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DNA Replication Prior to Cell Division

Parent Strands
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DNA
Replication
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Gene = DNA Instructions for A Specific RNA/Protein

Exon 1 Exon 2 Exon 3 Exon 4
Promoter | | Infron1 [} intron 2 R Intron 3 | )
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Gene (DNA)
l Splicing
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POLYMERASE CHAIN REACTION

PCR Cycle - Step 1 PCR Cycle - Step 2

Denaturation By Heat | Biotinylated Primer Pair
| Anneals To Ends Of

-Heat denaturation (95 degrees C). *Primer annealing 55-65 degrees C.
Provides sufficient energy to break *Takes advantage of base complementarity.

hydrogen bonds.
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POLYMERASE CHAIN REACTION

PCR Cycle — Step 3

Taq Polymerase Caltalyzes N
Primer Exitension As

Complementary Nucleotfides
Are Incorporated : @‘.;ci

\!

*Polymerization at 72 degrees C.

*Requires availability of Thermus aquaticus DNA
polymerase (heat stable).

End Of 1st PCR Cycle

Results In 2 Copies
Of Specific Target
Sequence

*After thefirst cycle, there are 2 copies of
the original double helix.

«Continue cycling....
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PCR: Exponential Amplification Of Targeted Sequence

POLYMERASE
CHAIN
REACTION

*And so on...for 30-35 cycles

*Result is billion-fold amplification of target.
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Deoxyribonucleic Acid (DNA) | Fydogen vl

Nitrogenous bases: & Thymine _.-HoN N 3
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https://upload.wikimedia.org/wikipedia/commons/d/d3/
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Sugar
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SEQUENCING: Determine the order of nucleotides in a DNA or RNA strand

Target DNA

[al[clT][T][s][c][a][a][c][c]T][s][c][T][T][T][A][c][c]
HENNEEWLEEENEENNNLEE

+ Synthesize new DNA strand
w [7](c][a][al[c] G (&l
g Sequencing primer DNA bases
oQ (G2 A (allc]{T][T][s][c]laflal c]s|T][s]{c|{T][T][T][Alls]|<]
© D P GEODGE
Fluorescent dideoxy [aflcliT][T|[s| cllAllalic]lslT]is]ic|(T](T]|T]|A]{s][c]
DNA bases AEERECTD

[allcfiTlTlis]ic]iallallcli]iT]ls|[c|[T][T][T]la]|s][c]
FE AR E Tl Allc]s]AlA]Al <] ey
[AllclT]T]is]cl[alallc|s|[T][s]lc|T][T][T][Alls]|c]
HEEREE ] B

[allcfiTlTliefic]iallalciliT]is][c][T][T][T]lal|s][c]

Separate DNA fragments by size EEEEECAFECR P

Detect fluorescent tag with a laser

CACCCAT Gm‘«""' GA"‘GGAGAC GRG\.RG'”"‘”ACG& GGACCTGGGGAGGAAGG
60 70

A
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Sanger Sequencing

1 Reaction mixture
= Primer and DMNA template = DNA polymerase
= ddMTPz with flourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP)

Prirmar

F

e e e e

g e e e e Y
Tampiats —
ddMHTPs
ddTTF —i
dICTP —i
ddATF —@
dIETP =i

2 Primer elongation
and chain termination

5 e ¥

T T

5 e —

E o o e e e e e e

By —— 4J}

> P ————
T e ——

e ——— T

T T e ———

]

/N E
Laser

e o

3 Capillary gel electrophoresis
separation of DNA fragments

=3

Capillary gel

Dretector

¢

e

4 Laser detection of flourocchromes
and computational seguence analysis

[ | I||||!|'| | |||! ' !'| |'! I Il Il !rl’\ |||

Chromatograph
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Molecular Analysis of GALC

* Reduce number of false positive screens
*  Predict phenotype (?)

