Standardised Nomenclature for
Mutation Reporting

Who gives a......... HO!& ?

Debbie Travis
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Q: HGVS nomenclature system for
genetic mutations?

Dull
Tedious
Boring

. All of the above..........

but fully appreciate its
importance

Exciting

91%

9%

0% 0%



Origins of Mutation Nomenclature

Beutler has an idea!
Letter to the Editor
Am. J. Human Genet

Beaudet and Tsui
formulate Amino acid
phenotypic system
Human Mutation

N GEMES
Random
designations

1990

Human Genome
Project

TABLE 1. Examples of Mutations in the Cystic Fibrosis
Transmembrane Protein Gene Using Nomenclature
Proposed by Beaudet and Tsui (1993)*

D44G 1154insTC
A455E 2183del AA—G
$549R(A—>C) IVS4 +1G—T
S549R(T—G) IVS4-2A—C
Q39X IVS19+ 10kbC—T
W1282X R560Tsplice
A508 3120G—Asplice
1507del M/V470

241delAT 1716G/A
852del22 125G/C

*Sorting these designations into a meaningful order by
computer would be essentially impossible.

- .



Problems with Protein only

Historical - Haemoglobin was sequenced at the protein level before
application of DNA sequencing

Protein is often only deduced - Nucleotide sequence directly analysed

Numbering confusion - Primary translated product or processed protein?
Does the first Met count?

Unable to describe intronic/promotor changes

Apparent amino acid substitution could be influencing splicing at the
DNA level — not mechanistic

Amino acids do not provide a complete story!

Standardised system + ref seq

>
DNA 2 Protein
-

Genetic code redundancy




Evolution of Mutation Nomenclature

206  BEUTLERETAL.
TABLE 2. Examples of the Trivial (Common) Names, Systematic Names, and Unique Identifiers of Some Well
Known Mutations

AHCMN develop quasi- Trivial (comumon) Reference  Unique identifer
. Gene names Systematic names (McKusick, 1996)

systematic approach CFTR AF508 c1522-1524del M28668 219700.0001

. . B globin hemoglobin S 920T V00499 1419000243

(Amino acid and cDNA) Glucose 6.7 debydrogenase  G6PD A+ 8766 910876G X55448 305900.0001

: ucose-6P dehydrogenase  G6PD A—202A376G 10153A,10876G X55448 305900.0002

Human Genetics Glucose-6:P deh SeaM 126D (g10153A,10876G)
Glucose-6-P dehydrogenase G6PD Mediterranean®®" g12333T X55448 305900.0006
S188F

Glucocerebrosidase 84GG g451GG452 ins J03059 230800.0014

Glucocerebrosidase 1226G or N370S a5258G J03059 230800.0003

Phenylalanine hydroxylase R408W c1222T 149897 261600.0002

Buetler et al support a

DNA based system

Nucleotide numbering on sense strand
X=stop A=deletion c.g.=Ilevel
Origins of HGVS IVS+/-

del ins inv

--—-)

1996



DNA based Nomenclature Systems

cDNA (coding)

Unambiguous when paired with reference sequence (to
account for transcript variants)

Accommodates most mutations

gDNA (genomic)

Robust
Difficult to anchor numbering (before completion of HGP)

LRG Project - stable reference sequence for clinically relevant
genes (remove issue of accession versioning)

W | ocus- eference-enomic .
EMBL-EBI NCBI




Evolution of Mutation Nomenclature

International

ST F e i Den Dunnen and A.ntonafrakls r. m. fs
Groub affirm HUGO MDI special article ( )
im ort:nce of ref describes HGVS system for
P complex mutations Repeat sequences
e [EUEOE Human Mutation Ranges
allelic relationship 8es_
[] G>T p.
Human Mutation only
accept HGVS compliant
manuscripts
)
g -
~ ~ N

Rough draft Complete Array/NGS Cancer genome
human genome human genome technology AML (Ley et al)




Why use standardised nomenclature?

e Stable - Consistency
* Unique description - Unequivocal (with reference seq)
e Universally understood - Follows common rules (flexible)

Eases communication and prevents confusion

* Aids cross-referencing of laboratory reports with the
supporting literature/databases

* Provides continuity between laboratory reports

Mislead interpretation can adversely influence
treatment and management of patients



