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Abstract: This study applies Penta graph topology to the directed graph representing compatibility relations among the
eight major blood groups G = {0, 0~, A", A", B, B~, AB*, AB™ }. Each vertex represents a blood group and a directed edge
indicates transfusion compatibility determined by ABO and Rh factor interactions. The model reflects the
hierarchical donation structure in which O~ acts as a universal donor and AB' as a universal recipient. Using
neighborhood structures N (v) derived from compatibility relations, lower, upper, and boundary Penta subgraphs were
constructed. Initially, the topology generated satisfies nP (Si) ={G, ¢}, with basis B= {G, @, {0", 07, A", A", B, B,
AB*, AB™ }. To investigate the structural significance of individual blood groups, vertex deletion is performed for each blood group
separately. The analysis reveals of that the removal 0~ and AB™ alters the basis of the induced Penta graph topology, whereas
the removal of any other single blood group leaves the basis unchanged. These results identify O~ and AB* as the
most structurally significant vertices in the blood group compatibility network. The study shows that Penta graph topology
effectively captures structural dominance, resilience, and boundary behavior within biological compatibility
networks.
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1.Introduction and Preliminaries these groups, the O group is referred to as the
universal donor of red blood cells, while the AB*
group is referred to as the universal recipient of
blood cells. Blood groups play a very crucial role
in medicine, especially when dealing with blood
transfusions, organ transplants, and pregnancy.
Blood groups do not have a role to play when
defining the personality, intelligence, or career of a
person.

Classification of blood is a system of classifying
human blood into different categories based on the
presence or absence of certain antigens on the red
blood cells. The two major blood group systems are
the ABO blood group system and the Rh blood
group system. The ABO blood group system is a
blood typing system developed by Karl Landsteiner
in 1901. The system classifies blood into four
blood types: A, B, AB, and O. People who belong
to blood group A have A antigens on their red blood
cells. Similarly, people who belong to blood group
B have B antigens on their red blood cells. People

Definition 1.1. [3] The upper approximation of
a subgraph H, denoted as N*(H), captures the

who belong to blood group AB have both A and B
antigens on their red blood cells. People who
belong to blood group O do not have any antigens
on their red blood cells but have both anti-A and
anti-B antibodies. Apart from the ABO blood
groups, the Rh factor is also used to classify the
blood groups. When the Rh factor is present, the
blood group is referred to as positive, while the
absence of the Rh factor refers to the blood group
as negative. When the Rh factor is combined with
the ABO blood groups, eight main blood groups are
formed: 0%, 07,A", A", B*, B", AB*, and AB". Among
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subgraphs that overlap with H in some way but
may not be fully contained within it. The
approximations are based on the collection
R(G), which consists of distinct edge induced
sub graphs of G. These sub graphs are derived
from the edge sets of G. Formally, we define the
upper approximation as:

N*(H) = {UH;: H; € R(G) and H; N H # ¢}

This definition suggests that N*(H) includes all
the edge-induced subgraphs H; from R(G), that
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share at least one edge with H. Intuitively, this
represents the idea of a loose or larger
approximation of H, where the graph can extend
beyond the boundaries of H but still retains some
overlap.

Definition 1.2. [3] The lower approximation of a
subgraph H, denoted as N,(H), is more restrictive.
It includes only those edge-induced subgraphs that are
completely contained within H.

Formally, the lower approximation is defined as:

N.(H) = {UH;: H; € R(G)and H; S H}

Thus, N,(H) consists of all the subgraphs in R(G)
that are subsets of H, meaning they fit entirely
within the boundaries of H. This approximation
can be thought of as the tightest or smallest
approximation of H, where the graph cannot extend
beyond H.

Definition 1.3. [3] The boundary region of H in G
is defined as the difference between the upper and
lower approximations:

By(H) = N*(H) — N.(H)

The boundary region captures the elements that are
in the upper approximation but not in the lower
approximation. In other words, it consists of
subgraphs from R(G) that partially overlap with H
but are not fully contained within it. This can be
seen as the border or boundary between H and the
rest of the graph, highlighting areas where H is not
completely represented.

