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ABSTRACT: Alzheimer’s Disease (AD) continues to affect millions of people and is a leading cause of death in the United
States. This stands true mainly in light of the fact that the underlying mechanisms of AD are unclear and there is no effective
method of preventing neurodegeneration. The Tau protein, however, has shown to play an important role in the pathogenesis of
the disease. Mutations in the MAPT/Tau gene can lead to complications in the functionality of Tau, potentially fast-tracking AD
development. The goal of this study was to investigate potential missense mutations in this gene in order to identify those that
were most pathogenic. Since missense mutations carry unknown effects on protein function, they were closely examined. Several
amino acid (AA) changes such as hydrophobicity, charge, and polarity were investigated. Of 109 reported missense mutations,
72 resulted in significant AA changes. Due to their unknown effects, additional criteria such as AA conservation and mutation
location with respect to tubulin-binding domains were also factored in to investigate overall impact. Through this comprehensive
methodology, three mutations that were more likely to carry deleterious effects and potentially causing AD susceptibility in indi-
viduals with these alterations were identified.
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informatics.

B [Introduction studies have also shown that Tau plays a vital role in cellular
Alzheimer’s Disease (AD) is a progressive neurodegenera- signaling, synaptic plasticity, and genomic stability. However,
tive disorder associated with memory loss and dementia.! At under certain conditions, it can become insoluble, resulting in
least 5.8 million individuals over the age of 65 within the Unit- synaptic dysfunction and eventually, neural cell death, often re-
ed States live with the illness today and there were more than ferred to as tauopathies. This process occurs in a wide range of
120,000 recorded mortalities in 2018 alone, making it the sixth neurodegenerative disorders, including AD and Parkinson’s.®
leading cause of death in the nation.? There is no known cure The amount of phosphate within the brain also has an im-
for the disorder as of now, but the frequency of cases is rising pact on the behavior of the Tau protein. In healthy adults, the
exponentially per decade, making it increasingly important to brain consists of 2 to 3 moles phosphate per mole of Tau, and
further understand the underlying causes of the illness. its biological activity is suppressed by hyperphosphorylation.
During initial stages of progression, AD targets areas of the However, in the brains of Alzheimer’s patients, Tau is hyper-
brain that are responsible for controlling thought, memory, and phosphorylated to approximately 3 to 4 times it should typically
language, including the hippocampus and the entorhinal cor- be. Because the function of the protein becomes compromised,
tex, making these structures vulnerable to atrophy. This results abnormal Tau folding may occur, which can lead to a genesis
in an inability to recall basic information such as recent events of paired helical and straight filaments within neurons.” This
or familiar names. As the disease progresses, the patient may prompts the formation of neurofibrillary tangles and Tau ac-
be unable to recognize friends and family. They may also have cumulation within synapses and can lead to synaptic blockage,
trouble with verbal communication including reading, writ- inhibiting cellular communication and resulting in cell death.
ing, and in some cases, speaking. During late-stage AD, the Genetic mutations always occur in cells but are often harm-
patient will need around the clock care, and this can be very less. Occasional mutations in gene sequences that encode for
demanding of family members and/or caregivers.* The patient crucial amino acids can, however, have severe repercussions as
will eventually lose the ability to carry out essential tasks such they may alter the way the protein functions altogether. This
as bathing, eating, or dressing and will be in constant need of study looked at the various missense mutations of the MAPT/
attention.’ Tau isoform 6 gene through the use of Geno2MP, an online
The exact cause of AD is unknown, but genetics is specu- software that searches a database of rare variants from exome
lated to be one of the most prominent factors to be associated sequencing data. Missense mutations were specifically targeted
with the illness.® Mutations in the Microtubule Associated in this study due to their unknown effect on protein function
Protein Tau (MAPT/Tau) gene can affect the functioning of and pathogenicity. Changes in hydrophobicity, charge, and po-
the Tau protein. In healthy brains, the protein is primarily re- larity were determined, then analyzed through the addition of
sponsible for microtubule assembly and construction.” Recent special criteria. The Clustal Omega server and NCBI
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were used to gauge AA conservation within the MAPT/Tau
FASTA sequence in humans and other organisms including
Caenorbabditis elegans (Ce), Danio rerio (Dr), Drosophila mela-
nogaster (Dm), Mus musculus (Mm), Rattus norvegicus (Rn),
and Xenopus tropicalis (Xt). This would allow for the deter-
mination of the importance of each mutation and formulate
a more accurate conclusion on mutation significance. In an
effort to further improve the accuracy and validity of the anal-
ysis, the four tubulin-binding domains to which some of these
altered amino acids belong were also identified through use
of databases such as MARRVEL (Model organism Aggre-
gated Resources for Rare Variant ExpLoration) and NCBI.
Typically, AAs within these domains are known to be essential
for protein functionality therefore mutations taking place here
were more closely examined. A combination of all these factors
were used while evaluating and identifying the most harm-
ful missense mutations in the MAPT/Tau gene to see if they
could potentially contribute to dementia and AD.

