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Fig 6. The relationship between Dr Filling and the children first
discovered to have PKU—a chance relationship through marrage
and not genetically relatad.
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Two Interests

Niece had PKU; son with
intellectual disability
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Jamestown, New York

% . Fall 1961 talk for The
Association for
Retarded Children

 Began to receive
newborn filter-paper
specimens (29 states;
400K babies

 “Thus, screening had
Its start In
Jamestown, New York
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MS/MS Phenylketonuria
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Adenine -- purine e X
Thymine -- pyrimidine b O

Cytosine -- pyrimidine
Guanine -- purine
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KOG 46 chromosomes
3 billion bases
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Molecular genetic diagnosis of sickle cell disease using dried blood specimens on blotters used for newborn
screening.

Jinks DC', Minter M, Tarver DA, Vanderford M, Hejtmancik JF, McCabe ER

® Author information

Abstract

The protein-based technologies used to screen newborns for sickle cell disease require confirmation with a liquid blood specimen. We have
developed a strategy for rapid and specific genotypic diagnosis using DNA extracted from a dried blood spot on the filter paper blotter used to screen
newboms. DNA could be microextracted from a specimen as small as a 1/8 inch diameter punched disc representing the dried equivalent of
approximately 3 microliters of whole blood. We utilized the DNA from a 1/4 inch diameter specimen (12 microliters equivalent) for polymerase chain
reaction amplification of the beta-globin region spanning the sickle cell mutation with detection by allele-specific oligonucleotide probes. Molecular
confirmation of genotype from the original blotter would reduce the personnel costs associated with obtaining follow-up liquid blood specimens and

|  would provide information to the family in a more timely and less equivocal manner.
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Chronology of NBS

1957
1958
1963

« 1964
« 1978
1994
« 1994

Diaper Test for PKU in California
Phenistix Used in Europe

Guthrie and Susi — Bacterial
Inhibition Assay

Universal Screening in Massachusetts
Radioimmunoassay Introduced
MS/MS Used

Molecular in Washington (2002 in NY)
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Human Genome Project

Proposed by Victor McKusick in 1968
(when did newborn screening start)????

DOE and NIH, 15 years, 30 billion dollars

James Watson original head then Francis
Collins

International effort

ELSI budget
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Human Genome Project

Five Main Objectives:

1.

2.

Generate genetic and physical maps
Develop new DNA technologies
Accurately sequence the human genome
Develop informatics

Sequence model organisms
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Human Genome Project

Accurate Sequence Data:
- 3,000,000,000 bases; haploid

Rough draft / 90%, summer 2000, 2/01
“finished”

Highly accurate (1 error in 100,000 bases) no
gaps or ambiguities by 2003

First chromosome 22 reported 12/99 —why?
chromosome 21 reported 5/00

Projected finish 2003, original 2005
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Venter & Collins

Private vs. Public

1000 Genomes Project
http://www.1000genomes.org/
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Genetic Disorders

« Caused by pathogenic variants* in genes or
chromosomes

« Pathogenic variants may occur on:
-- An autosome (autosomal)
-- A sex chromosome (X-linked or Y-linked)
-- Multiple genes

« Disease expression may be impacted by
environmental factors (multifactorial)

NEW
YORK
*Used to be mutations! 4”“‘“
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Single Gene Disorders

Caused by pathogenic variants in one gene

Generally follow Mendelian inheritance
patterns

-- Dominant vs. Recessive

-- Expression may be impacted by genomic
Imprinting or penetrance

Includes most inborn errors of metabolism
[autosomal recessive]

Most “single gene disorders”are probably influenced by multiple genes,
so-called modifiers; also epigenetic changes
NEW

YORK
STATE
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Department
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Classes of Single Gene Disorders

Autosomal Dominant

 One copy of a gene must be altered to be affected
o aka: AA or Aa
o Heterozygous and homozygous individuals are affected
o e.g.achondroplasia, Huntington disease

Autosomal Recessive

« Both copies of the gene must be altered to be
affected
o aka: aa
o Only individuals with variants on both chromosomes
are affected.
o e.g.Sickle cell anemia,

cystic fibrosis, galactosemia (NBS) __s New

STATE
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Autosomal Dominant

‘Q

aa

Generations Might be
Proband consultand

> /
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oH 00
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FIGURE 2-5 Pedigree illustrating autosomal dominant transmission. The dominant allele A is passed
from generation to generation.
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Carrier parents

