
With over 176,000 published peer-reviewed articles related to anesthesia of the 27 million in total,       
the U.S. National Library of Medicine’s PubMed Database is one of the most heavily used resources in 
clinical settings. The NCBI Account system was designed with various tools to work with PubMed and 
other NCBI Databases to support each user’s specific needs. This presentation will provide specific tips 
and tricks for use of tools designed to help you use this resource at the point-of-care to enhance your 
clinical practice and in education/training of future healthcare practitioners.

At the completion of this activity, you should be able to:
• Quickly and efficiently access relevant published information to support optimal anesthesia care

and aid in education/training of future healthcare practitioners.
• Create search strategies and set up automated Emails to learn of the availability of new PubMed

records, set custom filter and display settings, and create folders for quick and easy access to
collected information.

Saturday, October 13, 2018
EFFECTIVE AND EFFICIENT USE OF NCBI/PUBMED
- TOOLS TO HELP YOU DO WHAT YOU NEED TO DO -

Presenter:   Rana Morris, PhD - an NCBI Customer Experience team member and Team Lead for Educational 
Programs (Courses/Workshops, Webinars, Educational Materials). Since 2002, she has provided 
user support and training, as well as working with supervisors and development teams to improve 
NCBI resources based on user-centered design principles. Her doctoral, post-doctoral and research 
fellowship work integrated disciplines of computational and experimental biochemistry, molecular 
and cellular biology and genetics, and has included diagnostic development, drug design and 
coordination of genetics/genomics components of clinical trials.

MATERIALS FOR YOU! http://bit.ly/NCBI_VANA2018 
https://ftp.ncbi.nlm.nih.gov/pub/morris/VANA2018/

PubMed Tools presentation (.pdf) | NCBI Account Guidebook (.pdf)
Genetics & Anesthesia Practice presentation (.pdf)

Sunday, October 14, 2018
WHAT DOES GENETICS/GENOMICS HAVE TO DO WITH THE PRACTICE OF ANESTHESIA?

Using information gleaned from a person’s genome can assist clinicians in customizing their patient’s 
case management which may increase the likelihood of a positive outcome. This talk will provide 
background and examples of how genomic medicine is being implemented in the clinic and will 
demonstrate how you can use free, online resources to assist your own clinical practice.

At the completion of this activity, you should be able to:
• Discuss the utilization of genomic medicine in clinical practice;
• Utilize genomic information in anesthetic management with the goal of improved patient outcome.
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What does Genetics/Genomics
have to do with the Practice of Anesthesia?
Rana C. Morris, Ph.D.Rana C. Morris, Ph.D. http://bit.ly/NCBI_VANA2018 
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ABSTRACT AND GOALS

Using information gleaned from a person’s genome can assist clinicians in 
customizing their patient’s case management which may increase the                        
likelihood of a positive outcome. This talk will provide background and examples      
of how genomic medicine is and may soon be implemented in the clinic and                    
will demonstrate how you can use free, online resources to assist your own                  
clinical practice.

At the completion of this activity, the participant will be able to:
• Discuss the utilization of genomic medicine in clinical practice
• Understand the relevance of genomic information for anesthetic management 

with the goal of improved patient outcomes
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Wait!  What?
Personal Genetics/Genomics fever has taken over….

Wide-spread application of genetic/genomic information
started out with human migration & ancestry,
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and from there, family history & phenotypes,

what type of diet 
you should eat,
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what sport/position you should play,

what wine
you should buy....
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But seriously, folks….
Using Genetic/Genomics to assist in

High-Definition Diagnosis &

Precision Treatment Selection
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The NIH Genetic Testing 
Registry (GTR)
www.ncbi.nlm.nih.gov/gtr

Clinician-orderable
genetic tests…..

Disease/condition-related & 
some pharmacogenomic tests
• single-gene tests
• multi-gene panels 

Methods:
• Targeted variants
• Exome sequencing
• Gene sequencing

does not include
direct-to-consumer products.
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THE EVOLUTION OF CLINICAL PRACTICE

The Art of Medicine

The Science of Medicine

Evidence-based Clinical Practice 
“Evidence-based medicine is the integration of best research 
evidence with clinical expertise and patient values.”

“Personalized” Medicine 
[AMA – all patient-care should be “personalized”]

Precision (including Genomic) Medicine
“An emerging approach for disease diagnosis treatment and
prevention that takes into account individual variability in
genes, environment, and lifestyle for each person.”
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AND NOW….HIGH-DEFINITION MEDICINE?
Establish an Individual’s Baseline of Health

Create a Personalized “Prevention” Strategy
Perform High-Definition Diagnosis  &  Select High-Precision Treatment

“High-Definition Medicine.”  Torkamani A, Andersen KG, Steinhubl SR, and EJ Topol. 
Cell. 24 August 2017 170(5), 828–843.