Definition 1.4. [3] Consider a non-empty simple
graph G = (V,E) and a collection of distinct
edge-induced subgraphs of G generated by the
subsets of E. For any subgraph H of G define

Fr(H) = {G,$,N"(H),N.(H) , By(H)}

Where T'y(H) satisfies the following axioms

. The graph G (the full graph) and the
empty graph ¢ beong to T'yx (H)
. An arbitrary union of members of

. A finite intersection of members of
g (H)is in Tx(H)

The collection Tz(H)is termed a N —graph
topology on G. The pair (G, 'y (H)) is designated
as the N —Graph topological space. The elements
of Ty (H) are referred to as N —open subgraphs in
G, and the complement of an N —open subgraph is
termed a N-closed subgraph of T'zx(H). A subgraph
that is both a N —open subgraph and a N —closed
subgraph is designated as a N —clopen subgraph.

2.Lower Penta and Upper Penta subgraph

In this section, a novel method for constructing
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new types of graphs based on the concepts of
lower, upper, and boundary subgraphs are
introduced. Subsequently, the definitions of
Lower Penta Subgraphs, Upper Penta
Subgraphs, and Boundary Penta Subgraphs are
defined.

Definition 2.1. [3] Let G = (V,E) be a non-
empty graph with minimum 3 vertices and
N (v) be the neighborhood of a vertex v €
V(G). Consider D; be any different subgraphs of
G, then a lower approximations and upper
approximations are defined by

P_(D;) = {v: N (v) € D;}and P~(D;)
={v: NV (v) N D; # ¢}

Definition 2.2.[13] Let G = (V,E) be a non-
empty graph with minimum 3 vertices and N(v)
be the neighborhood of a vertex v € V(G).
Consider D;, i= 1, 2, 3, 4, 5 be five different
subgraphs of G.

A lower Penta subgraph P,(Z)is defined as the
union of P_(D;). Formally,

P.(Z) = Upevey{v: W () €S D) VU (N (v) S
D) UN@) D) UV (w) SD)U (Nw) S
Ds)}

An upper Penta subgraph P*(Z) is defined as the
intersection of P~ (D;). Formally,

P(Z) = Upev@v:W@)NDy #P) N (V) N
D, =d)N(N@)NDs #d)n (N(w)ND, #
d) N (N(w) N Ds # )}

The boundary Penta subgraph is defined as
Bp(Z) =P (Z) —P.(2)

Representation of Blood Group Compatibility:

TaBLE 1. Blood Group Compatibility (Red Blood Cell
Transfusion)

Donor(Blood IRecipient (Blood Group)

Group) 0~ 0" A~ AT B~ BT |AB™ |ABT
o VRV VRV VARY,
o* x v Ik v Ix v Ix
A X X vV VvV X KV V
At X X XV X X X W
B X X K K vV VvV V
B XK K
AB_ ) kv
ABT X I Ix X Ix Ix Ix W~
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The directed graph in Figure represents
compatibility relationships among the eight major
blood groups: 0%, 0-, A%, A", B, B, AB", and AB".
Each vertex denotes a blood group, and a directed edge
from one vertex to another indicates compatibility
in blood transfusion. The structure of the graph
highlights  hierarchical compatibility relations
determined by antigen—antibody interactions. Thus,
the directed edges provide a visual representation of
transfusion pathways among the different blood

types.

N(0*) = {0*,07,A*,B*,AB"}
~— N(07) ={0",07,A*, A", B*,B" AB*,AB"}
N(A*) ={0%,07,A%,A",AB*}

N(A7) ={0",A*,A",AB*,AB"}

N(B*) = {0*,07,B*,B~,AB*}

N(B™) ={0",B*,B",AB*,AB"}

(Bt f———F 0 —(a*

FiGure 1. Blood Group Compat- N(AB*) ={0*,07,A*,A",B*,B",AB*,AB"}

ibility Graph
N(AB")={0",A",B",AB*,AB"}

Biological Basis of the Five Blood Group Subsets:

Category 1: Blood Groups Containing Antigen A.
S\ = {A", A", AB", AB"}

The set S1 consists of all blood groups that possess
the A antigen on the surface of red blood cells. The
blood groups A" and A~ contain only the A antigen,
whereas AB* and AB™ possess both A and B antigens.
Therefore, all Rh-positive and Rh-negative variants
containing the A antigen are included in this
category.

Category 2: Blood Groups Containing Antigen B.
S, ={B", B, AB*, AB}

This category comprises all blood groups that
possess the B antigen on the surface of red blood
cells. The blood groups B™ and B~ contain only the
B antigen, whereas AB" and AB~ possess both A
and B antigens. Since the B antigen is present in
each of these blood groups, they are grouped
together regardless of the presence or absence of
the Rh (D) antigen. Thus, S> represents the
collection of all blood groups sharing the common
biological property of the presence of the B antigen.

