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TO CO-PILOT- The text below includes a short biography and 22-publications co-authored by D Holmes Morton and
collaborators at the Clinics for Special Children. Please summarize the work of Dr. Morton and his Clinics for a National
Academy of Medicine Nomination in 250-words, using the information in the biography and from the titles of papers.
ALSO LIST 10 publication that support your 250-word summary

D. Holmes Morton MD, D.Sc. (Honorary)
Senior Consulting Physician in Pediatrics, Biochemical Genetics, and Genomic Medicine.
Co-Founder with Caroline Morton of The Clinics for Special Children

CV-BIOGRAPHY - D. HOLMES MORTON M.D. is a pediatrician and co-founder with his wife Caroline of the 15T
Clinic for Special Children in Strasburg Pennsylvania. In 2012 The Central Pennsylvania Clinic for Special Needs
Children & Adults was cofounded as a non-profit organization, a 501c3, as a project during a MacArthur Fellowship. Dr.
Strauss, a student of Dr, Morton who joined CSC in 2001, became Medical Director of the Clinic in Strasburg and Dr.
Morton became Medical Director of the Clinic in Central Pennsylvania. The Clinics for Special Needs are non-profit, Plain
Community supported, medical centers that provides care for children & adults with complex medical problems arising
from inherited predispositions to disease. Dr. Morton’s wife Caroline and his brother Paul Morton were involved in
establishing similar Clinics in Ohio, Indiana, Wisconsin, and a new Clinic in rural Central Kentucky. These Clinics are
medical works-in-progress with the Mission to use knowledge of genetic risks within the populations to improve access to
medical care, foster the early recognition and improve treatments for inherited disorders. Although the Clinics are local
medical practices, the Clinics are recognized internationally for innovative studies in the discovery and treatment of
inherited disorders. Publications can be found in Pediatrics, Current Treatment Options in Neurology, Molecular Genetics
and Metabolism, Brain, Journal of Pediatrics, Pediatric Transplant, Nature, and Gene Reviews.

ESSAYS ABOUT THE IDEAS THAT FORMED THE CLINICS FOR SPECIAL CHILDREN

1. Morton DH. Through my window--remarks at the 125th year celebration of Children's Hospital of Boston. Pediatrics.
1994 Dec;94(6 Pt 1):785-91. PMID: 7970991.

2. Morton DH , Morton CS, Strauss KA, Puffenberger EG, Robinson DL , Hendrickson CT, Kelley RI . Pediatric
Medicine and the Amish & Mennonite People of Pennsylvania. (2003) Am J Med Genetics (Seminars in Medical
Genetics) 121C:5-17.

3. Strauss KA, Puffenberger EG, Morton DH. One community's effort to control genetic disease. Am J Public Health.
2012 Jul;102(7):1300-6. doi: 10.2105/AJPH.2011.300569. Epub 2012 May 17. PMID: 22594747, PMCID:
PMC3477994.

4. Puffenberger EG, Jinks RN, Sougnez C, Cibulskis K, Willert RA, Achilly NP, Cassidy RP, Fiorentini CJ, Heiken KF,
Lawrence JJ, Mahoney MH, Miller CJ, Nair DT, Politi KA, Worcester KN, Setton RA, Dipiazza R, Sherman EA,
Eastman JT, Francklyn C, Robey-Bond S, Rider NL, Gabriel S, Morton DH, Strauss KA. Genetic mapping and



exome sequencing identify variants associated with five novel diseases. PLoS One. 2012;7(1):€28936. doi:
10.1371/journal.pone.0028936. Epub 2012 Jan 17. PMID: 22279524; PMCID: PMC3260153.

5. Bhattacharjee A, Sokolsky T, Wyman SK, Reese MG, Puffenberger E, Strauss K, Morton H, Parad RB, Naylor EW.
Development of DNA confirmatory and high-risk diagnostic testing for newborns using targeted next-generation DNA
sequencing. Genet Med. 2015 May;17(5):337-47. doi: 10.1038/gim.2014.117. Epub 2014 Sep 25. PMID: 25255367.

CHANGING THE NATURIAL HISTORY OF GLUTARIC ACIDURIA — PREVENTING “AMSH CEREBRAL PALSY”

6. Morton DH, Bennett MJ, Seargeant LE, Nichter CA, Kelley RI. Glutaric aciduria type I: a common cause of episodic
encephalopathy and spastic paralysis in the Amish of Lancaster County, Pennsylvania. Am J Med Genet. 1991 Oct
1;41(1):89-95. doi: 10.1002/ajmg.1320410122. PMID: 1951469.