No disease
Aa Aa
Autosomal
Excludes HIV, ALD and Recessive
hypothyroidismin NY
:i ]3
AA Aa Aa aa
unaffected affected

FIGURE 1-8 Pedigree illustrating segregation of autosomal recessive trait. Allele A is dominant, a is

recessive.
York | Department | Wadswort
| STATE | of Health
Human Genetics, Korf, 1996 A
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Classes of Single Gene Disorders

X-linked Recessive
-- Males affected if X chromosome is altered

-- Females affected only if both X chromosomes are
altered; e.g. Duchenne muscular dystrophy &
hemophilia and ALD

X-linked Dominant

-- Individuals with 1 altered copy of X chromosome
are affected; e.g. Rett syndrome

Y-linked

-- Individuals with an altered Y chromosome are
affected

-- Rare 5'5‘&’«
i STATE
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Inheritance Type:
X-Linked Recessive Inheritance

| O

. om o
B EReTaE Wik

4 5 6 7

O é Males are hemizygous

3
1 2 4 5
\ Wou | Department | Wadsworth
? STATE Center
' ATE | of Health




March 12, 2026 26

Molecular Testing for Genetic Diseases

Enabled by gene mapping to identify location
of genes on chromosomes AND ability to
differentiate between harmful and neutral
variants

Identification of disease-causing variants for:
— Newborn Screening

— Diagnosis

— Predictivetesting

— Carrier detection

— Prenatal screening

— Preimplantation testing

NEW
— Pharmacogenetics 4!55%‘:

Wadsworth
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Department
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c 8 httpsy//www.nebi.nlm.nih.gov/gtr/

Search sfneReviews directly
. by clicking on the tab above.

Tests Conditions/Phenctypes Genes Labs ( Ge )

All GTR

Search GeneR.

[@lsNeNe]e]

About GTR®

The Genetic Testing Registry (GTR®) provides a central lecation for voluntary
submission of genetic test information by providers. The scope includes the test's
purpose, methodology, validity, evidence of the test's usefulness, and laboratory
contacts and credentials. The overarching goal of the GTR is to advance the public
health and research into the genetic basis of health and disease

= Howtouse GTR = FErequently asked questions = GTR Mews F)
= GTR Information at NIH Office of the Director = GTR in the community
= Contact us and provide feedback

Worldwide Lab Participation in GTR

‘&

Find GTR Content
BRCAT/BRCAZ panels Genomic testing labs
Mitochondrial genome tests Cancer/somatic tests
Human genome and CGH tests
Whole exome tests
Single gene tests
Pharmacogenetics
All GTR data
GTR Data
20K 60K
a0
10K
20K
0
2012 202 2014 2015 2018 2047 2048 2019 2012 014 2018 2013
M3 2015 T ;W
B Tested Conditions MM Tested Genes N Lsbs . ests

FTP: Download GTR data and documents

Locate a Genetics Professional

= ABGC Directory = ABMGG Directory = NSGC Directory
= NCI Cancer Genetics Services Directory = ACMG Genetics Clinics Database

Resources Included in GTR

GTR includes information from resources such as ClinVar and MedGen from within the
NIH and many resources from outside the NIH

See a list of all related resources
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Distinction Between Different Variants

Pathogenic Variants (mutations): Changes in the DNA, which
are ‘rare’; can be private; newer; disease-causing

Benign Variants (SNPs/Polymorphisms): Changes in the
DNA occurring at a higher frequency, usually greater than
1%; may start as pathogenic and reach a higher frequency;
older changes.