Category 3: Blood Groups Without A or B Antigens.
§3={0%,07}

This category comprises all blood groups that lack
both the A and B antigens on the surface of red blood
cells. The blood groups O* and O~ do not possess
either the A or B antigen, distinguishing them fiom
all other ABO blood groups. They differ only in
the presence or absence of the Rh (D) antigen.
Thus, S3 represents the collection of blood groups
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characterized by the absence of both A and B
antigens.

Category 4: Rh-Positive Blood Groups.

Ss={A", B*, 0", AB"}

This category consists of all blood groups that
possess the Rh (D) antigen on the surface of red
blood cells. The presence of the Rh antigen
classifies these blood groups as Rh-positive,
irrespective of their ABO blood group. Thus, S4
represents the collection of all Rh-positive blood
groups.

Category 5: Rh-Negative Blood Groups.

Ss={A", B, 0, AB"}

This category comprises all blood groups that do
not possess the Rh (D) antigen on the surface of red
blood cells. The absence of the Rh antigen classifies
these blood groups as Rh-negative, irrespective of
their ABO blood group. Thus, Ss represents the
collection of all Rh-negative blood groups.

TaBLE 2. Penta subgraphs P_(S;) and P*(S;) for blood groups

Blood Group Set P_(Si) | P*(S)

{A*,A",AB*,AB"} | @ {0*,0~,A*,A~,B*,B~,AB*,AB"}
{B*,B~,AB*,AB"} | @ {0*,0~,A*,A~,B*,B~,AB*,AB"}
{0*,07} %) {0*,0-,A*,A-,B*,B~,AB*,AB"}
{A*,B*,0*,AB*} |0 {0*,07,A*,A",B*,B",AB*,AB"}
{A~,B~,0",AB"} | o {0*,07,A*,A",B*,B~,AB*,AB"}
The lower Penta subgraph, upper Penta subgraph and
boundary Penta subgraph are P,(S;)= ¢, P*(S;)= {G

V. By(S) ={0T, 07, A%, A", B, B", AB", AB"}. Then
the Penta graph topology on G is given by nP(Si) =
{G, @}. Abasis for this topology is B= {G, ¢}

Case 1: When the blood group{O*} is removed:

P N(@©")={0",A*,A",B*,B",AB*,AB"}

N(A*) = {07, A*, A", AB*}

‘\/'B\L ‘ N / N(A™) = {0~,A*,A™,AB*,AB"}
I ) / N(B*) = {0™,B*,B",AB*}

o N~ V4
(8*F {0~ —(a*)

N(B™)={0",B*,B",AB*,AB"}

N(AB*) = {0™,A*,A",B*,B~,AB*,AB"}
FiGure 2. Blood Group Compat-

ibility Graph removal of O* N(AB™) = {0~,A",B™,AB*,AB"}

Table 3. Penta subgraphs P— (Si ) and P+ (Si ) for
blood groups

Blood Group Set
{A*,A",AB*,AB7}

P_(Si) | P*(Si)
(%)
{B*,B~,AB*,AB"} | @
)
%)
(%)

{0~,A*, A, B* B, AB*,AB"}
{O~,A*, A=, B*,B~,AB*,AB"}
{O~,A*, A, B*,B~,AB*,AB"}
{O~,A*, A=, B*,B~,AB*,AB™}
{O~,A*,A~,B*,B~,AB*,AB"}

{07}
{A*,B*, AB*}
{A-,B~,0,AB"}
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Then the lower Penta subgraph, upper Penta subgraph,
and boundary Penta subgraph are P,(S;)={}, P*(S;) =
{G}, Bp (Si) ={G}. Then the Penta graph topology on G is
given by nP (Si) ={G, ¢}. A basis for this topology is &
={G, 0}

Case 2: When the blood group {0~} is removed:

TS N(O*) = {0*, A*, B*, AB*}

(aB-) ;): ) ) A ) N(A*) = {0*, A*, A", AB*}
N(A7) = {A*,A",AB*,AB"}
N(B*) ={0*,B*,B",AB"}
N(B™) = {B*,B~,AB*,AB"}

N(AB*) = {O*,A*,A",B*,B™,AB*,AB

FiGure 3. Blood Group Compat-
ibility Graph removal of O~

N(AB™) ={A",B",AB*,AB"}
Table 4. Penta subgraphs P— (Si ) and P+ (Si ) for
blood groups
Blood Group Set P_(Si) | P (S)
{A*,A~,AB*,AB"} | {A"} | {O*,A*,A~,B*,B~,AB* AB"}
{B*,B~,AB*,AB"} | {B"} |{0*,A*,A~,B*,B~,AB*,AB"}