«  Method: 30 kb deletion
— Agarose gel for 2 common deletions QE‘Q‘S d

« 30kb &7kb
— Sequenceall 17 exons and Promoter Region

(i)

Exon;J,—' Exon 10 Exon 11 Exon 12 Exa |

|

«—w Normal

L —
= : Mutant
W\ AW\ A /\/ /\ r\/&
: >T (p.
C 1586(: T(pThr529|\/|et) rYl(jE)\Ig’K Department Wadsworth
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March 12, 2026 Known Variants in the ALD Gene - ABCD1

ABCD7
TS TS
Tl\d1\’:&{2 l?m EAA-Tike” TMS Walkon&(j sequence Walker B
= I .| . N ---a
- - \/
del. SSUTR-ex2 del. E291 del. HHILS86-589 del. Ex8-10
Exonl Exon2 Exon3 ExonS Exont Exon? Exon8 Exon9S Exoni10
P84as L3I13P R4O0O1VW fsatE471 RS18Q PSS0OL. W5S595X RE660W HGE667N
S108L fs at F3s8s s atQ4a72 RS18wW EGO9SK
N148D FS540S ABS16D
NZ214D Qsaar fs at R&622
0268':% Clinical phenotypes of ALD
G277R Cerebral forrm: Red
S290W ANMN: Bluco
fs at P34 asymptomatic or unknown: Black
fs at D200 Both cerebral form and AMN: Green

fs at Y281

immmmmmmmmmmmmm mmmmmmummmmmmmu
¥ S = ]

.ATCTACCCGGACTCAGTGGAG.ACA?GCAAAGGAAGGGCTAC GGAGCAGGACCTGGAAGCCATCCTGGACGTCGTGCACCTGCACCA

FATCTACCCGGACTCAGTGGAGSACATGCAAAGGAAGGGCTAC CGGAGCAGGACCTGEGS A ~r o Am AP srpR eSS A r s P~ srrs

. ; 2 P \ A an . , VOUS TCG>CCG (Ser>Pro)Hemizygous(male)

cRelelop Uy Wl Wl el g Rk opdeiy el fc] A LA L Al C L C oS A C I C Sl OO A S A Al ARACORACCO0CIRCICIOA0 C2
v a2 DN £
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GCCCTACATGTCTGTGGGCTCCCTGC GCACCAGGTIrGATCTACCCGGACTCAGTGGASGACATGCAAAGGAAGGGCTACTCGGAG T CSA
GCCCTA A TS TCOCTrGTGG6GCTCCDCOCTG C TS ACCAGGTGATCTACCCGGACTCAGTGGASGACATGZA A 1EGGEGCTACTCGGAGFGC
J 1 f
Mﬁm(\vmwm» xA/\NvaMMﬁNMMI\mwMMM;M/\A
CGCCCTACATGTCTGTGGGCTCCCTGC GACCAGGTGATCTACCCGGACTCAGTGGOGAGGACATGCA A \GGEGGCTACTCGGAGCH
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| Reference Sequence Rs76132819 || Rs79211180 Splice Joint

TCAACCA TGC TGACAC CTC TGG TTT TTGTAAAG GTGC|ICJCACTC|CITG TGICACGG TGA TGCATAG GCACC TGCACC CCG TG
T € ec TEE TGANCAC CTCEC TGEG6 TTT TTG6T G GTGC|IC[CACTC|T|ITG TGICACGG TG TGCANTAG GCGACC TGLCANCE CCG TG

=

SJ-TREC Forward Primer SJ-TREC TagMan Probe SJ-TREC Reverse Primer

I | ‘ |

itle: A Singl leotid I hism in _Cell ision Circl
Gans MD, Saavedra-Matiz CA, Bernstein L.

J Allergy Clin Immunol Pract. 2019 Aug 17. pii: S2213-2198(19)30720-2. doi: 10.1016/j.jaip.2019.08.014. [Epub ahead of print] No abstract available.
PMID:31430593
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The Next Wave of DNA Sequencing

Buzzwords « 2005: 454 (Roche)

* “Massively parallel”
sequencing * 2006: Solexa (lllumina)

* “High-throughput” » 2007: ABI/SOLID (Life Technologies)
sequencing

e “Ultra high_throughputn e 2010: Complete Genomics
Sequencing  2011: Pacific Biosciences

* “Next generation”

sequencing (NGS) e 2010: lon Torrent (Life Technologies)

e “Second generation”  2015: Oxford Nanopore
sequencing Technologies
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Next Generation Sequencing

Utility
Sequence of a large gene
Sequence of several genes
Sequencing many people simultaneously

o Disorders
Cystic Fibrosis — large gene (44 exons, 10 -18 kb coding)
Severe Combined Immunodeficiency — 39 genes (55)
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Steps in next-generation sequencing.

