
Introduction 
The Low-density lipoprotein receptor (LDLR) is a "protein 
rich" cell surface receptor playing a significant role in the 
cholesterol homeostasis.1 The LDLR binds the Low-
density lipoprotein (LDL) and transfers it to the cell 
lysosomes whereas the protein undergoes degradation, 
and the cholesterol is made available to repress the 
microsomal enzyme 3 hydroxy-3 methylglutaryl 
coenzyme A (HMG-CoA) reductase.2 

In the LDLR protein, the most frequent amino acids are 
aspartate (8.70%), leucine (7.70%), serine (8.10%), glycine 
(7.20%), cysteine (7.30%) and valine (6.70%). There are 
also phenylalanine (3%) and tryptophan (2.30%) varieties. 
Such amino acids dispersal has been consistent with the 
one that has been generally reported for human 
proteins.3 Since LDLR is one of the mosaic proteins it is a 
member of numerous super-gene families and it has been 
built up of the exons shared with various proteins.4 It is 
known that 13 of the 18 exons sequences of the LDLR 
encoding gene are homologous to sequences in other 
proteins and as following:- 5 sequences similar to the C-9 
complement's component arrangement; 3 translating a 
sequence identical to repeat sequences in the Epidermal 
growth factor ( EGF) precursor, 3 other sequences 
identical to the blood clotting proteins system (the 

clotting factors X&IX and protein C); and the last 5 exons 
encoding the non-repeated sequences which have been 
only shared with the EGF precursor.5 

Molecular diagnosis has been known as the most specific 
approach for the identification of patients with numerous 
diseases of genetic origin.6 Even though there are several 
gene mutations of the LDLR identified in subjects of 
numerous countries, there is a very limited amount of 
genetic data for the Iraqi population and this study is 
within the first studies that introduce the LDLR gene 
sequencing of Iraqi subjects for the gene bank data.  

The mutations of the LDLR may take place in a promoter, 
with exons or introns of the coding gene.7 Most variants 
fall in EGF precursor-like (48%) or ligand-binding domains 
(41%), with a maximal incidence that has been stated in 
exon 4 (20%).8 Mutations in the LDLR gene were classified 
into five functional groups, according to the mutant 
protein characteristics that have been formed and 
researched in the fibroblasts of the patients.9 

Class1 mutations disturb the synthesis of the receptor in 
the endoplasmic reticulum; Class 2 mutations obstruct 
the LDLR adjustments by inhibiting the proper passage of 
the receptor; Class 3 mutations prevent the attachment of 
LDL to its receptor; Class 4 mutations stop the usage of 
the receptor-ligand compound; and Class 5 mutations 
result in blockage of correct LDLR recycling.10 

The current study was planned to introduce the LDLR 
sequence of Iraqi individuals to the Gene Bank database, 
get the most similar global sequences and to analyse the 

J Pak Med Assoc (Suppl. 9)

5th International Conference on Medical Education S-12

RESEARCH ARTICLE 

Human low-density lipoprotein receptor sequence analysis 
Marwah Ali Zghair,1 Fadhil Jawad Al-Tuma,2 Hassan Mahmoud Abu Al-Maali3 
 

Abstract 
Objective: To introduce the local low-density lipoprotein receptor sequence to the GenBank database and to 
compare the differences with other sequences. 
Method: The study was conducted from January to March 2020 at the College of Pharmacy, Karbala University, Iraq. 
The process of genotyping was done by the amplification of 150bp area of low-density lipoprotein gene by a 
polymerase chain reaction of deoxyribonucleic acid extracted from the blood samples of the local subjects. Data 
sequencing was analysed using the basic local alignment search tool software. 
Results: The phylogenetic tree for low-density lipoprotein receptor showed its evolutionary relationship in human 
and other biological species that may have a common ancestor. The outcomes reflected the geographic association 
in the evolution process of low-density lipoprotein receptor. 
Conclusion: Similarity between the studied region and another sequencing in the database explained that the 
analogous sequences were of the same genetic origin as the low-density lipoprotein receptor and may not 
necessarily have the same function. 
Keywords: Low-density lipoprotein receptor, Sequencing, BLAST. (JPMA 71: S-12 [Suppl. 9]; 2021) 
(DOI:)

1Department of Pharmaceutics, College of Pharmacy, 2Department of 
Chemistry and Biochemistry, College of Medicine, 3Department of Clinical 
Laboratory Sciences, College of Pharmacy, University of Kerbala, Kerbala, Iraq. 
Correspondence: Fadhil Jawad Al-Tuma. Email: fadhil.jawad@uokerbala.edu.iq



sites of similarity and differences with other sequencings. 

Materials and Methods 
The research was done according to the International 
ethical guidelines and approved by an independent 
ethics review committee (ERC). The participants 
voluntarily agreed to participate in the study, which was 
documented.  

