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Who are we?

Department of Human Genetics, Emory University
School of Medicine

Not for profit clinical testing laboratory with a
focus on rare genetic disorders

Comprehensive laboratory
Biochemical, Cytogenetic and Molecular Genetics

Nutrition and clinical genetics
Certified by CLIA, CAP, & NY state




Epigenetic/ TNR

Sequencing (450 genes) Huntington, Beckwith-

Widermann/Silver-Russel,
UPD7, MCC, Fragile X

Lysosomal, NBS, Intellectual
disability, inherited cancer,
mitochondrial genome, hearing
loss, CDG, Neuromuscular, Autism

Luminex

Cystic Fibrosis, Jewish Panel,
Gaucher, Galactosemia, Alpha
Thalasemia, Y-Microdeletion

Microarray
Southern/Restriction Enzyme

All sequenced genes except
SMA, McArdle, MCAD, Sickle

Cell, Fragile X, Myotonic
Dystrophy, LHON, Leigh,
MERFF, NARP, Kearnes-Sayers

pseudogenes



Lifecycle of a single gene test

Clinical
reports
Mutation spectrum, clinical
Gene phenotype reported in literature
reported " Mutation,
literature UV and
benign
changes
Clinical database
laboratory
decision

Determine

geng Clinical
transcript, validation
exons, scan (CLIA/ CAP)

literature




Single genes>>>>>> multi gene panels using next gen sequencing



Nextgen sequencing panels

XLID

X-linked Intellectual
disability

92 genes, 1500
amplicons, 898 kb

Syndromic and
non- syndromic

Availability of
positive controls

Mainly males
Hemizygous

All types of genes:
metabolic, ID

CDG

Congenital
Disorders of
Glycosylation

25 genes, 288
amplicons, 101 kb

Availability of
positive controls

Biochem test (first)

Molecular
confirmation

CMD

Congenital Muscular
Dystrophy

13 genes, 383
amplicons, 65 kb

Genes well
characterized

Availability of positive
controls

Immunohistochemistry

- Painful muscle biopsy
and no definitive
results

- Secondary effect




X- linked intellectual disability (XLID)



Example

An example of a pedigree from a family with XLMR (D)

grandparents O

female
male )
carrier
uncle uncle aunt mother
male male female female
with carrier
XLMR
male female
|male female male female| ) male ) female
with carrier
cousins XLMR
Siblings
Boy with

XLMR




Clinical suspicion of

HLME
w
v ¥
Defined clinical Generalized clinical
presentation presentation
¥
- Chromosomes
Choose a CGH* (whole genome) ar
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Nature Genelics 41, 510-512 (1 May 2009} | doi:10.1038/ng050%-510

X-cess of variants in XLMR

David L Melson & Richard A Gibbs

As DNA sequencing technology rapidly improves, the utility of
sequencing is moving from the laboratory and becoming part of
routine health care. Along this path, large-scale resequencing
studies are essential to characterize the variation associated with
human diseases.

doi:10.1038/nature09534

A map of human genome variation from
population-scale sequencing

The 1000 Genomes Project Consortinum®

The 1000 Genomes Project aims to provide a deep characterization of human genome sequence variation as a foundation
for investigating the relationship between genotype and phenotype. Here we present results of the pilot phase of the
project, designed to develop and compare different strategies for genome-wide sequencing with high-throughput
platforms. We undertook three projects: low-coverage whole-genome sequencing of 179 individuals from four
populations; high-coverage sequencing of two mother-father—child trios; and exon-targeted sequencing of 697
individuals from seven populations. \Ve describe the locatlon allele trequencv and local haplotype structure of
appr0x1matelv 1.:: million 51nle ------ ertions and deletlons. and 20,000
structural S, T '

data set. On average, each person is found to carry approxnmatelv 250 to 300 loss-of-function variants in annotate
genes and 50 to 100 varlants prevmuslv 1mpllcated in 1nher1ted dlsorders We demanstrate how these results can be used

substitutiorr 3 AL %%
signatures of natural selection, 2 e ne1ghb0urh00d of genes,
due to selection at linked sites. These methods and publlc data will support the next phase of human genetic research.




