who were cognitively healthy and carried at least one copy 
of APOE4 had a leaky BBB in two brain regions important for memory 
and cognition. Surprisingly, these effects preceded any signs of tissue 
loss, suggesting that BBB disruption is an early event in the onset  
of neurodegeneration. 

Genetic risk factor for multiple neurodegenerative diseases

A group of researchers recently uncovered gene variants that double 
a person’s risk of multiple neurodegenerative diseases including 
Alzheimer’s disease, amyotrophic lateral sclerosis and frontotem-
poral dementia. The gene, TET2, codes for a protein involved in DNA 
demethylation, or removing chemical groups from DNA that changes 
how it is read. Other studies suggest that DNA becomes more meth-
ylated as we age meaning the TET2 genetic variants with impaired de-
methylation processes discovered in this study might mimic the aging 
process, putting people at higher risk of neurodegenerative disorders.

While these tests and biomarkers still require further testing, they 
provide promise for affordable, early detection of Alzheimer disease 
and other neurodegenerative diseases. 
 

The laboratories of HudsonAlpha faculty researchers Richard M.  
Myers, PhD, and Greg Cooper, PhD, contributed to the TET2 research. 

REFERENCES:  Palmqvist, S. et al. Discriminative accuracy of plasma  
phospho-tau217 for Alzheimer Disease versus other neurodegenerative disorders. 
JAMA (2020) 324:772-781. doi: 10.1001/jama.2020.12134. 

Montagne, A. et al. APOE4 leads to blood-brain barrier dysfunction predicting cognitive 
decline. Nature. (2020) 581:71-76. doi: 10.1038/s41586-020-2247-3.

Cochran, N. et al. Non-coding and loss-of-function coding variants in TET2 are  
associated with multiple neurodegenerative diseases. The American Journal of Human 
Genetics (2020) 106:632-645. doi: 10.1016/j.ajhg.2020.03.010.

Building a genetic map of  
psychiatric disorders
The burden of psychiatric disorders continues to grow world-
wide with more than a fourth of the population being affected 
with one or more disorder in any given year. Psychiatric disor-
ders refer to a wide range of mental health conditions that 
affect a person’s mood, thinking and behavior. Results 
from research in twins and large-scale genomics 
studies suggest that genetic variation has a major 
influence on psychiatric disorders. 

The Cross-Disorder Group of the Psychiatric Genomics 
Consortium is an international group of researchers 
who seek to map out the genetic landscape of psychiatric 
disorders in an effort to improve and customize the diagnosis, 
prognosis and therapy of the disorders. In a recent publication 
in Cell, the team reported results from the largest study on the 
genetics of psychiatric disorders to date. 

Researchers performed genetic analysis on over 230,000 
patients with anorexia nervosa, autism, ADHD, schizophrenia, 
bipolar disorder, depression, obsessive-compulsive disorder 
or Tourette Syndrome and nearly 500,000 control individuals 
without the disorders. The researchers discovered 109 genetic 
variants that were associated with at least two of the eight  
disorders and 26 that were associated with four or more.  
Using this knowledge, clinicians could estimate a person’s  
genetic risk to develop other disorders based upon the  
disorder with which they are clinically diagnosed. 

Another important discovery from the study shows that the 
genes in which the variants are found are usually active during 
the second trimester of pregnancy. Because this is a crucial 
stage in the development of the nervous system, the gene  
variants may play a role in brain development and confer a 
broad risk of psychiatric disease.

The Consortium plans to continue mapping the genetic 
landscape of genetic disorders through the analysis of other 
genetic variations and also epigenetic changes that could give 
insights to interactions between genes and the environment.  

REFERENCE:  Cross-Disorder Group of the Psychiatric Genomics  
Consortium. Genomic relationships, novel loci, and pleiotropic mechanisms 
across eight psychiatric disorders. Cell (2019) 179:1469-1482 doi:10.1016/j.
cell.2019.11.020.

