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Nonsense or 
Frameshift

Variants in the biologically-relevant transcript NM_000330.4:c.1-472 are predicted to undergo NMD b

Variants in transcript NM_000330.4:c.473-671 are not predicted to undergo NMD b and this truncated/altered region up to and including 
p.Cys223 (NM_000330.4: c.669-671) would impact regions critical to protein structure and function c

PVS1

PVS1

GT--AG
1,2 splice 

sites a

Skipping exons 1-3 in transcript NM_000330.4:c.1-184, or use of a cryptic splice site that disrupts reading frame and is predicted to lead to 
NMD b

Such changes up through p.Cys223 (NM_000330.4:c.473-671) would impact regions 
of the protein critical to protein structure and thus to protein function c

NM_000330.4:c.672-677 changes impact a region in protein function is unknown. 
LoF variants in this last exon are not frequent in the general population

PVS1

PVS1

PVS1_Strong

Exon skipping or use of a cryptic splice site 
in transcript NM_000330.4:c.473-c.677  
that disrupts or preserves reading frame  

and is NOT predicted to undergo NMD b

Initiation 
Codon

The p.Met1 in transcript NM_000330.4:c.1-3, (NC_000023.11:g.18672068-18672066) is the only known start codon. There are ≥1 
pathogenic variant(s) upstream of the closest potential in-frame start codon at, NM_000330.4:c.441-443 (p.Met147)

PVS1

PVS1_Strong
Variants in transcript NM_000330.4:c.672-677 are not predicted to undergo NMD b, are present in biologically-relevant transcript but the 

role of region in protein function is unknown. LoF variants in this region are not frequent in the general population

Deletion
(Single exon to 

full gene)

Single to multi exon deletion in transcript 
NM_000330.4 that disrupts reading frame and 

is predicted to undergo NMD b

Single exon deletions of exons 4 to 6 and multi 
exon deletions in transcript NM_000330.4 that 

preserve reading frame

Full gene deletion

Exons 1 to 3 in transcript NM_000330.4:c.1-184, are present in biologically-
relevant transcript(s) and single exon deletions disrupt reading frame. 

PVS1 d

PVS1

NM_000330.4:c.672-677 deletions impact a region in protein where function is 
unknown, LoF variants in this last exon are not frequent in the general population 

Such changes up to p.Cys223 (NM_000330.4: c.1-671) impact regions of the 
protein critical to protein structure and thus to protein function c

PVS1_Strong

PVS1

Duplication
(≥1 exon in size 

and must be 
completely 

contained within 
gene)

Proven or presumed in tandem and variants in transcript NM_000330.4:c.1-472 are predicted to undergo NMD b

Proven or presumed in tandem, variants 
in NM_00330.4:c.473-c.669 are not 

predicted to undergo NMD NM_000330.4:c.672-677 duplications impact a region in protein where function is 
unknown, LoF variants in this last exon are not frequent in the general population

PVS1

PVS1_Strong

PVS1 Decision Tree for RS1

Legend for I:
RS1 PVS1 Decision Tree. This is taken from Figure 1 in SVI recommendations for PVS1 interpretation (Tayoun et al., 2018). See also 
RS1 PVS1 (RNA) Decision Tree below (taken from Walker et al 2023).  (a) This criterion should not be applied in combination with in
silico splicing predictions (PP3). Additionally, splice site variants must have no detectable nearby (+/- 20nts) strong consensus splice 
sequence that may constitute in-frame splicing. (b) NMD prediction based on the premature termination codon not occurring in the 3’ 
most exon or in the 3’ most 50bp of the penultimate exon (p.Ser2-p.Asp158 in transcript NM_000330.4:c.4-472, NC_000023.11:g. 
18,672,065-18,644,575). (c) Relevant domain indicated by experimental evidence proving a critical role of the domain and/or presence 
of non-truncating pathogenic variants in the region NM_000330.4:c.1-671, include the discoidin domain, and specific residues involved in 
forming disulfide bridges and salt bridges that are important for protein structure. (d) For a full gene deletion of a known haploinsufficient
gene, a pathogenic classification is warranted (in the absence of conflicting data) even though application of PVS1 alone would not 
reach a pathogenic classification using the combining rules in Richards et al., 2015). For a full gene deletion of RS1 in a male, a 
pathogenic classification is warranted. NMD, nonsense-mediated decay; LoF, loss of function. 