7



NCBI

N
CBI W

orkshops

ADDING GENETICS/GENOMICS TO THE CLINICAL TOOL KIT
Clinical Research      &     Case Management Protocols
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GENETIC TESTING FOR DIAGNOSIS & TARGETED THERAPY
Chronic Myelogenous Leukemia (CML)

t(9;22)(q34;q11.2)
Acute Myeloid Leukemia (AML)  

M2 subtype (a.k.a. “with maturation”)
t(6;9)(p23;q34)

ABL1
NUP214

BCR

DEK

BCR-ABL1

DEK-NUP214
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PHARMACOGENETICS TESTING - DOSAGE PREDICTION: 
MAXIMIZING EFFECTIVENESS & MINIMIZING ADVERSE EVENTS

Dosing for warfarin/Coumadin
can be complicated….

Example:

Young, african american,
thin, smoking male

high dose….120 mg

Older, caucasian,
slightly heavy female

low dose….2 mg

Inclusion of Pharmacogenomics 
in a Dosing Algorithm
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HOT TOPICS FOR ANESTHESIA PROVIDERS
ANESTHESIA CASE MANAGEMENT

Knowing about potential drug sensitivities and the potential for adverse events
- ahead of time - can prompt the use of alternate protocols ….

-> enabling better patient experience & outcomes!
For example:
• Now:   Malignant Hyperthermia Susceptibility (MHS) – “disorder”/”trait”

various blood clotting disorders (ex: Hemophilia, F5 Leiden) – “disorders”
and impact of therapies (ex: warfarin/Coumadin & clopidogrel/Plavix) – “PGx”

• Now-ish & Upcoming:  Post-Operative Nausea & Vomiting (PONV/CINV)
– “trait” & drug impact “PGx” (ex: ondansetron/Zofran)

• Soon:   Congenital pain sensitivity – “disorder”
Effectiveness of Pain medication – “PGx” 
Propofol dose-response variability/Propofol Infusion Syndrome (PRIS) – “trait” & “PGx

• Not really soon:  Addiction – “trait” 
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RECOMMENDATIONS FOR DISORDER GENETIC TESTING
GENETIC VARIANT ASSERTION, EVIDENCE & ACTIONABILITY

https://www.clinicalgenome.org/ http://www.acmg.net
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ACMG RECOMMENDATIONS

18
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Pros
• Genetic tests are decreasing in cost & not particularly invasive.
• A well-known genetic lesion can sometimes help in diagnosis

and/or drug/therapy selection.
• A finding may predict disorders before symptoms begin –

for proactive & preventative care.
Cons

• We are early in our understanding of genes, gene variants and disease.
• Failure to detect a pathogenic variant does not rule out the diagnosis.
• Prediction isn’t guaranteed just yet - not all pathogenic variants cause 

the same symptoms in every patient (penetrance, severity, multi-genic & 
environmental influences).

• Lack of coverage by some insurance companies…

WHAT TO TAKE INTO CONSIDERATION FOR ALL GENETIC TESTS…

PERHAPS MOST IMPORTANTLY FOR YOU….
• What is the standard-of-care in your Hospital or Healthcare system?
• Is there a Clinical Geneticist or Genetic Counselor available to assist?
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EXAMPLE OF A “RELATIVELY SIMPLE” SYSTEM: 
MALIGNANT HYPERTHERMIA SUSCEPTIBILITY

RYR1 - Ryanodine Receptor type 1 gene 
(green blobs)

CACNA1S - Dihydropyridine Receptor gene   a.k.a.
L-type Calcium voltage-gated channel subunit alpha1S
(blue blobs)

Figure 2A. Membrane contact sites within the ER/SR.
“Calcium Dynamics Mediated by the Endoplasmic/Sarcoplasmic Reticulum and Related Diseases”
Reddish FN, Miller CL, Gorkhali R, Yang JJ. Int J Mol Sci. 2017 May; 18(5): 1024. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454937/

“LargeLy Monogenic”
but exhibits “incoMpLete penetrance”
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MALIGNANT HYPERTHERMIA SUSCEPTIBILITY VARIATIONS
KNOWN & UNKNOWN

https://www.ncbi.nlm.nih.gov/clinvar/

Assertions in ClinVar All MHS RYR1 (type 1) CACNA1S (type 5)

