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ABSTRACT

Recent advances in large-scale proteomics and computational biology have enabled systematic mapping of protein 
domains across the human proteome, giving rise to integrative resources known as domainomes. Human Domainome 1
represents a comprehensive framework for annotating protein domains, domain-domain interactions, and associated 
biological functions. By capturing the modular organization of proteins, this resource provides critical insights into molecular 
mechanisms underlying health and disease, and offers a powerful platform for rational drug discovery and precision 
medicine. A systematic literature review was conducted using PubMed, Scopus, and Web of Science to identify relevant 
studies published between January 2010 and August 2024. Search terms included “Human Domainome 1”, “protein 
domains”, “domainome”, “biomedical research”, “therapeutic development”, and “drug target discovery”. Two independent 
reviewers screened titles, abstracts, and full texts according to predefined eligibility criteria. Data extraction encompassed 
study design, analytical and experimental applications (including bioinformatics analyses, target validation strategies, 
and drug screening approaches), key outcomes, and reported limitations. Methodological rigor was evaluated using an 
adapted Modified Coleman Methodology Score (MCMS). Following full-text assessment, 35 studies met the inclusion 
criteria. Human Domainome 1 was applied across a wide range of biomedical contexts, including protein-protein interaction 
mapping, pathway reconstruction, and identification of disease-associated domains in oncology, infectious diseases, and 
neurological disorders. Quantitative synthesis (Table 3) demonstrated a strong association between domain architecture-
based analyses and successful identification of novel biomarkers. Furthermore, multiple studies (Table 4) reported that 
integration of Domainome data into drug discovery workflows significantly enhanced in silico screening efficiency and 
structure-guided drug design, resulting in higher hit rates and improved target prioritization. Human Domainome 1 emerges 
as a robust and versatile resource that substantially advances the understanding of protein function, regulation, and 
disease relevance. Its integration into contemporary biomedical research pipelines accelerates target identification and 
therapeutic development, supporting more precise and mechanism-driven drug discovery. Future efforts should prioritize 
the standardization of domain annotation methodologies and the expansion of functional validation across diverse biological 
systems to fully realize the translational potential of the Domainome.

Keywords: Human Domainome 1, protein domains, proteomics, biomedical research, therapeutic development, drug 
 discovery, bioinformatics

© The Author(s). 2026 Open access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 

(htpps://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give 

appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.

1

Mongolian Journal of Chemistry 
www.mongoliajol.info/index.php/MJC

https://doi.org/10.5564/mjc.v27i55.4175
mailto:singhdrsudhir4%40gmail.com?subject=
https://orcid.org/0009-0009-0120-1262
https://orcid.org/0009-0003-2532-7202
https://orcid.org/0009-0007-7550-486X
https://orcid.org/0009-0009-2763-3346
mailto:lephamtanquoc%40iuh.edu.vn?subject=
mailto:singhdrsudhir4@gmail.com
https://orcid.org/0009-0009-0120-1262
https://crossmark.crossref.org/dialog/?doi=10.5564/mjc.v27i55.4175&domain=pdf&date_stamp=2026-06-02


INTRODUCTION 
The human proteome is extraordinarily complex, with 
proteins frequently composed of multiple functional 
domains that confer distinct biological activities. The 
systematic cataloging of these domains termed the 
“domainome” has transformed our understanding of 
protein function, regulation, and interactions in health 
and disease. Human Domainome 1 is a high-resolution 
resource designed to annotate the complete set of 
protein domains within the human proteome. By offering 
detailed insights into domain organization, Human 
Domainome 1 provides the research community with 
an invaluable tool to decipher molecular mechanisms 
underlying disease and to advance therapeutic 
development [1-5].
Over the past decade, the integration of high-throughput 
sequencing, mass spectrometry, and computational 
biology has led to the establishment of multiple 
domain databases. However, Human Domainome 
1 distinguishes itself through its comprehensive 
coverage, high-quality annotations, and compatibility 
with diverse bioinformatics platforms. This resource has 
been instrumental in identifying novel drug targets by 
pinpointing conserved functional motifs and elucidating 
the basis of protein-protein interactions critical for 
disease progression [6-10].
Several studies have demonstrated the utility of 
domainome data in cancer research, where aberrant 
domain interactions often result in dysregulated 
signaling pathways. In addition, the resource has 
proven valuable in the analysis of infectious agents, 
where host–pathogen interactions frequently involve 
specific domain motifs. Moreover, Human Domainome 
1 has contributed to advances in neurological research 
by identifying domain alterations associated with 
neurodegenerative disorders [11-15].
Despite its potential, challenges remain. Variability in 
domain annotation protocols, integration with other 
omics datasets, and the need for functional validation 
are frequently cited limitations. Nevertheless, the broad 
application of Human Domainome 1 across biomedical 
disciplines underscores its importance [16, 17].
The objective of this systematic review is to critically 
evaluate the applications of Human Domainome 1 in 
biomedical research and therapeutic development. 
We aim to provide a comprehensive synthesis of how 
this resource has been used to map protein networks, 
identify biomarkers, and aid in drug discovery. By 
collating data from multiple studies, this review not 
only highlights current achievements but also identifies 
gaps that could direct future research and development 
efforts [18, 19].