Systematic name defines exactly
what it represent

Rau & Brown (2009) HGVS

_— NM_002520.6(NPM1):
P c.860_863dupTCTG

NG_016018.1:g.27837_27840dupTCTG
NC_000005.10:g.171410540_171410543dupTCTG (GRCh38)
LRG_458t1:c.860_863dupTCTG

NPM1 common mutation (AML)

* Duplication - gain ‘copy’ of adjacent nucleotides (not insertion)
e Coding - infer frame shift at protein level p.(Trp288fs)

Also retaining historical/colloquial term in the report
to help clinicians make the transition



HVGS is not always appropriate

Assay may not reveal details of a mutation at the DNA
or protein sequence level

e FLT3ITD sizing assay (AML)

e BCR-ABL1 multiplex PCR (CML)

Just too complex!

* |gH/TCR rearrangements analysed
for clonality (CLL)




Pilot BCR-ABL1 KDM Programme

* >100 reported missense mutations - Variable degrees of
resistance to TKI therapy

* Important component of disease monitoring in CML

 Programme started in 2012 (Novartis) - Cell line material
(Paul La Rosée, EUTOS group)

* Fastest growing programme (>60 participants)

Lyophilised RNA cDNA SeaEaE

material extraction synthesis

........... as per standard laboratory protocol



BCR-ABL1 KDM Results - cDNA

c. 730A>G ¢.749G>A c.844G>A Consensus HGVS

IS ¢.1130G>A; c.1111A>G Included 5’ UTR

YAl M244V;G250E;E282K Protein!!

c¢DNA numbering
with amino acids

Ll c.730M>MV, ¢.749G>GE, c.844E>EK

'l c.730A>G c.749G>A (c.844G>A SNP 1000 genomes) Care with SNP databases

Sl c.[730A>G(;)749G>A(;)844G>A] Allelic relationship

131402 Sample KDM 111



ABL1 Reference Sequence

M14752.1

NM_005157

NM_005157.4

x16416

NM_005157 (gi62362413)

Genbank: M147521.1

Ref Genebank : M14572

NM_005157.3

ENST00000318560

X16416 and M16416

EF158045.1

M14752

Ensembl Gene ID : ENSG00000097007

ENSG00000097007

ENST00000318560 ABL1-001

X16416.1

ENSG00000323315

NM_005154.gb M14752.gb

GeneBank: AAB60394 RefGeneSeq: NG_012034 RefGeneSeq: NM_005157.4

ref_ NM005157.4

Ensembl Transcript ABL1-001 ENST00000318560

NM_005157.4

ABL1 isoform A

KDM 131402



BCR-ABL1 KDM Results - Protein

p.Met244Val p.Gly250Glu p.Glu282Lys Consensus HGVS

@ p.Met244Val, p.Gly250Glu, p.Glu282Cys Genetic code error

3 M244V / G250E / E282L K (Lys) not L (Leu)

What to us as

3 p-Met244Vval + p.Gly250Glu + p.Glu282Lys
separator?

'l p.[Met244Val(;)Gly250Glu(;)Glu282Lys] Allelic relationship

Not deduced if RNA
analysed

H p-[(Met244Val(;)Gly250Glu(;)Glu282Lys)]

131402 Sample KDM 111



NGS is coming (here) ...........

Roche/454 GS-FLX [1 million reads, day]  lllumina HiSeq [>3 billion reads, week]

Sanger Sequencing ABI 3730xl
[96 reads, 3h]

lon Torrent PGM



Monitoring Clonal Evolution of Leukaemia

Escalate dose/switch TKI

A ™ DAS .
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Soverini et al (2013) Blood [Sanger]



Complex Clonal Population Architecture

Date

TKI

Line Mutations by SS

Mutations by UDS*

Estimated mutated
populations by UDSt

Disease status and response

MBC-12-02

MBC-13-01

MBC-13-02

LBC-14-01

af24/2012

5/28/2010

12/8/2010

12/20/2011

DAS

DAS

NIL

2 L387M (~60),
T315A (~50),
F35aV (~20)

2 T3154 (~100)

3 T315A (~100),
E255V (—70),
G250E (~15)

1 G250E (—40),
E255V (~20)

L3B7M (57.43), T3154 (57.19),
F359V (16.24), T3151 (8.22),
F317V (3.98), F317L (1.15)