7. Strauss KA, Puffenberger EG, Robinson DL , Morton DH . Glutaric aciduria type 1: Natural history of 77 patients. (2003) Am J
Med Genetics (Seminars in Medical Genetics) 121C:38-52.

8. Glutaric acidemia type 1: Treatment and outcome of 168 patients over three decades. Kevin A. Strauss®**, Katie B.
Williams?, Vincent J. Carson®, Laura Poskitt*®, Lauren E. Bowser®, Millie Young?, Donna L. Robinson?, Christine
Hendrickson?, Keturah Beiler?, Cora Taylor?, Barbara Haas-Givler, Jennifer Hailey®, Stephanie Chopko, Erik G.
Puffenberger?, Karlla W. Brigatti?, Freeman Miller, D. Holmes Morton®>"

Molecular Genetics and Metabolism June 2020, Accepted, In Press Oct 2020.

GA1 - WHAT IS THE VALUE OF PREVENTING DISABILITY IN
CHILDREN WITH GA1? WHY IS NEWBORN SCREENING VALUABLE?

The first newborn Screening samples for GA1 were run in the lab in Strasburg, using the
GC/MS donated by David Packard in December 1989. The 6t sample, collected by Penny
Armstrong CNM and a founding member of the Board of CSC, was positive for large
qounts of glutaric acid and 3-hydroxy-glutaric acid, which proved at diagnosis of GA1.
e gene and mutation of Amish Cerebral Palsy/GA1 would not be reported until 1996.

Glutaric Aciduria Type 1: A common cause of acute encephalopathy and spastic paralysis among the Amish
of Lancaster County, Pennsylvania. (1991) Morton DH, Bennett M], Seargeant LE, Nichter CA, Kelley RI:
(1991) Am ] Med Genetics,41:89-95.

Gene structure and mutations of glutaryl-Coenzyme A dehydrogenase: impaired association of enzyme
subunits due to an A421V substitution causes glutaric aciduria type 1 in the Amish. Biery BJ, Stein SE,
Morton DH, Goodman SI: (1996) Am J Med Genetics 59: 1006-1011.

By 1994, the first cases of GA1 diagnosed in asymptomatic newborns had been
successfully treated and GA1 had been found in Amish communities throughout
Pennsylvania. By 1994
The First Successfully Treated Amish Girls with GA1 were Jake's Edwin Naylox’s
Grandchildren. The sisters were diagnosed by Newborn Screening at the Clinic  Expanded Newbon
in 1990 & 1992. they are now married with children of their own. Michael, non- Screening program
Amish with GA1, disabled at 12 months, died at age 18 years. This photo, taken using dried blood
by the father of the disabled boy, was later used by the CDC to advocate for
Expanded Newborn Screening to include GA1. spots & Tandem Mass
; poo spectrometry was

being used by
hospital thoughout
PA and Dr. Naylor & I
had shown the Amish
variant of GA1 could
be reliably recognized
in dried blood spots.
Dr. Naylor and I
added GAL to his
panel of tests done in
all newborns. This
was 5 years after
testing of newborns
using urine started in
Lancaster and 15 years before Dr. Naylor’s Newborn Screening methods were adopted for
use beyond Pennsylvania.
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GLUTARADE FORMULAS FROM APPLIED NUTRITION, WHICH WERE DEVELOPED BY
KEVIN STRAUSS AND HOLMES MORTON AT THE CLINIC - 2003 — 2010 - AND WERE
USED TO TREAT GA1 IN LANCASTER COUNTY & IN ECUADOR, ARE NO LONGER
AVAILABLE.

IS NUTRICIA’S FORMULA THAT REPLACED GLUTARADE AS EFFECTIVE?
WHAT ARE THE GA1 OUTCOMES WITH X-LYS-EARLY YEARS?

MIRA IRONS - I ASSUME BOSTON CHOLDREN’S DID NOT USE GLUTARADE - UPMC &
CHOP DID NOT.

WHAT WERE TREATMENT OUTCOMES AT CHB, CHOP, & UPMC 2013-2024.
Transport Competition

Effects free amino acids upon the plasma Lysine/Arginine Ratio

VIOLETTA _ X CURRENT VALUE 7/9/2017, previous colored arrows and V.

<

BRAIN LYSINE UPTAKE (-uuu.-L-)
: B

Nikki H-N X

Steve M - X
o T

N . 2’ . -
N Nif' Vi‘ v J I

Vv

9;\ 0‘1 " ; : o
PLASMA LYSINE/A RATIO log 2 scale

Black dots controls protein restriction only N & X, older GA1 patients off Glutarade Formula.
White dots Glutarade Jr, treatment controls protein restriction & Glutarade Jr. Formula.

