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* Created a semi-quantitative evidence-based evaluation
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* Will recommend the implementation of the scoring metrics
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Semi-guantitative point-based scoring framework

Evidence categories most relevant to CNV classification were determined and put into 5
sections within a table:

Initial assessment of genomic content
Overlap with established/ﬁredicted haploinsufficiency (HI) or

&

triplosensitive (TS) or established benign genes/genomic regions &

Section 3: Evaluation of gene number % /
Detailed evaluation of similar CNVs using cases from published S

literature, public databases, and/or internal lab data

Section 5: Evaluation of inheritance pattern/family history and phenotype of
your case

A relative weight was assigned to each piece of evidence in the sections in the form of
suggested point values creating the semi-quantitative points-based scoring system.

Separate scoring metrics were developed for losses and gains
* Table 1 for CN loss
* Table 2 for CN gain



Semi-guantitative points-based scoring system

Suggested CNV Point Value Comparable ACMG/AMP
(Pathogenic/Benign) Evidence Strength

“5(9

-

* A suggested number of
points are added or
subtracted per each
piece of evidence

* Points values assigned
based on evidence
strength.

e The total number of
points helps assign the
classification

0.90/-0.90 Very Strong
0.45/-0.45 Strong
0.30/-0.30 Moderate
0.15/-0.15 Supporting

Combining rules are similar (e.g. 3 Moderate (0.30) = LP (0.90); 1 Very Strong (0.90)
+ 22 Moderate (0.30) = P (>0.99), etc.)

Classification Total points score

Pathogenic >0.99
Likely Pathogenic 0.90-0.98
VUS -0.89-0.89
Likely Benign -0.90--0.98

Benign <-0.99




CNV interpretation

* You select the appropriate table for your CNV type
- Table 1 for CN loss
- Table 2 for CN gain

* You work through the evidence sections and categories within them
- from top to bottom, assigning point values.

* |f a section does not apply to your CNV, you move on to the next
section.

+@* * Add up the points (positive and negative) to determine the
classification.



Table 1 CNV interpretation scoring metric: copy-number loss

Section 1: Initial assessment of genomic content

Evidence type Evidence Suggested points/case Max
sCore
Copy-number loss content 1A. Contains protein-coding or other known functionally important elements. 0 {Continue evaluation) 0
1B. Does NOT contain protein-coding or any known functionally important elements. 0.60 060

Section 2: Overlap with established/predicted haploinsufficiency (HI) or established benign genes/genomic regions (Skip to section 3 if your copy-number loss DOES NOT overlap these
types of genesfregions)
Owerlap with ESTABLISHED HI genes or genomic  2A. Complete overap of an establshed HI gene‘genomic region. 1.00 1.00
regions and consideration of reason for referral

2B. Partial overlap of an established HI genomic region 0 {Continue evaluation) 0

*» The observed CNV does NOT contain the known causative gene or critical region for this

established HI genomic region OR

 Unclear f known causative gene or critical region & affected OR

» Mo specific causative gene or critical region has been established for this HI

genomic region

2C. Partial overlap with the 5" end of an established HI gene (3’ end of the gene not See categories below

involved). ..

2C-1. ._.and coding sequence is involved 0.90 (mnge: 045 o 1.00) 1.00
2C-2. __and only the 5" UTR is involved 0 {range: 0 to 0.45) 0.45
2D. Partial overlap with the 3" end of an established Hl gene (5° end of the gene not See categories below

involved). ..

2D-1. ___and only the 3" untrarslated region & irvolved. 0 (Continue evaluation) 0
2D-2. ___and only the last exon is involved. Other established pathogenic variants have 090 {rmnge: 045 o 0.90) 090
been reported in this exon.

2D-3. ._.and only the last exon is involved. No other established pathogenic vanants have 030 (mnge: 0 to 0.45) 0.45
been reported in this exon.

2D-4. .__and it includes other exons in addition to the last exon. Monsense-mediated 090 (mnge: 045 o 1.00) 1.00
decay is expected o occur.

2E. Both breakpoints are within the same gene {intragenic CNV; genedevel sequence See ClinGen SV working group See
vanani). PYS1 specifications categones

*FVS1 =090 at left
{(Range: 0.45 to 0.90)

® PYS1_Strong = 045

{Range: 0.30 to 0.90)

* FYS1_Moderate or PM4 (in-frame

indels) = 0.30

(Range: 0.15 to 0.45)

* PYS1_Supporting =0.15

(Range: 0 to 0.30)




Table 1 continued

Cwverlap with ESTABLISHED benign genes or
genomic regions

Haploinsufficiency predictors

Section 3: Evaluation of gene number
Number of protein-coding RefSeq genes whaolly or
partially included in the copy-number loss

2F. Completely contained within an established benign CHNV region.

2G. Overlaps an established benign CNV, but includes additional genomic material.
2H. Two or more HI predictors suggest that AT LEAST OME gene in the interval is HI.

3A. 0-24 genes

3B. 25-34 genes
3C. 354 genes

= N/& = Mo points, but continue
evaluation
-1

0 (Cantinue evaluation)
0.15

045
0.90

0.45
0.90

Section 4: Detailed evaluation of genomic content using cases from published literature, public databases, and/or internal lab data (Skip to section 5 if either your CNV overlapped
with an established HI genefregion in section 2, OR there have been no reports assodiating either the CNV or any genes within the CNV with human phenotypes caused by loss of

function [LOF] or copy-number loss)
Individual case evidence—de novo occumences

Individual case evidence—inconsistent phenotype
Individual case evidence—unknown inheritance
Individual case evidence—segregation among

similady affected family members

Individual case evidence—nonsegregations

Reported proband (from literature, public databases, or intemal lab data) has either:
» A complete deletion of or a LOF variant within gene encompassed by the observed
copy-number loss OR

» An overlapping copy-number loss similar in genomic content to the observed copy-
number loss AND._.

4A. . the reported phenotype i highly specific and relatively unique to the gene or
genomic region,

4B. __.the reported phenotype is consistent with the genefgenomic region, is highly
specific, but not necessarily unigue to the gene‘genomic region.

4C. __the reported phenotype is consistent with the genefgenomic region, but not highly
specific andfor with high genetic heterogeneity.

4D. .__the reported phenotype is NOT consistent with what is expected for the gene/
genomic region or not consistent in general.

4E. Reported proband has a highly specific phenotype consistent with the gene/genomic
region, but the inhertance of the variant is unknown.

4F. 34 observed segregations

4G. 5-6 observed segregations

4H. 7 or more observed segregations

4l. Vanant is MOT found in another individual in the proband's family AFFECTED with a
consistent, specific, well-defined phenotype (no known phenocopies).

4J. Variant 15 found in another individual in the proband's family UMAFFECTED with the
specific, well-defined phenotype observed in the proband.

See categories below

Confirmed de novo: 0.45 points each
Assumed de novo: 0.30 points each
frange: 0.15 to 0.45)

Confirmed de novo: 0.30 points each

Assumed de novo: 0.15 point each (range:

0 to 0.45)

Confirmed de novo: 0.15 point each

Assumed de novo: 0.10 point each (range:

0 to 0.30)
0 points each (mnge: 0 to —0.30)

0.10 points each (range: 0 to 0.15)
0.15

030
0.45
045 points per family (mnge: 0 to
045)
—0.30 points per family (mnge O to
—0.30)

0.90 {total)

-0.30
(tatal)
0.30 {total)

0.45

090
(total)
—0.90
(total)




Table 1 continued

Case—control and population evidence

4K. Variant 15 found in anaother individual in the proband's family UNAFFECTED with the
nomspecific phenotype observed in the proband.

4L. Statistically significant increase amongst observations in cases (with a consistent,
specific, well-defined phenotype) compared with controls.

4M. Statstically significant increase amongst obsenvations in cases (without a
consistent, nonspecific phenotype OR unknown phenotype) compared with
controls.