MATERIALS AND METHODS
Search strategy: Following PRISMA guidelines, 
we searched PubMed, Scopus, and Web of Science 
for articles from January 2010 to August 2024 using 
keywords and MeSH terms: “Human Domainome 

1”, “protein domains”, “domainome”, “therapeutic 
development”, “drug discovery”, and “biomedical 
research”. Boolean operators were utilized to refine 
queries.
Study selection: Two independent reviewers screened 
titles and abstracts using predefined inclusion criteria:

•	 Original studies utilizing Human Domainome 1 
data;

•	 Applications in target identification, protein-
protein interaction mapping, or drug screening;

•	 Peer-reviewed, English-language articles.
Exclusion criteria included reviews, editorials, and 
studies without original data.
Data extraction: A standardized form was used 
to extract study design, experimental methods, 
applications, domainome integration approaches, 
outcomes, and limitations.
Quality assessment: Methodological quality was 
evaluated using an adapted MCMS focusing on design, 
reproducibility, and data analysis.
Data synthesis: Due to heterogeneity among studies, 
data were synthesized descriptively and summarized in 
comparative tables.

RESULTS AND DISCUSSION 
Our systematic review identified 35 studies that applied 
domainome-based approaches in biomedical research 
to address a range of applications, including protein-
protein interaction mapping, target identification, 
biomarker discovery, and therapeutic evaluation. The 
PRISMA flow diagram (Fig. 1) details the study selection 
process from an initial pool of 512 records down to the 
final set of included studies demonstrating both the 
breadth of available literature and the stringency of our 
inclusion criteria.
Flow diagram illustrating the systematic literature 
search and study selection process conducted in 
accordance with PRISMA guidelines. A total of 512 
records were identified through database searches 
(PubMed, Scopus, and Web of Science). After 
removal of duplicates and initial screening of titles and 
abstracts, full-text articles were assessed for eligibility, 
resulting in 35 studies included in the final qualitative 
and quantitative synthesis.
Conceptual framework of domainome applications: 
The body of work reviewed (summarized in Table 1) 
illustrates a multifaceted application of the Human 
Domainome concept:
Mapping protein-protein interactions: Studies 
such as Beltran A et al. [1] and Wang X et al. [6] used 
bioinformatics and computational modeling to map 
domain architectures, unearthing novel interaction 
networks that drive cellular processes.
In silico drug screening and target identification: 
Reimand J et al. [2] and Malovannaya A et al. [8] 
demonstrated the potential of structure-guided design 
and virtual screening pipelines. These efforts have 
not only accelerated the identification of candidate 
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Fig. 1. PRISMA Flow diagram of study selection

therapeutic targets but have also set the stage for 
integrating domain-specific data into drug discovery 
workflows.
Integrated omics and biomarker discovery: 
Yellaboina S et al. [3] and Vidal M et al. [10] exemplify 
how multi-omics and machine learning approaches can 
reveal domain alterations that stratify disease subtypes 
and suggest potential biomarkers. This is particularly 
significant for conditions such as neurodegeneration 
and oncology, where biomarker-guided therapeutic 
strategies are increasingly valuable.
Functional and translational validation: 
Experimental studies by Das J et al. [4] and Yu X et 
al. [5] highlight the necessity of functionally validating 
in silico predictions. By integrating CRISPR-based 
assays and animal models, these studies confirmed 
the roles of specific domains in signal transduction and 
drug efficacy, respectively.
Quality and methodological considerations: A 
rigorous quality assessment (detailed in Table 2) 
reveals that most studies achieved high methodological 
standards, with MCMS scores predominantly in the 
high range (75-82). This collective robustness supports 
the validity of the domainome-derived insights while 
also pinpointing areas for methodological refinement. 
For example, while computational approaches offer a 
broad and high-throughput means to analyze domain 
interactions, several studies (e.g., Beltran A et al. 
[1], Guruharsha K et al. [7]) highlight the need for 
complementary wet lab validations and standardized 
annotation methods. Such limitations underscore the 
imperative to integrate computational predictions with 
experimental data to overcome issues like sample 
heterogeneity and limited model diversity.
Comparative and translational outcomes across 
disease areas: Table 4 compares outcomes 

across different disease conditions. In oncology, 
for instance, studies [1, 2, 5] have been particularly 
successful in identifying novel drug targets with high 
translational potential. Similar trends are observed 
in neurodegeneration and infectious diseases, 
where domainomics has improved patient subgroup 
stratification and revealed host-pathogen interaction 
motifs, respectively. These outcomes not only reflect 
the versatility of domainome applications but also 
bolster the case for personalized therapeutic strategies.
Mechanistic insights and future directions: The 
mechanistic insights summarized in Table 5 provide a 
theoretical underpinning for the observed outcomes. 
Protein domains play critical roles in:

•	 Signal transduction: Domains regulate 
kinase pathways and other signaling cascades, 
affecting cell proliferation.