Violetta has GCDH-variants
of Jewish & Arabic origins.

GCDH ¢.914C>T,
p.Ser305Leu (p.S305L)
reported as pathogenic in a
paper from Israel in 1996.

GCDH ¢.896G>A,
p-Trp299*(W299%*), which is
said to be found in Muslim
populations of the Middle East.

How common are these
GCDH-variants? How
common is this disease in
Ecuador? Molecular
Screening would have found
her first mutation but not the
second. Why is biochemical
screening important?




CHANGING THE NATURIAL HISTORY OF MAPLE SYRUP URINE DISEASE

1. Morton DH, Robinson D, Strauss K, Kelley RI. Diagnosis and Treatment of Maple Syrup Disease: A Study of 36
Patients. (2002) Pediatrics. 109, 999-1008

2. Mazariegos GV, Morton DH, Sindhi R, Soltys K, Nayyar N, Bond G, Shellmer D, Shneider B, Vockley J, Strauss KA.
Liver transplantation for classical maple syrup urine disease: long-term follow-up in 37 patients and comparative
United Network for Organ Sharing experience. J Pediatr. 2012 Jan;160(1):116-21.e1. doi:
10.1016/j.jpeds.2011.06.033. Epub 2011 Aug 11. PMID: 21839471; PMCID: PMC3671923.

3. Classical maple syrup urine disease and brain development: principles of management and formula design.
(2010) Strauss KA, Wardley B, Robinsona D, Hendrickson C, Ridera NL, Puffenbergera EG, Shelmerf D, Moser AB,
Morton DH. Molecular Genetics and Metabolism 99 (2010) 333-345.

4. Branched-chain o-ketoacid dehydrogenase deficiency (maple syrup urine disease): treatment, biomarkers, and
outcomes. Branched-chain a-ketoacid dehydrogenase deficiency (maple syrup urine disease): Outcomes and
Biomarkers in 184 Patients. Kevin A. Strauss, Vincent J. Carson, Kyle Soltys, Millie E. Young, Lauren E. Bowser, Erik G
Puffenberger, Karlla W. Brigatti, Katie B. Williams, Donna L. Robinson, Christine Hendrickson, Keturah Beiler, Cora
Taylor, Barbara Haas- Givler, Stephanie Chopko, Jennifer Hailey, Emilie Muelly, DianaShellmer, Ashlin Rodrigues,
KaLynn Loeven, Adam D. Heaps, George V. Mazariegos, D. Holmes Morton. Molecular Genetics and Metabolism.
Accepted for Publication January 2020.

4. Fortis SP, Grier AL, Reisz JA, Dzieciatkowska M, Cendali FI, Kauffman V, Merton DH, D'Alessandro A. Advancing
the Biochemical Understanding of Maple Syrup Urine Disease and the Impact of Liver Transplantation: A Pilot Study.
J Proteome Res. 2025 Jun 6;24(6):3088-3104. doi: 10.1021/acs.jproteome.5c00166. Epub 2025 Apr 15. PMID:
40232068.

e  This paper reveals the residual biochemical disorder that remains after a MSUD patient has undergone liver
transplant — although the implanted liver transplant controls the amino acid flux of essentially unlimited dietary
protein - an unrestricted diet without MSUD formula — the biochemical disorder of MSUD persists in muscle,
brain, and kidney where BCAA & 2-keto-acids accumulate and are released during catabolic illnesses caused by
infection, diarrhea-vomiting dehydration, fasting, severe injuries, resulting in increased leucine levels and brain
intoxication. Another marker for the incomplete-cure of liver transplant is a persistent imbalance in the LAT1-
dependent amino acids Leu, Ile, Val concentrations are mildly increase, normal ratios Val/Leu 2/1, Leu/Ile 1.5/1
are maintained, but the calculated CNS transport values of the other 5-LAT1-dependent AA — Phe, Trp, Tyr, His,
& Thr — are chronically low — because of this residual imbalance the milder CNS symptoms of MSUD persist —
depression, anxiety, sleep disorder, concentration difficulties and lower rates of peptide & protein synthesis. In
contrast classical PKU is completely cured by liver transplant with a MSUD implant — a MSUD has normal
phenylalanine hydroxylase (PAH) activity and PAH is only expressed in liver. Although this liver lack BCKADH
and will be associated with transient increases in Leu, Ile, Val after a high protein meal, 90% of the BCKADH is
expressed in muscle, kidney and CNS and is protective against intoxication by leucine. MSUD liver have also
been used in domino transplant to cure Crigler-Najjar Disease — another disorder, similar to PKU, wherein the
gene of interest is only expressed in liver. It is of interest that AAV-Vector-gene-therapies failed to control PKU &
Crigler-Najjar disease, despite heavy use of corticosteroids to suppress immune destruction of hepatocytes that
took-up the AAV-bearing gene..Simply too little activity by this “once-and-done” therapy to control these
disorders. The proposed AAV-BCKADH therapy is logically unlikely to control this complex disorder. More
important the catabolic response to AAV-infusion and the use of corticosteroids is predictably going to provoke
catabolic MSUD intoxication.