B Methods
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Figure 1: Workflow diagrams for identifying most deleterious mutations
of the MAPT/Tau gene. Analysis was mutually exclusive.

Identifying Missense Mutations in the MLAPT/Tau gene:

The online software, Geno2MP, was used to generate a
list of all possible mutations and their properties within the
MAPT/Tau isoform 6 gene (NP_001116538.2). Geno2MP
is an online tool that searches a database for rare variants
from exome sequencing data linked to phenotypic informa-
tion from a variety of Mendelian gene discovery projects.
The database contains information from more than 19,000
individuals that includes both persons affected by Mendelian
conditions and unaffected relatives of these persons. A table
containing all possible MAPT/Tau isoform 6 mutations was
generated and then exported to Microsoft Excel, where fur-
ther analysis took place. Data was then filtered by looking at
the “fxnAnnotation” column, where only missense

mutations were included, while the rest were discarded. Mis-
sense mutations were closely examined because their effects
on the protein are still unclear as they could carry negative
or negligible effects. Identifying these mutations would later
allow for a closer look at what effects they can inflict on the
overall functioning of the Tau protein. They were evaluated
in terms of resulting AA property changes, AA conservation,
and their locations with respect to tubulin-binding domains.
Mutations that satisfied these criteria (Figure 2) were deemed
likely to alter the function of the Tau protein and contribute
towards AD pathogenesis.

Identifying specific Amino Acid (A4) changes:

Upon studying the “hgvsProteinVar” column in the table,
specific AA changes, and their locations in the gene were
identified. Following this process, the effects of these changes
were then noted. The three properties that were investigat-
ed in this analysis were hydrophobicity, polarity, and charge.
These properties were confirmed true with verified online
tables and sources. A change in any of these factors as a re-
sult of a missense mutation could have potentially impaired
the function of the Tau protein. If a change in AA property
took place, the mutation was noted as significant in the next
column. All 109 mutations were still taken to the next step of
analysis even though some were found insignificant.

Gauging Gene Conservation :

The FASTA sequence of the MAPT/Tau isoform 6 gene
in Homo Sapiens was obtained through NCBI and recorded.
In order to determine conservation amongst Homo sapi-
ens (Hs) and the other organisms, the FASTA sequences of
Caenorbabditis elegans (Ce), Drosophila melanogaster (Dm),
Danio rerio (Dr), Mus musculus (IMm), Rattus norvegicus (Rn),
and Xenopus tropicalis (Xt) were also taken note of. These se-
quences (including Hs) were entered into Clustal Omega, an
online tool that aligned the AA sequences to test the level
of AA conservation amongst different organisms. With this
alignment data, each AA from the table was investigated to
see which were shared with the other organisms at their re-
spective locations. If organisms shared one or more of the
same AA in the same position, it was marked as conserved
at that location.