T315A (73.75), V290l (8.19)

T315A (92.87), E255V (69.74),
G250E (12.22), E255K (1.03)

G250E (34.28), E255V (15.05),
E255K (2.34), Y253F (1.10)

M351T (0.67), F359V +V379l
{0.50), M351T+L387M {0.10)

L387M +T315A (55.99), FasaV+
T3151 (B.06), F359V (4.37),
F350V+F317V (3.63), T315A
{1.20), L38TM+F317L (0.97),
F317V (0.19), F359V+F317L
{D.18), L38TM+T3151 (0.16),
L387M+F317V (0.16), L36TM
10.15)

T315A (72.40), V2991 (5.84),
T315A +V299L (1.35)

T315A+E255V (65.07), T315A
{15.72), T315A+G250E
(10.44), E255V (3.73),
T315A+E255V +G250E
{0.94), G250E (0.84),
T315A+E255K (0.70),
E255K (0.33)

G250E (32.91), E255V (14.09),
E255K (2.13), ¥253F (0.90),
G2S0E+E255VY (0.96),
G250E+E255K (0.21),
G250E+Y253F (0.20)

Loss of complete hematologic

response

Loss of complete hematologic
response after 6 mo on DAS
No hematologic response

Progression to lymphoid bast
crisis after 32 mo on IM

HGVS nomenclature is increasingly essential for NGS reporting

Soverini et al (2013) Blood




Future of HGVS Mutation Nomenclature

HVGS adopted Proposal to extend HGVS to

include description of complex
structural changes

Converge with ISCN
Still viewed as
arcane art- Taschner suggests
form?! , _ further extension of

{} sub-alleles (nesting/composite) HGVS to describe

: . translocations
Follow somatic changes during

tumour progression

4 L/
£l »
Catalogue of somatic mutations in




Who is performing Haemato-oncololgy
Molecular Genetic testing?

Type of laboratory: BCR-ABL1 Kinase Domain Mutation
M Molecular Genetics

M Cytogenetics

m Haematology

M Histocompatibility

and Immunogenetics

® Other pathology

KDM 131402



Published Guidelines

Reporting of somatic (acquired) point mutations




AN

%acgs

ation for Clin

N/

General Genetic Laboratory Reporting Recommendations

Kath Smith’, Jo Martindale’, Yvonne Wallis?, Nick Bown?, Natasha Leo®, Lara Creswell®’, Graham
Fews?, Zandra Deans®

ACGS —June 2015
e Recommend HGVS nomenclature for variant reporting

* Where problematic mutation should be ‘described in words
and include traditional designation

* Do not recommend use of solely protein nomenclature

4

* Refers to WHO Classification of Tumours of Haematopoietic
and Lymphoid Tissues (2008) for acquired abnormalities




Genetics
wensmceons ACMG STANDARDS AND GUIDELINES | inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD215, Sherri Bale, PhD?, David Bick, MD#, Soma Das, PhD?,
Julie Gastier-Foster, PhD%78, Wayne W. Grody, MD, PhD?*%" Madhuri Hegde, PhD'?,

Elaine Lyon, PhD'3, Elaine Spector, PhD", Karl Voelkerding, MD'" and Heidi L. Rehm, PhD'>;
on behalf of the ACMG Laboratory Quality Assurance Committee

ACMG - May 2015

* Recommend use of HGVS nomenclature (some exceptions)

e Clinical reports should include sequence reference(s) to ensure
unambiguous naming of the variant at the DNA level

% ASSOCIATION Forming working group to focus
FOR MOLECULAR . . .
P PATHOLOGY on somatic mutation reporting




Published Guidelines




Sources of Information & Helpful Tools




Approved Gene Name Symbols

| I G N C Search symbol reportsw  Search symbols, keywords or IDs O\

Nomenclature Committee Use * to search with a root symbol (eg ZNF*) @

Home Downloads Gene Families Tools Useful Links About Newsletters ContactUs Help Request Symbol
APPROVED SYMBOL ABL1