o® (Opitz/BBB) MID1
o3 (Microphthalmia, linear skin defects) HCCS
- (Oro-facio-digital ) OFD1 —

(VACTERL) FANCE

(Rett-like, infantile spasms) CDKLS

(Nance-Horan) NHS

(Spermine synthase deficiency) SMS
(Pyruvate decarboxylase deficiency) PDHAT
(Glycerol kinase deficiency) GK —
(Duchenne muscular dystrophy) DMD
{Ornithine transcarbamylase deficiency) OTC
(OFCD, Lenz microphthalmia) BCOR —

(Epilepsy) ATP&AP2

(Monoamine oxidase-A deficiency) MAOA

(Norrie) NDP

(FDH, Goltz, Goltz-Gorlin) PORCN

(Epilepsy, macrocephaly) SYN1

(Cleft lip/cleft palate) PHF8

iCornelia de Lange) SMC1A
(Choreoathetosis) HADH2 —

(Hyperekplexia, epilepsy) ARHGEF9
(Cerebellar hypoplasia) OPHN1

(T3 transporter deficiency) SLC16A2
iMenkes) ATP7A
(FG, Lujan-Fryns) MED12
(Female-restricted epilepsy) PCDH19
(Rolandic seizures.,s.ﬁexE{h {:lyﬁ raxia) SRPX2
(Phosphoglycerate kinase deficiency) PGK1
(Pelizaeus-Merzbacher) PLP
(Mohr-Tranebjaerg) TIMMBA
(Short stature, muscle wasting) NXF5
(PRPP synthetase hyperactivity) PRP51 J
(Lissencephaly) DCX
(Danon) LAMP2
(Seizures, speach impairment, hirsutism) UBE2A
(Mitochondrial complex | deficiency) NDUFA1
iLowe) OCRL —
(Simpson-Golabi-Behmel) GPC3
(Borjeson-Forssman-Lehmann) PHF&
(Lesch-Nyhan) HPRT —

(Hypotonia, infantile autism, quadriparesia) KIAA2022 }

(Growth hormone deficiency) S0X3 \\\

(Fragile XA) FMR1
a (Hunter) IDS
E (Adrenoleukodystrophy) ABCD1

EM (HASA) L1ICAM [
unIv {(Nephrogenic diabetes insipidus) AVPR2
MED (BPNH, OPD) FLNA

(Incontinentia Pigmenti) IKBKG
(Dyskeratosis congenita) DKC1 —

NLGN4
AP152
~‘ RPS6KA3 (Coffin-Lowry)
ARX (West, Proud, XLAG, Partington)

ILTRAPL1
//

— TMA45F2
ZMNF81
CASK (Microcephaly, nystagmus, FG)
ZN674
ZNF41
— FTSI
SYP
SHROOM4 (Stocco dos Santos)
JARID1C
IQSEC2
HUWE1
PQBP1 (Sutherland-Haan, Cerebro-palato-cardiac (Hamel), Renpenning)
— FGD1 (Aarskog-Scott)

DLG3
ZNF261
MLGNz2
— ATRX (ATR-X, Carpenter-Waziri, Holmes-Gang, Chudley-Lowry,
Smith-Fineman-Myers, Juberg-Marsidi)

MAGT1
BRWD32
— ZNF711

__r—ACs5L4
— PAK3

22

23 — AGTR2

ZCCHC12 (SIZN1)
CUL4B

GRIA3
— UPF3B
— ZDHHC9
—] S5LC9A6
ARHGEFé

24 —

MR2
MECP2 (Rett, PPM)
—1 RPL10
GDIn
SLCeASB
— RAB39B (Epilepsy, autism, macrocephaly)



Phenotype driven XLID gene selection tool

Genes

"
r

= Possible Disease specific Phenotypes

l l

Data Storage

L

Relational Database

Management System:
MicrosoftSQL Server

Query the database of kKnown
gene-phenotype relations

Userinterface ( PHP, HTML, JavaScript)