NM_000330.4:c.473-671 duplications impact a region of the protein critical to 
protein structure and thus to protein function c

PVS1



BP7 (RNA) + 
prediction (PP3/BP4)

PVS1_S, 
PVS1_M, or 
PVS1_Supp 

(PVS1_Strength) 
applied

Outside 
donor/accept

or +/- 1,2 
dinucleotide 

positions 
(exonic or 
intronic)

PP3 applied 
See (a) 

Flowchart for 
PP3 and BP4 

and (b) Table 2 
from Walker et. 

al., 2023

No appropriate comparison P/LP variant in this splice region

P variant at this nt position with same predicted impact

PP3

PP3 + PS1

LP variant at this nt position with same predicted impact

P variant within the same splice region with same predicted impact

PP3 + PS1_M

PP3 + PS1_M

PP3 + PS1_Supp.

N/A (consider protein impact if relevant)

RNA/Splicing 
Data

To categorize 
splicing data

consider 
multiple 
factors 

including 
assay / 

technique, 
RNA source, 

and gene-
specific 

knowledge.

See (c): RS1
Rule Table 
for PVS1 

(RNA)

Variant-
specific 
impact 

(compared to 
controls)

Use PVS1 rule 
table 

OBSERVED 
RNA impact

PVS1_Strength 
assigned to at 

least 1 transcript

No variant-
specific 
observed 
impact

Proportion of alternative transcript/s (inferred to be) predicted 
by variant allele (e)

If background rate is considered to be low-moderate levels suggestive of being 
tolerated, consider reducing PVS1 (RNA) codes by an additional level

Determine PVS1 (RNA) weight 
from combined analysis 

(PP3/BP4 not applicable)

PVS1 (RNA) or BP7 (RNA) not 
applicable (reconsider PVS1 
decision tree as appropriate)

LP variant within the same splice region with same predicted impact

Not applied (prediction inconclusive)

BP4 applied
BP4 + BP7

BP4 (only if protein impact ruled out)

Silent / Intronic

Other variant types / positions

Splicing tool 
prediction

(for 
missense/in-
frame indel 

variants, also 
consider 
relevant 

predictions of 
protein 

impact See 
(a): 

Flowchart for 
PP3 and BP4

Splicing 
prediction
data only

Donor/accept
or +/- 1,2 

dinucleotide 
positions

See (c):  RS1
Rule Table 
for PVS1 

(RNA)

PVS1 applied

No appropriate comparison P/LP variant in this splice region

P variant at this nt position or in same donor/acceptor +/-1,2 
dinucleotide with same predicted impact

PVS1

PVS1 + 
PS1_Supp.

P / LP variant within the same splice region, but outside donor/acceptor 
+/-1,2 dinucleotide, with same predicted impact

No appropriate comparison P/LP variant within this splice region

PVS1 + 
PS1_Supp.

PVS1_Strength

PVS1 not 
applicable Not applied

Use PVS1 
rule table for 
PREDICTED 

impact

P variant at this nt position or in same donor/acceptor +/-1,2 
dinucleotide with same predicted impact

P variant within the same splice region, but outside donor/acceptor +/-
1,2 dinucleotide, with same predicted impact

LP variant within the same splice region, but outside donor/acceptor 
+/-1,2 dinucleotide, with same predicted impact

PVS1_Strength
+ PS1

PVS1_Strength
+ PS1_M

PVS1_Strength
+ PS1_Supp.

BP7 (RNA) 
applied

Assess 
pathogenicity 
using protein 

pathway

Silent / 
Intronic

Other variant 
types / 

positions

Consider splicing predictive data

Can the protein impact be ruled out (based 
on functional and / or clinical data)?