4N. Mo stafistically significant difference between observations in cases and contrals.

40. Overlap with common population variation.

Section 5: Evaluation of inheritance pattem/family history for patient being studied

Observed copy-number loss s de novo

Observed copy-number loss & inherited

Observed copy-number loss—nonsegregations

Other

SA. Use appropriate category from de novo scoring section in section 4.

5B. Patient with specific, well-defined phenotype and no family history. CNV is
inherited from an apparently unaffected parent.

5C. Patient with nonspecific phenotype and no family history. CNV & inherited from an
apparently unaffected parent.

5D. CNV segregates with a consistent phenotype observed in the patient's family.

SE. Use appropriaie category from nonsegregation sechon in section 4.

SF. Inheritance information is unavailable or uninformative.

5G. Inheritance information is unavailable or uninformative. The patient phenotype is
nomspecific, but & consstent with what has been described in similar cases.

5H. Inheritance information is unavailable or uninformative. The patient phenotype is
highly specific and consistent with what has been described in similar cases.

0.15 points per family (mnge 0 to
015)
0.45 per study (range: 0 to 0.45 per study)

0.30 per study (range: 0 to 0.30 per study)

—0.90 (per study) (range: 0 to —0.90 per
study)
1 {range: O'to = 1)

Lkse de novo sconng categories from
section 4 (44—40) to determine score
~0.30 (range: 0 to —0.45)

015 frange: 0 to 0. 30)
Lke segregation scoring categores from
section 4 (4F-4H) to determine scoe
Use nonsegregation scoring categories
from section 4 [#—4K) to deferrmine score
0
010 {mange: 0to (.15)

030 (mnge: 0 to 0.30)

030

{total)

0.45 {iotal)

0.45 {iotal)

~0.90

(total)

0.45

~045

030

045

045

0
015

030

Only those CNVs othenwvise meeting the reporting thresholds determined by pour bboratory should be ewaluated wsing this metmc. See Supplemental Material 1 for a detailed description of each evidence category. Scoring:
pathoganic 0.99 or more points, kel pathoganic 090 1w 098 points, warant of uncertain significance 0.89 1o —0.89 points, kel benign —0.90 10 —098 points, banign —0.99 or fewer points.
NV copy-number variant, 5\ sequence variant interpretation, UTR untranslated region.




Table 2 CNV interpretation scoring metric: copy-number gain

Section 1: Initial assessment of genomic content
Evidence type Evidence
1A. Contains protein-coding or other known functionally important elements.

Copy-number gain content
1B. Does NOT contain protein-coding or any known functionally important elements.

Suggested points/@se

0 {Continue evaluation)
0.60

Max

score

0
0.60

Section 2: Overlap with established triplosensitive (TS), haploinsufficient (HI), or benign genes or genomic regions (Skip to section 3 if the copy-number gain DOES NOT overlap these types of

genes/re gions)
Cwerlap with ESTABLISHED TS genes or genomic 2A. Complete overlap; the TS gene or minimal critical region is fully contained within the
reqions observed copy-number gain.

2B. Partial overdap of an established TS region
» The cbserved CNV does NOT contain the known causative gene or critical region for this
established TS genomic region OR
s Unclear if the known causative gene or critical region is affected OR
 No specific causative gene or critical region has been established for this TS genomic region.
Cwerlap with ESTABLISHED benign copy-number 2C. |dentical in gene content to the established benign copy-number gain.
gain genes or genamic regions
2D. Smaller than established benign copy-number gain, breakpoint(s) does not interrupt
protein-coding genes.
2E. Smaller than established benign copy-number gain, breakpoint{s) potentially interupts
protein-coding gene.
2F. Lamger than known benign copy-number gain, does not include additional protein-
coding genes.
2G. Overaps a benign copy-number gain but includes additional genomic matenal.
2H. Hl gene fully contained within observed copy-number gain.
2|. Both breakpeints are within the same gene (gene-level sequence varant, possibly resulting
in loss of function [LOF]).

Owerlap with ESTABLISHED HI genels)
Breakpoint{s) within ESTABLISHED HI genes

2). One breakpaint is within an established HI gene, patient's phenotype is either inconsistent
with what is expected for LOF of that gene OR unknown.
2K. One breakpoint is within an established Hl gene, patient's phenotype is highly specific and
consistent with what is expected for LOF of that gene.
Breakpoints within other gene(s) 2L. One or both breakpoints are within gene(s) of no established clinical significance.
Section 3: Evaluation of gene number
Number of protein-coding RefSeq genes wholly or
partially included in the copy-number gain

3A. 0-34 genes

3B. 35-49 genes
3C. 50 or more genes

1

0 {Continue evaluation)

.
-1

0 {Continue evaluation)
—1 {range: 0 to —1.00)

0 {Continue evaluation)

0 {Continue evaluation)

See ClinGen SV working group
Pvs1 specfications

s PW51 =0.90

(Range: 0.45 to 0.90)

& P51 _Strong = 0.45

{(Range: 0.30 to 0.90)

o MiA = 0 (Continue evaluation)
0 {Continue evaluation)

0.45
0 {Continue evaluation)
0

0.45
0.90

1
0

045

0

0

045
050

Section 4: Detailed evaluation of genomic content using cases from published literature, public databases, and/or internal lab data (Note: If there have been no reports associating either the

copy-number gain or any of the genes therein with human phenotypes caused by triplosensitivity, skip to section 5)

Individual case evidence—de novo ocCumences Reported proband {from literature, public databases, or internal lab data) has either:
= complete duplication of one or more Eenes within the observed copy-number gain OR
* an averlapping copy-number gain similar in genomic content to the observed copy-number
gain AND __
4A. . the reported phenotype is highly specific and relatively unique to the gene or genomic
region.

4B. _..the reported phenotype is consistent with the genefgenamic region, is highly specific,
but is not necessarily unigue to the gene‘genomic region.

4C. _..the reported phenotype is consistent with the genefgenomic region, but not highly
specific and/or with high genetic heterogeneity.
Individual case evidence—inconsistent phenotype 4D. .. the reported phenotype is NOT consistent with the gene/genomic region or not
consistent in general.
4E. Reported proband has a highly specific phenotype consistent with the genefgenamic
region, but the inheritance of the varant is unknown.

Individual case evidence—unknown inherftance

See categories below

Confimned de novo: 0.45 points each
Assumed de novo: 0.30 points each (ange

0.15 to 0.45)

Confimned de novo: 0.30 points each
Assumed de novo: 0.15 point each (range: 0

to 0.45)

Confimned de novo: 0.15 point each
Assumed de novo: 0.10 paint each [fange: 0

to 0.30)
0 points each (range: 0 to —0.30)

0.10 points each {range: 0 to 0.15)

0.90
{tatal)

—0.30
{total)
030

{tatal)