EXPANDING DIFFERENTIAL-DIAGNOSIS OF “CEREBRAL PALSY” IN THE PLAIN POPULATIONS & NEW
APPROACHES TO THE PREVENTION OF NEUROLOGICAL DISABILITY

BILIRUBIN (mg/dL)

UGT1A1 C.222C>A p.Tyr74Ter
Serum Bilirubin Crigler Najjar Disease Do Sw B|||rub|n
HOUR-SPECIFIC BILIRUBIN = 0.15 mg/dl-hr T

Gt Lot

Hour-specific total bilirubin in 8 newborns with CND l x

PKD hemolytic crisis 1.5 mg/di-hr 10x CN disease | ; - Transfusion 20 ml/kg PRBC X2

Strauss KA, Robinson DL, Vreman HJ, Puffenberger EG, Hart G, Morton DH. Management of hyperbilirubinemia
and prevention of kernicterus in 20 patients with Crigler-Najjar disease. Eur J Pediatr. 2006 May;165(5):306-19. doi:
10.1007/s00431-005-0055-2. Epub 2006 Jan 25. PMID: 16435131.

Rider NL, Strauss KA, Brown K, Finkenstedt A, Puffenberger EG, Hendrickson CL, Robinson DL, Muenke N,
Tselepis C, Saunders L, Zoller H, Morton DH. Erythrocyte pyruvate kinase deficiency in an old-order Amish cohort:
longitudinal risk and disease management. Am J Hematol. 2011 Oct;86(10):827-34. doi: 10.1002/ajh.22118. Epub
2011 Aug 3. PMID: 21815188.

Roy MK, Cendali F, Ooyama G, Gamboni F, Morton H and D’ Alessandro A: Red Blood Cell Metabolism in
Pyruvate Kinase Deficient Patients. (2021) Front. Physiol. 12

These papers highlight the prevention of kernicterus in type-1 Crigler-Nijjar. The principles of controlling extreme
hyperbilirubinemia provided insight into the prevention of kernicterus in infants with the Amish variant of pyruvate kinase
deficiency who have neonatal hemolytic crisis and rapidly rising unconjugated bilirubin.

Morton DH, Salen G, Batta AK, Shefer S, Tint GS, Belchis D, Shneider B: Abnormal hepatic sinusoidal bile acid
transport in an Amish kindred is not linked to mutation in FICI and improved by ursodiol. (2000)
Gastroenterology 119;188-195

Carlton VE, Harris BZ, Puffenberger EG, Batta AK, Knisely AS, Robinson DL, Strauss KA, Shneider BL, Lim WA,
Salen G, Morton DH, Bull LN. Complex inheritance of familial hypercholanemia with associated mutations in TJP2
and BAAT. Nat Genet. 2003 May;34(1):91-6. doi: 10.1038/ng1147. PMID: 12704386.



PREVENTING INJUSTICE — GENETIC DISORDERS MISTAKEN FOR CHILD ABUSE & NEGLECT

Many Risk Factors For Vitamin K Deficiency of Infancy
This is NOT just an Amish Disorder

Maternal Vitamin K Deficiency — Nutritional & Cholestatic
Hyperemesis gravidarum
Breast Feeding — Human milk is a poor source of Vit K
Perinatal Antibiotic Exposure suppresses Vit K synthesis by gut-anaerobes

TJP2
BAAT

SAR1B

Byler ATP8B1
AKRID1
Taurocholic acid transport disorder?
Alpha-1-antitrypsin deficiency
Alagille syndrome

“The Practice”

Seizures are an important genetic problem for CSC, CPAC & the DDC - as the slides above have shown.
In the US 4% of all pediatric h are made y by
However, not all seizures are inherited.
SCNIA, SYNGAPI, MECP2, & WDRAS are denovo seizure syndromes that occur in a single case in a
“family.
Some seizures are nutritional & prev genital Vit D & K defici
malnutrition & should be prevented by prenatal vitamins.

caused by maternal

A l-year-old Amish infant was brought to an emergency room with seizures.
Chemistries showed a low calcium — 6.6 mg/dl (8.7-10.5) and high Alk. Phos. 475 w/L
(145-320).