Predicting arthritis flare-ups  
with a blood test
The ability to self-administer a blood test and have an early warning 
of symptom flare-ups would be life-changing for people with chronic 
diseases. The medical community is one step closer to offering this type 
of test to patients with rheumatoid arthritis, an autoimmune disease 
characterized by off and on joint stiffness, swelling and pain. 

Four rheumatoid arthritis patients provided blood samples and disease 
symptom diaries to scientists every week for several years. The scien-
tists sequenced messenger RNA from samples from the weeks prior to, 
during and after a flare up to detect changes from baseline. Two weeks 
prior to symptom relapse, they detected a change in the RNA profile 
that was consistent with an increased abundance of immune cells. 

However, the big breakthrough came when they looked at the week 
immediately preceding the flare up. The scientists found an RNA 
signature (a combination of RNA molecules) that matched a type  
of inflammatory fibroblast previously identified as an aggressor in  
the joints of patients. They named these cells pre-inflammatory  
mesenchymal cells, or PRIME cells. 

Although the patient set was small, the results of the study are 
extremely promising. A home test of this kind would greatly improve 
quality of life for individuals with rheumatoid arthritis by alerting them 
of a pending flare up, giving them time to consult with their doctor to 
take necessary steps to avert or minimize the flare up. 

REFERENCE: Orange, D.E. et al. RNA identification of PRIME cells predicting 
rheumatoid arthritis flares. The New England Journal of Medicine. (2020) 383:218-228 
doi: 10.1056/NEJMoa2004114. 

https://crisprtx.gcs-web.com/news-releases/news-release-details/crispr-therapeutics-and-vertex-announce-new-clinical-data
https://crisprtx.gcs-web.com/news-releases/news-release-details/crispr-therapeutics-and-vertex-announce-new-clinical-data
https://crisprtx.gcs-web.com/news-releases/news-release-details/crispr-therapeutics-and-vertex-announce-new-clinical-data
https://www.npr.org/sections/health-shots/2020/03/04/811461486/in-a-1st-scientists-use-revolutionary-
https://www.npr.org/sections/health-shots/2020/03/04/811461486/in-a-1st-scientists-use-revolutionary-
https://apnews.com/7bf5ad48696d24628e49254df504e3ee
https://apnews.com/7bf5ad48696d24628e49254df504e3ee
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NEW FINDINGS — BACTERIA AND VIRUSES

Managing microbes on masterpieces
Preserving artwork is a full-time job and requires museums and 
collectors to employ methods such as reducing moisture, adjusting 
the type of lighting and preventing mold. Even with such careful 

measures in place, the fate of timeless pieces of art from the 
likes of Michelangelo, Picasso and Renoir could be in the hands 

of a microscopic foe: bacteria. A recent study suggests that 
identifying and managing the communities of microbes on 

art could provide a more effective preservation method.  

Researchers swabbed the surface of centuries-old, Renais-
sance-style art housed in a private art collection in Florence, Italy. 
They performed 16S ribosomal RNA (16S rRNA) gene sequencing 
to identify, classify and quantify different microbes within the sam-
ples. 16S rRNA codes for part of the bacterial ribosome and can be 
used to identify types of bacteria in a mixed sample. 

A potential microbial culprit for the degradation of paintings was 
found in some of the samples. These “oxidase positive” microbes 
eat organic material in or on the art and produce water and hydro-
gen peroxide which also contribute to mold and decay. Reducing 
the abundance of these bacteria could improve preservation and 
restoration methods. 

In addition to art preservation, identifying the microbial diversity  
on artwork can also help uncover counterfeit art by determining if 
the bacterial compositions are the same between art from a  
similar region. 

REFERENCE: Torralba, M.G. et al. Characterizing microbial signatures on sculp-
tures and paintings of similar provenance. Microbial Ecology. (2020) doi: 10.1007/
s00248-02-01504-x. 