BP7 (RNA) + prediction 
(PP3/BP4)

Document as “BP7 (RNA)” 
Not Met to indicate that data 

was present and reviewed

Yes

No

Complete

Near Complete

Incomplete

Keep strength level

Reduce strength by 1 level

Do not apply codes

RS1-specific PVS1 (RNA) Decision Tree for Splicing



(a) SpliceAI Flowchart (based on Walker et al., 2023, Figure 4)

(b) Table 2 from Walker et al., 2023

Donor and acceptor splice region positions are below and are excluded from BP7:
• Synonymous substitutions in the first base of an exon
• Synonymous substitutions in the last three base of an exon
• +1 through +7 of the donor sequence after an exon
• -1 through -21 of the acceptor sequence before an exons

restrictions recognize the chance that, despite similarity in
predicted impact, the variant position may possibly be
associated with differences in type(s) and level of RNA ab-
erration(s) produced. We suggest that the designation of
donor and acceptor motif ranges be based on position
weight matrices (see Table 2 for more information).
PS1 may also be applied for a variant located at the

donor/acceptor splice dinucleotides and for which there
is another (likely) pathogenic variant located within the
same splice motif (including at the splice dinucleotide po-
sitions). However, in most instances, the proposed
strength levels are reduced to prevent overweighting of
the VUA compared with the original (likely) pathogenic
comparison variant. Suggested weights consider whether
the comparison variant lies within the same splice
donor/acceptor 51,2 dinucleotide or at other positions
within the same motif, the PVS1 weight applicable to the
VUA, and whether the comparison variant is classified as
pathogenic or likely pathogenic.

Combined application of ACMG/AMP codes that
capture evidence relating to variant location, splicing
predictions, splicing assay data, and variant type
As denoted, multiple ACMG/AMP criteria may be suitable
to record structured evidence relevant to a variant’s (pre-
dicted) impact on splicing. We propose re-purposing of
existing evidence codes (PVS1, BP7) to capture mRNA-
splicing assay data separately from other protein or cell-
based functional assay data (recorded under PS3/BS3) and
abrogating bioinformatic prediction codes when splicing
assay data is used to designate a variant as LoF following
the PVS1 decision process.

Figure 5 provides a general scheme of code application
and strength based on variant position, bioinformatic pre-
dictions, other (likely) pathogenic variants with similar
predicted impact on splicing, and how to add, replace, or
modify codes based on RNA/splicing assay data. We antic-
ipate that the more challenging aspects to implementing
these splicing interpretation recommendations will be (1)
decisions on similarity in predicted effect when comparing
predictions for a VUA against a known (likely) pathogenic
variant, (2) assigning baseline PVS1 code weights, (3)
consideration of factors that are relevant to determining
and/or downweighting of PVS1 or BP7 codes based on
splice assay results, including partial splicing impact or
complex aberration profiles, (4) removal of PP3/BP4 pre-
diction codes upon upgrading of a variant to PVS1 on
the basis of splicing data (consistent with recommenda-
tions to not use PP3 together with PVS1), and (5)
recording—but not applying a code for—splicing data for
missense or in-frame insertion/deletion variants in the
absence of protein functional data that is required to fully
account for all potential mechanism(s) of variant impact.
Accounting for all potential diseasemechanisms of other

coding variant types (e.g., missense, in-frame insertions/
deletions) can be exceptionally challenging during variant
classification. We generally recommend that the effects on
the protein with and without splicing impact be evaluated
independently as separate variant classifications based on
these different mechanisms, with the most deleterious
classification resulting in the final classification. For vari-
ants with experimental splicing assay data indicating no
impact, we conservatively recommend retaining the
most deleterious effect of the bioinformatic prediction

Table 2. PS1 code weights for variants with same predicted splicing event as a known (likely) pathogenic variant

Variant under
assessment (VUA)

Baseline computational/
predictive code applicable
to VUA

Position of comparison
variant relative to VUA

PS1 code applicable to VUA

with P comparison
variant

with LP comparison
variant

Located outside splice donor/
acceptor 51,2 dinucleotide
positions

PP3 same nucleotide PS1 PS1_Moderate

PP3 within same splice donor/acceptor
motif (including at 51,2 positions)