His Vit. D level was 7.2 ng/ml (30-100), his mother’s was 13 ng/ml. He had congenital
& severe vitamin D deficiency.
This infant went to 4 emergency rooms and 5 hospitals, at a cost of more than $75,000,

before hypocalcemia & primary vitamin D deficiency were recognized as the cause of
his seizures. He needed a $3.95 bottle of vitamin D.

Cord blood studies showed that 20% of all Amish neonates, and their mothers are
vitamin D deficient. - nutritional Vit D deficiency is common in this culture.

MATERNAL VITAMIN K DEFICIENCY

A PREVENTABLE SEIZURE SYNDROME
Late-Onset Partial Complex Seizures Secondary to Cortical Dysplasia in a Patient

FIG. 1. The patient ot age 3 gears (A-C) and age 13 years (D-F), note the Binder phenotype of flat nasal bridge, and brachytelephalangy.

1
CASE 1 RIGHT INTRA-CEREBRAL HEMORRHAGE & RETINAL

HEMORRHAGES:Sara and her brother Daniel were homozygotes for TJP2
¢.143T>C;p.Vald8Ala. He survived & is married to a non-carrier of TJP2. Sara
died before the TJP2 was discovered & was she mistakenly diagnosed as a “shaken
baby.”

In 2 of the 3 cases described below — Ben & Omar - the mothers were homozygotes
for TJIP2 mut/mut. Ben & Stephen were also h ygotes. Their fathers were
carriers.Omar was TJP2 p.Val48Ala-Het/Wt. He was affected by his mother’s
Vitamin K deficiency — Late-Pr ing Maternal-Fetal-Vitamin-K Responsive

Hemorrhagic-Disease on Infancy — Not just-an-Amish Disease a National Problem.

)

Vit D deficieny is NOT just a bone disorder!
Cardiac Arrest in a Vitamin D-Deficient Infant
EKG - Hypocalcemia with long QTc = 535 ms, total
serum calcium 4.8 mg/dL (1.2 mmol/L)
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Does maternal vitamin K deficiency & the resulting low gas6
activity make worse the medial temporal lobe malformations,
seizures, & autism associated with CASPR2?

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Recessive Symptomatic Focal Epilepsy
and Mutant Contactin-Associated Protein-like 2

Kevin A. Strauss, M.D., Erik G. Puffenberger, Ph.D., Matthew ). Huentelman, Ph.D.,
Steven Gottlieb, M.D., Seth E. Dobrin, Ph.D., Jennifer M. Parod, B.S
Dietrich A. Stephan, Ph.D., and D. Holmes Morton, M.D




Preventing Injustice In the Time of Genomics:
Genetic Disorders & the Mistaken Diagnoses of
Child Abuse, Neglect, and SIDS

The 2/4 cases of late presenting vitamin K deficiency with
intracranial & retinal hemorrhages described in slide 1 of
this set were misdiagnosed as non-accidental trauma.

D. Holmes Morton MD, Co-Founder of the Clinics for Special Children TJP2 deficiency is one of the most common recessive

Member, Pennsylvania Attorney General’s Medical Advisory Board on Child . . . .

Abuse (2000 -2012) Y disorders in Lancaster County Amish UMD-Anabaptist
Variant Server Data shows TJP2 ¢.143T>C; p.Val48Ala

In all populations genetic disorders masquerade under labels like cerebral palsy,
autism, mental retardation, epilepsy, and SIDS. Genetic problems are also mistak MAF 7.8% 44 Carriers/1000, 6-h0mozyg0tes/ 1000, 61-

for child abuse or medical neglect with tragic medical and legal consequences. . . .
hom/10,000. Pruritus of pregnancy is common in affected

Clinics For Special Children provide general medical care for thousands of Amish

and Mennonite children with many inherited disorders. Within our small patient women who are at risk for hemorrhaglc disease at
groups with well-characterized genetic risks, Child Abuse Teams have mistaken delivery and other fat-soluble vitamin deficiencies. The
genetic syndromes for shaken baby syndrome & other forms of abuse and medical .
neglect, and SIDS. fetal risk includes hemorrhagic disease, vitamin D

Genetic Disorders that mimic abuse, neglect, and SIDS are found in all deficiency, and a fetal vitamin K deficiency syndrome. A
populations.

5% case mis-diagnosed as non-accidental trauma, a non-
Amish infant, was caused by the coagulopathy of Neonatal
Hemochromatosis, now called Gestational Alloimmune Liver Disease (GALD). The common disorder of pregnancy
Hyperemesis Gravidarum is associated with maternal fetal vitamin K deficiency. In the general population of the US cystic
fibrosis & alpha-1-antitrypsin deficiency are common genetic causes of vitamin K & D deficiencies.