Finding Altered AAs in Tubulin-Binding Domains :

The MAPT/Tau protein has four tubulin-binding do-
mains. For each domain, AA sequences were found through
the MARRVEL/DIOPT software for MAPT/Tau isoform
X1. Typically, AAs within these domains are known to be
essential for protein functionality so mutations taking place
here were closely examined. These AA sequences were then
identified within the MAPT/Tau isoform 6 gene and their
beginnings and ends were defined. Then, it was investigated
whether any of the reported mutations took place within the
tubulin-binding domains.

B Results

Reported MAPT/Tau mutations :

The MAPT/Tau gene on chromosome 17 has a reported
109 missense mutations that were found through the Ge-
no2MP online database. Each of these reported muta
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tions were from mRNA NM_001123066.3, the MAPT/
Tau isoform 6 gene was used as a reference in this study.
See Supplemental Table 1, for full list of identified missense
mutations. These mutations were analyzed throughout the
duration of this study.

Analysis of AA changes :

80
60

40

Number of Mutations

20

Insignificant

Significant

Figure 2: - Significance of Mutations: Of the 109 missense mutations
reported, 72 were found to be significant based solely on resulting property
alterations in hydrophobicity, polarity, and charge. 37 were said to be
insignificant as they resulted in no changes in the traits listed above. For full
list of mutation property changes, see Supplemental Table 2.

Missense mutations occur at a nucleotide level and can
therefore lead to potential AA changes, causing certain al-
terations in protein function. The first mutation reported
was G>A (guanine to adenine), which led to a change of the
AA arginine (Arg) to histidine (His), (Supplemental Table
2). Three specific properties were investigated while evalu-
ating AA changes that included hydrophobicity, polarity,
and charge. Each AA property was determined and con-
firmed true through the use of verified sources.'® Mutation
#1 did not cause any changes in these properties, so it was
marked as insignificant. The second mutation reported was
G>T (guanine to thymine) and caused an AA change of ar-
ginine (Arg) to leucine (Leu). However, unlike the previous
mutation, Mutation #2 was found to bring changes to the
AA (Suplementel Table 2, Column 5), so it was marked as
significant. This process was repeated several times in order
to determine each mutation’s theoretical impact on the pro-
tein and all findings are listed (Supplemental Table 2). Of the
109 identified missense mutations, 72 were found to alter the
respective AA in regard to hydrophobicity, polarity, or charge
and were therefore deemed significant (Figure 2).

AA Conservation amongst other organisms :
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Figure 3: Segment of Aligned FASTA sequence of Ce, Dm, Dr, Hs, Mm,
Rn, and Xt - Image captured from Clustal Omega. Red letters signify small
and hydrophobic AAs, blue represents acidic AAs, magenta letters represent
basic AAs, and green represents AAs with a hydroxyl, sulthydryl, or amine
functional group. An asterisk (*) indicates positions which have a single, fully
conserved residue (See highlighted columns for fully conserved AAs from
mutation list), a colon (:) indicates conservation between groups of strongly
similar properties a period () indicates conservation between groups of
weakly similar properties.

Conservation is an important feature of AAs in a protein
as it can be very useful for evaluating the cruciality of certain
missense mutations. An essential AA is expected to be
highly conserved amongst organisms, while relatively less
important AAs are not as conserved. Significant changes in
conserved AAs are more likely to alter the functioning of the
protein because crucial AAs are at greater risk of resulting
in property changes. In order to analyze the most important
AA changes, then aligned the MAPT/Tau FASTA sequence
of Caenorhabditis elegans (Ce), Drosophila melanogaster (Dm),
Daniorerio (Dr), Mus musculus (Mm), Rattus norvegicus (Rn),
Xenopus tropicalis (Xt), and Homo sapien (Hs) using the online
software Clustal Omega (Figure 3). Of the 109 mutations,
83 were found to be conserved in at least one or more of
the listed organisms (Supplemental Table 3), however only
Mutation #91, Mutation #92, and Mutation #102 were con-
served in all five (Table 1)

Table 1: Fully Conserved AAs from Mutation List. Within the 109
missense mutations, it was found that only three AAs were fully conserved
amongst all tested organisms. For a full list of AA conservation, see
Supplemental Data Table 3, Appendix 1.

