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Abstract— There are several distinct tools to identify orthologous gene sequence from homologous gene
sequence. ldentification of orthologous gene is a major issue, and it is found that orthologous genes are
responsible for any genetic disorders. In this paper we are focusing on hematologic disorders and found
that orthologous genes are primary actor of haematological disorders. Here we present a novel approach
to explore orthologous genes in homologous hematologic gene sequence data and discover the relationship
between hematologic genetic disorders through phylogenetic tree reconstruction using UPGMA
(Unweighted Pair Group Method with Arithmetic Mean) method.
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I. INTRODUCTION

Genes are elements of heredity that is transferred from parents to offspring. Homologous genes are genes that
share common ancestor; these homologous genes are classified into two orthology and paralogy [1]. Orthologs
are homologous gene which is emerged during speciation event. Paralogs genes are homologous genes which
are emerged during gene duplication. Orthologs is used to understand gene function computationally while
paralogs are mostly used to study function innovation. There are different methods used to study function
innovation. There are different methods used to infer orthology and paralogy. Identification of orthologs
inference methods can be classified into two main types’ graph-based methods and tree based methods. Tree
based phylogenetic approach aims to differentiate speciation from gene duplication by comparing gene trees,
and our proposed system is based on tree based method [2].

Blood is critical factor for life. It is one which carries oxygen and nutrients to each part of the body. Blood
also fights infections and heals injuries in our body. Therefore, disorders of the blood can have consequence on
one health. This is also known as hematologic disorder [3]. Blood is made up of different kinds of cells and
proteins. Blood disorder can affect one among four components that is Red blood cells, White blood cells,
Platelets and Plasma [4]. Many blood disorders are inherited. Since we are focusing on orthologous genes, we
could find that orthologous genes are the main cause for hematologic genetic disorders [5]. These disorder genes
are distributed unevenly among human chromosomes and are highly represented among human-rodent
orthologous sets. Here we present a novel method to find the association between those disorders through
phylogenetic tree reconstruction. This phylogenetic tree reconstruction is used for the understanding of
evolutionary record of species and species traits. Tree reconstruction faces many challenges due to gene
replications and harms.

Various works have done in the orthologous genes [6], but till date no one has attempted to find the
evolutionary relationship of hematologic genetic disorders. We hope that our research work helps in getting
better understanding about it. We propose a method to efficiently calculate the phylogenetic tree and give a
better visualization and classification of hematologic blood proteins.

Il. OVERVIEW

UPGMA Algorithm is a bioinformatics algorithm which is used to generate phylogenetic tree. In our work we
are using this algorithm for the comparative study of hematologic genetic disorders. Here we tend to specialize
two areas of bioinformatics that is, Orthologous genes and Hematologic genetic disorders. Orthologous genes
are the primary actor of Hematologic genetic disorders. Here we tend to propose a new technique to seek out the
relationship between those disorders through phylogenetic tree reconstruction. The main intention of this work
is to find the evolutionary relationship between hematologic genetic disorders.
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I11. PROBLEM STATEMENT

Disorders that affect blood are called as hematologic disorders. There are certain disorders affecting
genetically which transfers from one generation to next. Blood protein sequence changes lead one disorder to
another disorder. There are works under haematological disorders, but till date no work was attempted to find
the evolutionary relationship between different hematologic disorder and find how one blood protein sequence
differ from other.

IV. PROPOSED WORK

The proposed work is focused on finding the evolutionary relationship between different haematological
genetic disorders through phylogenetic tree construction. Tree construction is based on UPGMA method.

The proposed work performs
(1) Gathering of different haematological blood protein sequences.
(2) Finding the orthologous gene from the haematological blood protein.
(3) Classify each disorder
(4) Perform UPGMA method
(5) Construct phylogenetic tree
(6) Visualization of the Phylogenetic tree
V. UPGMA MATRIX CALCULATION

Each element in UPGMA is called as TAXA. In our work Hematologic blood protein is taxa.
UPGMA Pseudo Code,
Step 1: Identify the minimum distance between any two taxa
Step 2: Combine these two taxa as a single pair
Step 3: Re-calculate the average distance between this pair and all other taxa to form a new matrix
Step 4: Find the closest pair in the new matrix
Step 5: Continue the methods, until the last two clusters are joined

VI. PHYLOGENETIC TREE CONSTRUCTION

A phylogenetic tree is a graphical depiction of the evolutionary relationship among entities that share a
common ancestor. So here the construction is based on the sequence distance between each blood disorders.
After the final step of UPGMA algorithm we will get sequence distance between each blood disorders. So based
on the distance we can analyse the sequence distance between those blood disorders.