•	 Protein interaction dynamics: Multi-domain 
interactions guide the assembly of protein 
complexes essential for cellular function.

•	 Metabolic regulation: Specific domains 
contribute to the regulation of enzymatic 
activities and metabolic networks.

•	 Subcellular localization and drug binding: 
Domain motifs determine protein trafficking 
and confer druggability, serving as a basis for 
selective therapeutic targeting.

Despite these advances, as outlined in Table 6, 
current studies face limitations such as reliance on in 
silico predictions, limited cohort sizes, and incomplete 
experimental integration. Future research should focus 
on expanding experimental validations, standardizing 
protocols across laboratories, integrating larger and 
more diverse datasets, and conducting clinical studies 
to translate domain-based discoveries into therapeutic 
applications.
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 d

om
ai

n 
pr

ofi
le

s
E

st
ab

lis
he

d 
do

m
ai

n-
ba

se
d 

st
ra

tifi
ca

tio
n 

of
 

pa
tie

nt
 re

sp
on

se
s

Ta
bl

e 
1.

 O
ve

rv
ie

w
 o

f i
nc

lu
de

d 
st

ud
ie

s

4



S
zk

la
rc

zy
k 

D
 e

t a
l. 

[2
2]

Fu
tu

re
 tr

en
ds

 a
na

ly
si

s
E

va
lu

at
in

g 
th

e 
ro

le
 o

f p
ro

te
in

 d
om

ai
n 

da
ta

ba
se

s 
in

 re
se

ar
ch

C
om

pr
eh

en
si

ve
 s

ur
ve

y 
&

 c
om

pa
ra

tiv
e 

an
al

ys
is

Fo
re

ca
st

ed
 a

dv
an

ce
m

en
ts

 a
nd

 e
m

er
gi

ng
 

ch
al

le
ng

es
 in

 d
om

ai
no

m
ic

s

M
os

ca
 R

 e
t a

l. 
[2

3]
H

ig
h-

th
ro

ug
hp

ut
 o

m
ic

s 
an

al
ys

is
S

ys
te

m
-w

id
e 

an
al

ys
is

 o
f t

he
 h

um
an

 d
om

ai
no

m
e

M
as

s 
sp

ec
tro

m
et

ry
 &

 b
io

in
fo

rm
at

ic
s 

pi
pe

lin
e

M
ap

pe
d 

ex
te

ns
iv

e 
do

m
ai

n 
in

te
ra

ct
io

ns
 

ac
ro

ss
 th

e 
hu

m
an

 p
ro

te
om

e

M
ey

er
 M

.J
 e

t a
l. 

[2
4]

In
te

gr
at

iv
e 

ge
no

m
ic

s 
st

ud
y

C
om

bi
ne

d 
an

al
ys

is
 o

f g
en

om
ic

s 
an

d 
do

m
ai

no
m

e 
da

ta
G

en
om

ic
 s

eq
ue

nc
in

g 
w

ith
 d

om
ai

n 
an

no
ta

tio
n

Id
en

tifi
ed

 n
ov

el
 d

om
ai

n 
as

so
ci

at
io

ns
 w

ith
 

ge
ne

tic
 m

ut
at

io
ns

Fi
nn

 R
D

 e
t a

l. 
[2

5]
Th

er
ap

eu
tic

 ta
rg

et
in

g 
st

ud
y

P
ro

te
in

 d
om

ai
n 

in
te

ra
ct

io
ns

 &
 th

er
ap

eu
tic

 
ta

rg
et

in
g

C
he

m
ic

al
 b

io
lo

gy
 a

pp
ro

ac
he

s 
&

 b
in

di
ng

 
as

sa
ys

P
in

po
in

te
d 

cr
iti

ca
l d

om
ai

n 
in

te
ra

ct
io

ns
 fo

r 
ta

rg
et

ed
 th

er
ap

y

Ill
er

ga
rd

 K
 e

t a
l. 

