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Introduction: DNA sequencing technology has evolved rapidly with the advent of high-throughput next-generation

sgquencing (NFSS). To address challenges in NGS interpretatipn, anovel algorithm,which int_egrates human.DNA sequences A. aVCE Performance Characteristics D. Variants and ACMG Rules
with phenotyping, has been developed, based on the American College of Medical Genetics and Genomics (ACMG) stan- .
dards and guidelines (Richards S, et al. Genet Med 2015;17:405-24). Current guidelines published jointly by the Association ® Final dataset . - - - — - - -
for Molecular Pathology (AMP) and College of American Pathologists (CAP) strongly advocate for validation of pipeline All Variants. N=1 689 Table 3. Distribution of 1,271 ‘Actionable’ variants by Table 4. Distribution of 418 ‘Non-actionable’ variants by
tools and algorithms (Roy S, et al. J Molecular Diag 2017;doi: 10.1016/j.jmoldx.2017.11.00). To validate this novel automated ' ' aVCE application of ACMG rules aVCE application of ACMG rules
Variant Classification Engine (aVCE), we performed a blinded time-capsule experiment to predict the ability of this algo- . . _ -
rithm to classify variants that were only uploaded to the ClinVar database after the time capsule cutoff date. Actionable’ variants, n=1,271 ‘Non-actionable” variants, n=418 aVCE application of aVCE application of
Methods: The ClinVar database is a publicly available archive of reports that details relationships among human variations ACMG rules ACMG rules
and phenotypes, with supporting evidence. The aVCE was ‘trained’ on the ClinVar database (version 30-06-17). Variants m 3VCE demonstrated robust sensitivity and Specificity in clas- Met Unmet Met Unmet
i RO S st eI SN NS G) Eesiiteln CERos L aele e RISl R ST mESSe e I e Icss sifying variants that were only uploaded to the ClinVar data- ACMG rule/brief descriptor n (%) ACMG rule/brief descriptor n (%)
respectively. Variants with 22 ClinVar stars were included in the ‘Test’ set. Using ACMG standards and guidelines for inter- : , o . . " . "
oreting sequence variants, the aVCE was applied to the ‘Test' set to classify variants as pathogenic (P), likely pathogenic (LP), base after the time Capsu|e cutoff date (Tables 1 and 2). PVS1 ngll variant where LOF known to cause 1,260 (99.1%) 11 (0.9%) PVS1 niJII variant where LOF known to cause 0 418 (100%)
uncertain significance (VUS), likely benign (LB), and benign (B). In accordance with the ACMG standards and guidelines, disease disease
the aVCE algorithm.has additionai tiers for subclassification of i/US into ’varignt of uncertain significance, leaning ber\ign Table 1. Benchmarking an automated Variant Classification PST same amir\o acid change as a known 0 1,271 (100%) PST  same amirio acid change as a known 0 418 (100%)
ifVUS_LB)i vyealk leaning path‘ogenlic.(VLIJIS-lWL-P), akr;?j St,;(;ﬂg Ieanmgl pathogemck()\l/LI/S\—/SULg/)LBR/eBsults falso wezjegharicterliej Engine (aVCE) USiI‘Ig a time capsule of the ClinVar database pathogenic variant pathogenic variant
rom a clinical perspective, i.e., clinically ‘actionable’ (F/LP) versus 'non-actionable’ ( ) variants and benchmarke PM1 mutational hot spot and/or critical, well- 3(0.2%) 1,268 (99.8%) PM1 mutational hot spot and/or critical, well- 13 (3.1%) 405 (96.9%)'
against the ClinVar c|a55|f|cat|<?ns to <'jeterm|ne Peiformance c.hfaracterlshcs (jc,en5|t|V|t>'/ and spe.cnclaty). | | aVCE B LB vus LP P established functional domain established functional domain
Mol W‘h.en comparedlag§|nst Cllanar submls?lons frof“ Clmlc?' EIoBTEHOTEE ar'wd hlgh-—certalnty‘entnes, ’Fh'e'proprletaory ClinVar PM2 absent from control databases or with 1,271 (100%) 0 PM2 absent from control databases or with 229 (54.8%) 189 (45.2%)?
aVCE classified clinically ‘actionable’ (P/LP) and 'non-actionable’ (VUS/LB/B) variants with very high sensitivity (99.29%, B 164 0 167 0 0
P o extremely low frequency extremely low frequency
1262/1271) and specificity (100%). /B : : 74 0 0 . . . .