A
E— =) e e e e,
— e i '\\-
— — e e
= — e P e —
Extracted Fragmented Ligated
DNA DNA Adaptors

= v

Targeted /7 VWhole-Exome
Enrichment

-— —<>
T——— —= =

‘\.\/
Remaining fragments
are washed out

Vwhole-Genome
Sequencing
(No Enrichment)

Captured
Fragments

C
Raww
Signal
Decoded

Bases

D Alignment to Reference

T COC T COCGATCGATCGATAGA T CGA T CGA T CGATCOCTATGOC TAGOCTGTCOCT A
<
< <
< L=
< <
[ ==
L=
= <
(== L=

Ricardo Parolin Schnekenberg, and Andrea H Németh Arch Dis Child 2014;99:284-290 NEW

ADC

vork | Department | Wadsworth

STATE | of Health
Copyright © BMJ Publishing Group Ltd & Royal College of Paediatrics and Child Health. All rights reserved. "

Center
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llumina Sequencing by Synthesis Workflow

Library Preparation — prepares target DNA
with indices and sequence adaptors

P7 PS5

Roughly 50% of the sequences have a 3
bp deletion (TCT)

<

T G G 1 T 1 1 C C 1

DNA sequence from each target is aligned

Images except sequence are from © lllumina with permission

3. Cluster Amplification

O

l Flow Cell

Bridge Amplification y
Cycles |

Illumina MiSeq 1
Flow cell FoiACH P ST 4)

Clusters

Amplification of target regions on flow cell

4

i SO

o § 4 \4 G‘

Q1= (3]

Seguencing Cycles W

- Digital Image

DNA sequencing — a single fluorescent nucleotide is
added, an image is taken, and the process repeats

York | Department
STATE | of Health
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NGS Sequencing

PCR amplify sample

4 different images merged
Immobilize and amplify
single molecules on a

solid surface

Reversible terminator

sequencing with 4 color

dye-labelled nucleotides 20 20 o)
T@ SO

NEW
YORK
ém

Topr CATCGT
Bottom: CCOCCC
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Unique MBCs = Unique Molecules m—

Barcoding

MIRRRRARRRRENRNS T
Sample Barcoding |
° Thlnk Oflt as RRRLARRRRRR AR
multiple Sanger
sequencing Molecular Barcoding (MBCs)
reactions being » Identify unique DNA
imaged molecules.
simultaneously. e Error correction.
 Copy-number variant (CNV)
* Saves time and detection.
money.
Yori | Department | Wadsworth
i S;TATE of Health | “™*"




March 12, 2026

NYS Multi-Gene Panel

* Developing a multi-gene

panel (VariantPlex assay).

* Anchored Multiplex
PCR (AMP)

e MBCs for detection of
exon-level deletions/
duplications

Normal Sample: Sample with CNVs:
Target Regions: Target Regions:
lAMPmew lAMPmeW
Barcode 1 n barcodes
A 4 Barcode 2
arcode 1
Barcode 2 n barcodes Barcode 3 0.5m barcodes
Ej:ﬁﬂﬂii m barcodes Barcode 4
Barcode 5
Barcode 5 Barcode 6 2p barcodes
Barcode 6 p barcodes Barcode 7

NEW
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VariantPlex Assay

Mutation in pnmer-binding sequence
Amplification by opposing primers is blocked, but successful by AMP

Mutation in target region
Mutation under primer
binding site in one allele
Opposing primer PCR Archer AMP
— 3
— e
—5 —
— —
—5
5 | .. A4 6 6 & n
L <
I e 8 ===
L S
No PCR product from allele with binding PCR product from allele with binding
site mutation — no (G/C) observed site mutation — (G/C) observed
 Anchored Multiplex PCR (AMP)
*  Minimum recommended DNA input 10 ng SEW | Department | wadsworth
STATE | of II-)Iealth Center
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MCCC1
MCCC2
HBB
HBA1
HBAZ2
SLC22A5
GALT
IDUA
GAMT
ACADVL

ACADM

ETFA
ETFB
ETFDH
GAA
ABCD1
GALC
CPT2
HMGCL
HSD17B10
AUH

___Gene | Conditon

(3-methylcrotonyl CoA carboxylase deficiency)
(3-methylcrotonyl CoA carboxylase deficiency)
(hemoglobinopathies)
(alpha-thalassemia)
(alpha-thalassemia)