Mutation # | hgvsProteinVar | hgvsAlleleChange | AA Conserved? AA Conserved in...
o1 p.(P512S) c>T Yes Ce, Dm, Dr, Mm, Rn, Xt
92 p.(P512H) C>A Yes Ce, Dm, Dr, Mm, Rn, Xt
102 p.(1643T) T>C Yes Ce, Dm, Dr, Mm, Rn, Xt

Moutations Within Tubulin-Binding Domains :

»>MP_Homo Sapiens 001116538.2 microtubule-asscociated protein tau isoform &
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Figure 4: The four tubulin-binding domains of MAPT/Tau isoform 6
marked in its FASTA sequence (Source: NCBI/Protein). Domains are
represented with corresponding colors. Domain 1 (587-608) is highlighted
in yellow; Domain 2 (626-639) is highlighted in blue; Domain 3 (641-654) is
highlighted in red; and Domain 4 (672-702) is highlighted in green.

The MAPT/Tau protein has four tubulin-binding
domains, highlighted in Figure 3. It was found that only Mu-
tation #101, #102, and #103 fall into one of these domains
(Table 2). Mutations within these domains were explicitly
inspected because AAs found within functional domains are
known to be more essential for protein functionality.
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Table 2: Mutations that took place in tubulin-binding Domains. Of the
109 different missense mutations, it was determined that only three (101-
103) took place in the tubulin-binding domain. Mutation #101 occurred

in Domain 2, Mutation #102 occurred in Domain 3, and Mutation #103
occurred in Domain 4. None of the recorded missense mutations took place
in Domain 1.

Mutation# hgvsAlleleChange hgvsProteinVar Domain of the Mutation
101 G>A p.(V635I) Domain 2
102 T>C p.(1643T) Domain 3
103 G>A p.(V698I) Domain 4

B Discussion
In this study, an approach to predict the pathogenicity of

possible MAPT/Tau missense mutations was developed. It
was found that depending on the type of mutation and its
location in the gene, the overall effects may vary. AA chang-
es were analyzed in the context of polarity, hydrophobicity,
charge, and conservation amongst various organisms. Spe-
cific AA changes were investigated based on their position
in the different functional domains of the protein. This in-
formation could be used to predict the probability of having
a damaged or impaired Tau protein and could further help
in predicting the risk of AD occurrence in individuals. This
general bioinformatics approach can be replicated to predict
the occurrence of other genetic diseases/illnesses by utiliz-
ing the gene sequence of an affected protein. This technique
could be used to predict certain cancers with a known genetic
component and other proteins that play a role in AD such as
amyloid beta.

A total of 109 missense mutations were analyzed in the
MAPT/Tau gene and 72 of them were determined to be sig-
nificant based on changes in their corresponding AA (Figure.
1). Mutation #101 (p.(V6351)), Mutation #102 (p.(1643T)),
and Mutation #103 (p.(V698I)) were the only alterations
that were found to occur within a tubulin-binding domain.
Furthermore, Mutation #102 was the only variant change de-
termined to be both significant and fully conserved amongst
these three. Significance in this context refers to property
changes in AAs as a direct result of a mutation. To test for
overall significance on protein function and the vitality of
the AA, conservation was also evaluated. Since the AA Iso-
leucine was fully conserved at its location (p.643), Mutation
#102 is more likely to carry a deleterious effect on the overall
functionality of the Tau protein. It is important here because
based of this evidence, it can be concluded that Mutation
#102 will most likely alter AA function, potentially impairing
the functionality of the protein.