APPROVED NAME ABL proto-oncogene 1, non-receptor tyrosine kinase

HGNC ID HGNC:76

PREVIOUS SYMBOLS & NAMES ABL, "c-abl oncogene 1, non-receptor tyrosine kinase”, "c-abl oncogene 1, receptor tyrosine kinase”, "v-abl Abelson
murine leukemia viral oncogene homolog 1"

SYNONYMS c-ABL, JTK7, p150

LOCUS TYPE gene with protein product
CHROMOSOMAL LOCATION 9g34.1

GENE FAMILY SH2 domain containing

HCOP Orthology Predictions for ABL1

External links

SPECIALIST DATABASES IUPHAR/BPS Guide to PHARMACOLOGY

*ﬁ'ﬁ U(:O%p
‘L‘J:’ U PN @_ NHGRI

wellcometvst  EMBL-EBI

http://www.genenames.org/



http://www.genome.gov/
http://www.ebi.ac.uk/
http://www.wellcome.ac.uk/

Reference Sequence

NCBI Gene — Good place to start

x Google | NCBI gene
-
= NCBI

Gene

Display Settings: [v) Full Report

- '.'l Search -

ﬁ Share

More 3

Resources (v] How To (¥

SignIn

Sign in to NCBI

Gene

ABL1 ABL proto-oncogene 1, non-receptor tyrosine kinase [ Homo sapiens (human) ]

Gene |D: 25, updated on 13-Jan-2015

~ Summary

Official Symbol
Official Full Name
Primary source
Locus tag

See related

Gene type
RefSeq status
Organism
Lineage

Also known as
Summary

»

ABL1 provided by HGNC

ABL proto-oncogene 1, non-receptor tyrosine kinase provided by HGNC

HGNC HGNC:76

RP11-83J21.1

Ensembl:ENSG00000097007; HPRD:01809; MIM:189980; Vega.OTTHUMG00000020813

protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa, Chordata, Craniata; Vertebrata, Euteleostomi; Mammalia; Eutheria; Euarchontoglires;
Primates; Haplorrhini; Catarrhini; Hominidae; Homo

ABL,; JTKT, p150; c-ABL, v-abl, c-ABL1, bcr/abl

This gene is a protooncogene that encodes a protein tyrosine kinase involved in a variety of cellular processes,
including cell division, adhesion, differentiation, and response to stress. The activity of the protein is negatively

Send to: (v

Help

Hide sidebar >>

Table of contents i
Summary

Genomic context

Genomic regions, transcripts, and products
Bibliography

Phenotypes

Variation

HIV-1 interactions

Pathways from BioSystems

Interactions

General gene information
Markers, Homology, Gene Ontology

General protein information

NCBI Reference Sequences (RefSeq)
Related sequences

Additional links

I Dicick

http://www.ncbi.nlm.nih.gov/gene



Investigate Sequences

Ensembl Browser - Manipulate/display options

Login/Register

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

Human (GRCh38) » Location: 9°130,713,946-130,887 675 el =R

Gene-based displays

- Summary Gene: ABL1 EnNsG00000097007
-~ Splice variants (3) a1 i sl e s ol
— Transcript comparison Description ABL proto-oncogene 1, non-receptor tyrosine kinase [Source:HGNC Sy~ = IARIALALLL
~ Supporting évidence s ABL, c-ABL, JTK7, p150
— Gene alleles ynonyms & ' P RTRAAAGTCTT
= Sequence Location Chromosome 9: 130.713,946-130.8587 675 forward strand. =
_ Secondary Structure INSDC coordinat h -GRCh38:CM000671 2-130713946:130887675-1 TTCTEAATTQT
| Extornal referances coordinates chromosome: : 2 : : e _—
B ] ~MN. e atas
Regulation _ Transcripts This gene has 3 transcripts (splice variants) (el CRELEE Qa5 G LallliLL
B Comparative Genomics

l- Genomic alignments
I~ Gene tree
L Gene gainfloss tree

Show/hide columns (1 hidden)

I= Orthologues (66) Name Transcript ID bp Protein Biotype CcCcDSs RefSeq Flags
|-
|- Paralogues (12) ABL1-001 ENST00000318560 5766 1130aa | Protein coding CCDS35466 NM 005157 TSL1 GENCODE basic
L Ensembl protein families (2) || ~B-1-001 ENSTO0000318560 5766 | 1130aa | Protein coding N
+ Phenotype

