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MB-15-00012

MetaboSeq Fatty Acid Oxidation Defects Panel
Next Generation Sequencing Summary

Collection Date and Time:
Laboratory Accession # :
Specimen
:
Ordering Physician
:
Receive Date and Time
:
Ethnicity
:

3/4/2015 4:16 PM
MB-15-00012
1.3mL blood
Balistreri, William
3/5/2015 12:55 PM
Asian

Genes of Interest: ACAD9, ACADM, ACADS, ACADVL, CPT1A, CPT2, ETFA, ETFB, ETFDH,
GLUD1, HADH, HADHA, HADHB, HMGCL, HSD17B10, PPARG, SLC22A5, SLC25A20, TAZ

RESULT:

No Mutations Identified

We have completed the next generation sequence analysis of 19
clinically relevant genes associated with fatty acid oxidation
disorders. This individual does not have any detectable mutations in
the genes on this panel.

CLINICAL SIGNIFICANCE
By report, this patient has lethargy, vomiting, respiratory
insufficiency, abnormal newborn screening (CPT2/ CACT), hypoketotic
hypoglycemia, hyperammonemia, elevated serum creatine kinase,
rhabdomyolysis, seizures, myalgias, elevated liver enzymes, liver
dysfunction/ failure, hepatic encephalopathy and reye syndrome-like
phenotype. Previous whole exome sequencing at an outside laboratory
identified a mutation or variant. This patient’s condition is not
likely due to identifiable mutations in genes on this panel which are
associated with fatty acid oxidation disorders or hypoglycemia.

GENETIC SIGNIFICANCE
The absence of mutations in the genes referenced above does not exclude
a genetic etiology for this patient’s disease. Genetic counseling is
recommended for family-specific assessment of genetic risks.

CLINICAL RECOMMENDATIONS
Clinical correlation is recommended. If a fatty acid oxidation
disorder is still suspected, plasma acylcarnitines, urinary organic
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acids, and an evaluation by a metabolic specialist familiar with the
diagnosis and treatment of fatty acid oxidation defects are warranted,
if not done previously. Deletion/ duplication analysis of these genes
by targeted CGH is available at our laboratory that may identify
mutations that are not detected by sequencing. To access this testing,
please contact the Molecular Genetics Laboratory at 513-636-4474.

ADDITIONAL FINDINGS
The variant listed in the table below was identified in a gene which is
known to be associated with FAO, but the clinical significance of the
specific genetic change is unknown.
GENE NAME

VARIANT

(w/ Reference Sequence)

(predicted effect)

INTERPRETATION

ACAD9 (NM_014049.4) c.988A>C(p.K330Q),
heterozygous

COMMENT
HGMD: not listed
NCBI: rs79530903; MAF 0.6% 1000
Genomes Project
Grantham: moderately
VUCS unable to
conservative
predict
SIFT: tolerated
Polyphen2: probably damaging
Moderately conserved amino acid
considering 14 species

VUCS = Variant of Uncertain Clinical Significance.
Variant nomenclature is based on the recommendation by American College of Medical
Genetics that nucleotide +1 is designated the A of the ATG-translation initiation codon.