Conclusions: The aVCE algorithm, even without input from clinical databases specific to the ‘Test’ set, could predict with P 5 0 - . . PM4  protein length changes due to in-frame 2(0.2%) 1,269 (99.8%) PM4  protein length changes due to in-frame 0 418 (100%)
very high sensitivity and specificity whether a variant in the future would be categorized as clinically ‘actionable’ versus deletions/insertions and stop losses deletions/insertions and stop losses
‘non-actionable.” Algorithms that apply the latest computational methodologies to ACMG guidelines may assist variant P 0 0 6 1250 3 PM5 novel amino acid change at the same 0 1,271 (100%)* PM5 novel amino acid change at the same 0 418 (100%)
scientists with classification and interpretation of variants, including those with limited clinical information. aVCE ‘Actionable’ ‘Non-actionable’  Sensitivity  Specificity codon as a pathogenic variant codon as a pathogenic variant
ClinVar (P/LP) (VUS/LB/B) PP2  missense variant in gene with low rate of 5(0.4%) 1,266 (99.6%) PP2  missense variant in gene with low rate of 22 (5.3%) 396 (94.7%)
'‘Actionable’ 1262 9 0.9929 1 benign missense variation benign missense variation
I NTRO D U CTI o N 'Non-actionable’ 0 418 PP3  multiple lines of computational (in silico) 7(0.05%) 1,256 (99.5%) PP3  multiple lines of computational (in silico) 3(0.7%) 415 (99.3%)
data support deleterious effect data support deleterious effect
] . ] _ . PP5 reputable source reported P, but unable 0) 1,271 (100%) PP5 reputable source reported P, but unable to 0 418 (100%)
American College of Medical Genetics ® Streamline data extraction related to pheno- Table 2. Benchmarking an automated Variant Classification to perform independent evaluation perform independent evaluation
and Genomics (ACMG) and Association type, molecular sequence, and variant char- Engine (aVCE) employing subclassification using a time BA1 allele frequency >5% in control databases 0 1,271 (100%) BA1 allele frequency >5% in control databases 138 (33.0%) 280 (67.0%)°
for Molecular Pathology (AMP) 2015 acteristics from existing databases capsule of the ClinVar database BS1 gllele frequency > expected for disorder 0 1,271 (100%) BS1 allele frequency > expected for disorderin 29 (6.9%) 389 (93.1%)*
Standards and Guidelines for Variant m Efficiently assimilate information from aVCE B IB VUS-LB VUS VUS-WLP VUS-SLP LP P in control databases control databases
Classification’ ublished reports of clinical aspects of ClinVar BS2 observed in a healthy adult for disorder 0 1,271 (100%)* BS2 observed in a healthy adult for disorder 236 (56.5%) 182 (43.5%)°
" . hod P ot cl ,f,p " P 5 nva " ; ‘o o8 0 0 0 0 with full penetrance at early age with full penetrance at early age
u armonize methods vVariant ClasSiTication . : , . . , . .