Mutation #91 (p.(P512S)) and Mutation #92 (p.(P512H))
were also found to be both fully conserved and significant
based on property changes. However, unlike Mutation #102,
neither belonged to a tubulin-binding domain. Because fully
conserved AAs are more likely to alter the overall function-
ality of the protein and these mutations were determined
to be significant, changes are more likely to carry through.
Therefore, it was concluded that Mutation #91 and #92 also
carry a high probability of damaging the Tau protein and can
potentially lead to AD.

Several other mutations were noted as significant as well,
however they did not all meet the conservation threshold,
nor did they belong to a tubulin-binding domain. Significant
property changes alone, are not always enough to consider-
ably alter protein functionality. This needs to be taken into
account along with AA conservation to obtain a more ac-
curate result as to which mutations can be most deleterious.

B Conclusion
Three missense mutations that were likely to damage the

functionality of the Tau protein were identified. Mutation
#91, #92, and #102 were fully conserved and brought chang-
es to AA properties. Alterations as such in the MAPT/Tau
gene could potentially increase the risk of developing Tau
abnormalities and ultimately, AD. These specific changes
can be detected early on through methods of gene analysis
to predict AD occurrence and prevent or delay symptoms.
By using this approach, there is a hope to pave the way for
better understanding the underlying mechanisms of AD and
predict its development in patients by looking at changes in
relevant gene sequences.
Supplemental Data :