Both are inherited and can be used to track DNA changes

CcSNPs arein the coding region
synonymous: no change to the amino acid (silent)
non-synonymous: change to the amino acid

Non-coding SNPs: promoter, splice sites, stability,

other regulatory changes YoRK
STATE
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Types of Pathogenic Variants

*Normal
CCG GGAAGC AAU
Pro Gly Ser Asn

‘Missense

CCG GCAAGC AAU
Pro Val Ser Asn

Nlonsense

CCG UGAAGC AAU
Pro STOP

*Frameshift (insertion)
CCG AGG AAG CAA
Pro Arg Lys GIn

Frameshift (deletion)

CCG GAA GCA AUG
Pro Glu Asp Met

*Trinucleotide

CAG CAG CAG CAG
GIn GIn GIn GiIn

Department
of Health
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NEW
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History of Molecular Testing In
Newborn Screening

1994

-- Washington — hemoglobin confirmatory testing
(Hb S, C, E by RFLP)

-- Wisconsin — CFTR testing for AF508
1998

-- New England — p.Q188R & p.N314D in GALT by
RFLP

1999
-- New England — MCADD (c.985A>G) by RFLP

NEW
YORK
STATE

Wadsworth
Center

Department
of Health
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History of Molecular Testing In
Newborn Screening

2005 -- Wisconsin — MSUD (p.Y438N)

2006 -- New York — Krabbe disease (full gene DNA
sequence analysis); ALD (2013); Pompe (2014);
CFTR (NGS) (2017); SMA; MPSland GAMT
deficiency (2018)

2008 -- Wisconsin — SCID — TREC analysis

15t use of molecular test as a primary full population
screen

2017 -- 42 NBSPs in US do CF molecular testing

2018 — All 50 states screen for SCID; SMA added to

NEW | Department | Wadsworth
RUSP E?E'll'(ﬁ Of Elealth Center
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Uses of Molecular Tests in NBS

Primary Screening Test

« TREC analysis for detection of SCID; SMA (18
states)

Second-Tier Test

 DNA test results provide supplemental
information to assist with diagnosis

o Often provided in separate report
o B-globin and GALT gene analysis

« Genotypic information is required for
interpretation of the screen result

o Cystic fibrosis gene analysis

Wadsworth
Center

Youk | Department
$TATE | of Health
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NBS Molecular Tests in US

 Primary screen — SCID; SMA pilot
e Second-tier screen

Hemoglobinopathies

Galactosemia

Cystic fibrosis (targeted panel; NGS)

MCAD and other FAOs (VLCAD?)
Phenylketonuria

Krabbe disease; Pompe disease; GAMT; MPSI
Maple syrup urine disease (population-specific)
Adrenoleukodystrophy (FYI)

NEW
YORK
STATE
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Department
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Things for Programs to Consider

 Which tests will have a molecular component?
 DNA extraction methods; (cost/labor)
 Degree of automation; vendors and contracts

* Manipulation (single tube? 96-well? 384-well?)
« #Instruments, data collection, interpretation

NEW
YORK
STATE

« Staff training (lab and follow-up) S

Department
of Health
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Testing by Contract -- Consider

« Specimen transport

e Screening or confirmatory?

« Timing and prioritization for contract lab
« NBS turnaround time (quality indicators)

« Systems integration

Wadsworth
Center

Department
of Health

ORK
STATE

* Follow-up integration ir{mw
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Things for Programs to Consider
In-House 1

 Volume / quality of specimens
« Cost ($$9$) per sample
« “Simple test” mentality
* Public health infrastructure
- Equipment
-- Space

e ELSI
e Have test, no Tx ~ YORK

STATE

See Molecular Resourcespage
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Things for Programs to Consider
In-House 2

« Capacity — Throughput -- Automation?
« IVDv. ASR/LDT and FDA implications;
« Expertise/ Interpretation

 Methods/ Manipulation — single tube? 96-well or
384-well plates

« Control Materials; Proficiency Testing

* Integrationinto Program/ LIMs/ Follow-up / TAT

NEW
r Wadsworth
YORK Department Hadst
ATE | of Health
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Potential Future Applications of

Molecular Testing in NBS

Expansion to existing or potential NBS disorders

Congenital adrenal hyperplasia (CAH)
Biotinidase deficiency

Ornithine transcarbamylase deficiency (OTC)
Cytomegalovirus and other infectious agents
Fragile X syndrome

Duchenne muscular dystrophy (DMD)

Other lysosomal storage disorders (LSD)
Cerebrotendinous xanthomatosis

Menkes disease

Wadsworth

Youk | Department Wad
$TATE | of Health

enter




March 12, 2026

Personalized Medicine in NBS

« ORKAMBI (lumacaftor/ivacaftor; p.508del/p.508del); $$$

« KALYDECO (ivacaftor; conductance variants); $$$

« Ataluren (TRANSLARNA; formerly PTC124)orphan drug
exemption; CF and DMD; reads through nonsense or
STOP mutations; $$$