PS1_Moderate PS1_Supporting

Located at splice donor/acceptor
51,2 dinucleotide positions

PVS1 within same splice donor/
acceptor 51,2 dinucleotide

PS1_Supporting N/A

PVS1 within same splice donor/acceptor
region, but outside 51,2 dinucleotidea

PS1_Supporting PS1_Supporting

PVS1_Strong, PVS1_Moderate,
or PVS1_Supporting

within same splice donor/
acceptor 51,2 dinucleotide

PS1 N/A

PVS1_Strong, PVS1_Moderate,
or PVS1_Supporting

within same splice donor/acceptor
motif, but outside 51,2 dinucleotidea

PS1_Moderate PS1_Supporting

Prerequisite for all: the predicted event of the VUA must precisely match the predicted event of the comparison (likely) pathogenic variant (e.g., both predicted to
lead to exon skipping, or both to lead to enhanced use of a cryptic splice motif, AND the strength of the prediction for the VUAmust be of similar or higher strength
than the strength of the prediction for the comparison [likely] pathogenic variant). For an exonic variant, predicted or proven functional effect of missense sub-
stitution(s) encoded by the VUA and (likely) pathogenic variant should also be considered before application of this code. Dinucleotide positions refer to donor and
acceptor dinucleotides in reference transcript(s) used for curation. Designated donor and acceptor motif ranges should be based on position weight matrices for
intron category (see methods). For GT-AG introns these are defined as follows: the donor motif, last 3 bases of the exon and 6 nucleotides of intronic sequence
adjacent to the exon; acceptor motif, first base of the exon and 20 nucleotides upstream from the exon boundary. Consider other motif ranges for non-GT-AG
introns.
aIf relevant, splicing assay data for a pathogenic variant outside a51,2 dinucleotide position may be used to update a PVS1 decision tree and hence the applicable
PVS1 code for a 51,2 dinucleotide variant.
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(c) RS1 PVS1 (RNA)  rule table (for +- 1,2 changes and RNA splicing assays) for in the transcript NM_000330.4.

Based on generic gene schematic proposed by Walker et al., 2023 with the following modifications:
1. Pathogenic missense variants have been identified in exons 1-6 which are all considered to be ”critical to protein 

function”, requirement for being more that 10% of total protein length does not apply. 
2. ATG initiation site is located in exon 1 so 5’ UTR recommendation (A) does not apply.
3. No potential ”rescue isoforms” are known.
4. Use these tables to assign appropriate PVS1 code and rationale:

(d) RS1 exon map: The retinal-specific transcript NM_000330.4 is shown. Splice sites for exons 1-6 are indicated. The 
overhang shown at the top is a two-nt overhang, overhang on bottom is a one-nt overhang. Parallel lines represent in-frame 
junctions.

3 4 621

transcripts, these (likely) benign variants would not be as-
signed PVS1 based on the thorough application of a PVS1
decision tree (Figure 2).
Moreover, a total of 1,670/3,400 splice donor/acceptor

dinucleotide variants were reported in publications; 404
of these had functional information available, of which
392 (97%) were classified as (likely) pathogenic. The re-
maining publications included cohort analyses, case
studies, and review papers. When looking at all variants
with publication data, 1,576/1,670 (94%) were (likely)
pathogenic, indicating that the vast majority of splice
donor/acceptor dinucleotide variants that have been
investigated are damaging. Closer review of the pub-
lished variants revealed a large amount of evidence in
favor of pathogenicity including in silico (assessment of
predicted null effect, presence at the same position as
another pathogenic variant, presence in clinical data-
bases), laboratory data (functional assays), and/or clin-
ical information (de novo status in affected individuals,
in trans with a pathogenic variant, identification in an
individual with phenotypic fit, segregation with disease
in families). To determine how often the classification
was impacted by the application of in silico criteria alone,
we evaluated how many (likely) pathogenic variants had
clinical evidence (PS2, PM3, PM6, PP1, PP4) or laboratory
evidence (PS3) versus only in silico evidence. For this
comparison, PM2 was not considered as clinical evi-

