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KEYWORDS: ABSTRACT:
Collagen, The Collagen family is one of the most extensively researched protein families.
evolution, However, because an evolutionary study has focused mostly on superfamilies, there

is a paucity of information about subfamilies. To promote a healthy circulatory

system, healthy skin through enhancing elasticity, and a healthy joint system, it is

selection pressure crucial that the subfamily of collagen evolve. Additionally, these kinds of studies
support bone health, development against various developmental problems, and
placenta growth in expectant women. The current research sought to comprehend
collagen evolution on both a comprehensive and reductive level. The full family of
human collagen proteins was exposed to BLAST techniques to identify orthologs and
paralogs with various criteria, followed by the creation of phylogenetic trees. Our
findings unambiguously demonstrated that the most archaic collagen isoforms in
higher eukaryotes are COL20A1HP and COL12A1HPa, which later diverged into
other collagen family members, possibly as a result of various gene modification
processes. Additionally, a site-specific selection pressure study utilizing the selection
server revealed that COL4A isoforms are evolving more quickly than other types of
collagen.
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INTRODUCTION
The primary structural protein in the bodies of
vertebrates is known as collagen. Collagen is the
extracellular protein of the essential connective
tissues, and compensates more than 90% of
tendons, bones, and skin (Meena, et al., 1999).
There are 29 members of the collagen family,
and each of them contains at least one triple helix
domain. The majority of the collagen that is
deposited forms supra-molecular assemblies in
the extracellular matrix. There are four types of
collagen membrane proteins that are exported
from cell surfaces as well as being present in a
dissolved form. The mechanical characteristics,
structure, and shape of tissues are all influenced
by collagen, which acts as a structural
component. It interacts with cells from many
receptor families and controls their division,
migration, and differentiation. Certain collagens
have unique biological roles and restricted tissue
distribution (Ricard-Blum, 2011). Due to its
unique characteristics of low toxicity, good
biological properties, and low immunogenicity,
collagen is among the most studied proteins and
has a wide range of uses in the pharmaceutical,
biomedical, cosmetic, leather, and film
industries. Despite the fact that collagen is
abundant, outbreaks of various diseases in wild
animals place our daily use of it in risk. The
research for an alternative source, thus began,
resulting in the discovery of a vast amount of
untapped marine resources, including fish,
jellyfish, and various marine mammals
(Felician, et al., 2018). In vertebrates, there are
29 different kinds of collagen, each of which has
at least 46 distinct polypeptide chains. A right-
handed triple helix is created when a left-handed
polypropylene Il (PPII) helix wraps three
parallel strands of the polypeptide around one
another. A repeat of the sequence Xaa Yaa Gly,
where Xaa and Yaa can be any amino acid,
results from the requirement that every third
residue in PPII helices be a Gly. All types of
collagen have this repetition, although the non-
fibrous collagen's triple helix domain has
multiple places where it is broken. In the Xaa
and Yaa modes of collagen, the amino acids
(2S)-proline  (Pro, 28%) and (2S,4R)-4-
hydroxyproline (HyP, 38%) are frequently

42

present. The most common triplet in collagen is
ProHypGly (10.5%) (Schweitzer et al., 2007;
Pevzner et al., 2008 Buckley et al., 2020; Tang et al.,
2022). In previous studies have not specifically
attempted to analyze the role of Collagen in the
hazard of changes phenotype, rather than in its
"complication” phenotype. Therefore, This
article includes a brief description of the

collagen family and we simultaneously
evaluated the evolutionary relation and
structural analysis of Collagen and their

reconstructed haplotypes as possible risk
determination using in-silicon tools.