Pathogenic/Risk Factor 49 46 3

Likely Pathogenic 20 20 0

Benign/Likely Benign 530 314 216

Uncertain Significance 377 256 121

Repository of 
Clinical Assertions for

Human Genetic Variants:

ClinVar
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WHEN TO CONSIDER & WHAT TYPE OF GENETIC TESTING FOR MHS?  
• Symptomatic Patients – Diagnostic validation

Patient has a confirmed/highly suspicious MH event/positive CHCT
(ACMG: OR exercise-related rhabdomyolysis without a known myopathy)
MHAUS & ACMG: Full gene sequencing to identify any (esp. pathogenic) variant(s)

• Asymptomatic patients with a family history of a genetic disorder/trait – Risk prediction
Family member with a confirmed/highly suspicious MH event/positive CHCT (MHAUS)
MHAUS: Full gene sequencing to identify variant(s) (esp. pathogenic ones) 

or Partial gene sequencing to detect a known pathogenic variant
Family member with a known familial pathogenic variant (ACMG)
ACMG: Partial gene sequencing only for a known familial pathogenic variant

• Asymptomatic Patients with no family history – Risk prediction
MHAUS & ACMG – genetic testing not recommended yet
 EMHG says if there is any suspicion, consider genetic testing before muscle biopsy & IVCT 
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NOW THAT YOU’RE A-GROUND…ONCE YOU KNOW….
• Clinically, what do you do with this information?  

(you hopefully knew before the test was ordered)

• A patient may ask: “What is wrong with me and how can we fix it?"
• Understanding the potential impact of a genetic variant on the 

patient’s physiology and phenotype and how this relates to your 
choice of case management.

• Outside of the planned clinical impact:  “What do I do now?”
A great reason to consult with a Genetic Counselor!

• Implications for the patient beyond this surgery:
Consider discussing this with their primary care physician, 
dentist, other clinical professionals who may need to know                   
for their care.

• Implications for family members:  Should they tell others?
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PHARMACOGENETICS:  A PATIENT’S MAKEUP IMPACTS THE
EFFECTIVENESS OF YOUR CASE MANAGEMENT.

Absorption
How does it get in?

Distribution
Where does it go?

Metabolism
How is it changed?

Excretion
How does it leave?

Target!
Where is it
supposed to act?

Modifying Enzymes
ex: CYP450s & UGTs

Transporters

Enzymes +
Receptors

• Anesthesia is applied pharmacology, 
but at a heightened level.

• It is critical to deliver:
 the right drug
 at the right concentration
 at the right place
 at the right time!

Transporters
ex: ABCs & SLCs
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AN EXAMPLE OF
PHARMACOGENOMIC
COMPLEXITY

25

“Clopidogrel pathway.”  Katrin Sangkuhl, Teri E. Klein, and Russ B. Altman, PharmGKB
Pharmacogenetics and Genomics. 2010 Jul; 20(7): 463–465.
http://www.pharmgkb.org/do/serve?objId=PA154424674&objCls=Pathway

A-D-M-E-T

Activation of Clopidogrel is 2-stage
largely done by CYP2C19, but also others.

Inactivation and elimination are also factors.

“a ‘siMpLe’ poLygenic 
process”
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Anesthetics

Anti-emetics

Analgesics - opiods

Analgesics - NSAIDs
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RECOMMENDATIONS FOR PHARMACOGENETIC TESTING

https://cpicpgx.org/ https://www.pharmgkb.org/
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Anesthetics

Anti-emetics

Analgesics - opiods

Analgesics - NSAIDs

RYR1
CACNA1S
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FDA DRUGS WITH PHARMACOGENOMIC INFORMATION
- SOME RELATED TO ANESTHESIA PRACTICE
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HOT TOPICS FOR ANESTHESIA PROVIDERS
(well…really everyone now-a-days)

PAIN MANAGEMENT
Understanding differences in pain perception and effectiveness of and sensitivity 
to medications can aid in drug selection, dosage and treatment course 
management -> enabling better short-term outcomes!

Knowing about a physiological predisposition to addiction for opioids may factor 
in decision-making for treatment course design

-> enabling better long-term outcomes!