Supplemental Table 1: Geno2Mp Generated Missense Mutation list.
It was discovered that there were 109 reported missense mutations in this
specific gene This table was found in the online database Geno,MP. It
includes Mutation Number (#), Chromosome number (#), Chromosome
position (chrPos), Reference SNP cluster ID (rsID), Allele Change
(hgvsAlleleChange), Type of Mutation (fxnAnnotation), mrnaAccession,
and the AA change and as a result of an alteration at the numbered
locations(hgvsProteinVar). The symbols included here are change (>),
adenine (A), cytosine (C), guanine(G), thymine (T), and position (p.). The
mutation numbers shown here are constant throughout the entire analysis.
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Supplemental Table 2. Mutation Property Changes. : The AA
changes were evaluated based on polarity, hydrophobicity, and charge.
Specific AA changes are highlighted in yellow and corresponding property
shifts are highlighted in blue. Mutation significance is specified by a green
highlight, while insignificant mutations are marked in red. Columns without
a highlight were generated by Geno,MP, and the others were a result of the
analysis.
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7] = o038 psazhen Polar=Poiar Hhekoatilic>Hvdroohic: Neaatives Uncharosd Yes
7 = 0/D3GI__ hsazhen Polar=Poiar HhekoatilicsHvdrohie: Neaatives Uncharosd Yes
i ) B.TAN)  Thehen PolarsPoar, HydophitcsHydrophitc, Urcharged-Uncharged Ho
7 oA o [PAET)__ ProsThe Hon-PolarsPolar Huckoahobicsdootili: Yes
i) e BLAF)  LysPhe PolarsHarrPolar, Hydrophiic>Hydopholic. Ves
i) e PISAZTF)_ SerPhe PolarsHarrPor, Hyrophiic>Hyrophoic Yes
80 G [RAB0I__ pewGin PolarsPoiar HkoatiicHidrohiic: PosiivesUnchaied Yes
a = BOWISTY)  Meoval FolarsHarvPolar HydkophiieHytroghobic: Yes
a2 e 0(GH61A_ GiAl NonPolarsHonPeas: Hutrochehic>Huekooheti Ho
8 =y pMEZT)  aThe NonPolarsPetar, HytkophobicsHyrophil: Ve
8 a1 p.TASEM) TheoMet PolarsHlarsPekar HytkophiseHytrophobic Yes
5 o B04ETI__ TexThe Non PolarsPelar. HutkeainsbesHirashibe Ve
£ G P(MEAT)  aThe NonPolarsPetar, HytkophobicsHyrophil: Ve
£ T p(MB3S)  MarSer Non PalarsPoler, HytrophobesHydrophile: Yes
£ GT BPATILL__ ProvLeu Nen PolarsHar Pese: Hudrcehetic> Huckoshetic Ne
2 s p.NABIS)  anSer PolarsPoiar HysoghilesHydrophie: UnhargedsUneharged He
0 oA oPABH__ Prostls: Non PolarsPeler. HutkoancbicsHiashie Yes
at T pPS12S)  Prorser Nen PolarsPelr. HyephobsHydrophie Yes
2 = pPSI2H)  ProvHs Non Palar=Poler, HytrophobicsHydrophile: Vs
£ = oPSIIAL__ Proha Non-Polar=Hor Polr: Hudrochetic>Huetoohctic Ho
£ T B.REMC)  ApCys PolarePoar; HydrophilcaHydrophilc: Positve>Uncharged Yes
(3 =) pREMH)  ArpHis PolarsPoar HydrophilcHydrophilc: Positive>Posiive N
E = QTSP ThePra PolaraHlan-Pofar HtkoatiicsHsrmahobic Yes
B (=) BIASTAT) M Thr MonPalar=Polr. Hydrophebic>Hydrophilia Yes
£ (=2 BIASEIT)  ManThe Non-Palar=Polar HydrophebicHydrophilic Yes
£ = o/DEIBAI__ psmoa PolaraHlan-Pofar HuskootiicsHermahobic Yes
0 A VY Vable Non-PolaraHor Polr; Hydrophetic>Hyiophebic No
[T QIVEISH  Vabile Mon-PolarsHors Pular: Hudrochcbic>Huekoohebic No
- BBST) HeTh Non-Palar=Pofar HydrophebicHydrophilic Yes
[ VG Vable NonPolarsHors Pear; Hydrophebic>Hyekophebic No
[T 7 T Hon-PolarsPolar HuckoahobicsHidootili: Ve
0T BRUW, AT PolarsHar-Polar, HydkoptiicHytroghobic. Ve
0 G BVTSSY  Walblle NonPolarsHors Pear; Hydrophebic>Hyekophebic No
0 oA (075 Gl PolarsPoiar HoaniicHidohiic: Lndaraed>Poste Yes
0w e BTTBM) Theet Yes
0 G QIETH Gl PolarsPoiar HuoatiicHiohiic: Lndaraed>Poste Yes

Supplemental Table 3. AA Conservation Table : Within the 109
mutated AAs, 83 were found to be conserved within at least one or more of
the tested organisms. The table was filtered to only display rows in which the
AAs were conserved. Organisms that share an AA at their corresponding
locations are listed in the column, highlighted in blue. Rows in which AAs
were fully conserved amongst all organisms are highlighted in bright yellow.
Columns without a highlight were generated by Geno,MP, while the others
were created through the analysis.