 SPINRAZA (nusinersen) —enhances SMN2 full length
transcript production; intrathecal; anti-sense
oligonucleotide; $$%

« Zolgensma gene therapy for SMA — gene replacement

* Oxbryta (voxelotor) — blocks HbSS polymerization

e CRISPR - sickle cell disease; others?
NEW
f‘_” YORK
STATE

Wadsworth
Center

Department
of Health
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Molecular Analysis in Newborn Screening
A Staged Approach

Sequencing
Panel of Genes

— ' i NEW

YORK

STATE

S. Cordovado, Ph.D. ‘

[ Ongoing in routine NBS

Experimental in NBS

. Experimental in NBS

Wadsworth
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Department
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There are several products on the
market that offer testing for 150,
190, and even more conditions

Q: Is that always “best for baby”?
Sometimes less Is morel!

NEW
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Challenges of Sequencing

Major Challenge: Determining pathogenicity

ACMG defined 5 categories to classify
variants:

= Known pathogenic

= Unknown significance

i . -‘.',;:_'!;;:_
Benign L

Knowledge accruing daily, however the
medical impact of most variants is unknown

Q}ﬁ( Department | Wadsworth
STATE

of Health | ™
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Clinical and A
Functional A . ! _—
Translation CYSTIC FIBROSIS 1D = Seauenom
of CFTR FounpaTioN  JOHNS HOPKINS
ADDING TOMORROWS HEDICINE

t (optional) | O Site Use Tips  Resources  VariantList History  CF Genetics Q&A

Click here to switch to healthcare/science view

This detailed medical and genetics information is complicated and potentially confusing. We encourage you to discuss this information with your doctor, a genetic counselor, or a CF
specialist. The information shown is for educational purposes only, and it's not intended for diagnostic use. You should not make any medical or reproductive decisions or change
your health behaviour based on this information without talking to your doctor. To find a genetic counselor near you, here. To find a CF care center near you, click here

Results for W1282X
Clerred to as W1282X, p.Trp1282X, c.3846G=A, or,

CF-causing variant

Summary Information Sl Chlonds NI W STLTa Tl 25 with Pancreatic Insufficiency Pseudomenas Infection Rate

+ This variant causes CF when combined with another CF-causing variant. (The c¢fer CF-causing variant does not have to be variant W1282X.
can be a different variant that alsc causes CF.)
+ This v, jc insufficien er variant that causes pancreatic insufficiency.
= Patients with this variant will probably need to take oral pancreatic enzyme supplements every day.
= The oral supplements help the patients’ bodies to absorb the nutrients and vitamins contained in the food they eat.
= The oral pancreatic supplements will not prevent patients from developing CF.
* There are 1,556 patients with this variant in the CFTR2 database.

For help interpreting this information, we recommend you watch this video overview What is Cystic Fibrosis? E|

NEW Wadsworth
YORK Department Wadst
ATE | of Health
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Clinical and .
Functional =

CEAR pan eriC PiBROSIS = seauenom
of CFTR FounpaTion  JOHNS HOPKINS

ADDING TOMORROWS MEBIEINE

Site Use Tips  Resources  VariantList History  CF Genetics Q&A

Click here to switch to healthcare/science view

This detailed medical and genetics information is complicated and potentially confusing. We encourage you te discuss this information with your doctor, a genetic counselor, or a CF
specialist. The information shown is for educational purposes only, and it's not intended for diagnostic use. You should not make any medical or reproductive decisions or change
your health behaviour based on this information without talking to your doctor. To find a genetic counselor near you, click here. To find a CF care center near you, click here

Results for D1152H

s oasovszn pasorrszes. s N@Fi@Nt Of Varying Clinical Consequence

« The drug ivacaftor (Kalydeco) has been approved in some countries for individuals with this variant. Please contact your physician to discuss whether ivacafior (Kalydeco) is
appropriate for you

Embuction % with Pancreatic Insufficiency Pseudemonas Infection Rate

This variant has varying conseguences.
+ Some patients with this variant, combined with another CF-causing varian
Other patients with this variant, combined with another CF causin t, do not have CF.

i igbi it is very | ITERIA ALONE be used to determine whether a person with this variant has CF.
+ Because the clinical manifestations of CF can vary over the course of a person’s lifetime, people who have this variant plus a variant that is known
to cause CF should have periodic check-ups with their doctor even if they have no clinical signs or symptoms of CF at the present time.
Clinical information shown below is taken only from patients in the CFTR2 database who have been diagnosed with CF.