MATERIALS AND METHODS

Through creating Boolean queries against the
NCBI's Gene database
(http://www.ncbi.nlm.nih.gov/gene/), the
protein architecture (forms and isoforms) of
each member of the Collagen family, COL1A to
COL 29A, was tracked in Homo sapiens.
Furthermore, the databases Genbank
((http://www.ncbi.nlm.nih.gov/nuccore/)) and
genpept (http: /www.ncbi.nlm.nih.gov/protein/)
were used to retrieve the gene sequences, coding
sequences (CDS), and protein sequences in
Fasta format(Saad, 2017 and Saad and Attitalla
2017). For each member of the Collagen family,
a homolog search was done. To obtain just the
real positive findings, a rigid parameter was set.
The NCBI BLAST tools blastn and blastp were
used to conduct the search against a Non-
Redundant Database (Altschul et al., 1990). All
subject sequences that were artificial constructs
and sequences that aligned to queries with e-
values greater than zero, identities below 100%,
and coverage below 90% were eliminated. Our
aim was to determine the extent of evolution in
individual genomes as well as the distribution of
the Collagen family. To create trees and perform
clustering, Topali software (Milne et al., 2009)
was utilized. At the protein level, phylogenetic
trees were produced by neighbor-joining with a
bootstrapping iteration value of 100. I-TASSER
server's ab-initio methodology was used to
estimate the 3D structure of the chosen isoform
of each member of the Human Collagen family
in order to take use of protein structures'
potential for tracing evolutionary history (Zhang
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2008). Due to its high degree of differing from
other members of the Collagen subfamily. The
structural models were then evaluated using the
PROCHECK tool from the Structural Analysis
and Verification Server, which wuses a
Ramachandran  plot to evaluate the
stereochemical quality of a protein structure
(Laskowski et al., 1996 ). For further analysis,
the top models from each unique isoform were
considered. The protein sequence and the
modeled forms were submitted to the
SELECTON server, which calculated the
substitution rate ratios of nonsynonymous (Ka)
versus synonymous (Ks) mutations, in order to
determine whether a positive or negative
selection of particular amino acid sites within the
full-length sequences of Collagen individuals
chosen at random. A Ka/Ks ratio above 1
denotes positive selection, while one below 1
denotes purifying selection (Stem et al., 2007).

RESULTS AND DISCUSSION
The goal of this study was to better understand
the Collagen family's possible evolutionary
origins. Using Boolean queries like AND and
OR, the NCBI gene database was searched for
all human Collagen subfamily forms and
isoforms Table 1(see supplementary material).
According to Ricard-Blum 2011 and Exposito et
al.,, 2002 research’s, the expansion of the
Collagen family in complex higher organisms
were clearly seen. The rigorous constraints,
however, also eliminated misleading negative
results, i.e., the Collagen eukaryotic forms
significantly diverged  lower species and
showed no significant resemblance on the
protein level for the entire stretch of sequence
due to great evolutionary distance and time.
Therefore, the BLAST all-to-all technique has
been applied to all members of the Collagen
family from lower eukaryotes and prokaryotes.
Surprisingly, no substantial similarity for the
entire length of sequences was observed among
lower eukaryotes and prokaryotes, indicating a
great evolutionary distance and numerous
parallel evolutionary processes among lower
organisms. Protein analysis can therefore be
used to determine how prokaryotes became
eukaryotes. Therefore, protein sequences were
used to create phylogenetic trees using a

neighbor-joining  method,  followed by
clustering, in order to determine the
evolutionary route from all types of Collagen
family (Figure 1).
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Figure: (1). Phylogenetic tree of Human Collagen on
Protein basis

According to the protein tree, it was
COL20A1HP and COL12A1HPa that evolved
as primitive Collagen and then split into the
several Collagen forms as a result of events like
gene duplication during evolution. The research
clearly demonstrated that the COL20A1HP and
COL12A1HPa subfamily undergone further
evolution and split into rest of collagen type in
eighteen clusters. However, COL4Aand its
isoforms were found in the recent clusters, i.e.
16th ,17th and 18th  cluster / subcluster.
SELECTON server was employed to evaluate
the various selection pressures on all the sites of
the randomly selected type of Collagen. A site-
specific selection pressure analysis was
performed using the SELECTON server Table 3
(see supplementary material) on all selected
protein structures of the longest Collagen forms
were modeled by the I-TASSER server using the
ab-initio  methodology  Table 2  (see
supplementary material). The study of selection
pressures revealed that the majority of the
codons in COL4A were under purifying
selection, but COL20A1HP and COL12A1HPa
showed a neutral selection when taking into
account the distribution of the computed Ka/Ks
ratio ().

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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CONCLUSION

Collagen, is an essential protein of connective
tissues, The study of evolution of this family has
immense significance in understanding of
multicellularity evolution. From our finding, we
speculate and hypothesize that among all the
different Collagen sequences, COL20A1HP and
COL12A1HPa are found to be the most
primitive Collagen types holding the first two
clusters that subsequently diverged into other
two new Collagen subfamilies. The Collagen 1V
isoforms  are the most recent Collagen
sequences at clusters 15th,16th, 17th, and 18th
which showed sudden evolutionary expansion
throughout all Collagene .
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Supplementary material:

Table:(1). The gene-protein architecture (forms and isoforms) of all Collagen subfamily members in Homosapiens by

generating Boolean queries against NCBI’s Gene database

46

Type of Accession number of  Accession number of Chromosome
c Gene Number Isoforms . .
ollagen Gene Protein locations
COL1A1 : NM_000088 NP_000079 Chr5%7:2 5,\%8 -
| ;
COL1A2 : NM_000089 NP_000080 Cgf‘i,o?‘,‘\fg -
a NM_ 001844 NP_001835 O 411523:|\£/1|7Eig? -
I COL2AL Chr 12: 47.97
b NM_033150 NP_149162 18 MB
a NM_ 000090 NP_000081 Chlrgg o
i COL3AL Chr 2: 188.97
b NM_001376916 NP_000081 186,01 Mb
Chr 13: 110.15
COLAAL a NM_001845 NP_001290039 7 i
b NM_001303110 NP_001836
COL4A2 - NM_001846 NP_001837 C_hrlig’:;ll&ﬁl
a NM_000091 NP_000082
b NM_031362 NP_000082
c NM_031363 NP_000082 Chr 2: 227.16 —
COLAA3 d NM_031364 NP_000082 227.31 Mb
e NM_031365 NP_000082
i - NP_000082
COL4A4 : NM_ 000092 NP_000083 CZth72162|2\/|7b7
v a NM_000495 NP_000486
COLAAS - NP_203699 108.7 Mb
c NM_033381
a NM_001287758  NP_001274687 Ch{gg jfi)llbe -
b NM_001287759  NP_001274688 Ch{gg jfﬁ)llbﬁ -
COL4A6 c NM_001287760  NP_001274689 Ch{gg jfihle -
d NM_001847 NP 001838 Ch{gg jfi}lle -
e NM_033641 NP_378667 Ch{gg jfi}llbs -
a NM_000093 NP_000084 aln
COLSAL b NM_001278074  NP_001265003 Chlr;i: éﬁfﬁ -
NP_000384
v COL5A2 - NM_000393 n/a
NP_031763
COL5A3 - NM_015719 NP_056534 Chlrolg:l ?\hgt? -
VI COL6AL - NM_001848 NP_001839 Chzégfms -
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Vil

VIl

Xl

Xl

COLG6AZ2

COLG6A3

COLG6A5

COL7A1

COL8A1

COLA2

COLY9A1

COL9A2

COLY9A3

COL10A1

COL11A1

COL11A2

COL12A1

NM_001849
NM_058174
NM_058175
NM_004369
NM_057164
NM_057165
NM_057166

NM_057167

NM_001278298

NM_153264
NM_000094
NM_001850

NM_020351

NM_001294347

NM_005202
NM_001851
NM_078485
NM_001852
NM_001853

NM_000493

NM_001190709

NM_001854
NM_080629

NM_080630

NM_001163771

NM_080679
NM_080680
NM_080681
NM_004370

NM_080645

NP_001840
NP_478054
NP_478055
NP_004360
NP_476505
NP_476506
NP_476507

NP_476508

NP_001265227

NP_694996
NP_000085
NP_001841

NP_065084

NP_001281276

NP_005193
NP_001842
NP_511040
NP_001843
NP_001844

NP_000484

NP_001177638

NP_001845
NP_542196

NP_542197

NP_001157243

NP_542410
NP_542411
NP_542412
NP_004361

NP_542376

Chr21:46.1 -
46.13 Mb
Chr 21:46.1 -
46.13 Mb
Chr 21:46.1 -
46.13 Mb

Chr 2: 237.32 -

237.41 Mb

Chr 2: 237.32 -

237.41 Mb

Chr 2: 237.32 -

237.41 Mb

Chr 2: 237.32 -

237.41 Mb

Chr 2: 237.32 -

237.41 Mb

Chr 3: 130.35 —

130.48 Mb

Chr 3: 130.35 —

130.48 Mb
Chr 3:

48.56 — 48.6 Mb

Chr 3: 99.64 —
99.8 Mb
Chr 3: 99.64 —
99.8 Mb
Chr1:36.1 -
36.13 Mb
Chr1:36.1 -
36.13 Mb
Chr 6: 70.22 —
70.3 Mb
Chr 6: 70.22 —
70.3 Mb
Chr 1: 40.3 -
40.32 Mb