Table 2 continued

Individual case evidence—segregation among 4F. 3-4 observed segregations 0.15 045
similary affected family members
4G. 5-6 observed segregations 0.30
4H. 7 or more observed segregations 0.45
Individual case evidence—nonsegregations 4l. Variant & NOT found in another individual in the proband's family AFFECTED with a 0.45 points per family (range: 0 to —0.45) 0.20
consistent, specific, well-defined phenatype (no known phenocopies). (total)
4). Variant 15 found in another individual in the proband’s family UNAFFECTED with the —0.30 paoints per family (range: 0 to —0.30)  —0.90
specific, well-defined phenotype observed in the proband. (total)
4K. Varant 15 found in another individual in the proband's family UNAFFECTED with the 0.15 points per family (range: 0 to —0.15) 0.30
nonspecific phenotype observed in the proband. (total)
Case-control and population evidence 4L. Statistically significant increase among observations in cases {with a consistent, specific, 0.45 per study (range: 0 to 0.45 per study) 045
well-defined phenotype) compared with controls. (total)
4M. Statistically significant increase among obsenvations in cases {with a consistent, 0.30 per study (range: 0 to 0.30 per study) 0.45
nonspecific phenotype or unknown phenotype) compared with controls. (total)
4N. No statistically significant difference between observations in cases and controls. —0.90 per study (range: 0to —0.90 perstudy) —0.90
(total)
40 Overlap with comman population vanation. 1 (range: 0 to —1) 1
Section 5: Evaluation of inheritance patterns/family history for patient being studied
Observed copy-number gain is de novo 5A. Use appropnate category from de novo scoring section in section 4. Use de novo scoring categories from section 4 045
(44A-40) to determine score
Observed copy-number gain is inherited 5B. Patient with a specific, well-defined phenotype and no family history. Copy-number  —0.30 ffange: 0 to —0.45) —0.45
gain is inherited from an apparently unaffected panent.
5C. Patient with nonspecific phenotype and no family history. Copy-number gain is 0.15 (fange: 0 o —0.30) 0.30
inherited from an apparently unaffected parent.
5D. CNV segregates with consistent phenotype observed in the patient's family. Use segregation scoring @tegories from in 045
section 4 {@F-4H) to determine score
Cbserved copy-number gain—nonsegregations SE. Use approprate category from nonsegregation section in section 4. Use nonsegregation scorng categories from 0.45
section 4 (41-4K) to determine score
5F. Inheritance information i unavailable or uninfomative. 0 0
5G. Inheritance information is unavailable or uninformative. The patient phenotype is 0.10 {range: 0 to 0.15) 015
nonspecific, but is consistent with what has been described in similar cases.
5H. Inheritance information is unavailable or uninformative. The patient phenotype i highly  0.15 (range: 0 o 0.30) 030

spicific and consistent with what has been described in similar cases.
Only those CONVS otherwise meeting the reporting thresholds determined By your labortory shouwld be ewaluated using this metric. See Supplomental Materal 1 for il desaription of each evidence category. Scoring:
pathogenic 099 or more points, kel pathogenic 090 to 098 points, wamant of uncertain signifi@nce 0.89 to —0.89 points, kel bemign —0.90 to —0.98 points, bemign —0.99 or fewer points.
NV copy-numbser variant, 5\ sequence variant intempretation.




Table 1 CNV interpretation scoring metric: copy-number loss

Section 1: Initial assessment of genomic content
Evidence type Evidence Suggested points/case Max
SCore
Copy-number loss content 1A. Contains protein-coding or other known functionally important elements. 0 (Continue evaluation) 0
1B. Does NOT contain protein-coding or any known functionally impaortant elements. 060 060

Section 2: Overlap with established/predicted Qaploinsufficiency (HI) or established benign genes/genomic regions (Skip to section

types of genesfregions)
Owerlap with ESTABLISHED HI genes or genomic
regions and consideration of reason for referral

2A. Complete overap of an established HI gen&‘genomic region.

2B. Partial overlap of an established HI genomic region
* The observed CNV does MOT contain the known causative gene or critical region for this

established HI genomic region OR

» Unclear f known causative gene or critical region is affected OR

= Mo specific causative gene or critical region has been established for this HI

genomic region

2C. Partial overlap with the 5" end of an established HI gene (3’ end of the gene not
involved)...

2C-1. ___and coding sequence is involved

2C-2. _..and only the 5" UTR is involved

2D. Partial overlap with the 3" end of an established Hl gene (5" end of the gene not
involved). ..

2D-1. __.and only the 3' untrarslated region i involved.

2D-2. ___and only the last exon is involved. Other established pathogenic variants have
been reported in this exon.

2D-3. ._.and only the last exon i involved. No other established pathogenic vanants have
been reported in this exon.

2D-4. __.and it includes other exons in addition to the last exon. Nonsense-mediated
decay is expected to occur.

2E. Both breakpoints are within the same gene {intragenic CNY; genedevel sequence
vanant).

3 if your copy-number loss DOES NOTJoverlap these

1.00

0 {Continue evaluation)

See categories below

0.90 (range: 0145 o 1.0f) Cm—
0 frange: 0 to 0.45) —Cmmm—
See categories below

0 (Continue evaluation)
0.90 (rmnge: 0.45 to 0.90) =

030 (rrnge: 0 to 045) -« uu—

0.90 (range: 0.45 o 1.00) Cm—

See ClinGen SV working group
P51 specifications
s FV51 =090

(Range: 0.45 to 0.90) G

* FV51_5trong = 0.45

(Range: 0.30 to 0.90) uum—

* FYS1_Moderate or PM4 (in-frame
indels) = 0.30

(Range: 0.15 t0 (.45) —-uumm—
* PYS1_Supporting =0.15

(Fange: 010 0.30) «uum—

1.00

1.00
0.45

0.90
0.45
1.00
See

categonies
at left




CNV interpretation calculator https://cnvcalc.clinicalgenome.org/cnvcalc/

ClinGen CNV Pathogenicity Calculator

C'Ii'hGen

Clinical Genome Resource

Switch to CNV-Gain

CNYV Interpretation Scoring Rubric: Copy Number LOSS

Section 1: Initial Assessment of Genomic Content

Evidence Type Evidence Suggested points Max Score Points Given
[ 1A Contains protein-coding or other known 0 (Continue Evaluation) 0
Copy number loss content (For functionally important elements
intragenic variants, use section
2E) [ 1B. Does NOT contain protein-coding or any known -0.60 -0.60 Assigned points: [

functionally important elements €

Section 2 : Overlap with i redi Hl or i ign G G i gi
(Skip to Section 3 if your copy number Joss DOES NOT overlap these types of genes/regions)

1 2A Complete overlap of an established HI 1 1
gene/genomic region Assigned points: [
] 2B. Partial overlap of an established HI genomic region 0 0

= The observed CNV does NOT contain the
known causative gene or critical region for this
established HI genomic region CR

Unclear if known causative gene or critical
region is affected OR

No specific causative gene or critical region has
been established for this HI genomic region (e.g.
1p36 deletion)

2C. Partial overlap with the 5 end of an established HI  See categories below
gene (3" end of the gene not involved)...

O 2C-1...and coding sequence is involved 0.90 (Range €: 0.4510 1.00) 1.00
Assigned points: [

] 2C-2.__and only the 5 UTR is involved 0 (Range @ 010 0.45) 0.45
Assigned points: [

2D. Partial overlap with the 3" end of an established HI  See categories below
gene (5" end of the gene not involved)

Overlap with ESTABLISHED HI (] 2D-1. .__and only the 3" uniranslated region is involved. 0 (Continue evaluation) 0
——— ———



https://cnvcalc.clinicalgenome.org/cnvcalc/

Range of points for evidence: effects standardisation? ACGS/"' %

Association for Clinical Genomic Science

The standard should be that the default recommended points is applied for each piece of
evidence.