- There are cther people with this variant who do NOT have CF. Information from these people is NOT included in the clinical information below,
because these individuals are not followed at a CF center and are not part of the CFTR2 database. Therefore, the data below is not
representative of every person with this variant.

Patients with CF who have this variant are likely to be pancreatic sufficient. This means they may not need to take oral pancreatic enzyme
supplements every day.
There are 556 patients with this variant in the CFTR2 database.

For help interpreting this information, we recommend you watch this video overview What is Cystic Fibrosis? [¥]

Youk | Department
$TATE | of Health
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Identification of Variants NOT in CFTR2

Example: Y1092H

C]injcgl and
CEAR [ -lw B =scovenom
Founpation  JOHNS HOPKINS

of CFTR

DDING TOMORROWS  ~  HEDICINE

Y1092H A Second variant (opfiona o Site Use Tips Resources  Variant List History  CF Genetics Q&A
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Department
of Health

NEW
YORK
STATE



March 12, 2026

Classification of Variants NOT In CFTR2

Genetics

o raricn ot stesis coneic wacric. ACIVIG STANDARDS AND GUIDELINES | inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Sue Richards, PhD', Nazneen Aziz, PhD>'¢, Sherri Bale, PhD?, David Bick, MD?, Soma Das, PhD%,
Julie Gastier-Foster, PhD®"#, Wayne W. Grody, MD, PhD*"*"", Madhuri Hegde, PhD™,
Elaine Lyon, PhD', Elaine Spector, PhD", Karl Voelkerding, MD™ and Heidi L. Rehm, PhD'3;
on behalf of the ACMG Laboratory Quality Assurance Committee

Genet Med. 2015 May;17(5):405-24
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/= Perils of Newborn Screening: American - Windows Internet Explorer
@?} - I@, hikkp: f fesvvs, scientificamerican .com article, cim?id=perils-of -newborn-screening j B ([ #2]| X Iﬁ ntific american the perils of newborn screening | | 2 |~
File Edit ‘ew Favorites Tools Help x @CDnvert - Select

ﬁ Favorites | {5 Suggested Sikes » @ | Free Hotmail & | web Slice Gallery =

LSO CYBER HACKING:
MEnicas Wars in Virtual Sp

88' v| @ turtle - Google Search | @Penls of Mewborn Screen... X |

SCIENTIFIC ="
AM E ];{I(_\JI&NTM Search ScientificAmerican.com

MNews & Features Topics Blogs Videos & Podcasts

Health The Science of Health July 2, 2012 3 Comments 1 Email & Print More from Scientific American
550 . R Classics » DIGITAL»
_— u Perils of Newborn Screening it =
Doctors may be testing infants for too many diseases
By Ariel Bleicher Includes 8
5] tablet a@mt
¥, edition! =
W Tweet .
1 The first symptoms often appear a month or two after birth. The babies' muscles
g stiffen. They lose their hearing and vision, stop sleeping and scream in pain. Some
develop seizures. By the time many parents learn that their children have Krabbe
1 disease—a rare genetic disorder that degrades nerve cells—it is too late for the only

viable treatment, a transfusion of umbilical cord blood stem cells from healthy donors.
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= ClinVar

<« C | @ Secure

https://www.ncbinlm.nih.gov/clinvar/

ClinVar

Advanced

Home About v | Access ¥ | Help + | Submit +

ACTGATGGTATGGGGCCAAGAGATATATCT
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGGGCTGGGCATAAAAGTCAGGGCAGAGC
CCATGGTGCATCTGACTCCTGAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

Using ClinVar
About ClinVar
Data Dicticnary

Dov ads/FTP site

FAQ
Contact Us
RSS feedWhat's new?

Factsheet

Submitter highlights

Statistics v | FTP «

ClinVar

v |[Bearch ClinVar for gene symbols, HGVS expressions, conditions, and more

ClinVar aggregates information about genomic variation and its relationship to human health.