Chr 20: 62.82 —

62.84 Mb

Chr 6: 116.12 —

116.16 Mb

Chr 10: 34.39 —

34.4 Mb

Chr 10: 34.39 —

34.4 Mb

Chr 10: 34.39 —

34.4 Mb

Chr 10: 34.39 —

34.4 Mb
Chr 6: 33.16 —
33.19 Mb
Chr 6: 33.16 —
33.19 Mb
Chr 6: 33.16 —
33.19 Mb
Chr 6: 33.16 —
33.19 Mb
Chr 6: 75.08 —
75.21 Mb
Chr 6: 75.08 —
75.21 Mb

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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X

XV

XV

XVI

XVII

XVIII

XIX

XX

XXI

XX

XX

XXIV

XXV

COL13A1

COL14A1

COL15A1

COL16A1

COL17A1

COL18A1

COL19A1

COL20A1

COL21A1

COL22A1

COL23A1

COL24A1

COL25A1

NM_001130103
NM_005203
NM_080798
NM_080799
NM_080800
NM_021110
NM_001855
NM_001856
NM_130778
NM_000494
NM_130445
NM_030582
NM_130444

NM_001858

NM_020882

XM_011528937.1
XM_011528938.1
XM_011528939.1

XM_011528940.1
NM_030820

NM_001318751
NM_001318752
NM_001318753
NM_001318754

NM_173465

NM_152890

NM_152890

NM_001256074

NM_032518

NP_001123575
NP_001307880
NP_542988
NP_542990
NP_542991
NP_066933
NP_001846
NP_001847
NP_000485
NP_000485
NP_085059
NP_569711
NP_569712

NP_001849

NP_065933.2

XP_011527239.1
XP_011527240.1
XP_011527241.1

XP_011527242.1
NP_110447

NP_001305680
NP_001305681
NP_001305682
NP_001305683

NP_775736
NP_690850

NP_001336884
NP_690850
NP_001336884

NP_001243003

NP_115907

Chr 10: 69.8 —
69.96 Mb
Chr 10: 69.8 —
69.96 Mb
Chr 10: 69.8 —
69.96 Mb
Chr 10: 69.8 —
69.96 Mb
Chr 10: 69.8 —
69.96 Mb
Chr 8: 120.06 —
120.37 Mb
Chr 9: 98.94 —
99.07 Mb
Chr 1: 31.65 -
31.7 Mb
Chr 10: 104.03—
104.09 MB
Chr 10: 104.03—
104.09 MB
Chr 21: 45.41 —
45,51 Mb
Chr 21: 45.41 —
45,51 Mb
Chr 21: 45.41 —
45,51 Mb
Chr 6: 69.87 —
70.21 Mb
n/a

n/a
n/a
n/a
n/a
Chr 6: 56.06 —
56.39 Mb
Chr 6: 56.06 —
56.39 Mb
Chr 6: 56.06 —
56.39 Mb
Chr 6: 56.06 —
56.39 Mb
Chr 6: 56.06 —
56.39 Mb
Chr 8: 138.59 —
138.91 Mb

Chr5:178.24 -
178.59 Mb

n/a

Chr 4:108.81 —
109.3 Mb
Chr 4:108.81 —
109.3 Mb
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NM_198721 NP_942014 Ch;gé goml -
a NM_133457 NP_001265492 Ch{O?l: égllvf -
XXVI COL26A1(EMID2) Chr 7_'101 36—
NM_001278563 NP_597714 101‘ 56Mb
a NM_032161 NP_116277 Ch1r194: ?Tlllll\/llk? a
XXVII COL27A1 Chr 9,' 114.16 —
b NM_032888 NP_116277 1 4 31 Mb
XXVIII COL28AL : NM_001037763  NP_001032852 TTso-
a NM_001278298 NP_001265227 Chlr;;): ig (I)\/ISE a
XXIX COL29A1 chr 3_' 13035 —
b NM_153264 NP_694996 130' 48 Mb
Table:(2). Modeled 3-D structures of Selected Collagen subfamily members
Selected Collagen 3D struct Favoured Additional IIGenzrous!y Disallowed
type structure regions % allowed regions % aflowed reglons regions %
=
COL20A1 X 90.1 7.8 0
COL12A1 80.1 14.9 15
COL4A2 83.0 10.3 1.9

Table:(3). Selection pressure on different sites of different Collagen subfamily forms

NO Collagen fi‘élflff;? 0<dN/dS<1  dN/dS=1  dN/dS>1  0<dN/dS<1(%) dN/dS=1(%) dN/dS>1(%)
1 COL20A Al 0 1284 0 0 100 0
2  COLI12A Al 0 207 100 0
3 COL4A A2 1670 12 30 97.54 0.70 1.75

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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