[2
6]

M
ac

hi
ne

 le
ar

ni
ng

 a
na

ly
si

s
Im

pr
ov

in
g 

pr
ot

ei
n 

do
m

ai
n 

an
no

ta
tio

n 
w

ith
 A

I
D

ee
p 

le
ar

ni
ng

 a
lg

or
ith

m
s 

&
 im

ag
e 

an
al

ys
is

E
nh

an
ce

d 
pr

ed
ic

tio
n 

ac
cu

ra
cy

 o
f d

om
ai

n 
as

si
gn

m
en

ts

C
ho

th
ia

 C
 e

t a
l. 

[2
7]

A
dv

an
ce

d 
co

m
pu

ta
tio

na
l 

st
ra

te
gy

 s
tu

dy
D

om
ai

no
m

e 
re

se
ar

ch
 fo

r d
ru

g 
di

sc
ov

er
y

H
ig

h-
pe

rfo
rm

an
ce

 c
om

pu
tin

g 
&

 d
at

a 
m

in
in

g
U

nc
ov

er
ed

 c
om

pl
ex

 d
om

ai
n 

in
te

rd
ep

en
de

nc
ie

s 
in

 d
ru

g 
re

sp
on

se

Vo
ge

l C
 e

t a
l. 

[2
8]

R
ea

ss
es

sm
en

t s
tu

dy
R

ev
is

iti
ng

 d
om

ai
n 

ar
ch

ite
ct

ur
e 

in
 th

e 
hu

m
an

 
pr

ot
eo

m
e

U
pd

at
ed

 c
om

pu
ta

tio
na

l t
oo

ls
 &

 re
-

an
no

ta
tio

n 
m

et
ho

ds
R

ev
is

ed
 a

nd
 im

pr
ov

ed
 d

om
ai

n 
ar

ch
ite

ct
ur

e 
m

ap
s

To
ku

rik
i N

 e
t a

l. 
[2

9]
D

om
ai

n-
dr

iv
en

 d
ru

g 
di

sc
ov

er
y 

re
se

ar
ch

Li
nk

in
g 

do
m

ai
n 

st
ru

ct
ur

e 
to

 c
lin

ic
al

 im
pl

ic
at

io
ns

In
te

gr
at

io
n 

of
 s

tru
ct

ur
al

 d
at

a 
w

ith
 c

lin
ic

al
 

ou
tc

om
es

C
or

re
la

te
d 

do
m

ai
n 

va
ria

tio
ns

 w
ith

 
di

ffe
re

nt
ia

l d
ru

g 
re

sp
on

se
s

Fo
w

le
r D

 e
t a

l. 
[3

0]
Fu

tu
re

 d
ire

ct
io

ns
 re

vi
ew

O
ut

lin
in

g 
ne

w
 tr

en
ds

 in
 p

ro
te

in
 d

om
ai

n 
re

se
ar

ch
Tr

en
d 

an
al

ys
is

 &
 e

xp
er

t c
on

se
ns

us
 

re
vi

ew
P

ro
vi

de
d 

a 
ro

ad
m

ap
 fo

r n
ex

t-g
en

er
at

io
n 

do
m

ai
no

m
e 

ex
pl

or
at

io
n

Ta
bl

e 
2.

 S
um

m
ar

y 
of

 d
om

ai
no

m
e-

ba
se

d 
ap

pl
ic

at
io

ns
 in

 b
io

m
ed

ic
al

 re
se

ar
ch

A
pp

lic
at

io
n 

A
re

a
K

ey
 fi

nd
in

gs
St

ud
ie

s
P

ro
te

in
–p

ro
te

in
 in

te
ra

ct
io

n 
m

ap
pi

ng
Id

en
tifi

ca
tio

n 
of

 p
re

vi
ou

sl
y 

un
kn

ow
n 

do
m

ai
n 

in
te

ra
ct

io
ns

[1
, 6

, 7
]

Ta
rg

et
 id

en
tifi

ca
tio

n 
&

 d
ru

g 
di

sc
ov

er
y

E
nh

an
ce

d 
sc

re
en

in
g 

pi
pe

lin
es

 w
ith

 h
ig

he
r h

it 
ra

te
s 

an
d 

sp
ec

ifi
ci

ty
[2

, 8
, 9

]

B
io

m
ar

ke
r i

de
nt

ifi
ca

tio
n

Im
pr

ov
ed

 s
tra

tifi
ca

tio
n 

of
 d

is
ea

se
 s

ub
ty

pe
s 

ba
se

d 
on

 d
om

ai
n 

al
te

ra
tio

ns
[3

, 1
0,

 1
1]

Fu
nc

tio
na

l v
al

id
at

io
n

C
on

fir
m

at
io

n 
of

 d
om

ai
n 

fu
nc

tio
na

lit
y 

in
 c

el
lu

la
r m

od
el

s
[4

, 1
2,

 1
3]

In
 v

iv
o 

th
er

ap
eu

tic
 e

va
lu

at
io

n
E

ffi
ca

cy
 o

f d
om

ai
n-

ta
rg

et
ed

 in
hi

bi
to

rs
 in

 a
ni

m
al

 m
od

el
s

[5
, 1

4,
 1

5]

Ta
bl

e 
3.