Deciphering the  
chemistry of body odor
We’ve all probably walked into a crowded gym or 
sporting facility and caught a whiff of the generally unpleasant, 
characteristic smell of body odor. To avoid being the culprit, many 
of us rely on deodorant to keep our body odor at bay. And now  
scientists believe they are one step closer to making a more  
effective deodorant. 

When bacteria that reside on the skin break down acids from 
sweat, they produce body odor molecules such as thioalcohols 
and volatile fatty acids. Researchers from the University of York,  
in collaboration with Unilever®, previously reported that only a 
small subset of the bacteria living on our skin actually contributes 
to body odor. Although the researchers identified the odor produc-
ing bacterial species (a group of Staphylococcus), the manner in 
which they produce body odor molecules was still unknown.

In a continuation of their previous work, the researchers recently 
reported the discovery of a unique enzyme within these bacteria 
that produce thioalcohol. The enzyme, called PatB, cuts thioal-
cohol away from a larger precursor molecule, Cys-3M3SH. The 
researchers inserted PatB into a species of bacteria not involved 
in body odor production, and the bacteria were able to produce 
odor molecules.   

Now that the research group has identified key molecular path-
ways in the production of odor molecules, they hope to develop 
targeted inhibitors to stop body odor production without disrupting 
the armpit microbiome. 

REFERENCE: Rudden, M. et al. The molecular basis of thioalcohol production 
in human body odor. Scientific Reports. (2020) 10:12500 doi: 10.1038/s41598-020-
68860-z. 

The link between gut bacteria  
and vaccine effectiveness 
Did you know the inner space of your gastrointestinal (GI) tract is 
actually outside of the body? Food, pathogens and other potentially 
damaging material pass through the GI tract on a daily basis. The 
intestinal barrier system keeps harmful things out of the body and 
allows good nutrients and substances to enter through cells in the 
intestinal lining. The intestinal barrier system includes the physical 
barrier of a mucus layer and intestinal epithelial cells, along with a 
heavy immune system presence. In fact, about 70-80 percent of the 
human immune system resides in the GI tract.
 
The GI tract is also home to trillions of microbes, called the gut mi-
crobiome. The immune system co-exists with the “friendly” microbes 
to maintain health and protect against colonization by unwanted 
microbes. Resident microbes in the gut produce many products and 

compounds that affect the immune system and other physiologi-
cal processes in the body. Dysregulation of the number or type of 
microbes in the gut has been shown to be involved in autoimmunity, 
cancer and other diseases.
 
A recent study published in Cell also implicates the gut microbiome in 
immunity developed after receiving a vaccine. For the study, research-
ers recruited people who had not received a flu shot or been infected 
by the flu in the previous three years. All were given a flu shot, but half 
were given antibiotics beforehand. Not surprisingly, gut bacterial di-
versity and number were decreased in people treated with antibiotics, 
because some of the bacteria in the gut were killed by the antibiotic. 
Along with this alteration in gut microbes, the people treated with an-
tibiotics produced fewer flu-specific antibodies, the proteins that help 
prevent future infection with the flu, than those who did not receive an 
antibiotic treatment.
 
The study suggests that the microbial community in the gut influ-
ences vaccine immunity, although the exact mechanism is unknown. 
In the future, the scientists involved in the study want to understand 
more about the mechanism by which the microbes control immune 
responses to vaccination in the hopes of increasing the effectiveness 
of vaccines.

REFERENCE:  Hagan, T. et al. Antibiotics-driven gut microbiome perturbation 
alters immunity to vaccines in humans. Cell (2019) 178:1313-1328 doi: 10.1016/j.
cell.2019.08.010. 

The measles 
vaccine  
protects 
against more 
than measles
Measles is one of the most 
contagious diseases known 
to mankind, killing an av-
erage of 2.6 million people 
each year before the devel-
opment of a vaccine. Wide-
spread vaccination in the early 2000’s led to a sharp decline in 
the number of deaths attributable to measles. However, lack 
of access to vaccinations and the refusal to vaccinate has led 
to an increased rate of cases, with almost three times as many 
cases reported worldwide in 2019 compared to the previous 
year. This decline in vaccination rate is especially concerning to 
many in the medical field because there is strong evidence that 
by preventing measles, the vaccine also preserves the body’s 
immunity to other infectious diseases. 