THE SEVERE NEUROLOGICAL CONDITIONS DESCRIBED BELOW ARE BIOCHEMICALLY LINKED
THROUGH HEPATIC & CNS MTHFR-DEPENDENT BIOCHEMICAL PATHWAYS THAT INVOLVE METHYL
AND ADENOSYL-B12, METHYL-FOLATES, METHIONINE AND SERINE.

19. Strauss KA, Morton DH, Puffenberger EG, Hendrickson C, Robinson DL, Wagner C, Stabler SP, Allen RH, Chwatko
G, Jakubowski H, Niculescu MD, Mudd SH. Prevention of brain disease from severe 5,10-methylenetetrahydrofolate
reductase deficiency. Mol Genet Metab. 2007 Jun;91(2):165-75. doi: 10.1016/j.ymgme.2007.02.012. Epub 2007 Apr 3.
PMID: 17409006.

20. Higgins JJ, Morton DH, Patronas N, Nee LE: An autosomal recessive disorder with posterior column ataxia and
retinitis pigmentation. (1997) Neurology 49: 1717-1720.

21.Lee J, Scanga HL, Dansingani KK, Taubenslag KJ, Zlotcavitch L, Chauhan BK, Sylvester CL, Morton DH, Nischal
KK. Clinical and imaging characteristics of posterior column ataxia with retinitis pigmentosa with a specific FLVCR1
mutation. Ophthalmic Genet. 2018 Dec;39(6):735-740. doi: 10.1080/13816810.2018.1547913. Epub 2018 Nov 16. PMID:
30444160.

LESCH-NYHAN DISEASE, ANOTHER RARE CAUSE OF “CERBRAL PALSY” IN THE AMISH,
RESPONSIVE TO S-ADENOSYL-METHIONINE DEFICIENCY?

22. Reisz JA, Dzieciatkowska M, Stephenson D, Gamboni F, Morton DH, D'Alessandro A. Red Blood Cells from
Individuals with Lesch-Nyhan Syndrome: Multi-Omics Insights into a Novel S162N Mutation Causing Hypoxanthine-
Guanine Phosphoribosyltransferase Deficiency. Antioxidants (Basel). 2023 Aug 31;12(9):1699. doi:
10.3390/antiox12091699. PMID: 37760001; PMCID: PMC10525117.



250-Word Summary for NAM Nomination

D. Holmes Morton MD, D.Sc. (Honorary)
Senior Consulting Physician in Pediatrics, Biochemical Genetics, and Genomic Medicine.
Co-Founder of The Clinics for Special Children

D. Holmes Morton, M.D., is a pediatrician and biochemical geneticist whose work has transformed the diagnosis,
treatment, and natural history of many inherited disorders through an innovative rural, community-supported medical
model. As co-founder of the first Clinic for Special Children (CSC) in Strasburg, Pennsylvania, and later the Central
Pennsylvania Clinic, Morton created a new paradigm in which genomic medicine, pediatrics, and biochemical diagnostics
are embedded directly within high-risk Plain communities. This model allows rapid recognition of genetic disorders,
cost-effective testing, and longitudinal care that has dramatically improved outcomes for children and adults with complex
inherited diseases.

Morton, his wife Caroline, and his medical colleagues have redefined the natural history of glutaric aciduria type
I, preventing the severe neurological injury once common in the Amish. Their work in maple syrup urine disease
established principles for metabolic management, clarified the benefits and limits of liver transplantation, and reshaped
international standards of care. The Clinics have similarly advanced treatment of Crigler—Najjar disease, pyruvate kinase
deficiency, familial hypercholanemia, and severe defects of folate—B12 metabolism—each time pairing molecular
discovery with community-based clinical innovation.

A hallmark of Morton’s career is the integration of genetics with social justice. By characterizing inherited
disorders that mimic cerebral palsy, epilepsy, autism, and child abuse, the Clinics have prevented misdiagnoses with
devastating consequences. Through more than three decades of work, Morton has demonstrated how deeply collaborative,
population-based genomic medicine can eliminate suffering, empower communities, and generate scientific insights
recognized around the world.

10 Key Publications Supporting This Summary

1. Morton DH, Bennett MJ, Seargeant LE, Nichter CA, Kelley RI. Glutaric aciduria type I: a common cause of
episodic encephalopathy and spastic paralysis in the Amish of Lancaster County, Pennsylvania. 4m J Med Genet.
1991 Oct 1;41(1):89-95. doi: 10.1002/ajmg.1320410122. PMID: 1951469.