CURRENTLY a focus of current national & federal attention!
BUT they are complicated….

pain perception & ManageMent
Both invoLve coMpLeX “poLygenic” processes
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Figure 1. Genes Involved in Pain Perception and Modulation.
Foulkes T, Wood JN (2008) 
“Pain Genes.” PLOS Genetics 4(7): e1000086. 
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1000086

EXAMPLE OF A COMPLEX
SYSTEM WITH MANY GENES
INVOLVED IN THE PROCESSING
OF PAIN SIGNALS.
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NOW…TO THE PROCESSING OF PAIN SIGNALS,
ADD THE BIOPROCESSING OF PAIN MEDICATIONS.

Absorption
How does it get in?

Distribution
Where does it go?

Metabolism
How is it changed?

Excretion
How does it leave?

Transporters

Cyp450 +
other metabolizers

Transporters

Enzymes +
Receptors

Target!
Where is it
supposed to act?

AND LONG-TERM POTENTIAL
CONSEQUENCES OF DRUG EXPOSURE, 
INCLUDING & ESPECIALLY
ADDICTION….

TREATING PAIN IS EXTREMELY COMPLICATED.
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GENETIC/GENOMIC
TESTING TO ASSESS
THE POTENTIAL FOR
ADDICTION?

OK, now the 
practical stuff….

Use of free, online U.S. Government resources to help you
with your clinical practice:

both in keeping up with medical & scientific issues, in general,
and with genetic and genomics, in specific.
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CARDIOLOGY “PGX” CASE STUDY EXAMPLE, BUT ALSO…..

35

Current not-uncommon practice in Cardiology:

A patient is diagnosed with Acute Coronary Syndrome, scheduled for an 
angioplasty, and informed that she will need to take clopidogrel (a.k.a. Plavix) 
for at least 3-6 months to prevent a heart attack. 
She mentions that her father died of a stroke while taking the drug.                 
Consider pharmacogenetic influences on clopidogrel response in this patient 
to see if a change in the prescription is indicated.

 Anesthesia-related implications:  Can you assume the patient’s response 
is “typical”?      (i.e what is her platelet function while “on” clopidogrel                           
and/or what is her clotting like after she stops taking the medication)
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LEARNING ABOUT DRUG SENSITIVITY IN MEDGEN
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IDENTIFYING A GENETIC TEST TO ORDER IN
THE NIH GENETIC TESTING REGISTRY
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WHAT DO TEST RESULTS
FOR DISORDERS LOOK LIKE? 

(a sample genetic test result report           
for a disorder/trait)
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WHAT DO PGX TEST RESULTS
LOOK LIKE?

Genetic laboratories may report
alleles or genetic variations in:

“partial HGVS format, ex:
CYP2C12 p.Trp212Ter | p.Trp212Ter

or in “star allele” format, ex: 
CYP2C12*3/*3

or use a “SNP ID” format, ex:
rs4986893
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LEARN MORE ABOUT THE VARIATION IN CLINVAR

40
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LEARNING MORE ABOUT ACTIONABLE PGX INFORMATION
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LEARNING MORE IN THE
MEDICAL GENETICS SUMMARIES
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CARDIOLOGY “PGX” CASE STUDY EXAMPLE, BUT ALSO….

43

Current not-uncommon practice in Cardiology:

After genetic testing, the patient’s genotype (CYP2C19*3/*3) indicates that 
she is a poor metabolizer for clopidogrel. Based on the available evidence 
and therapeutic recommendations, an alternative antiplatelet drug, 
prasugrel which is not metabolized by CYP2C19, is prescribed.

 Anesthesia-related implications:  What if the genetic test wasn’t done? 
If it has, you may not need to worry about clopidogrel for this patient, 
but what about pharmacogenomics impact on prasugrel?  
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THERE’S MORE YOU CAN DO THAN JUST CLOPIDOGREL!
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WOW…..THAT WAS FAST….HOW DO I?
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http://bit.ly/NCBI_VANA2018 
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WHAT IS THE FUTURE OF GENETIC TESTING & WHEN?
NOW:  Direct-to-Consumer Tests  (Ancestry, Physical Traits & Some Health-related Indicators)

NOW:  Baby’s First Test

NOW:  Clinical Genetic Testing – cancer grading & therapy selection, well-known mendelian 
metabolic disorders, cardiovascular disorders, infectious agent identification &          
antibiotic sensitivity assessment, some pharmacogenetics for therapeutic selection

NEW:  Clinical Genetic Testing – lots of clinical studies & some predictive hunting in primary care!

NOW-ish:  Malignant Hyperthermia Susceptibility, some Pharmacogenomics Testing

R&D In Progress:      Pharmacogenomics algorithms for drug dosing
Prediction of sensitivity to pain medications &

susceptibility for specific adverse events (PRIS, PONV/CINV)
Predisposition to addiction

In 5-10 years?  Your full genome will be sequenced at birth (or “soon”) & included in your EHR.
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WHAT TO KEEP AN EYE ON….