It has long been observed that survivors of the measles often 
have a diminished immunity that leaves them vulnerable to 
infection by other pathogens, although the reason behind this 
phenomenon is poorly understood. Two research groups set out 
to determine why measles survivors lose immunity to patho-
gens they had previously acquired through illness or through 
vaccination. 

Scientists at Harvard University examined blood samples from 
77 unvaccinated children before and after natural measles 
infections. The scientists were looking at the children’s antibody 
repertoire, or the presence of antibodies against more than 400 
viral and bacterial pathogens. They found that after measles in-
fection, antibody diversity drastically decreased. In some cases, 
infected children lost between 11 percent and 73 percent of the 
antibodies they had prior to infection. 

A second, independent study  
published in Science Immunology 
also supports the importance of 
the measles vaccine to a child’s 
overall immunity. Using mea-
sles-like virus in ferrets, the  
researchers showed that  
resistance to the flu was lost  
in ferrets as a result of the  
measles-like infection. 

Both studies point to the impor-
tance of the measles vaccine not 
only to avoid a potentially deadly in-
fection with measles virus, but also 
to prevent the loss of immunity to 
other pathogens that a child has 
built up throughout their lifetime. 

REFERENCES:  Mina, M.J. et al. Measles virus infection diminishes preexisting 
antibodies that offer protection from other pathogens. Science. (2019) 366:599-
606 doi: 10.1126/science.aay6485.

Petrova, V.N. et al. Incomplete genetic reconstitution of B cell pools contributes 
to prolonged immunosuppression after measles. (2019) Science Immunology. 
4:eaay6125 doi: 10.1126/sciimmunol.aay6125.

Exploring the viruses  
naturally living in  
human intestines
The human gut microbiome, made up of 
trillions of microorganisms such as bacteria, 
viruses and fungi, is known to affect how the hu-
man body functions, both in health and disease. While 
our knowledge of the gut bacterial microbiome has grown exponentially  
over the past decade, there is very little known about the gut viral  
microbiome, or virome. A recent study published in Cell Host & Microbe 
set out to characterize the gut virome over time in several individuals in 
hopes of constructing a baseline virome for future studies.

Scientists sequenced viral nucleic acids from fecal samples collected 
from 10 adults every month for a year. From these samples, the scien-
tists determined that individual gut viromes did not change much over 
time. In addition, the team found that each individual had a diverse  
population of viruses in their gut that was different for each person.  
This study suggests that unlike the bacterial microbiome which is  
similar between individuals, there is no such thing as a core gut virome. 

More studies like this one need to be performed in order to establish  
a baseline of what a healthy human gut virome looks like for individuals 
living in different areas, with different ethnicities and different lifestyles. 
The hope is that one day the gut virome can help to diagnose and  
treat diseases.  

REFERENCE:  Shkoporov, A.N. et al. The human gut virome is highly diverse, stable, and 
individual specific. Cell Host & Microbe. (2019) 26:527-541 doi: 10.1016/j.chom.2019.09.009. 

Approval for Ebola vaccine
Vaccines are a critical asset in the fight for the prevention and control 
of infectious disease outbreaks. They introduce part of the infectious 
agent, such as a virus, into the body to train the immune system to 
recognize it and prepare its defenses to protect against disease if 
exposed. The fight against Ebola virus disease saw a major win last 
year with both the European Commission and the U.S. Food and Drug 
Administration (FDA) approving an Ebola virus vaccine called Ervebo. 

Ebola virus disease is a deadly and highly contagious disease caused 
by infection from a group of viruses within the genus Ebolavirus. 
Transmission occurs through direct contact with blood, bodily fluids 
and tissues of infected wild animals or people. Viral outbreaks occur 
from time to time mostly in southern African countries where scien-
tists believe the virus is always present at low levels in wild animals. 