If you have any questions about this test result or its implications,
please contact the Molecular Genetics Laboratory at 513-636-4474.
METHODOLOGY
Genomic DNA was isolated from the above stated specimen. All of the exons, flanking
intronic and untranslated regions (5’ and 3’) of the ACAD9 gene (3q26), ACADM gene
(1p31), ACADVL gene (17p13), ACADS gene (12q22-qter), CPT1A gene (11q13), CPT2 gene
(1p32), ETFA gene (15q23-q25), ETFB gene (19q13.3), ETFDH gene (4q23-qter), GLUD1
(10q23.3), HADH (4q22-q26), HADHA (2p23), HADHB (2p23), HMGCL (1pter-p33), HSD17B10
(Xp11.2), PPARG gene (3p25), SLC22A5 gene (5q31.1), SLC25A20 gene (3p21.31) and the TAZ
gene (Xq28) were enriched/captured using microdroplet PCR technology (RainDance
Technologies Inc., USA). The enriched targets were sequenced using next generation
sequencing technology on the Illumina HiSeq 2500 instrument (Illumina Inc., USA) with >
40-fold coverage at every target base. The resulting sequence reads were aligned against
the reference DNA sequence and the variants were detected using NextGENe software
(SoftGenetics, LLC, USA). Observed variants were compared against dbSNP (NCBI) and
variants with a frequency of >10% were considered benign polymorphisms and are not
included in the final report. Novel variants were further evaluated/examined using
laboratory developed/adapted bioinformatic tools. All pathogenic and novel variants as
well as variants of unknown (indeterminate) significance, as determined
bioinformatically, were confirmed by Sanger sequencing. The analytic sensitivity of this
methodology is >99%. Small deletions and insertions of <10 bases are routinely detected
by this technology. However, larger deletions, insertions and genetic recombination
events are not identified using this method. Rare primer site variants may lead to
erroneous results. Detailed methodologies are available on request.
The interpretation of nucleotide changes is based on our current understanding of these
genes. These interpretations may change over time as more information about phenotypes
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associated with mutations in this gene becomes available. Additional sequence variants
may have been identified which are predicted to be benign findings and are not reported
herein. Please contact the laboratory for complete information, if desired.
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This test was developed and its performance characteristics were determined by the
Molecular Genetics Laboratory. This test utilizes the RainDance DNA capture system and
the Illumina HiSeq 2500 Next-Generation sequencing platform operated by the CCHMC
Molecular Genetics Laboratory. It has not been cleared or approved by the United States
Food and Drug Administration. The FDA has determined that such clearance or approval is
not necessary. This laboratory is certified under the Clinical Laboratory Improvement
Amendments of 1988 ('CLIA') as qualified to perform high complexity clinical laboratory
testing.

Tech: FLAX9L

THIS REPORT WAS REVIEWED AND VERIFIED BY:
M.D.,

Arnold W. Strauss,

Professor, Department of Pediatrics, Cincinnati Children's Hospital
Medical Center

This report has been reviewed and verified by:
C. Alexander Valencia PhD
Assistant Director, Molecular Genetics Laboratory
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For more testing information, please visit our website:
www.cincinnatichildrens.org/service/d/diagnostic-labs/moleculargenetics/default/
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VCV000136254.2 - ClinVar - NCBI
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https://preview.ncbi.nlm.nih.gov/clinvar/variation/136254/

This SNP mutation is the patient's family
signature!

The reporting date may indicate the little
trick in American medical genetics hospitals use ClinVar database to track
a patient, so that they cannot get a
diagnosis anywhere.

6/20/2018, 1:47 PM

VCV000136254.2 - ClinVar - NCBI

2 of 2

https://preview.ncbi.nlm.nih.gov/clinvar/variation/136254/

The INITIAL report date - 04/30/2013, being so close to the pathology lab date - 04/18/2013,
indicates that somebody tested for a pathogenic ACAD9 mutation, but they denied this condition
even when the mutation was found. If it was from SCH, the ordering physician deliberately
covered the metabolic condition.
The second report date, 06/02/2015, is very close to the patient's CCHMC visit. However, the
submitter is not CCHMC. It is Children's Mercy hospital and Clinics.
More information is needed to explain this.

6/20/2018, 1:47 PM

Comprehensive
Molecular Testing
for Fatty Acid
Oxidation Disorders

A Guide for Clinicians

Cincinnati Children’s Hospital Molecular
Genetics Laboratory introduces
MetaboSeq, our next-generation sequencing panel of
19 genes (see Table 1) associated with fatty acid oxidation
disorders (FAOD). MetaboSeq is the first test of its kind
for diagnosing any of a large number of FAOD which often
have overlapping clinical presentations. Fatty acid oxidation
disorders are a group of inherited metabolic conditions.
Mutation(s) in any one of a number of specific genes cause
defective enzyme production in this key metabolic pathway.
During times of fasting, illness, or exertion, fatty acids are
normally mobilized in the body, but, in patients with FAOD,
an enzyme defect results in the diminished ability to break
down fatty acids into the energy necessary to overcome these
stressors. Affected patients may show FAOD symptoms
(liver failure, rhabdomyolysis, muscular hypotonia,
cardiomyopathy with or without arrhythmias and/or renal
tubular acidosis) within the first days to weeks of life; these
disorders are often fatal if not detected early [Strauss et al.
2009]. Early initiation of treatment leads to good outcomes
in most instances.
GENETICS of FAOD: Newborn screening has
tremendously aided the early diagnosis of FAOD. When an
abnormal newborn screening result indicates a specific disorder,
Sanger sequencing of the specific gene of interest can identify
the underlying genetic cause of the disorder in many patients.
However, biochemical screening results may show measurements
that overlap with several conditions (e.g. acylcarnitine screening