{0*} ) {0*,A*, B*,AB*,}
{A*,B*,0*,AB*} | {0*} |{0*,A*,A~,B*,B~,AB*,AB"}
{A~,B~,AB"} @ {A*,A",B*,B~,AB*,AB"}

Then the lower Penta subgraph, upper Penta
subgraph, and boundary Penta subgraph are

P.(S)={0", A", B"}, P"(S))= {A", B', AB"},
B,(S;)={A", B", AB'}. Then the Penta graph

topology G is given by nP(Si)={ G, ¢,
{0*, A", B"},{4", B*, AB*}}. A basis of this topology

is #={G,{0", A", B}, {A", B", AB"}}

Case 3 : When the blood group {A+} is removed:
Then the lower Penta subgraph, upper Penta subgraph, and
boundary Penta subgraph are P, (S;) ={}, P*(S;)={G}, By
(Si) ={G}.Then the Penta graph topology on G is given by
NP (Si) ={ G, $}. A basis for this topology is B ={G,
}

Case 4 : When the blood group {A™ } is removed:
Then the lower Penta subgraph, upper Penta subgraph, and
boundary Penta subgraph are P,(S;) ={}, P*(S;)={G},
By (Si) ={G}. Then the Penta graph topology on G is given
by nP(Si) ={ G, d}. A basis for this topology is &
={G, ¢}

Case 5 : When the blood group{B+} is removed:

Then the lower Penta subgraph, upper Penta subgraph, and
boundary Penta subgraph are P,(S;) ={}, P*(S;)={G},
By (Si) ={G}.Then the Penta graph topology on G is given
by nP(Si) ={ G, ¢}. A basis for this topology is & ={
G, 0}

Case 6: When the blood group{B~} is removed:

Then the lower Penta subgraph, upper Penta subgraph, and
boundary Penta subgraph are P,(S;)={}, P*(S))={G},
By (Si) ={G}. Then the Penta graph topology on G is given
by nP(Si) ={ G, ¢}. A basis for this topology is & ={
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Ga Q}

Case 7 : When the blood group{AB+} is removed:
Then the lower Penta subgraph, upper Penta subgraph,
and boundary Penta subgraph are P.(S;) ={AB~
}P(S)= {0707, AL B}, By (S) ={0", 0, A, B}
Then the Penta graph topology on G is given by nP (Si) ={
G, »,{AB },{0%,07, A, B™}. A basis for this topology is
% ={G,{AB,{0",0°, A", B} }

Case 8: When the blood group{AB™} is removed:

Then the lower Penta subgraph, upper Penta subgraph, and
boundary Penta subgraph are P,(S;) ={}, P*(S;)= {G},
Bp(Si) ={G}. Then the Penta graph topology on G is given
by nP(Si) ={ G, $}. A basis for this topology is #
={G, $}

(CaseRemoval of|Basis Conclusion
blood
|group
1 |o* Bot = {G} B ot = B
2o B - (G (0", 4, [POFS
B}, {A", B', AB*}}
3 4t B at =1{G} B i+ = B
4 4 B4~ =1{G} B~ =B
5 Bt B st={G} B 5+ = B
6 |B” B~ =1{G} B =B
7 4B B art ={G, {AB7,{0" ) s+ + B
07’ Ai’ Bi} }
8 AB~ B ag— = {G} B ap— = B

TaBLE 3. Basis and Conclusion
after Removal of Each Blood
Group

Penta Graph Topology Analysis

Results: The analysis shows that the removal of the
blood groups O~ and AB + alters the basis of the
blood group topological space, whereas the removal
of any other single blood group does not. This
mathematical result aligns with their unique
biological significance: O~ is the universal red
blood cell donor and AB + is the universal red
blood cell recipient.

CONCLUSION

The application of Penta graph topology to the
blood group compatibility digraph provides a
rigorous mathematical framework for analyzing the
structural ~ properties of blood transfusion
compatibility. The study demonstrates that the
removal of the blood groups O~ and AB™ alters the
basis of the blood group topological space, whereas
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the removal of any other single blood group leaves
the basis unchanged. This indicates that these two
blood groups play a fundamental role in
determining the underlying topological

structure of the compatibility network.