(primary carnitine deficiency)
(galactosemia)
(mucopolysaccharidosistype 1)
(guanidinoacetate methyltransferase deficiency)
(very long-chain acyl CoA dehydrogenase deficiency)
(medium long-chain acyl CoA dehydrogenase
deficiency)

(multiple acyl-CoA carboxylase deficiency)
(multiple acyl-CoA carboxylase deficiency)
(multiple acyl-CoA carboxylase deficiency)
(Pompe disease)
(X-Adrenoleukodystrophy)
(Krabbedisease)

(carnitine palmitoyltransferase deficiency, type 2)
HMG
2M3HBA
3MGA

NEW
YORK
éﬂ'g

Department
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Wadsworth
Center
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39 — Gene Panel

CORO1A

PRKDC

TBX1

ADA

AK2

CD3D

CD3E

CD45

CD3Zz

DCLRE1C

IL2RG

IL7RA

JAK3

RAG1

RAG2

FOXN1

ATM

CHD7

MTHFD1

MTR

RMRP

SLC46A1

DOCK8

NBN

LIG4

NHEJ1

RAC2

CD3G

STAT5B

ZAP70

PNP

BLNK

DOCK2
GATA2 Genes
involved in
IGHM
T-cell and B-
BTK cell
deficiencies
CD40LG and
syndromes
WAS
DKC1 _
Adding 16
NEW: | Department | Wadsworth
STATE | of Health Center
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Sanger vs Next Generation Sequencing
Single Sequence vs. Parallel Sequence

Coding Sequence Sl

SUmmary

T Variants
Irndex
Feference
Feference—ak
» PT1

» PpTZ

- PT3Z

SCID_RAGT_PT3_E2

w PT

SCID_RAGT_PT4_E2

~ PTES

ACTGTGC TTGACC AAGC A AGACAAGC CC G TCAGCRCAAGAGAAGAGC TCAGGCAAGGATC

T K L n 8] .y B (8] Y B Q 33 K B B B 8] o B I

ACTGTGCTTGACC AAGECAAGALC A AGCCCGTOCAGCRCAAGAGALAGAGC TCAGGC AMGGEATL
ACTGTGCTTGACCAAGLC AAGALC A AGCCCGTCAGCRCAAGAGALAGAGC TCAGGC A8 GGEATLC

ACTGTGCTTGACC AAGCAAGAC A AGCCCGTC AGCBCAAGAGALGAGC TCAGGC &8 GG4A4TLC.
AAGAGFAAFAGTCTCAGEFCAAGEATCT

ACTETGCTrTFACCAAGCAAGFACAAGCCCGETCAGFCE

O A AN )

ACTGTGCOCTTGFACC AAGLCAAGAC A AGCCCGTOCAGC R CAAGAGAAGAGOC TOCAGGC ALGGLATLC.
AT TG rrFACC A AGC Al GAC AAGCCC e rCAGCRECAAGAGFAAGAGCTCAGECAAGFTFATC.

ACTGTGCTTGACCAAGCAAGACAAGCCCGTCAGC

AAGAGAAGAGC TCAGGCAAGGATLC.

Sanger
sequencing

Eﬁﬂ@

ACTErGCrrFACCAAGCAAGACAAGCCCGTCAGC

T T N L A R s,

1‘160 1‘130 1.3|DC! 1.3|2{!
AAAAAGCTCAAAACTGTGCTTGACCAAGCAAGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
AAACTGTGCTTGATCAAGCAAGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAAACTCAAAACTGTGCTTGACCAAGCAAGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG

AAGFAFAAFAGCTICAGEFCAAGTEATC.
SCID_RaAaGT_FTH_EZ

0
lenXpress_027-1 {no introns)
17 016 reads ek

TCAGCAAAAAACTCAAAA AGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAA GCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAAACTCAAAAC CAAGCAAGACGAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAAACTCAAAACTGTGCT

AGCAAGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG

1.?;6{! 1.?;&} 1.%00 1.3|2{!