dence. PVS1 or PVS1_Strong was applied to 2,894 (likely)
pathogenic variants. At least 1 (and up to 7) clinical or
laboratory criteria were applied to 1,781/2,894 (62%)
variants in addition to PVS1 or PVS1_Strong. That is,
only 38% relied on absence in controls, an indirect
form of clinical data, to reach a likely pathogenic classi-
fication. These data further support the proposition that
predicted disruption of the canonical splice donor/
acceptor 51,2 dinucleotide that meets at least a strong
PVS1 code assignment leads to LoF.
To help distinguish when PVS1 is applied for splice

donor/acceptor 51,2 dinucleotide variants due to
splicing assay data as opposed to predictions only, we
recommend additional annotation to PVS1 application,
such as PVS1_Strength (RNA). If the annotation of
‘‘RNA’’ to PVS1 is not available or possible in relevant cu-
ration systems, then curators should note that applica-
tion of PVS1 was due to the presence of splicing assay
data in both the explanation for criteria application as
well as the overall variant evidence summary. Subse-
quently, it is recommended that the PS3 (or BS3) code is
applied only for well-established assays assessing func-
tional impact that is not directly captured by RNA-
splicing assays (e.g., in vitro assays that by design measure
only effects on protein function or cellular assays that
capture impact on protein function as well as on mRNA
stability or processing).

Figure 2. Schematic demonstrating assignment of gene-specific codes to splice donor/acceptor51,2 dinucleotide variants based on
a modified version of the original ClinGen SVI PVS1 framework
Original framework refers to recommendations as published.2 It is important to note that each PVS1 assigned weight may be reduced if
there is evidence of potential rescue mechanisms. For example, skipping of either exon 4 or 7 may lead to a protein that retains partial
function. Annotating gene-specific lists of naturally occurring splicing events can provide greater evidence of potential ‘‘rescue’’ iso-
forms. Also see Box S1.
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NM_000330.4

Transcript 
start 3' 

acceptor 
position

Transcript 
end  5’ 
donor 

position

HG38 coordinates 
(reverse strand)

Exon skipping leads to 
preserved reading frame 
or frameshift (FS) with 

nonsense mediated 
decay (NMD)

PVS1 code 
for +/- 1,2 

dinucleotide 
change and 

rationale 
from Walker 
et al. below

Genome 
start

Genome 
ends FS NMD?

Critical 
exon? Domain

Exon 1 c.-40 c.52 18,672,108 18,672,017 FS NMD PVS1 (B) Yes Leader sequence
Exon 2 c.53 c.78 18,657,665 18,657,640 FS NMD PVS1 (C) Yes Leader sequence
Exon 3 c.79 c.184 18,656,758 18,656,653 FS NMD PVS1 (C) Yes RS1 domain
Exon 4 c.185 c.326 18,647,332 18,647,191 In-frame NMD PVS1 (F) Yes Discoidin domain
Exon 5 c.327 c.522 18,644,625 18,644,430 In-frame No NMD PVS1 (F) Yes Discoidin domain
Exon 6 c.523 c.*2316 18,642,156 18,639,688 In-frame No NMD PVS1 (F) Yes Discoidin domain

NM_000330.4

Transcript start 
3' acceptor 

position

Transcript end  
5’ donor 
position Notes

Start codon c.1-3 p.1
Nearest in-frame start codon c.441-443 p.147 This alternate start codon is in exon 5.

Next nearest in-frame start codon c.639-641 p.231 This alternate start codon is in exon 6.
Stop codon c.675-677 p.225 

NMD predictd cutoff NM_000330.4 c.472
Stop codon after stop-loss c.*127 Adds 43 amino acids

ACMG/AMP code PVS1    PVS1    PVS1 PVS1 PVS1 PVS1  
(B)        (C)        (C) (F) (F) (F)

(e) Generic PVS1 scoring taken from Figure 2 from Walker et al., 2023

5