The mathematical findings are consistent with their
well-established biological significance. The blood
group O, being the universal red blood cell donor,
and AB™, being the universal red blood cell recipient,
occupy unique positions within the compatibility
network. Their influence on the basis of the
topology reflects their central role in maintaining
the structural organization of the blood group
system.

Therefore, Penta graph topology provides an
effective mathematical tool for studying biological
compatibility networks by identifying structurally
significant vertices and revealing the impact of their

by Stephania japonica (Thunb.) Miers leaf extracts
is an indication of allelopathic activity. Bulg. J.
Agric. Sci. 27, 1093-99(2021).

[8] KYAW, E., H., AND KATO-NOGUCH],
H. Allelopathic potential of Acacia pennata (L.)
Willd. leaf extracts against the seedling growth of
six test plants. Not. Bot. Horti Agrobo. 48 : 1534-
42(2020).

[9] LAWRENCE ANNA
SHEBA1.,VENKATRAMAN ANURADHA. An
updated review on Couroupita guianensis Aubl: a
sacred plant of India with myriad medicinal
properties,Journal of Herbmed Pharmacology
9(1),1-11(2020)

[10] PAULRAJ GNANACHANDRA.A New
Notion of Open Sets In Nano
Topology,International ~ Journal of Grid and
Distributed Computing, 13(2), 2311-2317 (2020).

[11] ROB, M. M., HOSSEN, K., KHATUN, M. R.,
IWASAKI, K., IWASAKI, A., SUENAGA, K. AND
KATO-NOGUCH]I, H.

Identification and application of bioactive compounds
from Garcinia xanthochymus Hook. for weed

removal on the topology of the system. This
approach offers new insights into the relationship
between graph topology and transfusion
compatibility and can be extended to other
biomedical and therapeutic network models to

investigate structural stability, connectivity, and
hierarchical interactions.

ACKNOWLEDGEMENTS

We would like to express our sincere gratitude to
the editors and the anonymous reviewers for their
valuable comments and insightful suggestions.
Their contributions have significantly enhanced the
quality of this paper.

REFERENCES

11 ACHU ANIYAN AND SUDEV
NADUVATH.,, A study on graph topology,
Communications in Combinatorics and Optimiza-
tion,8, No. 2, pp. 397-409(2023).

[2] BACHHETI, A., SHARMA, A,
BACHHETI, R. K., HUSEN, A., PANDEY, D. P.
Plant allelochemicals and their various applications,
In Co-Evolution of Secondary Metabolites,
Springer, Cham. 441-65(2020).

[3] BINOY BALAN, K., A New graph
topology on decomposition of graph,South East
Asian J. of Mathematics and Mathematical Sciences,
21(1), 191-200(2025).

[4] JAMSHIDI-KIA, F., LORIGOOINI, Z.,
AMINI-KHOEI, H. Medicinal plants, past history
and future perspective, J Herbmed Pharmacol,
7(1),1-7(2018).

[5] JANG, S. Y. AND KUK, Y. L
Allelopathic effects of Ipomoea hederacea Jacq.
extracts from seeds and seedlings at various growth
stages. Res. Crop. 22 : 977-85(2021).

[6] KHALIFA, W.R. AND JASIM, T.H. On
Study of Some Concepts in Nano Continuity via
Graph Theory, Open Access Library Journal, 8:
€7568(2021).

71 KHATUN, M. R. AND KATO-
NOGUCH]I, H. Growth inhibition of six test plants

IJDDT Volume 16 Issue 68s 2026

management. Appl. Sci.

11: 2264(2021).

[12] ROKEYA KHATUN, MST., HISASHI
KATO-NOGUCH]I, Piper longum L. leaf extracts, a
candidate allelopathic plant that suppressed the
growth of six test plants, could be a source of
potent phytotoxic compounds,23, 874-880 (2022)
[13] MOHANA PRIYA R., SASIREKA B
Penta graph topological space: A New Perspective
in Graph Induced Topology, Utilitas Mathematica,
ISSN 0315-3681 VOLUME 122(2025)

[14] SANTHIYA, S., MOHANA PRIYA, R. A
study on Hexa graph topological space, Indian
Journal of Natural Science,87(15),685-691(2024).
[15] TAHA H. JASIM , AIAD 1. AWAD,
Some Topological Concepts Via Graph Theory,
Tikrit Journal of Pure Science,25 (4),117-121
(2020)

Page: 1612