Return gene list

h 4

Custom requisition form of genes relevantto patients clinical
presentations.




|.__ Delayed speech

Absent speech

Development

|7. Mental retardation
[MR) (including mild,
moderate, severs)

|_ Aspergers

& ] syndrome

| Inarticulate speach |1" Speech problems

L Developmental
regression

L Delayed motor
development

[[impaired spatial
cognitive abilities

Dysmorphology - nose
Neurological

Dysmorphology - mouth
Hands/Feet

Ear

4

:—l Learning
disabilities/developmental
delay/cognitive
impairment

Number of selected clinical presentations :

5

Selected clinical presentations -

« Mental retardation (ME) (including

mild, moderate, severe)
+ Speech problems
+ Seizures
+ Tremor

+ Retrognathin

Selected Clinical Presentations

+ Mental retardation (MR) (including mild,
moderate, severs)

+ Speech problems

+« Seirures

+« Tremar

+ Retrognathia

‘The number of genes selected for this arder
is :

80

Stepl: Flease selsct the panel that you would
like to order:

! 30 gene ! 60 genie 9 g0 gene
pansl panel panel

Step 2: Manual Selection: Flesse sslect
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No. of matched symptoms

4
3
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Total variants detected using panels

Number of Number of Average
genes pseudogenes variants

found

XLID 92 3 31
CDG 25 1 20
CMD 13 0 39

Internal Mutation database for continuous reclassification of variants



Mutation Database

2 Welcome, Ephrem Chin to globe@genapp3.genetics.emory.edu - 1.0.0.0 I =] B
System Wiew
| =~ L2 “.& 18

-5 Genes B E e X ]
----- w BBCDT : ]
_____ wr ACAD D | Symbol I Hame | Chiom | Inheritance I H... | HGMD Ref |d I [ther names I Comments | -
_____ e ACADE w139 ABCDT  ABCDI Chit  Wlirked HM_DO003.3 ALD, AMN, ALDP, ABC4Z
..... e ACADY —ig e 2 ACADTT ACADTT chr3 HM_032169.4 acyHCod dehydioganase famiy, mem...
..... s ACADM -2 ACADE  ACADE Chm Autosomal Becessive NM_014384.2 ARCAZ, ACAD-E, FLI22530 _—
..... v ACADYL w159  ACADS  ACADS Chi NM_014049.4 ACAD-3, NPDODZ, FLIZ3533, MGC1 4452
----- o ACATT - ACADM  ACADM Chil Autozomal Recessive Mh_00001E.4 MCAD, ACADT, MCADH, FLIT8227, FLJS301 3, FLI33884 (Id naming system - Take 25aa off th...
----- e ACSLA s i ACADML  ACADWL Chii7  Autosomal Fecessive HM_D0015.2 ACADE, LEACD, YLCAD
----- w ACTAT w ACATT  ACATH Chiid Autosomal Recessive NM_000079.2 T2, MAT, ACAT. THIL
----- s BLTCT w144 ACSL4  ACSLA Chix  Ylirked NM_D04458 2 ACS4, FACLA, LACS4, MAXE3, MAES
----- s BFF2 w212 ACTAD ACTAT Chrl HM_001100.3 ACTE, AGMA, CFTD, MPFD, NEM1, NEMZ, NEM3, CFTD1, CFTDM
""" = AGTRZ w207 ACTC] ACTE chil5 HM_DO5159.4 ACTC, ASDS, CMD1R, CMH11 Actin, alpha, cardiac muscle
""" e ALGT w95 AFF2 AR Chix NM_D02025.3 FMRZ MRX2, 0X19, FRAXE
""" = ALGTO w145 BGTRZ  AGTR? Chit  Hlinked N _000B95 4 AT2 ATGR2, MRXE
- ztgg w2 MG ALGT Chilk NM_D151023.4 HMT1, HMAT, HMT-1
..... - ALE13 w398 ALEID
..... - il61e w399 ALGIN Asparagnedk.  Child 30 NM_DDIOO41271  GTSCDGIPUTRIACKIAADZEE
,,,,, - A0 w184 ALGIZ ALGIZ Chi22 HM_024105 3 ECM39, hALG12, MGL31 36, PP14673, MGC111358