BP1 missense variant in gene for which 0 1,271 (100%) BP1  missense variant in gene for which 7 (1.7%) 411 (98.3%)
B Reduce ambiguity between clinical labo- O Systematically and Continually update LB 1 1 S8 16 2 3 0 0 truncation known to cause disease truncation known to cause disease
ratories information LP 0 0 1 0 0 2 4 S BP3 in-frame deletions/insertions in repetitive 0 1,271 (100%) BP3 in-frame deletions/insertions in repetitive 1(0.2%) 417 (99.8%)
: o P 0 0 0 0 2 4 1250 3 ' ' ' ' ' '
. Weighted Ules related to: B Remove current roadblocks in classn‘ymg — s . I’ o - region with no known function region with no known function
' variants. includina automation of data- aVCE ‘Actionable’ ‘Non-actionable Sensitivity Specificity BP4  multiple lines of computational (in silico) 0 1,271 (100%) BP4  multiple lines of computational (in silico) 60 (14.4%) 358 (85.6%)
— Variant frequenc T 9 ) ClinVar (P/LP/VUS-SLP)  (VUS/LB/B) data suggest no impact data suggest no impact
A y base and bioinformatics management At ,
— Variant tvpe Actionable 1268 3 0.9976 0.9928 BP6 reputable source reported B, but unable 0 1,271 (100%) BP6  reputable source reported B, but unable to 0 418
. yP Novel automated Variant Classification 'Non-actionable’ 3 415 to perform independent evaluation perform independent evaluation
— Association to previous reports for Enain ( VCE) BP7  synonymous (silent) variant for which 0 1,271 (100%) BP7  synonymous (silent) variant for which 87 (20.8%) 331 (79.2%)
pathogenicity gine (a B. General Variant Effects splicing algorithm predicts no impact splicing algorithm predicts no impact AND
C ot +h inherit del B Based on ACMG-AMP standards and s 74.7% of ot ted LOF ; v f AND nucleotide highly conserved nucleotide highly conserved
— onsistency wi InNNneritance maoae . ) . OT variants represente , MOST coOmmon rame-
y gwdelmes : ° . P . y 12,23,31, and %2 variants flagged by aVCE (see Table 5) 14,26,36,416, 43 variants flagged (see Table 5)
B Require accessing/searching of multiple s Utilizes Al technolo shift and stop-gain ettects (Figure 1).
databases ) Igz/i 4 m All LOF were P variants in ClinVar
® [ntegrates knowleadge acquire rom : : : - .
: : ; . . ® All intronic/untranslated region (UTR) and synonymous Table 5. Details of variants flagged by aVCE
Potential Benefits of Advanced multiple databases and published litera- Hoct B variants in Cli S\J/ ( ) ynony 99 y
Computational Methodologies ture on an ongoing basis ettec (S V\;ere) variants in iinvar Y ACMG rule/brief descriptor No. of variants Reason for flag
: L. . . . . . . ® Most (/1/77) missense variants were B, while 6/77 were P, in : - - - - -
B Aid scientists in accurately app|ymg m Determines internal numeric classification Cliny PVS1T  null variant where LOF known to cause disease 2 Actionable Null variant where LOF is not known to cause disease
ACMG-AMP standards score to facilitate VUS subclassification Invar PM1 ;nuti.tionz?ldhot spot and/or critical, well-established 3 Actionable Region with a larger number of P than B variants, but not significantly higher
. . . . . . unctional domain 4 Non-acti |
Figure 1. Distribution of variant general effects and ClinVar on-actionable
classification PM2  absent from control databases or with extremely low 6 Non-actionable  Asingle outlier database with common frequency (>5%), while all other
o BJ ECTIVES frequency databases report very rare (<1%)
Non-frameshift Indels . PM5  novel amino acid change at the same codon as a Pvariant 1 Actionable Novel amino acid change within the same codon of a variant that was only
Primary Seconda ry (0.2%) prce Donor/ reported (not confirmed) as P
cceptor Start-loss
. ) ) ) . . Missense (4.6%) \ (0.7%) (0.1%) o/ : R . : : o .
® Validate the aVCE by performing a blinded m Discern reasons underlying incongruence ‘ 5.2% Stop-gai \/ PAT allelefrequency =5% in control databases o Nomactionable ﬁastlank?;iezurtsgia\izi)yafaeréviih1g/cimmon requency (5%, whie all other
. . . . ynonymous (5.2% op-gain A
time-capsule experiment to predict the between aVCE and ClinVar , , (19.3%) . . . o . .