UTCAGCAAAAAACT TGTCCAAGCAAGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG

onXpress_028 (nolntrons) T AGCAAAAAACTCAAAACTGTGCTTGACCAAGCAAGACAAGC GCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
2mtreads 1o AGCAAAAAACTCAAAACTGTGCTTGACCAAGCAAGACAAGCCCGTCAGCGCAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAAACTCAAAACTGTGCTTG CAAGCGCATCAGCGCAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAA-CTCAAAACTGTGCTTGACCAAGCAAGACAAGCCCGTCAGCG-AAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAACAAAAAACTCAAAACTGTGCTTGACCAAGCAAGACAAGCCCGTCAGCGCAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG
TCAGCAAAAAACTCAAAACTGTGCTTGACTAAGCAAGACAAGCCCGTCAGCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAG

seguencing

APPLICATIONS NOTE ™ .75 \ssorsmasnmia:
Sequence analysis
The Sequence Alignment/Map format and SAMtools {‘,‘5‘,’{,( Department | Wadsworth
Heng Li'-7, Bob Handsaker? !, Alec Wysoker?, Tim Fennell2, Jue Ruan®, Nils Homer?, Center

STATE
Gabor Marth®, Goncalo Abecasis®, Richard Durbin'* and 1000 Genome Project Data . Of Health

Processina Subaroun’
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Targeted Next-generation Sequencing Overview

\
¥ K DNA extraction and purification
ample
¢ Quantification (optional)
Qc o
\
Ampliseq Custom Amplicon AmpliSeq VariantPlex Accel-Amplicon
Libra ry (llumina) (ThermoFisher — lon) (ArcherDX) (Swift)
Prep Multiplex PCR Multiplex PCR Anchored multiplex PCR Multiplex PCR y
* Remove unincorporated primers, residual DNA and contaminates )
e Quantify & normalize libraries
Purify * qPCR Quantify — check if library preparation worked and allows for normalization across samples
Library * Normalization beads —as an alternative to quantification of each library, bead purification can capture a specific
amount of library per sample Y,
~\
* Generate sequence data - FASTQ files
e Demultiplex - sort reads by sample barcode(s) and output to a file specific for that sample
y
N
AmpliSeq for lllumina AmpliSeq VariantPlex Accel-Amplicon
(Hlumina) (ThermoFisher — lon) (ArcherDX) (Swift)
MiSeq Reporter Torrent Server Archer Analysis VarSome (Cloud based) )
Each company offer some basic analysis software with their instrument or panels. Some have more functionality than others.
Yori | Department | Wadsworth
STATE | of Health | “™*"
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NGS Analysis Workflow (Pipeline)

Alignment Variant Calling Interpretation
e BWA-Mem 'SQ_TK' GRS, +ACMG Guidelines

gathogenic \

NM_000033.3(ABCD1):c.1390C>T
(p.Argd64Ter) — Heterozygous

NM_000033.3(ABCD1):c.1771C>T
(p.Arg591Trp) - Heterozygous

VOUS

NM_000033.3(ABCD1):c.1780+4G>A -

NEW | Department | Wadsworth
@erozygous / i%%‘ﬁ of Elealth Center
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Two NGS Platforms Used for SCID Sequencing

r,,

) ’
I e — I

lllumina MiSeq —

HuSeg-Custem .
Amphieon/ AS panel AmpliSeq (AS) panel

ThermoFisher Chef/S5

Wadsworth
Center

Department
of Health
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Types of Variants

Effects of single base
mutations in DNA Code

Mutation type silent missense nonsense readthrough

New amino acid Gly His Stop Leu

Changei GGA CAU UAA UUA
ge in DNA l I | | l | l |

e | 111

j;g;gj"cf;““ ATGGGC IAT'I'"C GT AGC TAT CCA TAAAAATATATA...
Met Gly lle Arg Ser Tyr Pro Stop

NEW

r Wadsworth
YORK Department Wadsv
ATE | of Health




March 12, 2026

Dried Blood Spot (DBS)
“Guthrie” Card

- S&S® 903™ Cotton Paper

- 3.1 mm DBS ~ 3.1 uL whole blood.
Benefits:

Rapid absorption (~ 10 seconds) (e —
Easy transportation

Blood constituents “easily” eluted
Typeable DNA from 3-15 years.

> 2500 articles in PubMed
- > 14 Million Google “hits”
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Clin Chem 59:7; 1045-1051 (2013)

Cost-Effective and Scalable DNA Extraction Method from Dried Blood Spots.
Saavedra-Matiz CA, Isabelle JT, Biski CK, Duva SJ, Sweeney ML, Parker AL, Young AJ, Diantonio LL, Krein
LM, Nichols MJ, Caggana M.