..... i === 400 ALG13
..... o ALGS =40 ALGN
..... e ALGE w21 ALG2 ALGZ Chid HM_033057.3 COGH, NET38, haLFG2, FLI14511
..... - BLGE w14 ALGI ALG3 Chi3 NM_D05747 5 COGS4, NotS6, NOTSEL, D1EEnd3e
----- w ALGY w402 ALGH
----- - w191 ALGE  ALGE Chrl NM_D13329.3
----- s BMPD1T w192 ALGE  ALGH Chrl1 HM_024079.4 MGC2240
----- = AMPD3 w193 ALY ALGH Chil1 HM_024740.2 DIBD1, FLJ21845, LOH11CR1), DKFZp5aEM 2420
----- e ANOS =200 AMN MM chrl4 NM_030343.3 PROT028 Amnianless homolague (mouse)
""" = AP152 w185 AMFD1  AMPDT Chrl Autosomal Fecessive NM_D00036 2 MAD, MADA For test code PAMPD - 2 mutation pa...
""" = APC w289 AMPD3  AMPD3 chit NM_ 001025383 1 Adenosine manaphasphate desnings...
""" = ARHGEFE w283 ANDS  ANDS chill NM_213639.2 GODT, TMEM1EE Anoctamin§
::: EETBGEFS w157 APIS2  APISZ Chi NM_D03916.3 DEZ2, MAX5S, SIGMATE, MGC:1902
..... i il APC P Ch  Autosomal Dominant HM_D0003 4 G5, DF2, D3, BTPSZ, DP25
..... — AREE w290 ARHGE.. ARHGEFS HM_D04840.2 Pl COOL2, MP46, Cook2, KIAADDDE, dphaPly, alphaFl
,,,,, gy w 23] ARHGE.. ARHGEFS NM_D15145.2 PEMZ, PEM-2, HPEM-2, KI&AD424, COLLYRISTIN
,,,,, - AL w290 AALE  ARLE chi3 NM_1779761 BES3, MGCI2934 ADP-ibasplation factorlike 5
,,,,, - A5G - ARSA ARSA Chr22 Autozomal Recessive Hi_000487 4 MLD
..... s ATPEAT j - 7 ARSE ARSE Chi Autosomal Becessive NM_000046.3 ASE, G435, MP3E j




Lifecycle of a single gene test

Clinical
reports
Mutation spectrum, clinical
Gene phenotype reported in literature
reported " Mutation,
literature UV and
benign
changes
Clinical database
laboratory
decision

Determine

geng Clinical
transcript, validation
exons, scan (CLIA/ CAP)

literature




Genome web article — 25 May 2010

When it costs $1,000 to sequence a

genome, why would you take a test
that costs $5,0007?

Callum Bell, program lead at the NCGR



Whole ex/ge “ome” analysis

# Challenges

- Data interpretation- mapping, SNP and indel detection

- Who will do the analysis? Bioinformatics

- Time needed to do analysis

- Reclassification of VOUS

- Gene discovery in a clinical setting?
-Identification of mutation (truncating vs. missense) in new gene of
unknown function (e.g. biochemical)

- CLIA / CAP Certification

- Reagent cost vs. cost of the test

- How will the reports be written?




Future of Sequencing in a clinical laboratory

/ & Strategy

)

- Use experience from single gene and panel sequencing

- Clinical testing (CLIA/CAP) based on known disease associated genes, positive
controls available

- Single gene (SS) >> Panels (SS or NGS) >> Exome >> Genome

- Logical interpretation of the data

- Exome / Genome analysis involves a TEAM
- Clinical & Laboratory Geneticists, Genetic Counselor, and other healthcare
specialist

- More appropriate for familial cases vs. isolated cases

- Clinical presentation
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Sequencing Exome Genome
panels

Databasing of sequence variation u

- Core laboratories
- Clinically curated variants
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