The Ervebo vaccine contains a live but weakened piece of the Zaire 
ebolavirus, the strain currently ravaging the Democratic Republic of 
the Congo. Starting in 2018, the World Health Organization (WHO) 
began using Ervebo, then an investigational vaccine, to help mitigate 
the outbreak. The vaccine is highly effective, with the WHO reporting 
that the vaccine protects 97.5 percent of people who receive it. The 
approval of Ervebo by multiple regulatory organizations represents a 
critical milestone in public health preparedness and response. 

REFERENCES: European Commission. Vaccine against Ebola: Commission grants 
first-ever market authorisation. 11 November 2019. Web. 31 August 2020. https://ec.eu-
ropa.eu/commission/presscorner/detail/en/IP_19_6246.

U.S. Food and Drug Administration. First FDA-approved vaccine for the prevention of 
Ebola virus disease, marking a critical milestone in public health preparedness and 
response. 19 December 2019. Web. 31 August 2020. https://www.fda.gov/news-events/
press-announcements/first-fda-approved-vaccine-prevention-ebola-virus-dis-
ease-marking-critical-milestone-public-health.

 

https://ec.europa.eu/commission/presscorner/detail/en/IP_19_6246
https://ec.europa.eu/commission/presscorner/detail/en/IP_19_6246
https://www.fda.gov/news-events/press-announcements/first-fda-approved-vaccine-prevention-ebola-virus-disease-marking-critical-milestone-public-health
https://www.fda.gov/news-events/press-announcements/first-fda-approved-vaccine-prevention-ebola-virus-disease-marking-critical-milestone-public-health
https://www.fda.gov/news-events/press-announcements/first-fda-approved-vaccine-prevention-ebola-virus-disease-marking-critical-milestone-public-health
https://www.fda.gov/news-events/press-announcements/first-fda-approved-vaccine-prevention-ebola-viru
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What are infectious diseases?
Infectious diseases are illnesses caused by microorganisms like 

While most microorganisms are harmless, or even beneficial, a small 
percent can cause serious disease. These are sometimes described as 
“pathogens” and are often informally called germs.

How do infectious diseases spread?
Infections are transmitted in different ways, depending on the type of infection

l direct contact with bodily fluids that contain infectious particles 
l touching a contaminated surface and then touching eyes, nose or mouth 
l direct or indirect contact with animals or insects
l contaminated food or water

            Why are pandemics becoming more likely?
  The number of infectious disease outbreaks around the world has 
risen over the last 40 years. The risk that an outbreak expands into an 
epidemic or pandemic has also increased due to:

l  Increasing human population and urbanization 
l  Unclean water and poor sanitation
l  Global trade and travel 
l  Increased contact between humans and animals 
l  Changing climate 
l  Weak healthcare infrastructure in outbreak-prone areas 
l  Increasing drug resistance for disease-causing bacteria 

What are zoonotic diseases?
Zoonotic diseases are illnesses that spread between 
animals (both wild and domesticated) and people.  
As many as 60% of known human infectious diseas-
es are zoonotic. Often the animals don’t experience 
symptoms but are reservoirs  — live “holding tanks” 
for the microbe. Spillover events occur when the 
pathogen jumps from its traditional host to a new 
species, like humans. 

Cats .........................toxoplasmosis
........................................pasteurella
...........................................ringworm

Bats  ..................................Ebola virus
 ......................................................SARS
 ..................................................... MERS    
 .....................................................rabies 

Dogs ..................................... rabies
........................................noroviruses
........................................... ringworm  
..........................................hookworm

Ticks  ............................ Lyme disease
 .............Rocky Mountain spotted fever

Mosquitoes  ......................malaria
 ...............................................dengue
 ..................................West Nile virus
 ...........................................Zika virus

Birds ...............bird flu (H1N1, H5N1) 
 ........................................salmonellosis

Cows  ........................... brucellosis  
 ................................Escherichia coli
 .......................................... ringworm  
 ...................................salmonellosis