Newborn Screening Program, Division of Genetics, Wadsworth Center, New York State Department of
Health, Albany, NY.

Abstract

BACKGROUND: Dried blood spot (DBS) samples have been widely used in newborn screening (NBS) for the early identification of disease to
facilitate the presymptomatic treatment of congenital diseases in newborns. As molecular genetics knowledge and technology progresses,
thereis an increased demand on NBS programs for molecular testing and a need to establish reliable, low-cost methods to perform those
analyses. Here we report a flexible, cost-efficient, high-throughput DNA extraction method from DBS adaptable to small- and large-scale
screening settings.METHODS: Genomic DNA (g.DNA) was extracted from single 3-mm diameter DBS by the sequential use of red cell lysis,
detergent-alkaline, and acid-neutralizing buffers routinely used in whole blood and plant tissue DNA extractions. We performed PCR
amplification of several genomic regions using standard PCR conditions and detection methods (agarose gel, melting-curve analysis,
TagMan-based assays). Amplicons were confirmed by BigDye® Terminator cycle sequencing and compared with reference
sequences.RESULTS: High-quality g.DNA was extracted from hundreds of DBS, as proven by mutation detection of several human genes on
multiple platforms. Manual and automated extraction protocols were validated. Quantification of g.DNA by Oligreen® fluorescent nucleic
acid stain demonstrated a normal population distribution closely corresponding with white blood cell counts detected in newborn
populations.CONCLUSIONS: High-quality, amplifiable g.DNA is extractable from DBSs. Our method is adaptable, reliable, and scalable to
low- and high-throughput NBS at low cost (50.10/sample). This method is routinely used for molecular testingin the New York State NBS
program.

Clin Chem 59:7;1011-1013 (2013) Editorials

Newborn Screening by Sequence and the Road Ahead.
Sondheimer N.
Department of Pediatrics, University of Pennsylvania, and Section of Biochemical Genetics, Children’s

Hospital Philadelphia, Philadelphia, PA. ¥Ew. | Department | Wadsworth
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Molecular Testing in Newborn Screening

* Primary molecular test

 Whenno other assay is available
« Severe Combined Immunodeficiency (SCID)
« Spinal Muscular Atrophy (SMA)

« Second tier molecular test

* Increase sensitivity or specificity of primary assay
- Cystic Fibrosis (CF), Krabbe, Pompe, MPSI, etc.

 Clarify an ambiguous result
- Hemoglobinopathies

« Supplemental “Just in Time” assay
» Galactosemia, X-ALD (if not Pathogenic Variants > other PBD),
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Second/Third tier DNA Sequencing
Clinical Assessment vs Supplemental

» Pompe/MPS I/Krabbe/Cystic Fibrosis: Sanger sequencing of gene

>
>
>

Reduces referrals — contributes to the clinical assessment
Can provide information on classic infantile forms phenotype
Report detected

» ALD: full sequencing of ABCD1 gene

>

YV V VYV V

Not intended to reduce referrals —supplemental
Determine if females are ALD carriers
Determine if males have mutation

If no mutation, consider other PGD

For ABCD1, genotype (nor marker concentrations) do not correlate with
phenotype!!
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Tools to Classify DNA Sequence Variants

* Review of primary literature
« Databases

— GnomAD - http://gnomad.broadinstitute.ora/

— ClinVar - https://www.ncbi.nlm.nih.qgov/clinvar/

— EXAC Browser - http://exac.broadinstitute.org/

— Gene specific databases
« MPS-1
— http://Impsl-database.ora/
* ALD

— http:/www.x-ald.nl/

« Pompe
— https://lwww.erasmusmec.nl/klinische_genetica/research/l
ijnen/pompe_center/moleculaire_aspecten/?lang=en
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Searching gnomAD Database for Your Variant
gnomAD - Genome Aggregation Database

gnomAD browser Search by gene, region, or variant About Downloads Terms Contact Jobs FAQ

This is a new version of the gnomAD browser. The old version is available at http,/gnomad-old broadinstitute.org
ABCD1 ATP-binding cassette, sub-family D (ALD), member 1 Current Dateset| gnomAD V2.1 -le

