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Application Note

TGPred: a tumor gene prediction webserver
for analyzing structural and functional impacts
of variants

With the increasing use of high-
throughput sequencing technology in
tumor research, a large number of somatic
variations are being identified and some
of them have proved to be responsible
for tumorigenesis (Cancer Genome
Atlas Research Network et al., 2013).
Investigating structural and functional
impacts of tumor somatic variants
would greatly help to identify causal
variations, understand the mechanisms
of carcinogenesis, and develop novel
anti-tumor therapies. Therefore, many
efforts have recently been made to
map genomic variations to 3D protein
structure, such as G23D (Solomon
et al., 2016) and G2S (Wang et al.,
2018). Furthermore, Cancer 3D database
(Porta-Pardo et al., 2015) and HotSpot3D
(Niu et al., 2016) were developed to
discover functional implications of
mutations by means of structure data and
drug information. However, there are still
some limitations. Firstly, the effects of
insertions and deletions (indels) are not
taken into consideration. Secondly, these
tools heavily depend on the resolved
structures in Protein Data Bank (PDB)
(Berman et al., 2000), i.e. they are not
applicable when there is no reliable
structural information available for wild-
type protein. Here, we developed a
webserver, TGPred, which provides a

series of functionalities, including protein
structure prediction, ligand binding site
prediction, identification of functional
relevant mutations, and estimation of
functional impacts of mutations. Based
on an interactive visualization design,
these analyses are flexibly integrated,
and thus the function impacts of a given
protein variant could be inferred. The
website is available at http://www.yyli-
lab.cn/TGPred/.

Figure 1 shows the workflow of TGPred
server. The input data consist of job ID,
gene name, a DNA or protein sequence,
and an amino acid (AA) variation list
(see Supplementary material for format
details). The input DNA sequence could
be converted into a protein sequence.

Starting from a submitted or converted
protein sequence, TGPred retrieves the
protein structure with 100% sequence
identity from PDB database in the first
place; if there is no 100% sequence-
identity structure available, TGPred then
predicts the protein structure by using I-
TASSER (Yang et al., 2015), a top-ranked
approach for protein structure and func-
tion prediction. The top 10 ranked mod-
els generated by I-TASSER are adopted
for the following analysis. Based on the
retrieved or modeled wild-type protein
structure information, the ligand binding
sites could be predicted by using COACH
(Yang et al., 2013), one module of I-
TASSER.

TGPred allows users to define AA vari-
ations including mutations and indels.
Variant protein structures involving muta-
tions and indels could be simulated by
using RASP (Miao et al., 2011) and I-
TASSER, respectively.

The annotation information of cancer
genomic mutations, including gene sym-
bols, chromosome positions, transcript
IDs, and AA changes and types, have been
downloaded from COSMIC (Forbes et al.,
2010) and reorganized as a built-in refer-
ence table that is adaptive to HotSpot3D.
When users submit a gene name and
AA variations, TGPred maps mutations
to the reference table and extract their
COSMIC annotation information. By using
HotSpot3D, TGPred clusters the muta-
tions based on their 3D spatial rela-
tionships and identifies functional rele-
vant mutations, which have significant
structural and thus functional impacts on
proteins.

TGPred also estimates functional impli-
cations of mutations via PROVEAN based
on sequence similarity between the sub-
mitted mutant protein sequence and the
sequences from NCBI NR database (Choi
and Chan, 2015). A PROVEAN score could
be calculated for each mutation based
on sequence evolution information. The
default score threshold is −2.5, and the
lower the score compared with the thresh-
old, the more deleterious the mutation. In
this way, a mutation could be classified as
‘deleterious’ or ‘neutral’.

In TGPred, a protein structure is
visualized in a user-friendly display box
(Supplementary Figure S1). In order to
integrate protein structural analysis to
functional genomic analysis, TGPred
provides an interactive visualization of
analysis results. Ligand binding sites,
functional relevant mutations, and indels
can be highlighted in the structure
model of wild-type and variant proteins.
Therefore, it is feasible to observe
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Figure 1 Workflow of TGPred server.

and investigate the protein structural
alterations caused by genomic variations.

TP53 encoding p53 tumor suppressor
is one of the most frequently mutated
genes in human cancer (Barnoud et al.,
2019) and was used as a case for TGPred.
We adopted a fragment of TP53 gene as
query sequence, which encodes a part of
the DNA binding domain (AA101–306)

of p53, consisting of 61 amino acids
(AA126–186). A total of 1175 variations
from COSMIC could be correlated to
the query fragment, among which 10
variations (p.S127Y, p.M133K, p.F134L,
p.P151S, p.G154V, p.R175H, p.C176F
and p.H179R, p.P177_C182delPHHERC,
and p.Y126_S127insQPHH) were taken as
input variations of the query sequence.

It is noted that p.R175H is the only
reported ‘hotspot’ mutation among the
1175 COSMIC mutations and could be
regarded as a spike-in control; the other
nine variations were randomly selected
from the 1175 COSMIC mutations.

The 3D structure of the wild-type 61-
AA p53 fragment was retrieved from
PDB and represented in the display box
(Supplementary Figure S2). The ligand
binding sites of this fragment were pre-
dicted by using COACH. The 3D structure
of variant p53 fragment involving 10
input variations was simulated by RASP
and I-TASSER and represented in the
display box in parallel with the wild-type
structure (Supplementary Figure S3A). In
this way, the structural alterations caused
by the variations could be easily observed
and investigated. Two mutations,
p.R175H and p.C176F, were identified
as functionally relevant by using
HotSpot3D and PROVEAN, respectively
(Supplementary Figures S3B and S5). It
is noticeable that both p.R175H and
p.C176F are crucial mutations for the
dysfunction of p53 (see Supplementary
material for details of p53 analysis).
We also provided BRAF example to
demonstrate the webserver when protein
3D structure needs to be predicted (see
Supplementary material for details).

TGPred is a user-friendly webserver
developed to explore the structural and
functional impacts of tumor gene vari-
ations. Compared with other analogous
tools, the analysis of indels could be
included in our webserver, and when wild-
type protein structural information is not
available, the structural and functional
implications of variations still could
be investigated. By integrating wild-
type/variant protein structure informa-
tion, ligand binding site information,
spatially functional relevant mutation
clustering, and functional impact esti-
mation, TGPred provides an interactive
analysis and visualization platform,
which enables users to distinguish
causal variations from neutral variations
and understand how the variations
impact cellular functions and contribute
to carcinogenesis, and even helps
to discover novel anti-tumor therapy
targets.
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