CNV Interpretation Calculator scale is in integers of 0.05 points:

If a decision is made to upgrade or downgrade the points it is recommended the
choice of points you can allocate is static:

(+/-) 0.15 (supporting), 0.30 (moderate), 0.45 (strong), 0.90/1.00 (very strong)

For example:
If the default recommended points is 0.30 and the range is (0 to 0.45)

- to downgrade apply 0.15

- to upgrade apply 0.45
Otherwise labs could assign any of the following options: 0.05, 0.10, 0.15, 0.20, 0.25, 0.35, 0.40, 0.45



able sections

Section 3:

Section 5:

Initial assessment of genomic content

Overlap with established/predicted haploinsufficiency (HI)
or triplosensitive (TS) or established benign genes/genomic
regions

Evaluation of gene number

Detailed evaluation of genomic content using cases from
published literature, public databases, and/or internal lab
data

Evaluation of inheritance pattern/family history and
phenotype of patient being studied



Initial assessment of genomic content

Section 1: Initial assessment of genomic content

Evidence type Evidence Suggested points/case Max
score
Copy-number loss content 1A. Contains protein-coding or other known functionally important elements. 0 {Continue evaluation) 0

1B. Does NOT contain protein-coding or any known functionally important elements. 060 0.60




Overlap with established/predicted HI genes/genomic regions

Section 2: Overlap with established/predicted haploinsufficiency (HI) or established benign genes/genomic regions (Skip to section 3 if your copy-number loss DOES NOT overlap these
types of genesiregions)

ACGM/ClinGen guidelines:

must be an “established haploinsufficient (HI)” gene ACGS /'\.‘x

Association for Clinical Genomic Science

ACGS guidelines:
recommends the wording “established loss-of-function mechanism”

—

Genes with a ClinGen Dosage haploinsufficiency score of 3

Monoallelic Gene2Phenotype (G2P) genes with a “definitive” status and “absent
gene product” as the consequence

Established | Biallelic G2P genes with a “definitive” status and “absent gene product” as the
consequence

Gene-Disease Validity (ClinGen) with “definitive” status and evidence of predicted
or proven null variants (either AD or AR genes)




Section 2: Overlap with established/predicted HI genes/genomic regions

Section 2: Overlap with established/ predicted haploinsufficiency (HI) or established benign genes/genomic regions (Skip to section 3 if your copy-number loss DOES NOT overlap these
types of genesiregions)
Overlap with ESTABLISHED HI genes or genomic ~ 2A. Complete overlap of an establshed HI genefgenomic region. 1.00 1.00
regions and consideration of reason for referral

2B. Partia overlap of an established HI genomic region 0 {Continue evaluation) 0

» The observed CNV does NOT contain the known causative gene or critical region for this

established HI genomic region OR

* Unclear f known causative gene or crifical region i affected OR

» No specific causative gene or critical region has been established for this HI

genomic region

[ 2H W gene fully contained within observed copy-number gain. 0 {Continue evaluaton) |

A) Established HI Genomic Reglo Established causative gene
Gene 1 M Gene 2 [HEEEEIE Gene 3 I | Gene + NI G--- > I

Category 2A Complete overlap, similar in size
Category 2A Complete overlap, includes additional genomic material

Category 2A Known causative gene is fully contained
Category 2B Partial overlap, known causative gene is not included

Category 2H HI gene fully contained within observed copy number gain



Section 2: Overlap with established/predicted HI genes/genomic regions

2C. Partial overlap with the 5" end of an established HI gene (3" end of the gene not See categories below
involved). ..
2C-1. ___.and coding sequence is involved 090 {mnge: 045 o 1.00) 1.00
2C-2. __.and only the & UTR is involved 0 frange: 0 to 0.45) 0.45
2D Partial overlap with the 3" end of an established Hi gene (5° end of the gene not  See categories below
involved)...
2D-1. ._.and only the 3" untranslated region i imvohed. 0 {Continue evaluation) o
2D-2. .__and only the last exon is involved. Other established pathogenic variants have 090 (mnge: 0.45 o 0.90) 0.90
been reported in this exon.
2D-3. __.and only the |ast exon & involved. No other established pathogenic vanants have 030 {mnge: 0 to 045 0.45
been reported in this exon.
2D-4. __and it includes other exons in addition to the last exon. Nonsense-mediated 090 {rmnge: 045 o 1.00) 1.00
decay is expected o occur.
2. One breakpoint is within an established HI gene, patient's phenotype & eitherinconsistent 0 (Continue evaluation)
with what is expected for LOF of that gene OR unknown.

& breakpoint js within an established Hl gene patient's phenotvpe j< highly specific and 0,45

Established pathogenic
LOF variants

*

*
L1 L1
?—-—q — — F ’
Established HI Gene 3

Category 2C-1 Overlap with 5’ end, coding sequence involved
e el only 5 UTR is involved Category 2D-1 nty is invalve

Category 2D-2 Only the last exon is involved; other established
gory pathogenic variants have been reported in this exon
Dverlap with 3" end; includes other exons in addition to the
P Category 2D-4

last exon; nonsense-mediated decay expected to occur

One breakpoint within the HI gene Category 2J or 2K




Section 2: Overlap with established/predicted HI genes/genomic regions

2E. Both breakpoints are within the same gene (intragenic CNV; gene-evel sequence See ClinGen SV working group See
varant). P51 specifications categories

"FVs1-0.90 at left To align with the sequence variant

« PVS1_Strong = 0.45 guidelines & strength of evidence applied
—fRange=—6:36-to-6-96)— to PVS1 specifications static points should

* FYS1_Moderate ar Ph4 (in-frame . .
indels) = 0.30 be applied to CNVs:

. (.
= P51 _Supporting = 0,15 PVS1 = 0.90 ACGS

iRam e a2 Association for Clinical Genomic Science
PVS1 strong = 0.45

PVS1 moderate = 0.30

21. Both breakpoints are within the same gene (gene-level sequence vanant, possibly resulting  See CEnGen SVI working group

in loss of function [LOF)). PVS1 specifications H -
B et PVS1 supporting =0.15
* PYS1_Strong = 0.45
4 Full gene deletion } el PVS]
; W y Exon is present in biologisally-relevant transeriptis) - PVS1
ke < Exon is absent from biologically-relevant transceipt(s) > NA

4 Truncated/altered

critical to protein function <

|
|
o pVSIswong |
|

Singke v muhi exon deletion Lo ula »
I Disrupts reading frame and is a cripfs | NIA
Established HI Gene NOT predicted 10 urdergo NMD * =
Variant remov BN
\ ; ‘ /‘J| - 10% orpm in [ _PVS1Song

# PVS] Moderate 1

Sl b~ < ™ [N
catfgﬂ r'y’ 2E BDT"I brea kaiI’!tS are Withln ThE HI gene 7\-‘ Truncated/altered region is critical to protein function © *  PVS1 Stong ]
Categow 21 Both breakpoints are within the HI gene L

EA—— L - cading frame disrupted and NMD predicted 1o occur | PVSI ]
[ r
o / o No or unknown reading frame and NMD — WA ]
——n Presumed in tandem } -l
\ ~ Reading Frame presumed disrupted and NMD predicted 1o occur J »  PVS]_Sirong ]
in L
b | Proven not in tandem | - NA




Difference between guidelines

*  Common combination of criteria using SNV guidelines:
PVS1 + PM2 = Pathogenic A

PVS1_strong + PM2 = Likely Pathogenic ' ATPTLEEI,:;L?N I

* No PM2 (absent from controls) equivalent in the CNV guidelines

Due to under representation of the mapping of structural variants in population datasets

» Classification using CNV guidelines
e PVS1=0.90 = Likely Pathogenic (out of frame + disrupts protein function)

* In-frame CNVs

* PVS1 strong =0.45 VUS
* PVS1 moderate =0.30



Case Control and Population Evidence

Case-conirol and population evidence 4L Statistically significant increase among observations in cases (with a consistent, specific 045
we|l-defined phenotype) compared with mntrols.
4M. Statstically significant increase among observations in cases (with a consistent, 0.30
nonspecific phenotype or unknown phenotype) companed with controk.

e If the CNV has been studied as part of a well-powered case-control

study, points may be added based on enrichment in the clinical Out of frame CNVs
population PVS1 =0.90
4L = 0.45 points
4M = 0.30 points In-frame CNVs

PVS1_strong = 0.45
PVS1_moderate = 0.30
* But case-control study data is rarely available for rare diseases
Can apply 4L at 0.15 points Classification Total points score

4 Pathogenic >0.99
ACGS/ N If the variant has been previously identified in multiple T

Associationfor Cliical Genomic science (w0 or more) unrelated affected individuals (with a rare Likely Pathogenic 0.90-0.98
well-defined phenotype) and has not been reported in vusS Jouie =l
gnomAD-SV