01988

104 (canonica

Ensembl gene D  ENSGO00001

Gene Constraint @
Ensembl transcript ID

Number of variants filtered variants) Category Exp.no. variants  Obs. no. variants  Constraint metrics
UCSC Browser ¥.152990304-153010217 e05a
Genegq;'l;ﬁ --E_ Synonymous 1548 145 Z=053 {ﬁ.EZ g o B4
Missense 3388 235 7=205 ?Dzzo-c-ﬁ%] 7_tlg
LoF 137 0 pli=1, {ucclc5] q
[ exome [ genome | Save plot |
clude: 05 UTR Men-coding transcript
| cansers | © I [ I | L L [ I I
|§srs_jmes‘mp.n° I [ I [ | [ [ 1 [ R
o | B Allvariants |
o ra——nn  nl SV S S RN A -
gnomADy2 1 1}:- R T e S L T S P o R TR T e e e T Y *4.:;“.....”..&«:[;”1:& (o & -:n-u:*-w.m:wuﬁm
Vivigintabe 1}:-41: https://gnomad.broadinstitute.org/gene/ENSG00000101986
gnomAD — 125,748 exome sequences and 15,708 whole- ,_;J York | Department | Wadsworth
. . . STATE of Health
genome sequences from 141,456 unrelated individuals —
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gnomAD Variant Search Results for ALD (ABCD1 gene)

| Bins" Al wvariant

P - -l . » m.ml | I — nm | - | I - |
S e LT R e AL 2 T A TR [ e Mm-u-m*nﬁmm&
. &4&(

L I'IEZ\W'I asn I'S\Z‘JG'—'SC TEIINATTE 153000205 I' 53001745 152002845 15300574 I' S30084E2 I' SZO0EEST

¢ Include filtered variants @

iJE] LoF enly | & Missense only & Synonymous only Other  only | + SNPs Search variant table
g # Indels
|J Export variants to CSW |

t denotes a consequence that is for a non-canonical transcript

Variant ID Source Consequence Annotation Flags Allele Count Allele Number Fniq“ueelzﬁ cy H::;':::E o‘fas HE;EEEE
E c.1497A>G(p.=) SYNOoNYmMous 1 181555 5.508e-6 0 0 “
E c.1518A>T(p.=) SYNonymous 3 182241 1.6468-5 0 1
ENE| c1521C-T(p.=) SYNONYMoUs 5 204151 2.449-5 0 7
E p.Asn5095er 1 182301 5.485:-6 0 0
E €.1533C>T(p=) SYNonymous ] 182133 2.745e-5 0 0
E c.1536C>G{p.=) SYNonymous 1 182294 5.486e-6 0 0
(ERE £.1539GA(p.=) SyNonYMous 2 204350 9.787e-6 0 1
E c.1542C=T(p.=) SYNONYMoUS 3 182341 1.645e-5 0 1
E E c.1548G=A(p.=) SYNonymeus 19244 204205 9.424e-2 636 7522
E c.1551C-T{p.=) SYNonymous 2 182410 1.096e-5 0 0
E p.Arg518GIn 1 182400 5.482e-6 0 0
E p.Leus23lle 1 2190 4.566e-5 0 1
[ENE| c.1581C>T(p.=) Synonymous 44 204577 2151e-4 0 13
[ENE| p.Gly528%er 8 204648 3.909e-5 i 1
E p.Val530Met 1 182794 5471e6 0 0
E plys533GIn 1 182895 546826 0 0
E p.GIn537His 2 182857 1.094e-5 0 1
[E| p.Arg538Cys 1 182791 5.471e-6 i 0
E p-Arg538His 1 182755 547226 0 1
== PP I—— n Prp— “are_r " “ v
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gnomAD Variant Population Frequency Results

HELpUES L S I O DL

Annotations
This wariant falls on 3 transcript{s) in 2 genes(s).
missense intron
= ABCD1 = US27111.74
= ENSTOOD00278703 * = EMNSTODDDD4IL254 *
HGWSP: p. ArgS‘l E!Gln
Polyphen = a