uncovers cases of MCADD, M/SCHADD, MCKATD
and glutaric acidemia type 2 alike) [Lindner et al. 2010].
Additionally, significant genetic heterogeneity has been reported
for long-chain fatty acid oxidation disorders [Spiekerkoetter et
al. 2010]. These factors highlight the utility, in some cases, of
a comprehensive analysis of multiple genes involved in fatty
acid oxidation. The MetaboSeq panel includes FAOD genes
in the carnitine cycle and beta-oxidation pathway; as well as
other integral pathway genes, including electron transporters
(ETFA, ETFB, ETFDH), one gene involved in ketone
synthesis (HMGCL), and two genes with phenotypic overlap
with traditional FAODs (GLUD1 and TAZ)(see Figure 2).
INDICATIONS for MetaboSeq:
• Abnormal newborn screen
• Unexplained neonatal hypoglycemia
• Recurrent maternal fatty liver of pregnancy
• Reye syndrome
• Rhabdomyolysis/skeletal myopathy
• Cardiomyopathy and/or arrhythmias
• Other nonspecific symptoms of FAOD including:
• liver failure
• vomiting
• lethargy
• seizures
• coma
Note: Patients with acylcarnitine results or other clinical findings indicating a
specific metabolic syndrome may benefit from molecular testing for mutations in
that particular gene prior to MetaboSeq testing.

Table 1. The MetaboSeq panel for fatty acid oxidation disorders includes tests for all of the genes
included here.
Gene

Disorder

Gene

Disorder

ACAD9

acyl-CoA dehydrogenase-9
(ACAD9) deficiency

HADH

short-chain 3-hydroxyacyl-CoA
dehydrogenase (SCHAD) deficiency

ACADM

medium-chain acyl-CoA dehydrogenase
(MCAD) deficiency

HADHA

long-chain 3-hydroxyacyl-CoA dehydrogenase
(LCHAD) deficiency or general trifunctional
protein (TFP) deficiency

ACADS

short-chain acyl-CoA dehydrogenas
(SCAD) deficiency

HADHB

general trifunctional protein (TFP) deficiency
or isolated mitochondrial long-chain ketoacylCoA thiolase (LKAT) deficiency

ACADVL very-long-chain acyl-CoA dehydrogenase
(VLCAD) deficiency

HMGCL

3-hydroxymethyl-3-methylglutaryl-CoA lyase
(HMG-CoA lyase deficiency

CPT1A

carnitine palmitoyltransferase 1 (CPT1)
deficiency

HSD17B10

17-beta-hydroxysteroid dehydrogenase X
(HSD10) deficiency

CPT2

carnitine palmitoyltransferase 2
(CPT2) deficiency

PPARG

peroxisome proliferator–activated receptorgamma (PPAR-g) ligand resistance syndrome
(PLRS) or familial partial lipodystrophy type 3

ETFA

multiple acyl-CoA dehydrogenation
(MAD) deficiency

SLC22A5

primary carnitine deficiency

ETFB

multiple acyl-CoA dehydrogenation
(MAD) deficiency

SLC25A20

carnitine-acylcarnitine translocase 		
(CACT) deficiency

ETFDH

multiple acyl-CoA dehydrogenation
(MAD) deficiency

TAZ

Barth syndrome or familial isolated noncompaction of the left ventricular myocardium

GLUD1

congenital hyperinsulinic hyperammonemia
(HI/HA) syndrome

Clinical utility of testing: A genetic diagnosis of an FAOD using MetaboSeq can assist in the
treatment and management of a patient, provide prognostic information about the patient’s
condition, as well as supply information on which to base accurate genetic counseling and
further testing recommendations for at-risk family members, perhaps before symptoms appear.