Section 2: Overlap with established/predicted HI genes/genomic regions

Haploinsufficiency predictors 2H. Two or more HI predictors suggest that AT LEAST OME gene in the interval is HI. 015

'f\ DECIPH ER About Browse v DDD (UK) e Q Help Join Login #3

/ GRCh38

Search results for "20:63400208-63572677"  (Rrefine Search)

Patient variants [EE3 GNV syndrome variants [ DDD research variants [

Genes: 1107 of 7 (out of 8 tota)) Show: | Protein coding genes v @
Name / Description Location pLI LOEUF sHet pHaplo pTriplo jGenCC OMIM / G2P ClinGen Links
Morbid
- (2] e (2] e e |7 2] T T (2] e

EEF1A2 20 223323'9 m m m 087 Definitive B Strong: Monoallelic Definitive: AD £ View ~
eukaryoic transiation elongation —
factor 1 alpha 2

- 53547891 _ _ R R B R o
fWEuﬂ 20 ghieeeed (0000 (44 - [ View
fibronectin type Ill domain containing  ———————]
1

53558068 i oMM i R 2 view ~

HELZ2 20 Soe] 66 0013 029 018 [ Viev
helicase with zinc finger 2 —
KCNQ2 20 2339029_ [ 1.00 [ 0.16 [ 0.135 [l 0.05 [N 0.6 ] 5] Definitive: Monoallelic 3 [ View
polassium voltage-gated channel —
subfamily @ member 2
PPDPF o0 5352075} EEE) (e 0009 038 iz | s - - & View +

63522209}
pancrealic progenitor cell —

differentiation and proliferation factor

PTKE @ 5352000 WEEE) [4ds oon4 o080 oas | OMIM - - [ View +
63537374

protein tyrosine kinase & —="

63538459
20 6354774

000 152 0.006 049 048 - OltIM = = [ View ~
Kinase lacking C-terminal
yrosine and N-terminal
myristylation sites




Section 2: Overlap with established benign genes/genomic regions

Owerlap with ESTABLISHED benign genes or 2F. Completely contained within an established benign CHNV region. 1

geNOMmIc regions

2G. Overlaps an established benign CNV, but includes additional genomic material. 0 (Continue evaluation)

Established BENIGN Genomic Region

Gene 1 IR Gene 2 [N Gene 3 I G---- H

Category 2F Complete overlap, similar in size
Category 2F Completely contained within an established benign genamic region

Category 2G Overlaps, but includes additional genomic material
Category 2G Partially overlaps, but includes additional genomic material

ClinGen Dosage sensitivity score of “dosage sensitivity unlikely”

ACGS /\;
Commonly seen CNV within cohort that has a platform frequency of >1% g \X

Association for Clinical Genomic Science

“Established”
A frequency >1% on the DGV Gold Standard dataset, gnomAD-SV or
DECIPHER CNV consensus datasets




Section 4: Case Control and Population Evidence

Case-control and population evidence 4L Statistically significant increase among observations in cases {with a consistent, specific,  0.45 per study (range: 0 to 0.45 per study)
well-defined phenotype) compared with controls.
4M. Statistically significant increase among observations in cases (with a consistent, 0.30 per study (range: O to 0.30 per study)
nonspecific phenotype or unknown phenotype) compared with controls.
4N. No statistically significant difference between observations in cases and controls. 0.20 per study (mnge: 0 to —0.90 per study)
40. Overap with commaon population variatian. 1 (Ange: 0 to 1)

40: This category covers CNVs that involve regions seen in population databases

ACGS Alx

Association for Clinical Genomic Science

e used for variants that are present at a frequency < 1%



Section 3: Evaluation of gene number

Section 3: Evaluation of gene number
Mumber of protein-coding RefSeq genes wholly or -~ 3A. 0-24 genes 0-34 genes 0

partially included in the copy-number loss
3B. 25-34 genes 35-49 genes 045

3C 35+ genes 00t genes 090

"\ DECIPHER About Browse ~ DDD (UK) e Q Help Join Login %3

/ GRCh38
Search results for "20:63400208-63572677"  (Refine Search)

Patient variants CNV syndrome variants [[j ~ DDD research variants [B

Genes: 1107 of 7 (out of 8 total) Show:  Protein coding genes v
pLl LOEUF sHet pHaplo pTriplo GenCC o103 eviy TlinGen Links
Morbid
- (] (7] (2] (2] e T e T T (2] 7]

. 63488013 Definitive: OMIM Strong: Monoallelic Definitive: AD 7 View -
EEF1A2 . 203 gy ed o oEm e oum stong worouec oemane @ v
cukaryolic transiation elongation _— Morbid (2)
factor 1 alpha 2

- 63547891 _ . B . . R -
7F\1Euﬂ 20 ghocsegs 0001 [144 - [ View
fibroneelin type 1l domain containing  ——————

11
63558086 oMM - B W
HELZ2 20 SZ0° (ooo)  (0ET [XTERF ) 048 - [ View
helicase with zinc finger 2 _—
BB rE m a ovm Definilive: Monoallelic ~ Haploins & View
tage-gated channs| Morbid (2) Triplosen
ember 2

y| 63520765 - - - £ W

PPDPF 20 Sy [BB0) [HSE 0008 038 042 = [ View

pancreatic progenitor cell
differentiation and proliferation factor

20 520w wE S W . o :

protein tyrosine kinase &

63533489 . OMIM - - 7 View -
20 63547740 0.00 1.52 0.008 0.19 0418 & View
ted kinase lacking C-terminal —_—
regul tyrosine and N-terminal

myristylation sites




Section 4: Detail evaluation of genomic content using literature and databases

Section 4: Detailed evaluation of genomic content using cases from published literature, public databases, and/or internal lab data {?ikip to section 5 if either your CNV overlapped

with an established HI genefregion in section 2, OR there have been no reports associating either the CNV or any genes within the CNV with human phenotypes caused by loss of

function [LOF] or copy-number loss)

Individual case evidence—de novo occurrences

Reported proband (from literature, public databases, or internal lab data) has either:

= A complete deletion of or a LOF variant within gene encompassed by the observed

copy-number loss OR

* An overlapping copy-number loss similar in genomic content to the observed copy-
==trarmijer loss AND. ..

4A. | .the reported phenotype is highly specific and relatively unique to the gene or

genojnic region,

4B. _||.the reported phenotype is consistent with the gene/genomic region, is highly
specific, but not necessarily unique to the gene/genomic region.

4C. | the reported phenotype is consistent with the gene/genomic region, but not highly

specilic and/or with high genetic heterogeneity.

Individual case evidence—inconsistent phenotype 4D. ...the reported phenotype is NOT consistent with what is expected for the gene/

Individual case evidence—unknown inheritance

genomic region or not consistent in general.
4E. Reported proband has a highly specific phenotype ®qnsistent with the gene/genomic
/egion, but the inheritance of the variant is unknown.