2. Strauss KA, Brumbaugh J, Duffy A, Wardley B, Robinson, DL, Hendrickson C, Tortorelli, S, Moser AB,
Puftenberger EP, Rider NL, Morton DH. Pathophysiology and treatment of glutaryl-CoA dehydrogenase
deficiency: lysine restriction coupled to arginine fortification improves neurological outcome. (2011)
Molecular Genetics and Metabolism.

3. Morton DH, Robinson D, Strauss K, Kelley RI. Diagnosis and Treatment of Maple Syrup Disease: A Study of
36 Patients. (2002) Pediatrics. 109, 999-1008

4. Strauss KA, Wardley B, Robinsona D, Hendrickson C, Ridera NL, Puffenbergera EG, Shelmerf D, Moser AB,
Morton DH. Classical maple syrup urine disease and brain development: principles of management and
formula design. (2010) Molecular Genetics and Metabolism 99 (2010) 333-345.

5. Fortis SP, Grier AL, Reisz JA, Dzieciatkowska M, Cendali FI, Kauffman V, Morton DH, D'Alessandro A.
Advancing the Biochemical Understanding of Maple Syrup Urine Disease and the Impact of Liver
Transplantation: A Pilot Study. J Proteome Res. 2025 Jun 6;24(6):3088-3104. doi:
10.1021/acs.jproteome.5c00166. Epub 2025 Apr 15. PMID: 40232068.

6. Strauss KA, Robinson DL, Vreman HJ, Puffenberger EG, Hart G, Morton DH. Management of
hyperbilirubinemia and prevention of kernicterus in 20 patients with Crigler-Najjar disease. Eur J Pediatr. 2006

May;165(5):306-19. doi: 10.1007/s00431-005-0055-2. Epub 2006 Jan 25. PMID: 16435131.

7. Rider NL, Strauss KA, Brown K, Finkenstedt A, Puffenberger EG, Hendrickson CL, Robinson DL, Muenke N,
Tselepis C, Saunders L, Zoller H, Morton DH. Erythrocyte pyruvate kinase deficiency in an old-order Amish
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cohort: longitudinal risk and disease management. Am J Hematol. 2011 Oct;86(10):827-34. doi:
10.1002/ajh.22118. Epub 2011 Aug 3. PMID: 21815188.

8. Morton DH. Through my window--remarks at the 125th year celebration of Children's Hospital of Boston.
Pediatrics. 1994 Dec;94(6 Pt 1):785-91. PMID: 7970991.

9. Morton DH , Morton CS, Strauss KA, Puffenberger EG, Robinson DL , Hendrickson CT, Kelley RI . Pediatric
Medicine and the Amish & Mennonite People of Pennsylvania. (2003) Am J] Med Genetics (Seminars in
Medical Genetics) 121C:5-17.

10. Puffenberger EG, Jinks RN, Sougnez C, Cibulskis K, Willert RA, Achilly NP, Cassidy RP, Fiorentini CJ, Heiken
KF, Lawrence JJ, Mahoney MH, Miller CJ, Nair DT, Politi KA, Worcester KN, Setton RA, Dipiazza R, Sherman
EA, Eastman JT, Francklyn C, Robey-Bond S, Rider NL, Gabriel S, Morton DH, Strauss KA. Genetic mapping
and exome sequencing identify variants associated with five novel diseases. PLoS One. 2012;7(1):¢28936. doi:
10.1371/journal.pone.0028936. Epub 2012 Jan 17. PMID: 22279524; PMCID: PMC3260153.

Co-Pilot - Below is a version precisely tailored to National Academy of Medicine nomination
criteria that reflect the above 10-publications —assessing impact, innovation, leadership,
translation of science to practice, advancement of equity, and national significance.

250-Word NAM-Criteria-Tailored Summary

D. Holmes Morton, M.D., is a physician-scientist whose work exemplifies the NAM ideals of innovation,
translational impact, and service to vulnerable populations. As co-founder of the Clinics for Special Children (CSC),
Morton created a groundbreaking model of community-embedded genomic medicine that integrates pediatrics,
biochemical genetics, laboratory analytics, and public health within underserved Plain communities. This novel
system—Ilocally supported, non-profit, and population-based—has generated scientific discoveries while
transforming outcomes for children with severe inherited disorders.

Morton’s work has changed the natural history of multiple diseases. His team defined the pathophysiology
and prevention of catastrophic brain injury in glutaric acidemia type I, leading to internationally adopted protocols.
In maple syrup urine disease, the Clinics established metabolic management strategies and clarified the benefits
and limitations of liver transplantation, informing global standards of care. Studies in Crigler—Najjar
disease, pyruvate kinase deficiency, familial hypercholanemia, and severe disorders of folate—B12 metabolism
have paired genetic discovery with practical, community-based treatment strategies rarely achieved in academic
settings.