Figure 1. Diagnostic algorithm for fatty acid oxidation disorders.
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Figure 2. Pathway for mitochondrial fatty acid beta-oxidation. The letters represent key enzymatic
steps and specific enzyme and corresponding gene names are in the key below the diagram.
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Mutation Comparison of two possible diagnoses suggested by BCM whole exome sequencing lab.
CHROM

POS

REF ALT

GT:AD:DP:GQ:PL:CGIANN_VARNAME:CGIANN_1000GAF:CGIANN_ESP6500AF
ACAD9 mutations * (#3 in BCM focused report. )

chr3

128612562 A

G

0/1:110,118:228:99:2903,0,2960:‐,NM_014049.4(ACAD9) c.346+63A>G:‐,0.05:‐,NOT_FOUND

chr3

128614075 G

GA

0/1:19,14:33:99:257,0,437:‐,NM_014049.4(ACAD9) c.347‐78_347‐77insA:‐,NOT_FOUND:‐,NOT_FOUND

chr3

128614133 C

T

0/1:96,67:163:99:1898,0,2755:‐,NM_014049.4(ACAD9) c.347‐20C>T:‐,0.64:‐,0.580886

chr3

128614185 A

C

0/1:156,114:270:99:2850,0,3928:‐,NM_014049.4(ACAD9) c.379A>C (p.(=)):‐,0.52:‐,0.450254

chr3

128618283 T

C

0/1:66,59:125:99:1710,0,1782:‐,NM_014049.4(ACAD9) c.787T>C (p.(=)):‐,0.04:‐,0.022374

chr3

128621363 A

G

0/1:63,49:112:99:1224,0,1868:‐,NM_014049.4(ACAD9) c.883‐33A>G:‐,0.04:‐,0.023374

chr3

128622934 A

C

0/1:147,142:289:99:4169,0,4138:‐,NM_014049.4(ACAD9) c.988A>C (p.K330Q):‐,0.01:‐,0.000384

chr3

128627021 A

G

0/1:130,102:232:99:2857,0,3615:‐,NM_014049.4(ACAD9) c.1279‐7A>G:‐,0.5:‐,0.434107

chr3

128627999 T

C

0/1:70,52:122:99:1289,0,1941:‐,NM_014049.4(ACAD9) c.1485+57T>C:‐,0.05:‐,NOT_FOUND

chr3

128628809 A

G

0/1:40,42:82:99:1090,0,1336:‐,NM_014049.4(ACAD9) c.1564‐55A>G:‐,0.05:‐,NOT_FOUND

chr3

128629137 G

C

0/1:26,21:47:99:0|1:128629137_G_C:589,0,826:‐,NM_014049.4(ACAD9) c.1692+145G>C:‐,0.05:‐,NOT_FOUND

of the 11 mutaions,
BCM and CCHMC
only reported 1
(bold).

TNFRSF13B mutations * (#1 in BCM focused report. )
chr17

16842912 A

G

1/1:0,65:65:99:2015,195,0:NM_012452.2 c.831T>C (p.(=)),NM_012452.2 c.831T>C (p.(=)):0.56,0.56:0.479006,0.479006

chr17

16842966 C

T

0/1:22,32:54:99:898,0,542:‐,NM_012452.2(TNFRSF13B) c.777G>A (p.W259*):‐,NOT_FOUND:‐,NOT_FOUND

chr17

16842991 G

A

1/1:0,45:45:99:1690,135,0:NM_012452.2(TNFRSF13B) c.752C>T (p.P251L),NM_012452.2 c.752C>T (p.P251L):0.18,0.18:0.117946,0.117946

chr17

16855878 C

T

1/1:0,121:121:99:3861,363,0:NM_012452.2(TNFRSF13B) c.81G>A (p.(=)),NM_012452.2 c.81G>A (p.(=)):0.88,0.88:0.809626,0.809626

*The last several values in the last column are allele frequencies. A lower value typically means more likely bad.

Hello Mr. and Mrs. Chen,

An email from BCM,
BCM will not report many mutations.
For the research the parents participated for their
4/11/2014
son, there is no answer since then even the parents
asked specifically on CPT-2 gene.