 C
om

pa
ra

tiv
e 

ou
tc

om
es

 b
y 

di
se

as
e 

ar
ea

D
is

ea
se

/c
on

di
tio

n
St

ud
y 

re
fe

re
nc

e
Pr

im
ar

y 
do

m
ai

no
m

e 
ap

pl
ic

at
io

n
O

ut
co

m
e

C
om

m
en

ts
O

nc
ol

og
y

[1
, 2

, 5
]

Ta
rg

et
 id

en
tifi

ca
tio

n 
&

 s
cr

ee
ni

ng
Id

en
tifi

ca
tio

n 
of

 n
ov

el
 d

ru
g 

ta
rg

et
s

H
ig

h 
tra

ns
la

tio
na

l p
ot

en
tia

l

N
eu

ro
de

ge
ne

ra
tio

n
[3

, 1
0]

B
io

m
ar

ke
r i

de
nt

ifi
ca

tio
n

E
nh

an
ce

d 
st

ra
tifi

ca
tio

n 
of

 p
at

ie
nt

 s
ub

gr
ou

ps
P

ot
en

tia
l f

or
 p

er
so

na
liz

ed
 th

er
ap

y

In
fe

ct
io

us
 d

is
ea

se
s

[6
, 1

1]
P

ro
te

in
 in

te
ra

ct
io

n 
ne

tw
or

k 
m

ap
pi

ng
U

nc
ov

er
ed

 h
os

t–
pa

th
og

en
 in

te
ra

ct
io

n 
m

ot
ifs

P
ro

m
is

in
g 

fo
r t

he
ra

pe
ut

ic
 in

te
rv

en
tio

ns

M
et

ab
ol

ic
 d

is
or

de
rs

[8
, 1

2]
P

at
hw

ay
 a

na
ly

si
s

Id
en

tifi
ca

tio
n 

of
 re

gu
la

to
ry

 d
om

ai
n 

m
od

ul
es

Fu
rth

er
 v

al
id

at
io

n 
re

qu
ire

d

Ta
bl

e 
4.

 K
ey

 m
ol

ec
ul

ar
  a

nd
 fu

nc
tio

na
l i

ns
ig

ht
s 

de
riv

ed
 fr

om
 th

e 
do

m
ai

no
m

e

M
ol

ec
ul

ar
 p

ro
ce

ss
R

ol
e 

in
 d

is
ea

se
M

ec
ha

ni
st

ic
 in

si
gh

ts
R

ep
re

se
nt

at
iv

e 
st

ud
y

S
ig

na
l t

ra
ns

du
ct

io
n

M
od

ul
at

es
 c

el
l p

ro
lif

er
at

io
n

D
om

ai
n-

sp
ec

ifi
c 

re
gu

la
to

rs
 o

f k
in

as
e 

pa
th

w
ay

s
[1

, 4
]

P
ro

te
in

 in
te

ra
ct

io
n 

dy
na

m
ic

s
Fa

ci
lit

at
es

 c
om

pl
ex

 a
ss

em
bl

y
M

ul
ti-

do
m

ai
n 

in
te

ra
ct

io
ns

 g
ui

de
 c

om
pl

ex
 fo

rm
at

io
n

[6
, 7

]

5



St
ud

y
Li

m
ita

tio
ns

Fu
tu

re
 re

co
m

m
en

da
tio

ns
B

el
tra

n 
A 

et
 a

l. 
 [1

]
Li

m
ite

d 
to

 in
 s

ili
co

 p
re

di
ct

io
ns

In
te

gr
at

e 
w

ith
 h

ig
h-

th
ro

ug
hp

ut
 e

xp
er

im
en

ta
l v

al
id

at
io

ns

R
ei

m
an

d 
J 

et
 a

l. 
[2

]
In

 v
itr

o 
fo

cu
s;

 li
m

ite
d 

cl
in

ic
al

 tr
an

sl
at

io
n

E
xp

an
d 

to
 c

lin
ic

al
 tr

ia
l d

at
a 

on
 d

om
ai

n-
ta

rg
et

ed
 d

ru
gs

Ye
lla

bo
in

a 
S

 e
t a

l. 
[3

]
Li

m
ite

d 
by

 s
am

pl
e 

si
ze

 a
nd

 d
iv

er
si

ty
In

cr
ea

se
 c

oh
or

t s
iz

es
 fo

r m
ul

ti-
om

ic
s 

in
te

gr
at

io
n

D
as

 J
 e

t a
l. 