) . ABL1-002 ENSTO0000372348 3824 1149 aa |F’r0tein coding CCDS34
= Genetic Variation A Liagad f PIUE VU

L Variation table . -
b Variation image ABL1-003 ENST00000393203 532 = 64aa || Protein coding -

- Structural variation

65 NM 007313
NP 009287

CHS 3' incomplete  TSL:1 APPRIS Pl

CDS 3'incomplete TSL:5

= External data
| L Personal annotation Summary 0
= 1D Histol
L o - Name ABL1 (HGNC Symbol)

DS This gene is a member of the Human CCDS set: CCDS35165, CCDS35166

http://www.ensembl.org/index.html


http://www.ensembl.org/info/website/tutorials/gene_snps.html

Selection of Transcript

ABL1 alternative exon splicing: REMEMBER!
e 1a (nuclear) - biologically relevant B nE e e 8 VRS

e 1b (PM)-lon

gest

number

NM_007313.2 — NP_009297.2 tyrosine-protein kinase ABL1 isoform b

See proteins identical to NP_009297.2

Status: REVIEWED
Description | Transcript Variant: T
This isoform contain
Source sequence(s) | AA524892, AB20945
Consensus CDS | CCDS35165.1
UniProtKB/Swiss-Prot | P00519
UniProtKB/TrEMBL | Q59FK4
Conserved Domains (5) summary

mRNA and Proteig

Status: REV

Description

cdl
Location:254

smart
Location: 1025

cd
Location: 142
cdi
Location:24
pfam

Location:261

Source sequence(s)
Cc us CDS

NM_005157.5 — NP_005148.2 tyrosine-protein kinase ABL1 isoform a

See proteins identical to NP_(005148.2

Transcript Variant: This variant (a) includes an alternate 5' terminal exon (exon 1a instead of exon 1b), and it thus differs in the 5" UTR and &'
coding region, compared to variant b. The encoded isoform (&), which is localized in the nucleus, has a distinct M-terminus and is shorter than
isoform b.

AB209456, Al453416. AL161733. M14752, X16416
CCDS35166.1

UniProtKB/TrEMBL
UniProtKB/Swiss-Prot
UniProtKB/TrEMBL
Related

ADAD24RBE2

P00519

Q59FK4

ENSP00000323315, OTTHUMP00000022375, ENST00000318560, OTTHUMTO0000054684

Conserved Domains (5) summary

cd05052  PTKc_Abl;, Catalytic domain of the Protein Tyrosine Kinase, Abelson kinase
Location:235 - 497

smart00808 FABD; F-actin binding domain (FABD)
Location:1006 - 1130

cd09935 SH2_ABL; Src homoelogy 2 (SH2) domain found in Abelson murine lymphosarcoma virus (ABL) proteins
Location:123 - 216

cd11850 = SH3_Abl; Src homelogy 3 domain of the Protein Tyrosine Kinase, Abelson kinase
Location:65 - 118

pfam07714 = Pkinase_Tyr; Protein tyrosine kinase
Location:242 - 493




HGVS: Human Genome Variation Society

Current recommendations

Introduction
General recommendations

+ Versioning
o HGVS versioning (alf versions explained) HUMARM CEMNCIPMME
o Version list (changes after v2.0) VARIATION SOCIETY

« Use a locus Reference Genomic sequence (LRG)
Specific recommendations

o DNA-level

¢ RMA-level

o Protein-level

iome Project

h the United Nations Educational, Scientific and Cultural Organisation (UNESCQO!

Background material

* Nucleotide numbering

» Standards {definitions, symbols, nucleotides, codons, amino acids - V2.0) l U 0
» new The basics - slide presentation (updated Aug.2014)

» Checklist (online help when writing publications) W w

Example descriptions

= DNA
= RNA

+ Quick Reference (simple examples)

Discussions

» General
= Reference sequence
» Nucleotide numbering

FAQ (frequently asked questions) http//WWW HGVSorg/m Utnomen/




Ask HGVS on Facebook

Email or Phone Password

I B
| ]

HGVS
is on Facebook.

To connect with HGVS, sign up for Facebook today.