I received your contact information from Baylor College of Medicine’s Medical Genetics Laboratory and
understand you would like more information about an ongoing research study at Baylor College of Medicine
and Texas Children’s Hospital for children without genetic diagnoses. Your child had a clinical genetic test
(whole exome sequencing) performed recently to try and find the gene (part of DNA) that is causing his/her
health problems. DNA is the genetic material that is passed down from parent to child that tells our bodies
how to grow and develop. The DNA is divided into over 20,000 genes which all have a different function in the
body. Currently, we only understand the function of about 4,000 of them. When there is a change or
‘mutation’ in the DNA, the body cannot ‘read’ the gene correctly and therefore does not function as it should.
Your child’s physician thinks your child may have one gene that is not working correctly to cause their health
problems. Because your child’s physician did not know which of the 20,000 genes it was, he/she ordered whole
exome sequencing as a cost‐effective to look at all of them. I do not work at the institution which ordered
whole exome sequencing on your child; therefore I do not have any information about their diagnosis. I will
need to receive this information from you directly or from your doctor (once you sign a health information
release).
At this time, the testing is considered ‘normal’ or inconclusive, which means we still have not found the cause
of your child’s developmental problems. This could be for several reasons: 1. Most likely, your child does have
a change in his/her DNA that is causing his/her problems but it is in one of the 16,000 genes for which we do
not understand its function. It is common for clinical testing not to report these changes to families because we
do not fully understand their meaning or 2. Your child does not have a mutation we can see with this test.
Whole exome sequencing does not detect all DNA changes associated with human disease.
Most patients who have this test ordered do not get a diagnosis, so you are not alone. To address situation #1
above, Baylor/Texas Children’s Hospital has a research project that will take another look at the exome
sequencing test results for patients like your child who had Whole Exome Sequencing done but still do not
have a genetic diagnosis. This is at no charge to your family and at this time, no one in your family would need
to give more blood to participate. However, if there are other similarly affected people in your family, it may
be important to obtain a specimen from them. If you would like to participate, I need to go over the attached 9
page consent form with you (this takes about 30 minutes, depending on how many questions you have) and
get signatures which would allow the research lab at Baylor to receive data and left over samples from your
child’s genetic testing for research. If we find the ‘answer’ or causative gene, we will let you know if you tell us
you want this information.
We cannot promise we will be able to get a genetic diagnosis for your child, but this is just another avenue to
reach this point. This research is completely optional to your family and once we have talked about limitations
and benefits, you can decide.
If this sounds like something you are interested in, let me know and we will go over the consent together. If
you do not want to print off all of the paper work below, let me know and I will mail them to your house
A.
B.
C.
D.

Three (3) copies of ’10‐15‐13 WES adult’ (27 pages total)
Three (3) copies of ‘HPI release…’ (3 pages total)
One (1) copy of ‘exome data release…; (one page total)
One (1) copy of Authorization for the Use and Disclosure of Protected Health Information

Let me know if you have questions,
Samantha Penney, MS, CGC

yong.xie@outlook.com
From:
Sent:
To:
Subject:

Strauss, Arnold <Arnold.Strauss@cchmc.org>
Tuesday, December 1, 2015 2:47 PM
Yong Xie
Sequence data

Dear Yong Xie and Liying Chen:
Thank you for your note. I am sorry to take so long to respond, but my wife and I were on a long Thanksgiving holiday, and I had
limited access to email. Since this note of November 18, I am aware that you sent a request to Dr. Valencia and a more recent
note to members of the leadership here at CCHMC as you copied me on those email notes, and I reviewed them upon my
return.
Although I did review and sign the MetaboSeq report on Jianhua Xie because I am an expert in fatty acid oxidation disorders, I
am not the Director of the Molecular Genetics Laboratory or a member of the Division of Genetics, so the policies and
procedures about releasing the raw data are up to that team. They are aware of your request, and I believe they will likely
respond to you.
As you probably know, and as mentioned in the laboratory report, the MetaboSeq test uses specific primers to analyze all of the
exons (coding regions) of the 19 genes noted in the report. This approach finds any mutations or sequence differences in those
coding regions and the adjacent consensus splice sites of the introns. These are the regions in which most mutations causing
single gene defects, including all of the known fatty acid oxidation disorders, are found. As you are aware, exons of the CPT‐II
gene were sequenced, and there were no mutations or sequence differences present as would be the case in the vast majority
of patients with CPT‐II deficiency.
However, as you also probably know, mutations in non‐coding regions of the genome can cause disease as well by influencing
the rate of transcription of genes, for example. The MetaboSeq test would not find such mutations because of the method that
is used. Moreover, the raw sequence data would not find such mutations because those regions are not included in the
sequences. So, the answer to your second question is that “some special simulation” (and I am not sure what you mean by that)
would not be helpful. Rather, a much more extensive whole genome sequence would be required, and that is not the test that
was ordered or performed.
I would be happy to discuss further if this is not clear.
Peace,
Arnie

The parents do not believe Dr. Strauss'
words as so many ACAD9 mutations not
reported.