. , , , , _ e , Splice Region (1.9%) BS1 allele frequency > expected for disorder in control 16 Non-actionable  Frequency of 1%-1.5% in control public databases (somewhat higher than the
ability of this algorithm to classify variants ® Uncover areas in current classification databases very rare threshold of 1% for PM2 rule; rule met threshold is >1.5%)
that were Ohiy Uploaded to the ClinVar gwdelmes that may benefit from further _ BS2  observed in a healthy adult for disorder with full 2 Actionable 1) A single outlier database with common frequency; all other databases
database after the time capsule cutoff date research Intr?gug/UTR Loss of Function penetrance at early age 43 Non-actionable indicate very rare
(18.1%) (74.7%) 2) A single individual appearing as a homozygous in public control database
METHODS ® [nteresting findings generated by the aVCE warranting further consideration
automated Variant Classification Engine Validation Experiment vt PSV1 Rule PM1 Rule PP3/BP4 Rules
(aVCE) m ClinVar database Rule not met for 2 variants 2 different variants P/LP for very rare diseases according to 7 P missense (n=6) and splice region (n=1) variants and 102 B
: I : : : : . . despite being LOF (gene not ClinVar appeared in a homozygous state in allegedly healthy missense (n=71) and splice region (n=31) variants
" Provide automatic implementation of — All normalized variants with Reference C. Discordant Variants (Table 1) recognizedias one where LOFis | individual in control databases = JVCE corroctly called the PP3 rule for all 7/7 P variants
ACMG classification rules per cu rrently Accession Version (RCV) or Submission m ‘Actionable’ =P + LP known disease mechanism) Could result from: compared with 3/102 B variants
available: Accession Version (SC\/) creation dates — 9 discordant variants between ClinVar and aVCE GOinQ forward, as databases are ® False positive in ClinVar classification m aVCE correctly called the PP4 rule for 60/102 B variants and
P |ati di d before 01-01-17 employed for building/ gentintial lpcatc el o G ® False positive in control database none of the P variants.
— Fopulation, disease, sequence data- .. will be trained to identify any o o ,
bases training the aVCE 6 ClinVar P/LP variants | 2 ClinVar P variants | 1 ClinVar LP variant LOF variant for such genes as " Contamination of an affected |n.d|V|duaI I Gerrrel databa§e " Remainder classified as VUS by the aVCE based on the PP3/
Published i — All other variants not overlapping with classified as VUS-SLP by | classified as classified as VUS-LB meeting the PVST rule - NO'F 100% penetrance or the existence of another protective BP4 rules not being met
— PFublished literature Training” dataset, including those with aVCE VUS-WLP by aVCE by aVCE variant aVCE's aggregated prediction score was sensitive and specific
m Classify variants as: : N7 Example: Variant (P for Example: Very rare Variant: Variant (LP for in classifying variants
Y RCV/SCV creation dates after 01-07-16, "GLYCOGEN STORAGE | frameshiftvariant- | “ALPORT SYNDROME"
— B Benign were considered the ‘Test’ dataset for DISEASE” per ClinVar) also a type of indel per ClinVar) met the
aVCE benchmarking met the PM1, PM2, PP2, - that occurred PM2, PP2, and PP3
— LB I—ikely Benign and PP3 rules in a iCi CONCLUSIONS
. - e - ; ) gene not rules for pathogenicity
— VUS Variant of U tain Sianifi To avoid fa.lse pgsfuves !n the Te.St Based on strong documented to have | - also appearedina
arlant oruncertain significance dataset, variants with <2 ClinVar scoring evidence for a LOF pathogenic single individual in a . . . - . .
L " 2 o N - ®m The aVCE algorithm, even without input from clinical data- B |nnovative approaches may allow for major advancements
e VUS-LB - Variant is classified as VUS stars were removed, as were VUS pathogenicity, but not variant - PVST rule homozygous state in T ) ) : . : : cre .- . : L e .
. L not met nomAD exomes bases specific to the ‘Test’ set, could predict with very in variant classification, including those with limited clinical
according ACMG guidelines. More s 3VCE lied to the 'Test’ dataset f slengh for L) due sVCE J . o e o . . .