SIFT: dele
EMSTIH J O JD——I

Population Frequencies Age Distribution
A aAllele Allele Mumber of Mumber of allele qe—
Fopulation Coount MNumiber Homozygotes: Hemirygotes Frequency - .
Europesn n
* (non- 1 81371 o o 0.00001 229 = =
Finmnish} = 1
r African o 137154 o o 0.000 ‘E —
r Latino o 27317 o o 0.000 :
p CEILETE= o 7394 o o 0.000 2 - - - - = -
Jewwish o E =y =y P9 ey AT i pr= e
s ™ £ s £ o5 & A A =
r East Asian o 13845 o o 0.000
European N —_—
" (Finnish) L Ul L L SR | Heterozygotes Homozygotes
v Other o 4506 o o 0.000
South
Y mmian 0 1890& 0 o 0.000
Taotal 1 182400 o o 0LO000D05482
Include: Exomes Genomes
Genotype Quality Metrics Site Quality Metrics
ana—
110k =] ara =
100K — ara —]
- wok—] 1
@ sok—
E =
E o] =
;E SOK — E
= SOK = &
= <ok -
== SO —
2ok |
1ok —
Cos = 3 o - TTTTI L I 12 1 ]
omT o -'N_;\“q 1e=1 1=+3 Te=3 14 IS 1 Tmem 1e~s 1
Sencwype Quality SiteQuality
|’ Al “ariant Carriers | Genofype Quality [ Exomes Genomes | SiteCruality (2355) - [ Excmes Gencmes |
Rlma: Thoea ana citalowsal mnislitg mootrice  thoes mass b s eeesdiessblo fre o deioallalie citoe

York | Department | Wadsworth
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ClinVar Results of ALD Variant
ClinVar — Database with Clinical and Genomic Information

Clinvar Climvar ¥ | |Search Clinvar for gene symbols, HGWVS expressions, conditions, and more Search
Advanced Help
Home About - Access v Help - Submit -~ Statistics = FTF -
NEW  Click here the new “ariation Report design!
MNM_000033.3(ABCD1):c.1553G>A (R.Args518GIin)
“sariation 1D: &) 92317 1 Affected gene e
Review status: g criteria provided, multiple submitters, no conflicts ATP binding cassette subfamily D member 1 {ABCD1) [Gene
- ORI - Yariation wiewer]
Haploinsuficiency - Sufficient evidence for dosage palfhogenicity
A . (Apr 26, 2012}
Interpretation & Goto: (&) (= ) ] _ )
Triplosensitivity - Wo ewidence svarsble (Apr 26, 2012)
Clinical significance: Pathoge Q Search Clinvar for variants within ABCGD1
Last evaluated: Apr 26, 2017 Q  Search Clin%ar far variants including ABCD1
Mumber of submission{s): 2
Condition{s): Adrencleukodystrophy  [MedGen - Crohanet - Shalbd]
See supporting_Clirtvar reccrds [ Variant frequency in dbGaP @ =
Mo dbEaF data has been submitted for this wariant.
Allele(s) & Gotol @ =

MM_000033. 3(ABCD1):c.1553G>A (p.Arg518Gin)

Allele 100 22238

“arnant type: single nuclectide variant

Hgze

Chrx: 1523740156 (on Assemibly GRCH33)
ChrX: 152005510 (on Assembly GRCh37)

Cytogenstic location:

Senomic location:

Protein change: R5130

HGEWE: NG _002022.2:9.202890G=5
MNR_0O0033.3:c.15535=A
MNP_000024 2:p.Args120GIn
.mers
Links:

UniFrotB2
dbEMNP: rs3%

AR 000070

MNCEI 1000 Genomes Browser: s2

123102

Molecular conseguence: MEA_D00033.3:c 1553G=4A- missenses variant [Seguence Ontology

Allele frequency: Exome Aggregation Consortium {ExAC) 0.00001

The Genome Aggregation Database (gnomAD), exomes 0.00001

https://www.ncbi.nlm.nih.gov/clinvar/variation/92317/

Browser views =
RefSeqgGene

“ariation Wiewer [GRCh2S - GRCh3T

UCSC [GRCA2EMIZE - GRCh27/hg19)

Related information =3
dioEMNF

Functional Class

CGene

hMedGen

OhAIRA

[t (R £

Fubhied

Related genes (soscific)
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Challenges of Sequencing

a Major Challenge: Determining pathogenicity

o ACMG defined 5 categories to classify
variants:

Known pathogenic

Unknown significance

Benign

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