Arnold W. Strauss, M. D.
Professor of Pediatrics in Cardiology
Associate Director for External Relations and Strategic Projects,
Cincinnati Children's Research Foundation
Arnold.Strauss@cchmc.org
Room S10.357, Procter Research Pavilion
3333 Burnet Avenue, Cincinnati, Ohio 45229
Executive Assistant:
Mary Kinsella (mary.kinsella@cchmc.org)
513‐636‐8854
From: Yong Xie [mailto:yong.xie@outlook.com]
Sent: Wednesday, November 18, 2015 11:39 AM
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To: Strauss, Arnold
Subject: please help

Dear Dr. Strauss,

We are Yong Xie and Liying Chen. We are writing this email for more help on our sons MetaboSeq lab.
Dr. William Balistreri ordered MetaboSeq for our son, Jianhua Xie a while ago. Unfortunately, it seems that your lab did not find
his gene anomalies matching his symptoms. We know gene technology progresses very fast, and there are quite some
techniques to interpret many details if there is a concern on one particular gene. It may not be surprising that in the past not a
single mutation was seen on his CPT‐II gene, which actually should be his metabolic condition of CPT‐II deficiency.
Could you please do us on two favors?
1) Can we have the raw data of his complete MetaboSeq sequencing? We’d like to have it to learn how to interpret those
data by ourselves and some close friends. It is critical for the future of Jianhua’s and his siblings’.
2) If possible, could you please re‐run some special simulation, especially on his CPT‐II genes to see if there is any small
mutations which may show bad consequences.
The first request is something we want to have as our personal records in case that those data are lost over time. Below is our
mailing address:
21743 NE 105th PL
Redmond, WA 98053
Please let us know when your lab ships it out.
Thanks
Best regards
Yong & Liying

From: Strauss, Arnold [mailto:Arnold.Strauss@cchmc.org]
Sent: Wednesday, April 29, 2015 10:08 AM
To: Yong Xie <yong.xie@outlook.com>
Subject: RE: FATP & FACL
Dear Yong Xie:
thank you for your note. To my knowledge, defects in FATPs have not been associated with FAO diseases, even though I agree
with you that they could/might be.
Peace,
Arnie
Arnold W. Strauss, M. D.
Professor of Pediatrics in Cardiology
Associate Director for External Relations and Strategic Projects,
Cincinnati Children's Research Foundation
Arnold.Strauss@cchmc.org
Room S10.357, Procter Research Pavilion
3333 Burnet Avenue, Cincinnati, Ohio 45229
Executive Assistant:
Mary Kinsella (mary.kinsella@cchmc.org)
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513‐636‐8854
From: Yong Xie [mailto:yong.xie@outlook.com]
Sent: Thursday, April 23, 2015 8:40 PM
To: Strauss, Arnold
Subject: FATP & FACL

Dear Dr. Strauss,
This is Yong, trying to understand FAOD issues. I saw MetaboSeq from CCHMC covering the most complete genes on FAODs so
far, but I still have one concern on the yellow spot.

I found that people are more and more inclined to the opinion that long chain fatty acids need special proteins to cross the cell
membrane. If infants have defects on these genes, long chain fatty acids will accumulate outside of the cell membrane on
fasting. The fatty acids will form droplets quickly. Within hours, the droplets will change the environment around them totally.
Those cells around the droplets will be killed soon because of the environmental change. Even liver cells will die quickly; thus, a
patient may die from it because of an organ failure. Because the accumulation happened in a short time, the organ has no time
to stretch its size, the pressure will build up quickly. Plus the lack of energy supply, a liver, will be hurt bad soon. The ultrasound
image will show those droplets leaving doctors wondering what is happening.
The consequence could be as bad as CPT2/CACT. My question is why FATP and FACL are not included in MetaboSeq?
Thanks and best regards
Yong
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