Mutation# g, SEp(A2aV)  GT Yes Mm,Rn
1p.(REH) A Yes Mm, Rn 6Cp(T30M)  OT Yes Mm,Rn
2p(RSL) &1 Yes Mm, Ra 61p.VI0M)  GA Yes Dm, Mm, R, Xt
5p.(G21V) T Yes Dm 6p(A3NS)  &T Yes Rn
8p.(T30A) G Yes Mm, Rn 6Ep(V36EF)  GT Yes Mm, Rn, Xt
9p.(T301) o7 Yes Mm, Rn 6p(RATTH)  GA Yes Mm, Rn, Dm
12p(S46F) o1 Yes Mm, Rn, Xt Tp(KITE)  AC Yes X
13p.(G55R) A Yes Mm, Rn 74p.D3ON)  GA Yes Mm, Rn
14p.(P53L) T Yes Mm, Rn TEp.TA0N)  GA Yes Rn
15p(ATV) o7 Yes Mm, Rn Tip(PA0BT)  OA Yes Ce, Dm, Mm, Rn
16p.(P784) (=) Yes Din, M, Rn %p(410F)  CT Ves M, Rn
17p.(P78H) GA Yes Dm, M, Rn 7ep(s4zTF)  GT Yes Dm, Dr, M, Rn
18p.(D81V) T Yes Mm Bp(RAEQ) GA Yes Mm,Rn
19p.(E82D) &C Yes Mm, Rn B1p(MSTY) G Yes Dr, Mm, Rn
20p(G36S) GA Yes Xt 82p(GH61A)  GC Yes M, Rn
21p(A9Y) T Yes Mm, Rn Bp(MET)  GA Yes Mm, Rn, Xt
=q Yes Dm, Mm, Rn, Xt sep(raseM) O Yes Mm, Rn
23p (E105€) A Yes Mm, Rn, Xt 8p(468T)  TC Yes Mm, Rn
24p(GI107S)  GA Yes M, Ra, Xt B p(AMBIT)  GA Yes Dr, M, Rn
26p(GI07Y) T Yes Mm, Rn, Xt B1p(A63S)  GT Yes Dr, Mm, Rn
26p,1108T) TC Yes Mm, Rn BEp(PaTIL)  OT Yes Mm, Rn
28p (P1268) o1 Yes Mm, Rn sp(Nss)  AG Yes Mm, Rn
29p.(V132]) GA Yes D A p(PASH)  CA Ves Ce, M, Rn
30p.(P140S) (= Yes Mm, Rn 91p(P5izs) T Yes Ge, Dm, Dr, Mm, Rn, Xt
31p(H1TY) oT Yes Rn %Gp(P5IZH) CA Yes Ce, Dm, Dr, Mm, Rn, Xt
33p(P170T) A Yes Mm, Rn %p(P513A)  OG Yes Mm, Rn, Xt
34p(E176Q)  GC Yes M, Rn %p(RS4C)  CT Yes M, Rn, Xt
37p(AlEAT) A Yes Mm, Rn %pREMH)  GA Yes Mm, Rn, Xt
38p(G2085)  GoA Yes Mm, Rn %p(T555P)  AC Yes Ce, Mm, Rn, Xt
39p(G208D)  G>A Yes Mm, Rn 9IpASHUT)  GA Yes x
40p(G213E)  GA Yes Mm, Rn, Xt %pASEIT)  GA Yes Ce, Dr, Mm, Rn,
a2p(V246) TG Yes Mm %p(D618A)  AC Yes Dm, Dr, Mem, Rn, Xt
43p.(5232C) o6 Yes Mm, Rn 100p(V622)  GA Yes Ce, Dr, Mm, Rn, Xt
44p.(A237V) o1 Yes Mm, Rn 101p(V63)  GA Yes Ce, Dr, Mm, Rn
48p(C258A) &> Yes Mm, Ra A0 p(643T)  T>C Yes Ce, Drm, Dr, Mm, Rn, Xt
48p.(A261V) o1 Yes Rn 100p.V6%)  GA Yes Mm, Rn
50p(G263V)  GT Yes Mm, Rn 104p(VT2M)  GA Yes Mm, Rn, Xt
51p.(P266L) o1 Yes Mm, Rn 10EpR7AW)  CT Yes Mm, Rn, Xt
52p.(279P) ™ Yes Mm, Rn 106p.N7SS)  GA Yes Mm, Rn
53p.(S2760) (=9 Yes Mm, Rn 107p.Q759)  GA Yes Dr, Mm, Rn, Xt
54p,(5262L) T Yes Mm, Rn 106p.762M)  GT Yes Mm, Rn, Xt
56p(G286R)  GoA Yes Mm, Rn 106p ETRK)  GA Yes Mm, Rn, Xt
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