See categories below

Confirmed de novo: 0.45 points each
Assumed de novo: 0.30 points each
(range: 0.15 to 0.45)

Confirmed de novo: 0.20 points each

Assumed de novo: 0.15 point each (range:

0 to 0.45)

Confirmed de novo: 0.15 point each

Assumed de novo: 0.10 point each (range:

0 to 0.30)
0 points each (range: 0 to —0.30)

0.10 points each {range: 0 to 0.15)

0.90 (total)

—-0.30
(total)
0.30 (total)

Only used for highly specific phenotypes

N\

Negative point values could be considered with

* not to be used for ID/autism

increasing evidence of inconsistency.

is the case is de novo

how consistent is reported
phenotype to what is expected
for that gene/region

how specific is that phenotype
in general + how unique it is to
the gene/region

is the de novo status confirmed
or assumed



Section 4: Detail evaluation of genomic content using literature and databases

Individual @se evidence—segregation among 4F. 3-4 observed segregations 015 0.45

similarly affected family members
4G. 5-6 observed segregations 0.30
4H. 7 or more observed segregations 045

Individual @se evdence—nonsegregations 41. Variant is NOT found in another individual in the proband's family AFECTED with a 0.45 points per family jmnge: 0 o —0.45) 0.80
consistent, specific, well-defined phenotype {no known phenocopies). itotal)
4). Variant 15 found in another individual in the proband's family UNAFFECTED with the 0.30 points per family (mnge: 0 o —0.30) 050
specific, well-defined phenotype observed in the proband. {total)
4K. Variant I5 found in another individual in the proband's family UNAFFECTED with the 0.15 points per family (mnge: 0 to —0.15) 0.30
nonspecific phenotype observed in the proband. {total)

1 12
3 | Only those individuals with both th t d the phenot
D__O D ‘ o - nly those indiviauals wi (0} e genotype an e pnenotype, or
et B = o individuals who are obligate carriers, can be counted as evidence:
[5 .
- O o when counting segregations the proband is not counted
: n:2 n:3 n:s . . .
# of segregations = (# of genotype/phenotype positive) — 1
*
* = tested

[l = genotype+/phenotype +



Difference between guidelines

The CNV guidelines separate case-level segregation (Section 4) and the segregation of the
patient/family being studied (Section 5)

SNVs (PP1) CNVs (4F-4H/5D)
I . N=(1/2)*= 1/8 supporting 0.15 points
>3 segregations (meiosis) ' ' ’ ’
required before any points can be | | I > I\ll“ i:=,s<s11/£18i:‘f>1 1f?anr:li;yy 3-4 segregations
applied ! : . =
* Frameworks that allow more Q@ o Moderate 0.30 points

strength/points to be applied as

) ) N is s1/16 if 1 family
the segregations increase

N is <1/8 if >1 family 5-6 segregations

* Easier to assign segregations

using SNV framework — but CNVs Strong 0.45 points

and SNVs are different N s1/32 if 1 family

N is <1/16 if >1 family 27 segregations




Section 4: Detail evaluation of genomic content using literature and databases

Individual @se evidence—segregation among 4F. 3-4 observed segregations 015 0.45

similarly affected family members
4G. 56 observed segregations 0.30

4H. 7 or mom observed segregations 0.45
Tndvidual ase evoence—nonsegregatons &1 Varant 1z MOT tound in am%er individLal in the proband s family AFEL [ED With a 045 points per ramily (ange. O o — 045 0.80
{total)

consistent, specific, well-defined phenotype {no known phenocopies).

4). Variant 15 found in another individual in the proband's family UNAFFECTED with the —0.30 points per family (ange: 0 0 —0.30) —0.90
specific, well-defined phenotype observed in the proband. {total)
4K. Variant I5 found in another individual in the proband's family UNAFFECTED with the 0.15 points per family (mnge: 0 to —0.15) 0.30
nonspecific phenotype observed in the proband. {total)
1 12
*l ] Only th individuals with both th d the ph
e m ‘ S = nly those individuals with both the genotype and the phenotype, or
2 n2 3| T s "o individuals who are obligate carriers, can be counted as evidence:
&] .
- = o E ° when counting segregations the proband is not counted
' ' r ' ' ' # of segregations = (# of genotype/phenotype positive) — 1
*

* = tested
v:2
. [l = genotype+/phenotype +



Section 5: Evaluation of Inheritance Patterns + Phenotype

Observed -copy-number gain is de novo 5A. Use appropriate category from de novo scoring section in section 4. Use de novo scoring categories from section 4 0.45 4A W.'” be e_lther 0.45 (conf_lrmed dn) or 0.30 (assumed dn)
_ i _ (4A-4D) 1o determine score 4B will be either 0.30 (confirmed dn) or 0.15 (assumed dn)
Observed copy-number gain is inherited 5B. Patient with a specific, well-defined phenotype and no family history. Copy-number  —0.30 (range: 0 to —0.45) —0.45 4C will be either 0.15 (confirmed dn) or 0.10 (assumed dn)
gain is inherited from an apparently unaffected parent.
5C. Patient with nonspecific phenotype and no family history. Copy-number gain is —0.15 (range: 0 to —0.30) -0.30
inhari 1
5D. CNV segregates with consistent phenotype observed in the patient's family. Use segregation scoring categories from in 0.45 4F (default points = 0.15): 3-4 segregations
O R e o (T e o 1 e e R U = 5 R a R R a5 T o TSR TS 4G (default points = 0.30): 5-6 segregations
2 g Jreat ’ PRIOP a = ’ section 4 (g-fngJ to o‘erem'%'ne f%m e 4H (default points = 0.45): 7 or more segregations
0 0
5G. Inheritance information is unavailable or uninformative. The patient phenotype is 0.10 (range: 0 to 0.15) 0.15
nonspecific, but is consistent with what has been described in similar cases.
5H. Inheritance information is unavailable or uninformative. The patient phenotype is highly 0.15 (range: 0 to 0.30) 0.30
specific and consistent with what has been described in similar cases.

5G + 5H: If the patient’s phenotype in its entirety is consistent with a
specific genetic aetiology, points may be assigned

ACGS /A
- w * should be considered equivalent to using PP4 in the sequence

R S—— e : . _
ssociation for Clinical Genomic Science variant guidelines at supporting or moderate strength




Example case

e 2yrold, male

* Hypotonia, developmental delay, dysmorphic - prominence of the nose and lower
face, unusual breathing patterns, seizures



Results

Genome Browser grch37:18:53049652-53134 356 GRrcnss 18:55382421-55467125 (100% match)

Jump to position, gene or band

My query p

osition
;520 Mb ?5.25 Mb 5’2.30 Mb 55.25 Mb I g5 40 Mb g5.45 N': 5.50 Mb 5.55 Mb ;5.60 Mb

.+ Liftover
. mapping to
i+ GRCh27/hgl19

o= Il Aligned to GRCh2Thg1e

mapping

Il No oLl score - Protein coding genes
I No oLl score - Non coding genes

Intragenic deletion involving TCF4

[GRCh37] 18921.2(53049652-53134356)x1

Inheritance unknown - adopted



Scoring

Would apply category 1A (contains protein-coding or other P p—p—

. . . . Evidence type Evidence Suggested points/case Max
known functionally important elements) as this deletion o b s St

i n CI u d e S Seve ra I exo n S Of a p rotei n _CO d i n g ge n e 18. Does NOT contain protein-coding o any known functionally important elements. 060 060

0 points; continue evaluation
Total = 0 pts

Section 2: Overlap with established/predicted haploinsufficiency (HI) or established benign genes/ge ic regions (Skip to section 3 if your copy-number loss DOES NOT overlap these
types of genesiregions)

Intragenic deletion of established HI gene TS e T e O e R

See ClinGen SVI working group See
PVS1 specifications categornes
= PVS1 =0.90 at left

TCF4 has a ClinGen DS haploinsufficiency score of 3; is a (oce: 04510 00

definitive monoallelic G2P LOF gene; is associated with IS asrs b e

indels) = 0.30

autosomal dominant Pitt-Hopkins syndrome) rce: 01510 049

= PVS1_Supporting = 0.15
(Range: 0 to 0.30)

Would use category 2E

Both breakpoints are within the same gene.....