Practice Guidelines:   AANA & ASA and other clinical professional organizations 
Genetic Testing Recommendations:
• ACMG, ClinGen & CDC/NIH/FDA’s EGAPP – Genetic disorders & traits
• MHAUS & EMHG – Malignant hyperthermia
• CPIC & PharmGKB – Pharmacogenomics
• FDA & CMS – Genetic tests approvals & Insurance coverage

Upcoming Developments:
• Clinical Studies including Genetics/Genomics & Clinical Trials – dbGaP, ClinicalTrials.gov
• Collection of Variant Assertions & Identification of Pathogenic Variants – ClinVar

How to keep up with what’s going on? → NCBI Account:  PubMed, MedGed/ClinVar & GTR
(previous talk!)
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DOWNLOAD THIS PRESENTATION WITH REFERENCES

For help with any of NCBI’s databases, send an Email to the HelpDesk:  
info@ncbi.nlm.nih.gov

https://ftp.ncbi.nlm.nih.gov/pub/morris/VANA2018/
http://bit.ly/NCBI_VANA2018 

STAY TUNED!
WE ARE ONLY AT THE BEGINNING!
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NCBI Presentation References & Resources 
THE NATIONAL CENTER FOR BIOTECHNOLOGY INFORMATION, a.k.a. THE “NCBI” 

https:///www.ncbi.nlm.nih.gov 
ABOUT THE NCBI 

“About the NCBI” FactSheet:  ftp://ftp.ncbi.nih.gov/pub/factsheets/Factsheet_AboutNCBI.pdf 
NCBI Handbook Chapter:  https://www.ncbi.nlm.nih.gov/books/NBK148949/  
List of many of NCBI’s Databases:  https://www.ncbi.nlm.nih.gov/gquery/   
“NCBI Resources” Factsheet:  ftp://ftp.ncbi.nih.gov/pub/factsheets/Factsheet_NCBI_Overview.pdf 
NCBI’s Outreach & Education Site: httpss://www.ncbi.nlm.nih.gov/home/learn/  

NCBI NEWS & SOCIAL MEDIA: 
NCBI Insights Blog:  https://ncbiinsights.ncbi.nlm.nih.gov  
Facebook:  https://www.facebook.com/ncbi.nlm  
Twitter:  https://twitter.com/NCBI    (@NCBI) 
YouTube Channel:  https://www.youtube.com/user/NCBINLM 
LinkedIn:  https://www.linkedin.com/company/3595640  

HELP EMail Address:   info@ncbi.nlm.nih.gov 

GLOBAL QUERY (“ALL DATABASES” PAGE) 

Gquery – Listing of most of the databases at NCBI 
Homepage: https://www.ncbi.nlm.nih.gov/gquery 

LITERATURE RESOURCES 

PubMed – Catalog of research projects with links to publications and datasets 
Homepage: https://www.ncbi.nlm.nih.gov/pubmed  

PubMed Central (PMC) – Research studies with high-throughput sequence data 
Homepage:  https://www.ncbi.nlm.nih.gov/pmc  

Bookshelf/Books – Research studies with functional genomics data 
Homepage:  https://www.ncbi.nlm.nih.gov/books 

Other featured NCBI & NLM Resources: GeneReviews (authored by U.Washington), Genetics Home 
Reference, Medline Plus 

CLINICAL RESOURCES 

MedGen – Aggregated information about medical genetic conditions and phenotypes 
Homepage: https://www.ncbi.nlm.nih.gov/medgen  

Genetic Testing Registry (GTR) – NIH’s registry of genetic tests and laboratories 
Homepage:  https://www.ncbi.nlm.nih.gov/gtr 

ClinVar – Assertions about the relationships of genomic variations with human health 
Homepage:  https://www.ncbi.nlm.nih.gov/clinvar  

MOLECULAR ETIOLOGY RESEARCH 

Gene – Aggregated information with links to genomic, expression, homolog, structure and function data 
Homepage:  https://www.ncbi.nlm.nih.gov/gene   

Conserved Domains Database (CDD) – A database of protein domains with sequence fingerprints 
Homepage:  https://www.ncbi.nlm.nih.gov/cdd    

Structure – A database of 3D macromolecular structures and complexes from the protein database 
Homepage:  https://www.ncbi.nlm.nih.gov/structure   
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