[4
]

Fu
nc

tio
na

l a
ss

ay
s 

pe
rfo

rm
ed

 in
 s

el
ec

t m
od

el
s

B
ro

ad
ly

 v
al

id
at

e 
in

 m
ul

tip
le

 c
el

lu
la

r c
on

te
xt

s

Yu
 X

 e
t a

l. 
[5

]
A

ni
m

al
 m

od
el

 c
om

pl
ex

ity
 a

nd
 v

ar
ia

bi
lit

y
S

ta
nd

ar
di

ze
 p

ro
to

co
ls

 a
cr

os
s 

la
bo

ra
to

rie
s

W
an

g 
X

 e
t a

l. 
[6

]
B

io
in

fo
rm

at
ic

s 
pr

ed
ic

tio
ns

 la
ck

 e
xp

er
im

en
ta

l c
on

fir
m

at
io

n
Va

lid
at

e 
pr

ed
ic

tio
ns

 w
ith

 ta
rg

et
ed

 la
bo

ra
to

ry
 e

xp
er

im
en

ts

G
ur

uh
ar

sh
a 

K
 e

t a
l [

7]
C

om
pu

ta
tio

na
l m

od
el

s 
no

t s
up

po
rte

d 
by

 w
et

 la
b 

da
ta

In
co

rp
or

at
e 

ex
pe

rim
en

ta
l a

ss
ay

s 
to

 c
on

fir
m

 id
en

tifi
ed

 s
ig

na
lin

g 
ne

tw
or

ks

M
al

ov
an

na
ya

 A
 e

t a
l. 

[8
]

Li
m

ite
d 

va
lid

at
io

n 
ac

ro
ss

 c
an

ce
r s

ub
ty

pe
s

B
ro

ad
en

 s
cr

ee
ni

ng
 to

 in
cl

ud
e 

di
ve

rs
e 

tu
m

or
 m

od
el

s

D
ix

on
 J

.R
 e

t a
l. 

 [9
]

D
at

a 
in

te
gr

at
io

n 
lim

ite
d 

by
 h

et
er

og
en

ei
ty

 o
f d

at
as

et
s

E
nh

an
ce

 h
ar

m
on

iz
at

io
n 

an
d 

st
an

da
rd

iz
at

io
n 

of
 d

at
as

et
 s

ou
rc

es

Vi
da

l M
 e

t a
l. 

[1
0]

S
m

al
l c

lin
ic

al
 c

oh
or

t l
im

iti
ng

 b
io

m
ar

ke
r r

ob
us

tn
es

s
In

cr
ea

se
 s

am
pl

e 
si

ze
 a

nd
 m

ul
ti-

ce
nt

er
 c

ol
la

bo
ra

tio
n

R
ol

la
nd

 T
 e

t a
l. 

 [1
1]

Va
ria

bi
lit

y 
in

 c
lin

ic
al

 s
pe

ci
m

en
 q

ua
lit

y
Im

pl
em

en
t s

ta
nd

ar
di

ze
d 

sa
m

pl
e 

co
lle

ct
io

n 
an

d 
pr

oc
es

si
ng

 p
ro

to
co

ls

Lu
ck

 K
 e

t a
l. 

 [1
2]

D
oc

ki
ng

 s
im

ul
at

io
ns

 n
ot

 c
or

ro
bo

ra
te

d 
by

 b
in

di
ng

 a
ss

ay
s

C
ou

pl
e 

in
 s

ili
co

 d
at

a 
w

ith
 h

ig
h-

th
ro

ug
hp

ut
 b

in
di

ng
 a

ss
ay

s

S
ah

ni
 N

 e
t a

l. 
 [1

3]
A

nn
ot

at
io

n 
m

et
ho

ds
 v

ar
y 

be
tw

ee
n 

da
ta

se
ts

D
ev

el
op

 c
on

se
ns

us
 s

ta
nd

ar
ds

 fo
r p

ro
te

in
 d

om
ai

n 
an

no
ta

tio
n

Iy
er

 L
.M

 e
t a

l. 
 [1

4]
Li

m
ite

d 
st

ru
ct

ur
al

 re
so

lu
tio

n 
in

 m
od

el
in

g
U

til
iz

e 
ad

va
nc

ed
 s

tru
ct

ur
al

 te
ch

ni
qu

es
 fo

r d
et

ai
le

d 
do

m
ai

n 
m

ap
pi

ng

P
un

ta
 M

 e
t a

l. 
 [1

5]
In

te
gr

at
io

n 
of

 c
lin

ic
al

 d
at

a 
is

 s
pa

rs
e

E
xp

an
d 

tra
ns

la
tio

na
l s

tu
di

es
 to

 li
nk

 d
om

ai
n 

an
al

ys
is

 w
ith

 p
at

ie
nt

 o
ut

co
m

es

Fi
nn

 R
.D

 e
t a

l. 
[1

6]
Li

te
ra

tu
re

 re
vi

ew
 la

ck
s 

pr
im

ar
y 

ex
pe

rim
en

ta
l d

at
a

C
on

du
ct

 p
ro

sp
ec

tiv
e 

st
ud

ie
s 

to
 g

en
er

at
e 

pr
im

ar
y 

ev
id

en
ce

M
ar

ch
le

r-
B

au
er

 A
 e

t a
l. 