- found L+ th avi-b applied 1o the “fest dataset 1or aggregated prediction aVCE aggregated aVCE aggregated high sensitivity and specificity whether a variant in the information, characterized by:
e\”‘ ence (?un to support the variant classification score resulted in VUS-SLP | prediction score prediction score future would be Categorized as clinically 'sctionable’ versus H . datab
variant as belng B — (P. LP, VUS-SLP, VUS-WLP, VUS, VUS-LB subclassification resulted in VUS-WLP resulted in VUS-LB ‘non-actionable’ — up-to-the minute database access
i I I I ! 4 b | .f. t. b | .f. t. - ) ) )
o VUS-WLP - Weak evidence for P but LB, B) subclassification subclassification | | _ consistent Welghtlng
. o[- N INStances O ISCOraance, € a ende O unhager-Ca
not enough for being classified as LP : o " t td d the aVCE tended t d I - - o : - -
: ~d a ® aVCE results characterized clinically: m ‘Actionable’ = P + LP + VUS-SLP 3 variant as VUS rather than label a variant LP or P with insuf- — rapid delivery of clinically meaningful information
according to ACMG-AMP guidelines _ ‘Actionable’ versus ‘Non-actionable’3 fic '
. , — Only 6 discordant variants between ClinVar and aVCE iclent evidence = Such advances can:
e VUS-SLP - Strong evidence for P but e 'Actionable’ = P + P cee ) . b ACMG rul . A clinical and b oeciomals i 1
i ifi ; . , u esults su ort the ongoing use ot the rules o — ald clinical and researcnh laborator rotessionals In the
not enough for being classified as LP e '‘Actionable’ =P + LP + VUS-SLP 3 ClinVar LB variants classified 2 ClinVar P 1 ClinVar LP i PP tandard ? I t classificati N ed by i Y P d loxi !
di to ACMG-AMP idelines ) ) ) i . .gs ; o evigences as a Stanaard 1or variant Classitication current era characterize Yy Increased comp eX|ty O
accoraing to gu Il oth d d i as VUS-SLP by aVCE variants classified | variant classified , _ , )
o All other variants considered 'Non | d
: e : , . as VUS-WLP by as VUS-LB by - . variant analysis and interpretation
Optional VUS subclassification actionable’ 2 variants - PM1, PM2, PP2 “VCE “VCE m Knowledge derived from powerful computational method-
i rules met i i i — ful in fut fi ts of classificati
_ Some laboratories choose to _ O Tou ologies can augment the human expertise and judgment prove useful in future retinements of classification
| . Sensitivity/specificity of aVCE versus 1 variant - PM2, PP2. PP3 rules met | See above See above ¥ - d 10 deduce final var st ol
subclassn‘y VUS, partlcularly for ClinVar database still required to deduce 1inal variant classitications gulaelines

internal use, a practice not consid-

ered inconsistent with ACMG-AMP
tandard d ideli ABBREVIATIONS aVCE automated Variant Classification BS benign strong NGS  next-generation sequencing RCV/SCV  Reference/Submission VUS-SLP  variant of uncertain significance- R E F E R E N CES
standards and guiaelines ACMG American College of Medical Engine CAP  College of American Pathologists P pathogenic Accession Version strong leaning pathogenic

_ P Likelv Pathoaenic Genetics and Genomics B benign LB likely benign PM pathogenic moderate UTR untranslated region VUS-WLP variant of uncertain significance- 1. Richards S, et al. Genet Med 2015:17(5):405-424
Y 9 Al artificial intelligence BA benign stand-alone LOF loss of function PP pathogenic supporting VUS variant of uncertain significance weak leaning pathogenic ' ’ : ' : :
— P Pathogenic AMP  Assoc. for Molecular Pathology BP benign supporting LP likely pathogenic PS/VS pathogenic strong/very strong VUS-LB  variant of uncertain significance- 2. Yang S, et al. Genet Med 2017;19(10):1118-1126.

leaning benign 3. Harrison SM, et al. Genet Med 2017:19(10):1096-1104.