Morton’s leadership also extends to health equity and diagnostic justice. By elucidating genetic disorders
that mimic cerebral palsy, epilepsy, child abuse, and SIDS, his work has prevented misdiagnoses with profound
social and legal consequences. His collaborative approach—training local clinicians, building regional clinics, and
advancing newborn genomic testing—demonstrates sustained national and international influence.

Through three decades of scientific innovation and compassionate, community-centered care, Morton has reshaped

how genetic medicine can be delivered, generating a replicable model with exceptional impact on human health.



Major Contributions by NAM Criterion

1. Scientific Discovery and Advancing Medical Knowledge

* Identification and characterization of genetic diseases in founder populations

Morton and collaborators discovered or helped define multiple disorders, including GA-1, MSUD variants, MTHFR
deficiency, FLVCR1-associated posterior column ataxia with retinitis pigmentosa, PK deficiency phenotypes,
familial hypercholanemia (TJP2/BAAT), and rare inborn errors that mimic cerebral palsy, epilepsy, and

neurodegeneration.

* Redefining natural history through population-based studies

Longitudinal cohorts of GA-1 (1991, 2003, 2020), MSUD (2002, 2010, 2012, 2025), Crigler—Najjar disease (2006),
PK deficiency (2011, 2021), and severe folate—B12 pathway disorders (2007) established new understanding of
disease progression, metabolic thresholds, and neurologic vulnerability.

* Pioneering the use of exome sequencing and genetic mapping in rural clinical practice
Publications in PLoS One (2012) and Genetics in Medicine (2015) documented novel disorders and the

implementation of targeted next-generation sequencing for newborn diagnostics.

2. Innovation in Health Care Delivery and Translation to Practice

* Creation of a unique community-embedded genomic medical model

The Clinics for Special Children integrated laboratory diagnostics, genomics, pediatrics, and preventive care in the
same rural site—reducing diagnostic delays, lowering costs, and achieving outcomes not matched by standard
tertiary care models.

* Disease-modifying treatment innovations

— Preventing neurodegeneration in GA-1 through early metabolic management and lysine restriction with arginine
fortification.

— Transforming MSUD outcomes through acute protocols, metabolic monitoring, and clarifying the role and limits of
liver transplantation.

— Developing practical strategies for preventing kernicterus in Crigler—Najjar disease and in pyruvate kinase
deficiency—associated neonatal hyperbilirubinemia.

— Novel treatment paradigms for severe MTHFR deficiency and folate—B12 pathway disorders.

* Integration of diagnostics and treatment under one roof

Morton demonstrated that amino acid analytics, DNA diagnostics, enzymology, imaging, and clinical care can be
safely and effectively delivered in a small, community-centered clinic—creating a globally recognized model.
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3. Leadership, Mentorship, and Building Sustainable Systems

* Founder of a multi-state network of genomic specialty clinics
Clinics modeled on CSC were established in Pennsylvania, Ohio, Indiana, Wisconsin, and Kentucky—each a
community-supported nonprofit providing long-term care for complex genetic disorders.

* Mentorship of future physician-scientists
Colleagues such as Dr. Kevin Strauss and others trained in this model have become national and international leaders

in metabolic genetics and rare-disease medicine.

* Leadership at the interface of genomics and public health
Morton’s work on newborn DNA sequencing, gene discovery, and population-specific health risks provided new
approaches to public health genomics.

4. Impact on Health Equity and Underserved Populations

* Transforming outcomes in medically underserved Plain communities
Morton’s model ensures rapid diagnosis, equitable access to sophisticated metabolic and genetic care, and affordable

lifelong management in rural regions where tertiary centers are inaccessible.

* Eliminating disparities in rare-disease outcomes
Morton’s work nearly eradicated catastrophic neurologic injury from GA-1 and significantly reduced mortality in
MSUD, Crigler—Najjar disease, and other disorders in these populations.

* Preventing injustice through genomic diagnosis
By documenting genetic disorders that mimic cerebral palsy, seizures, autism, child abuse, and SIDS, Morton
provided critical evidence to prevent wrongful accusations and misdiagnoses with severe medical and legal

consequences.

5. National and International Influence

* Publications influencing global standards of care
Findings are cited in international guidelines for GA-1, MSUD, hyperbilirubinemia management, and rare metabolic
diseases.

* Clinics recognized internationally as a model for population-based precision medicine
The CSC approach demonstrates how genomic medicine can be delivered effectively and ethically in underserved

populations and replicated in other communities.
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