Tools

ACMG Recommendations for Reperting of Incidental Findings

Related Sites

ClinGen

ClinVar Submission Portal
Submissions
Variation Viewer

Clinical Remapping - Between assemblies and RefSeqGenes

GeneReviews ®
GIR®

MedGen

OMIM ®

RefSeqGena/LRG

We gratefully acknowledge those who have submitted data and provided advice during the development of ClinVar.

Follow us on Twitter to receive announcements of the release of new datasets.

‘Want to learn more about who submits to ClinVar?

* Read information about groups that submit to ClinVar

» See the list of submitters with the number of records each has submitted

« View a world map of ClinVar submitters

Disclaimer

The information on this website is not intended for direct diagnostic use or medical decision-making without review by a genetics professional. Individuals should net change their health behavior solely

Elements C Sources  Net Performance

& ol

«¥ cbody class=" resource-home-page” id="ui-ncbiexternallink-2

Variation

-
-

Styles | Computed

Help




March 12, 2026

'f—; GALC[gene] - ClinVar- 1 X

C | & Secure

https://www.ncbinlm.nih.gov/cl

Resources (%] How To ) ign in to NCBI

Clinvar Clinvar v || GALClgene] | | Search |
Create alert  Advanced Help
Home About + | Access ¥ Help = | Submit « Statistics « IR
Gene Tabular~ 100 per page ~ Sort by Location ~ Download: =
Customize this list
Clinical (7] Showing for results for variants in the GALC gene. Search instead for all ClinVar records that mention GALC
significance
Conflicting interpretations (3) M“ﬁ—
Benign (39) items: 1 to 100 of 185 Page [T | of2 | Next> | Last=»
Likely benign (23)
Uncertain significance (52)
Likely pathogenic (51)
Pathogenic (45) Variation e Clinical significance :
Risk factor (0) Location Gene(s) Condition(s) {Last reviewad) Review status
Review status GAIC 1-RPDFI 1801T GAl €. Galartosvlearamide Pathonanic nn assartion criteria nrovidad
Practice guideline (0)
Expert panel (0) - - - - -
~==- Newborn screening is in a position
Single submitter {122)
Al least one star (161)
Conflicting interpretatic . ] I I I
- £0 CONtribute to the commur 118Y
==
Germiine (139)
De novo (D) E
Somatic (D) - - I
: GALC, 30-KB DEL, IVS10 GALC Galactosylceramide Pathogenic no assertion criteria provided

Method type 4. beta-galactosidase (Dec 1, 2010}
Research (2) deficiency
:.Ilt‘::;ri;?;f Ifslr NW_000153 3(GALC)c."1588T=G GALC Galactosylceramide Benign criteria provided, single submitter
- estina 11e9) 3 GRCh37: Chr14:88359488 beta-galactosidase (Jun 14, 2018)
Molecular GRCh38: Chr14:87933144 deficiency
consequence ~ ~
Frameshift (1 NC_000014 9.9.87933144 87953014d GALC Normal pregnancy not provided no assertion provided
Missense (57 6. el19871
Nonsense GRCh37: Chr14:88399488-58419358
Splice site (7) GRCh38: Chr14:67933144-87953014
NCRNA (0) NI_000153.3(GALC).c *1458T=C GALC Galactosylceramide Uncertain significance criteria provided, single submitter

7. GRCHh37: Chr14:8839%618 beta-galactosidase (Jun 14, 2018)

deficiency
Elements MNetwork  Performance Memory  Application  Security  Audits @1433 i

«¥ <body id="ui-ncbiexternallink-7"> == %@

- Styles | Computed Event Listeners




March 12, 2026 53

Improvement of the Literature
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Learning Points

Newborn screening has accepted new technology and
evolved over time

Molecular NBS began in 1994 and continues to include
more testing; complexity is increasing

Almost all NBS invokes genetics and thus the family

Programs need to address utility and laboratory needs
for molecular NBS

Molecular testing will continue to enter NBS algorithms
and sequencing poses challenges for programs to
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Alwayg pay it forward and

never forget to pay it back. [t's
how you got here and it defineg

where you're going...
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Thanks to Suzanne Cordovado,
Ph.D. Susan Tanksley, Ph.D., Denise
Kay, Ph.D. and Rachel Lee, Ph.D.
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