VII.DATASET

Initially the dataset is Hematologic blood protein sequence. So through UPGMA method we will get the
sequence distance among the blood proteins. Through that we can construct the phylogenetic tree. The protein
sequence will change according to the disorder. Below Fig 1 shows some sample dataset for hematologic blood
protein sequence.
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Myl , MYSHNVIGTVISGRFREV Y LLESLLLTIGEFWD VWV ICHGSPVDICTAFRFPFRDI PMNEPMCIYTRSEPEFRRE
ATEDEGSEOR T PEA TN RR VW E LS AN SREFA T ITEF Yy OHIT A DD S FND N DN ITF LS P LS TS TAFAMT E LGRS
DISELWVYGARLOP LDERENAECOCSRALTITMNEWY SHNETEGRITDWVIPSEATNELTV LV LV T I YEFRGL
MR SRS PENTRFELF Y FADGCGESCSASMMY O EGRFRYRRVARGT OV LELPFEGD D ITMV LILEPEFEPE
FE L AR VEFRELTPEVLOENLDELEEMMILWV vHMPREFRIEDGEFSLEAEEQLODMGL VD LESFERSELEPGT
WAEGRDDLY VoS DAFHFE AR LEVNEESSELALASTAWV Y ITAGRESLNPNREVIFFANEPEFLWVE LREWEPLINT
ITEFMGRVANPCOWVE
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Hemo, MELPOQE VW I LGLLL.PLL I SOAF R D I CHNARPFRFDVEPLEPRCIYREPEDEAPTGDATEPERVE
ENTHNPRVHWELSFANSRFAL S LFEO LA SR PSS ESN T FMSP IS ISSAFAMTE LG CNNTLERE QT MMV E
EFD T IFER TS O VHEFEFEFA R LNCR LY RFRE DR T TE LI SANRELFGERSLAFNETIYONIT SELWV ¥ G TR
PLNFFEFRFPELSEVI ITNDW I ANFETIENREIONTLPEDSLNSHNT VLYV LVvNT LI Y FRGOWESFREFEDEFRNV EFE
ADEF YW e FR SR T PV oeMM Y O E TR EFH Y S REF I EDEVO WV LELP Y RGD D T TM VL I LP LA DT PLSEWVEENLDY
LEFRLTGWLHNMRE TS wWSVHLPREFR I EDSFE LEERLOAMGLEDLEFSPRDASLPG T LEDEANY LY TS
DA FHRAFF LEVNEEGSEAn A A T AV MO VERESE TNSNREREMEV ANKEPEF L L L TRESTINTMVETLTGRVADEPC
DP
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Lym, RDITPVNEP I C I YRNPEFRFPOERRGARGARGESGODPGVHEPEPVWELSRANSREAVV E Y FHLODSFE
DMNMEEFNIFLSP LS I S TAFAMTFELGACGED T LOoOOTMEWEOEF DT ITSEFRTSDOWHEF FE AR TMCORT. Y FF LI
FEESSEL I SANRELFSCERS LV EFNETYON T SE LT WY GAR L WPLNEFEERPELSRET ITNEWVANETERRITE
WIPERGIDDLTVLV LVNT ITY FREGCHWRSOFPAPNTRLDLEFHEREANGETCNVEPIMYOESREPYLEIQE
DEVOVLELPYFRGGDD ITMV LV LPEAGTPLVEVERD L TSDELODW I DSMME VS LT VS FEFFRERVEDSE
SV EEFRLRFMGLEDLEFSPENARLPGEIVAGDRTDLY v SEAFHFEAF LEVNEEGSELASAATAVV LSGRS
FPMNEREI ITFEANREPFLLEFEIREFEATI.NTITITFMGCGRISDECS

Ane, MYSPGAGSGAAGERELCILLSLLILIGATLGCA TCHGNP VDD ICTAR PRDIPVNEPLC T Y RSPGE

FATrTEEDGSEOR VP EATHNRER VWELSEANSREATNE Y QHLADSFNDNDN L FLSPLS T STAFAMTERE LG
ACNDTITLEOLMEVEEREFD T I SERTSDOIHFFEFAFRFLNCRLY REANEFESSDLV SANRELEFEGDESLTEFNESY

Fig 1. A sample dataset of hematologic blood protein sequence
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VIll.  EXPERIMENTAL RESULT

Fig 2. Initial matrix

Here we have initial matrix with sequence distance between various hematologic blood proteins. By applying
UPGMA algorithm, the minimum distance is 20 then combines those two blood proteins and re-calculate the
average distance between those two pairs and all other taxa to form a new matrix.

MNew matr
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46 1666 1666

Fig 3. UPGMA Step 1

Here we can see the grouping of blood proteins based on minimum distance between hematologic blood
proteins. Identify the closest pair in the new matrix then combine those blood proteins and re-calculate the
average distance and construct the new matrix.
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Fig 4. UPGMA Step 2

Identify the closest pair in the new matrix. Combine those pairs as a single pair and re- calculate the matrix.

The minimum distance is 286 => Grouping 1 and 2
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Fig 5. UPGMA Step 3

Here also identify the minimum distance between the blood proteins and combine those pairs as a single pair
and re- calculate the matrix and continue the methods, until the last two clusters are joined.
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66.68  180.86
- 48 .06 58.80

Fig 6. Final matrix

This is the final matrix; this indicates the sequence distance between each blood proteins. Based on this final
result the phylogenetic tree will be generated.
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Fig 7. Phylogenetic tree
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Here we are showing the evolutionary relationship between various hematologic genetic disorders. Initially
we have the sequence similarity distance values between hematologic genetic disorders like Myeloid,
Haemophilia, Lymphoma, Anaemia and Leukaemia. Moving towards upper through the tree the sequence
distance is increasing. Here Myeloid has the minimum distance 1.39 units. So this tree depicting the
evolutionary relationship between these disorders.

IX.CONCLUSION

Phylogenetic tree depicts the evolutionary relationship among entities. Here through UPGMA Algorithm we
are constructing the matrix to show the sequence similarity distance among hematologic blood protein sequence.
Based on the sequence distance value it automatically generates the phylogenetic tree. Through that
phylogenetic tree we can analyse the evolutionary relationship among the Hematologic genetic disorder such as
Myeloid, Haemophilia, Lymphoma, Anaemia and Leukaemia.
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