Rodents  ...........................hantavirus
 ....................................................plague
 ......................................... rat-bite fever

        Notable Pandemics Throughout History

Pandemic       Years           Pathogen                    Location

Plague of Athens 430–426 
  BCE
    

Antonine Plague 165–180   Roman Empire
    

Plague of Justinian 541–                                     Mediterranean 
  549  

Black Death 1346–  Eurasia
  1353    

Columbian  1492– 
Exchange 1600   

Cholera Pandemics 1817–   Global
7 pandemics today 
    
1918 Flu 1918–  Global
  1919  

1957 Flu 1957–          influenza A virus (H2N2)  Global
  1958  

1968 Flu 1968–          influenza A virus (H3N2)  Global
  1969  

HIV/AIDS 1981–   Global
  today  

SARS 2003            coronavirus (SARS-CoV)   37 countries

Swine Flu 2009–   Global
  2010  

Zika  2015–               flavivirus (Zika virus)  Global
  2016      
  
COVID-19 2019–          coronavirus (SARS-CoV-2)  Global
  today 

Pandemic Preparedness and Responses
l Surveillance to monitor potential infectious threats

l Prevent and extinguish outbreaks before they escalate to pandemic scale

l Communicate protective and preventative actions to minimize transmission

l Detect, report and track cases rapidly and accurately

l Reduce interactions between infected and uninfected populations — 
 travel restrictions, quarantine, physical distancing, school and business closures

l Decrease infectivity of patients and severity of illness through treatments with  
 antivirals, antibodies etc.

l Reduce susceptibility of uninfected people through vaccines

Resources about the 
COVID-19 pandemic
HudsonAlpha Institute for Biotechnology 
has created a series of brief videos explaining 
key concepts associated with COVID-19
and the SARS-CoV-2 virus. 
New videos are uploaded regularly. 
The entire collection can be found at 
https://hudsonalpha.org/beyond-the-blog. 

The following videos highlight key content 
especially relevant to life science students.

           Topic 
 
General Overview
What is Coronavirus? 3/24/20 
Symptoms and Testing 5/6/20
COVID-19 Strains and Mutations 9/16/20

Disease Transmission
COVID-19 Spread and Prevention 3/24/20
Herd Immunity 6/3/20
COVID-19 Risk Assessment 6/18/20
Asymptomatic Spread  7/15/20

Testing
How is COVID-19 Testing Done? 3/27/20
COVID-19 Testing and Transmission 5/20/20

Treatment
COVID-19 Treatments Overview 3/27/20
COVID-19 Anti-Viral Drugs 4/1/20
Antibodies and Treatment (2 parts) 4/23/20
Antibodies 6/5/20
Convalescent Plasma 8/26/20

Vaccines
Vaccines 4/6/20
COVID-19 and Immune Response 7/22/20 
Vaccine Update 7/29/20

What’s the Difference?
uncertain, possibly 
measles, typhoid 
fever or smallpox

Egypt, Libya, 
Persia, Greece

believed to be 
smallpox (variola virus)

plague 
(Yersinia pestis bacteria)

plague 
(Yersinia pestis bacteria

smallpox, measles,  
whooping cough,  
chicken pox, plague,  
typhus, malaria

Native Ameri-
can populations 
across the 
Caribbean and 
Americas

cholera 
(Vibrio cholerae bacteria)

influenza A virus (H1N1)

human immunodeficiency  
virus

influenza A virus  
(H1N1pdm09)

bacteria                        viruses                      fungi                    parasites

Common Zoonotic Diseases and Animal Reservoirs:

INFECTIOUS DISEASE

PandemicEndemic   Outbreak Epidemic
The constant presence of a 

disease at the usual incidence
The incidence increases above 
endemic levels (often suddenly)

The outbreak has spread to 
larger geographic areas

The epidemic has  
spread globally

Date 
Posted

https://hudsonalpha.org/beyond-the-blog/ 
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