Scoring

Section 2:

Digletion
{Singhs evon to
full gene)

Full gene deletion x |[

e

e

\

Smgle to mulii exon deletion

Disrups peading frame and s fF—

predicied o undergo NMD®

Singhe 1o multi exen deletion - /
Drisrupts reading frame and = -\\

NOT prodicted to underga NMD *

Single to multi exon deletion — <

Preserves reading frams:

Exon is present in biologically-relevant transcriptis)

Exon & absent from biologically-relevan transcrip{s)

Truncatedaltered region & critical to protem unction

——s  PVSI_Suwong |

Roke of region
in proicin
funciien i
unknown

LoF sariants in this exon are frequent in the gencral population

MNiA

LoF varams in this cxon are nol
frequent in the general population and
cxon is present i bokgically-rebovant

IFAnSCripLsh

/ andiar exon is absent from biologically-relevant transcript{s)
Variam removes |

=1 07% of protein

¥

VSl _Steong

Varan renoves
<1 0% ofF protein

PVS1 Moderate

VAR Y

Truncated’altered region is crnitieal to profein fenction *

s PVSI_Stong

What is the predicted consequence of the deletion?




Scoring

Section 2:

Il ~igned to GRCh3T/hg1e

Liftover
mapping

legend

1 E

=]

© Genes
Coloured by pLI
core

« I.:'-)

1
RPL2{F126 >
S pLl ranges: [ , | B 16 oLl score - Frotein coding genes

oo o1 oz (1] oS 0.5 0.7 (o] k] 1

0.4 Il Mo pLl score - Mon coding genes
Less intolerant Intolerance to LoF mutation More intolerant

. Morbid Genes = TCF4

. - =4l F-—-44 ! | | H ! ! i
Transcripts » ! < TCF4-201 | MANE Select
With Ensembl | || f | | | = ||'

transcript names = TCF4-224
Hi O
< TCF4-232

| NS Y

TCF4-201 - ENST00000354452.8

Focus here Highlight this feature

Location 18:55222185-55588192

Exons 4-6 of MANE transcript deleted e oy

Protein Length 671 aa

RefSeq NM 001369570.1, NM 001369569.1, NM 001369568.1,
NM _001330604.3, NM_001083962.2

Type Protein coding

MANE Select




coring

Section 2:

GRCh37

Human (GRCh37.p13) ¥

Location: 18:52 889,562-53,332,018

Gene-based displays
= Summary
Splice variants
Transcript comparison
Gene alleles
B Sequence
| L Secondary Structure
- Comparative Genomics
Paralogues
Genomic alignments
Gene tree
Gene gainfloss tree
Orthologues
= Ontologies

E GO: Molecular function
GO: Biological process
~ Phenotypes
£l Genetic Variation
Variant table
Variant image
Structural variants
 Gene expression
 Pathway
- Regulation
- External references
~ Supporting evidence
= 1D History
L Gene history

£ Configure this page

14 Custom tracks

1 Export data
<3 Share this page

F+ Bookmark this page

GO: Cellular component

Gene: TCF4

Gene: TCF4 ENSG00000196628

Description
Gene Synonyms

Location

About this gene

Transcripts

l Show/hide columns (1 hidden)

Name Transcript ID

TCF4-201  ENST00000354452 3

TCF4-002 ENST00000356073.4

TCF4-003 ENST00000537578.1

TCF4-019 ENST00000564403 2

TCF4-004 ENST00000398335.1

TCF4-015 ENST00000457482.3

bp
8332

8317

2745

2660

2478

2438

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs

transcription factor 4 [Source:HGNC Symbol;Acc:11634 &)

BHLHB19, E2-2, ITF-2, ITF2, PTHS, SEF-2, SEF2, SEF2-1, SEF2-1A, SEF2-1B, SEF2-1D, TCF-4, bHLHb19

Chromosome 18: 52 889 562-53,332 018 reverse strand.
GRCh37:CM000680.1

Hide franscript table

Protein Biotyp
671aa |1 i

CCDS UniProt Match
CCDS42438:% | GOLNTI & GOLNTA & GOLNTY &

RefSeq
NM_001083962 &

GOLNTS & H3BMC8& H3BMES &

NP_00107743167

H3BNI2 g HIBNZ2 & HIBP59 &
H3BPG3& HIBRFV @ H3BSX3 &
H3BT24 % HIBTC3 & HIBTMS &
H3BUG3 & KFERJO & P15884&

GOLNT3 & GOLNTA & GOLNT7 &

667aa || Protein coding CCDS11960 7

NM_003199 &

GOLNTS ¢ GOLNY2 & HIBMCE &

NP_003190 &

H3IBMES & H3BNI2 &7 HIBNZ2 &

H3BP59% H3BPG3# H3BRFT &

H3BSX3 & H3BT24é HIBTC3 &

H3BTM9& H3IBUQ3 & KIERJO &
P15884 &

GOLNT3 & GOLNTT & GOLNT8&#

I Protein coding CCDS58629

NM_001243227 &

H3BMC8gr H3BMES & H3BNI27

NP_001230156e

H3BN72 & H3BP59 & H3BPG3 &

H3BRF7 & H3BSX3e H3BT24&

H3BTC3¢& HIBTM9 & H3BUQI &
KTERJOE P15884 &

GOLNT3 & GOLNT4 & HIBMCS &

677aa |l Protein coding CCDS58630 &

NM_001243228 &

H3IBMES & HIBNI2 g H3BP59 &

NP_001230157 g

H3BRF7 & H3BSX 3 H3BTC3 &
H3BTP3 & H3IBUQ3&

E9PH57 g GOLNT3 & GOLNT4 &

773aa |l Protein coding CCDS58631

NM_001243226 &

GOLNT7 & GOLNTS & HIBMCS &

NP_0012301556

H3IBMES g HIBNI2 g2 HIBNZ2 0
H3BP5S&% H3BPG3& H3BRF7 &
H3BSX3 & H3BT24& HIBTC3
H3BTMS& H3IBUQ3 & KIERJO &

P15884

I Protein coding CCDS58624m

Flags
GENCODE basic

GENCODE bas|

GENCODE basic

GENCODE basic




Scoring

Sectio n Z : Show Ll entries Showihide columns _

No. Exon / Intron Start End Start Phase End Phase Length Sequence
5' upstream sequence +eu.......CCCOgROBEgEYEQTLOOTttaRgagtcagIgatcttggctgttgtet
1 ENSED0003772200 55,566,192 55,566,038 155
Intron 1-2 55 588 037 56 587,137 901
2 ENSED0003540131 55,567 136 55,567,045 0 92 TGC GCA
GAGTGRTTTACTGGATTTCA
Intron 2-3 55 587 044 55 585 353 1,692 gtaa taac..........LotaAtatttctttgtitottttag
3 ENSE00003688806 55 585,352 55 585,280 0 1 73 ATGTIETCACCECCTETERGCAGTCo B LA ATE S CCHACT TC TGS CARC TRGCAT
TTTACTGGCTCAR
[ Intron 3-4 55 585 279 55 464 138 gtatgtagattcttttettagtgtt..........LARAJRACTLILOLCLLOLoCCtag
4 ENSE00003675281 55464 137 55 464 076 1 0 AGCTCAGGETCCTEEGGRARTE MR ACATCCARG CERTCCA
Length of
55,464 075 55,461,116 LTLCLCEC. . .u.. ... BCLLACACTGLCALILLATLLACE]Y
5 55461115 55.461,019 0 1 TCCCTATEACCABATEACEAEERGEACCTTGEGT CACATGAR
exons TGIEAATTCHIGRATARARE
55,461,018 55403519 exons ....BCTLTLLTQLCELLCLCTtggCag
6 ENSE00003553770 55403 518 55403 454 1 0 g g an g JCATABTCRTCRTATGCEAGNE R TCARAC TTACACGGTTCRE
ACCRG
— Intron 6-7 55 403 453 55 351,004 gtaagtgageatctct ttgtittcoctttitaaccttitag
7 ENSE00003505563 55,351,003 55,350,874 0 1 BrCAETCTCCTTEGASGIG AACCCA m@mg%g@@_
TR TR WA CTAC T AT AR T2 T AL GAZCRACCET ACACT