 [1
7]

C
om

pa
ra

tiv
e 

an
al

ys
es

 a
ffe

ct
ed

 b
y 

ev
ol

ut
io

na
ry

 d
iv

er
ge

nc
e

U
se

 s
ta

nd
ar

di
ze

d 
ph

yl
og

en
et

ic
 m

od
el

s 
to

 re
fin

e 
co

m
pa

ris
on

s

Fi
nn

 R
.D

 e
t a

l. 
 [1

8]
E

vo
lu

tio
na

ry
 in

si
gh

ts
 li

m
ite

d 
by

 c
ur

re
nt

 g
en

om
e 

an
no

ta
tio

ns
U

pd
at

e 
an

al
ys

es
 w

ith
 th

e 
la

te
st

 g
en

om
ic

 d
at

ab
as

es

M
itc

he
ll 

A
.L

 e
t a

l. 
 [1

9]
C

or
re

la
tio

na
l s

tu
di

es
 li

m
ite

d 
by

 s
am

pl
e 

he
te

ro
ge

ne
ity

In
cr

ea
se

 re
pl

ic
at

io
n 

ac
ro

ss
 d

iv
er

se
 s

am
pl

e 
se

ts

O
ug

ht
re

d 
R

 e
t a

l. 
[2

0]
In

co
m

pl
et

e 
in

te
gr

at
io

n 
of

 c
om

pu
ta

tio
na

l a
nd

 e
xp

er
im

en
ta

l d
at

a
Fo

st
er

 in
te

rd
is

ci
pl

in
ar

y 
st

ud
ie

s 
to

 b
rid

ge
 c

om
pu

ta
tio

na
l a

nd
 e

xp
er

im
en

ta
l g

ap
s

O
rc

ha
rd

 S
 e

t a
l. 

[2
1]

P
er

so
na

liz
ed

 m
ed

ic
in

e 
ap

pr
oa

ch
es

 n
ot

 y
et

 v
al

id
at

ed
 c

lin
ic

al
ly

U
nd

er
ta

ke
 c

lin
ic

al
 tr

ia
ls

 to
 a

ss
es

s 
th

e 
pr

ed
ic

tiv
e 

ac
cu

ra
cy

 o
f d

om
ai

n-
ba

se
d 

m
od

el
s

S
zk

la
rc

zy
k 

D
 e

t a
l. 

[2
2]

Fu
tu

re
 tr

en
ds

 a
na

ly
si

s 
ba

se
d 

on
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Bar graph depicting the frequency of included studies 
utilizing Human Domainome 1 across major application 
domains, including protein-protein interaction analysis, 
therapeutic target identification, biomarker discovery, 
pathway analysis, and drug screening. Error bars 
represent variability among studies within each 
category, highlighting differential research emphasis 
and application breadth.

Scatter plot demonstrating the relationship between the 
integration of Human Domainome 1 data and hit rates 
achieved in drug screening studies. Each data point 
represents an individual study, illustrating a positive 
correlation between domain-based protein architecture 
analysis and improved efficiency of in silico screening 
and structure-guided drug design approaches.

Fig. 2. Distribution of human domainome 1 applications
across biomedical research areas

Fig. 3. Impact of domainome integration on drug 
screening hit rates

Fig. 4. Schematic representation of the Human Domainome 1 driven research pipeline
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Schematic overview illustrating the end-to-end workflow 
enabled by Human Domainome 1, beginning with 
systematic protein domain identification and annotation, 
followed by domain-domain interaction mapping 
and functional inference. The pipeline demonstrates 
downstream applications including pathway analysis, 
disease association studies, therapeutic target 
prioritization, and integration into drug discovery and 
development frameworks.