Sign Up | Log In

-lG_V§ HGVS

JMAN GENO N RS
RIATION SOCIE

Timeline About Photos Likes More -
PEOPLE b3 JE—
TGVE Hevs
2 14 hrs - @
409 Jikes
Protein change
Q: When a duplication (MEN1 AGCCCCdup) causes a "silent” frame shift
ABOUT > not affecting the protein until after a few amino acids, should the change

be described based on the DNA insertion or where the reading frame

PHOTOS

These HGVS pages will be used to discuss any
subject we encounter regarding the
"Recommendations for the description of sequence
variants”.

hitp:hwww. HGYS org/mutnomen

A deletion

\nt: Mutalyzer is

italurar 2 B

actually changes; p.(Pro67fs) or p(Asp70fs)?

A the rule is: Descriptions at protein level should describe the change
observed on protein level and not try to incorporate any knowledge
regarding the change at DNA-level. Correct is p(Asp70fs).

HGVS recommendations: protein

——————
sequence variants
MOTE: definitions of protein changes have been
o8 extensively reviewed (2013-Q2). This did not affect

HGVE recommendations for variant descriptions but
JPAAT CGEINON itdid change under which category specifictypes...
RIATION SOCIE| Hevs.ore

https://www.facebook.com/HGVSmutnomen



Software Tools

Mutalyzer (web based) &m
* NEW Varlant Descrlptlon EXtraCtor LEIDEN UNIVERSITY (I\:JIEDICAL CENTER
Alamut (commercial package) ¢ interactive
* Variant pathogenicity interpretation " DIosoffware

@ python’
Python (NEW open-source download)

* Good for mapping between transcript variants - migrating a
variant description to an other reference sequence

* Yet to implement compound, mosaic, chimeric
recommendations, struggles with inversions




UK NEQAS

Leucocyte Immunophenotyping

Contact us
Workshops/presentations
Extra guidance on our trial reports

— Providing examples
— Directing to best practice/guidelines

More prescriptive with our data submission fields



UK NEQAS o

Leucocyte Immunophenotyping . -
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Q: What style of nomenclature appears on
your JAK2 positive clinical reports?

A. Full HGVS 46%

NM_004972.3(JAK2):c.1849G>T
p.(Val617Phe)

B. HGVS protein only

p.Val617Phe with reference sequence
provided

C. Historic protein only
V617F

D. Both historic and HGVS




Q: Would you like guidelines for using the
HGVS system to report somatic mutations?

Yes — essential 56%

Yes — desirable
No

. Don’t care!

°© N @ p

Somatic (acquired) point
mutations in Haemato-oncology




HGVS Mission Statement

“To enhance human health through identification and
characterization of changes in the genome that lead to
susceptibility to illness. To this end, to collate the genomic
information necessary for molecular diagnosis, research on
basic mechanisms and design of treatments of human
ailments”

Reality - Clinical Reporting
* Perfect nomenclature system is not realistic!
 Complexity of the genome = best compromise

e Duty to employ (where we can) the internationally accepted and
recognised system



HGVS Mission Statement

“To enhance human health through identification and
characterization of changes in the genome that lead to
susceptibility to illness. To this end, to collate the genomic
information necessary for molecular diagnosis, research on
basic mechanisms and design of treatments of human
ailments”

Reality - Clinical Reporting
* Perfect nomenclature system is not realistic!
 Complexity of the genome = best compromise

e Duty to employ (where we can) the internationally accepted and
recognised system



Any Questions?

debbie.travis@ukneqasli.co.uk



Reporting Somatic Multiple Mutations

BCR-ABLI polyclonal mutations

CML cells

*

BCR-ABL1 compound mutations
CML cells




BCR-ABL1 Fusion Gene (Ph+)

chromosome 22 ; Assay selects
aberrant allele
for KDM
sequencing
analysis

9g34.1
(ably

Tyrosine

Constitutively
active | Kinase

BCR-ABL1 Inhibitors




HGVS: Allelic Relationships

Take care with syntax and symbols [] () /;

1 FALE2ZAEHG Y 7A 0 e DIFFERENT trans °

M p.[Met244Val;Gly250Glu] e SAME cis

Il p.[Met244Val(;)Gly250Glu] e UNKNOWN

e SAME (somatic mix) @

To double check with HGVS for preferred approach!

' p.[Met244=/Met244Val;Gly250=/Gly250Glu]