Add the total length of the missing exons and divide by 3
* 62+97+65=224+3=74.67 (notdivisible by 3, predicted to disrupt reading frame)

This gene has 20 exons total; this deletion is not near the end of the gene, and would be
expected to undergo NMD



Scoring

Section 2:

Dieletion
{aen gl oon b
full gene)

Full gene deletion x

—

smgle to mulii exon deletion
Dismupis peading frame and is
predicied o undergo NMD*

\]\_1_

Exon is present in biologically-relevant transcriptis)

Exon & absent from biologically-relevan transcrip{s)

Simgle 1o mulbii cxon deletion —
Disrupts reading (rame and =

X

NOT predicied to undergo NI

Truncatedaltered region & critical to protem unction

-+ PVSI_Strong ]

Y Single o mulli exon deletion —

Preserves reading frams:

Rok of region
in proicin
function i
unknwm

LoF vananis m this exon are frequent i the gencral population
andior ¢xon 15 absent from bologseally-relevant transcrapis)

=

MIA

W

)

LoF varams in this exon are mot
frequent i the general population and
cxon is preseni m bokogically-relevant

IFAnSCripLsh

<

Variam removes |

= | 0F% of protein

Varam renwves |

<1 0% ofF protein

.

VSl _Steong

-| PVS1 Moderate

<
K=

Truncated’altered region is crnitieal to profein fenction *

——+  PVSI_Strong

Deletion of exons 4-6 in MANE transcript resulting in

disruption of reading frame

Would apply category 2E PVS1 = 0.90pts

variant).

Total = 0.90 pts

[ 2E. Both breakpaints are within the same gene (intragenic CNV; genedevel sequence

See ClinGen SVI working group
P51 specifications
*PVS1=0.90

(Range: 0.45 to 0.90)

= PVS1_Strong = 0.45

(Range: 0.30 to 0.90)

= PVS1_Moderate or PM4 {in-frame
indels) = 0.30

(Range: 0.15 to 0.45)

* PVS1_Supporting = 0.15
(Range: 0 to 0.30)

See
categories
at left




Scoring

e Should | also award points in category 2H?

N o) ! Th |S wou |d esse nti a I Iy be d ou b | e IHapIoirﬁLrFficiency predictors 2H. Two or more HI predictors suggest that AT LEAST ONE gene in the interval s HL 015

counting
 TCF4 is a known and established HI gene.

Category 2H is for genes that have
not been curated and are just
predicted to be HI

Section 3:

Section 3: Evaluation of gene number
M M M M Mumber of protein<oding RefSeq genes wholly or -~ 3A. 0-24 genes 0
* Single gene involved - intragenic loss bty ko m e capy s o
3B. 25-34 5 045
3C. 354 gcqn?::c 080

* Would use category 3A, 0 points

Total = 0.90 pts



Scoring

Section 4:

= Tracks

. Genes

: Protein coding
: Coloured by
* pHaplo score

;520 Mb 55.30 Mb ;’;.40 Mb 55.50 Mb ?5.60 Mb

<TCF4

-1 pHaplo ranges: I | | ‘

Il o oHaplo score - Protein coding genes

00 01 02 03 04 05 08 o7 08 1] 1 Bl to pHaplo scare - Non coding genes.
Less probabia y of haploinsufficiency —— 5 Maore probable
. ]|
 Morbid Genes: <TCF4
| = » | - | i 1
e < TCF4-201 - MANE Selest RPL21P125-201 >

: With Ensembl
* branscript names

n
< LINCO1920-202
1

| i 11

RPN I V=rged EnsemblHzvana
Legend Il RNA gene

B Feeudogens

. gnomAD
el i lamu in [TH L — m 1 - i i i d— 1§ | e—— i
b i il am
* Variants 1
1
1 —
——
—— = D
: Population: n — -
: Copy-Number -_

- Variants

Check the region is not covered by population CNVs

| 40. Overap with common population variation.

1 r:a_n{n:: 0 to

1)




Scoring

 When working with an established HI/LOF gene,
you can use Section 4 to gather additional
evidence (and accumulate additional points) if
you did not reach Pathogenic in Section 2

Section 4: Detailed evaluation of genomic content using cases from published I , public and/or internal lab data (Skip fo section 5 If either your CNV overlapped
with an established HI gene/region in section 2, OR there have been no reports associating either the CNV or any genes within the CNV with human phenotypes caused by loss of
function [LOF] or copy-number loss)
Individual case evidence—de novo occurrences Reported proband (from literature, public databases, or internal lab data) has either: See categories below

« A complete deletion of or a LOF variant within gene encompassed by the observed

copy-number loss OR

= An overlapping copy-number loss similar in genomic content to the observed copy-

number loss AND

.
. 4A. ...the reported phenotype is highly specific and relatively unique to the gene or Confirmed de novo: 0.45 points each 0.90 (total)
l l O u r Ca S( !’ W( E W( E r( E a ( ! O g( ! O I ( ! y genomic region, Assumed de novo: 0.30 points each

(range: 0.15 to 0.45)

M M M M 4B. ..the reparted phenotype is consistent with the gene/genomic region, is highly Confirmed de nava: 0.30 points each
a O g e I C p O I n S I e C I O specific, but not necessarily unique to the gene/genomic region Assumed de novo: 0.15 point each (range:

0 to 0.45)
AC. ... the reported phenotype is consistent with the gene/genomic region, but not highly ~ Confirmed de novo: 0.15 point each
specific and/or with high genetic heterogeneity. Assumed de novo: 0.10 point each (range:
0 to 0.30)
Individual case evidence—inconsistent phenotype  4D. ...the reported phenotype is NOT consistent with what is expected for the gene/ 0 points each (range: 0 to —0.30) -0.30
genomic region or not consistent in general. (total)
Individual case evidence—unknown inheritance ~ 4E. Reported proband has a highly specific phenotype consistent with the gene/genomic  0.10 points each (range: 0 to 0.15) 0.30 (total)

* Option 1: use Section 4 to identify other literature
cases of intragenic LOF variants in TCF4 to get to
Pathogenic

e Option 2: use our patient’s consistent phenotype in

Section 5 to get to Pathogenic
Total = 0.90 pts




Scoring

Section 5:

* Our patient has hypotonia, developmental
delay, dysmorphic - prominence of the
nose and lower face, unusual breathing

patterns, seizures

* This is consistent with the expected

phenotype, though relatively non-specific

* Use Category 5@, 0.10 points

Section 5: Evaluation of inheritance patterns/family history for patient being studied
Observed copy-number gain is de novo SA. Use appropriate category from de novo scoring section in section 4.

Observed copy-number gain is inherited 5B. Patient with a specific, well-defined phenotype and no family history. Copy-number
gain is inherited from an apparently unaffected parent
5C. Patient with nonspecific phenotype and no family history. Copy-number gain is
inherited from an apparently unaffected parent.
5D. CNV segregates with consistent phenotype observed in the patient’s family.

Observed copy-number gain—nonsegregations SE. Use appropriate category from nonsegregation section in section 4.

SF. Inheritance information is unavailable or uninformative.

5G. Inheritance information is unavailable or uninformative. The patient phenotype is
nonspecific, but is consistent with what has been described in similar cases.

5H. Inheritance information is unavailable or uninformative. The patient phenotype is highly

specific and consistent with what has been described in <imilar cases

Use de novo scoring categories from section 4
(4A-4D) to determine score
—0.30 (range: 0 to —0.45)

—0.15 (range: 0 to —0.30)

Use segregation scoring categories from in
section 4 (4F-4H) to determine score

Use nonsegregation scoring categories from
section 4 (41-4K) to determine score

o]

0.10 (range: 0 to 0.15)

0.15 (range: 0 to 0.30)

0.45
—0.45
-0.30
0.45
—-045

0.15
0.30

Total = 1.0 pts

Pathogenic




Any questions?