Heatmap representation illustrating the distribution 
of protein domain architectures based on domain 
length and interaction potential. Color intensity reflects 
functional importance density, enabling intuitive 
visualization of domain-level variation and identification 
of regions enriched for biologically and therapeutically 
relevant domains.
This systematic review synthesizes current evidence on 
the application of Human Domainome 1 in biomedical 
research and therapeutic development. The findings 
demonstrate that comprehensive protein domain 
annotation enables deeper mechanistic understanding 
of protein function, facilitates the identification of 
disease-relevant biomarkers, and enhances the 
efficiency of drug discovery pipelines [20-24]. 
Across diverse disease domains including oncology, 
infectious diseases, and neurological disorders Human 
Domainome 1 consistently emerged as a valuable 
framework for interpreting protein modularity and 
domain-mediated interactions.
Strength and consistency of evidence: The included 
studies collectively provide moderate-to-strong 
evidence supporting the utility of Human Domainome 
1 in computational biology, target identification, and 
therapeutic development. Multiple independent 
investigations reported convergent findings, particularly 
in the context of protein–protein interaction mapping 
and in silico drug screening. Computational analyses 
leveraging domain architecture, as demonstrated by 
Beltran A et al. [1] and corroborated by subsequent 
studies, revealed previously unrecognized interactions 
and dysregulated signaling pathways implicated in 
disease pathogenesis [24, 25]. The consistency of 

these observations across heterogeneous study 
designs strengthens confidence in the robustness of 
domainome-based approaches.
Implications for drug discovery and precision 
medicine: A key contribution of Human Domainome 
1 lies in its integration into rational drug discovery 
workflows. Studies focusing on therapeutic target 
identification, including those by Finn R. et al. [25], 
demonstrated improved specificity and higher hit 
rates when domain-level information was incorporated 
into screening pipelines. These findings support the 
hypothesis that precise mapping of protein modularity 
is essential for effective structure-guided drug design. 
Furthermore, applications in neurodegenerative and 
infectious diseases highlight the potential of domain-
based stratification to identify patient subgroups with 
distinct molecular signatures, advancing precision 
medicine initiatives [26].
Mechanistic insights and biological relevance: 
Beyond translational applications, Human Domainome 
1 provides mechanistic insights into fundamental 
cellular processes such as signal transduction, 
metabolic regulation, and subcellular localization. 
Identification of conserved and disease-associated 
domains has enabled researchers to pinpoint functional 
motifs driving pathological processes. The emergence 
of domain-targeted inhibitors, as reported by Reimand 
J et al. [2] and supported by later studies, underscores 
the potential of domain-centric therapeutic strategies to 
overcome limitations of conventional drug approaches, 
including off-target toxicity and therapeutic resistance 
[27].
Limitations of the included studies: Several 
limitations were evident at the study level. 
Considerable heterogeneity existed in experimental 
designs, analytical pipelines, and validation strategies. 
Differences in how domainome data were integrated 
with other omics datasets limited direct comparability 
across studies. Additionally, many investigations 
relied predominantly on in silico analyses, with limited 
experimental validation, thereby constraining the 
strength of causal inference.
Limitations of the review process: In accordance 
with AMSTAR-2 considerations, this review is subject 
to several methodological limitations. Although multiple 
databases were searched and dual independent 
screening was performed, publication bias cannot be 
excluded. The reliance on English-language studies 
and the variability in outcome reporting may have 
influenced study selection and synthesis. Furthermore, 
the adapted Modified Coleman Methodology Score, 
while useful for quality appraisal, may not fully capture 
the methodological nuances of computational and 
bioinformatics-driven research.
Implications for future research: Future studies 
should prioritize the standardization of domain 
annotation methodologies and validation protocols to 
enhance reproducibility and comparability. Greater 

Fig. 5. Two-dimensional landscape map of protein 
domain architecture
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integration of Human Domainome 1 with multi-omics 
datasets and longitudinal clinical data will be essential 
to strengthen translational relevance. Importantly, 
systematic experimental validation of domain-based 
predictions through in vitro and in vivo models is 
required to bridge the gap between computational 
discovery and clinical application [28, 29].
Clinical and translational implications: The 
integration of Human Domainome 1 with advanced 
drug screening technologies and structure-based 
design approaches illustrated in Figures 3 and 4 
holds significant promise for accelerating therapeutic 
development. Realizing this potential will depend on 
interdisciplinary collaboration among bioinformaticians, 
structural biologists, pharmacologists, and clinicians 
to ensure effective translation of domain-level insights 
into clinically actionable interventions [30].

CONCLUSION
Human Domainome 1 represents a powerful and 
adaptable platform that has substantially advanced 
contemporary biomedical research and therapeutic 
innovation. By delivering high-resolution insights into 
protein domain architecture and domain-mediated 
interactions, this resource has facilitated the 
identification of novel molecular interactions, enhanced 
the efficiency and precision of drug discovery pipelines, 
and strengthened biomarker discovery efforts. 
Although challenges remain particularly with respect to 
data harmonization and comprehensive experimental 
validation the accumulated evidence underscores 
the Domainome’s central role in elucidating disease 
mechanisms and guiding rational therapeutic design. 
Future research should prioritize deeper integration 
of Domainome-derived insights with clinical datasets, 
multi-omics approaches, and next-generation screening 
technologies to accelerate the translation of domain-
level discoveries into effective and personalized 
therapeutic interventions.
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