The study was conducted from January to March 2020 at 
the College of Pharmacy, Karbala University, Iraq. The 
inclusion criteria were subjects between 25-50 years age 
and generally in good health as judged by the 
participating physicians. They had no history of genetic or 
inherited diseases and had no genetic tests done earlier 
inclusive of the family members also. Five mL venous 
blood was drawn from each candidate by direct puncture 
to the antecubital vein. Genomic deoxyribonucleic acid 
(DNA) was extracted from the blood samples using 
Promega kit and according to the labelled instructions, 
and the concentration and purity of the collected DNA 
were measured using the nano-drop technique.11 The 
process of genotyping was done by the amplification of 
150bp region by polymerase chain reaction (PCR) using 
two primers, P1: 5'-GAG TGT CAG GAT CCC GAC ACC TGC 
GCC-3' and P2: 5 '-AAG TCG ACC CAC CCG CCT GCC TCC 
CGT-3' and 35 thermal cycles.12 The data obtained from 
DNA sequencing for the studied region of the LDLR gene 
was analysed with the basic local alignment search tool 
(BLAST) software to get the most similar sequences to 
LDLR sequence from the GenBank database, and to 
analyse the sites of similarity and differences with other 
sequences. 

Results 
The data obtained from the DNA sequences analysis for 

the studied region of the LDLR gene was analysed and 
recorded for both forward and reverse primers as 
nucleotides sequencing (Figure-1).  

The graphical output provided by BLAST-n provided a 
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Table-1: Descriptions of similar sequences with low-density lipoprotein receptor (LDLR) gene. 
 
Descriptions                                                                                                                        Maximum score              Query cover                    E value                      Identity                         Accessions 
 
Homo sapiens LDLR gene, exon 8 and partial cds                                                                    248                                    94%                            3.00E-62                          98%                             HQ190917.1 
Homo sapiens LDLR gene, complete cds                                                                                     248                                    94%                            3.00E-62                          98%                              FJ525879.1 
Homo sapiens LDLR, Ref SeqGene (LRG274) on the 19th chromosome                           248                                    94%                            3.00E-62                          98%                           NG_009060.1 
Homo sapiens chromosome 19 clone CTB-164O19, full sequence                                     248                                    94%                            3.00E-62                          98%                             AC011485.6 
Homo sapiens LDLR gene, partial cds                                                                                           248                                    94%                            3.00E-62                          98%                             AF217403.1 
Homo sapiens LDLR gene, full cds                                                                                                 248                                    94%                            3.00E-62                          98%                             AY324609.1 
Homo sapiens LDLR gene, full cds                                                                                                 222                                    80%                            2.00E-54                          99%                             AH002776.2 
Homo sapiens LDLR, transcript variant 6, m-RNA                                                                    213                                    77%                            1.00E-51                          99%                       NM_001195803.1 
Homo sapiens LDLR, transcript variant 4, m-RNA                                                                    213                                    77%                            1.00E-51                          99%                         NM001195800.1 
Homo sapiens LDLR, transcript variant 3, m-RNA                                                                    213                                    77%                            1.00E-51                          99%                         NM001195799.1 
 

Query cover: Coverage percentage for complete sequent, E value: Coincidence similarity percentage, Identity: Percentage. The six columns to the right in the description table show the maximum score (the 
summation of the similarities and identities that have been dictated by the default matrix of the comparison), the Total Score, the percent query coverage (percentage of the query the subject hits cover), 
the E-value score, and the percent Identity between the query and the subject sequences. The last column contains the National Center for Biotechnology Information (NCBI) accession number for the 
corresponding hit sequence. The E-value (Expected value) is the amount of the alignments expected to take place by chance in a search of the data-base and is associated with a value of probability (p).

Figure-1: The amplification region of the low-density lipoprotein receptor (LDLR).

Figure-2: Graphic summary of sequences similar to the low-density lipoprotein 
receptor (LDLR) gene taken from local patients. The bar is coloured according to the 
obtained alignment scores. Colour codes and the bar length indicate the similarity area 
with the sequence of the query. 



quick overview of the LDLR, or the query, sequence and 
resulted in the location of similar hit sequences (Figure-2).  

Details of the sequences similar to the LDLR gene were 
noted (Table-1). The DNA sequencing for LDLR was 
aligned by Molecular Evolutionary Genetics Analysis 
version 5 (MEGA-5) programme with ClustolW (Figure-3).  

The phylogenetic tree for the LDLR achieved by BLAST 
showed the evolutionary relationships between the LDLR 
in human and other biological species that may have a 
common ancestor (Figure-4).  

The protein sequences as a result of LDLR nucleotide 
translation to amino acids were compared with the most 
similar proteins by protein alignment according to 
GenBank database using BLAST-P software (Figure-5).  

The view of the BLAST-P alignment results provided more 
exhaustive information about every one of the hits and 
additionally played the role of a hyperlink to the 
corresponding GenBank sequence (Table-2).  

In the alignment view for LDLR protein, the individual 
alignments were represented together with a region of 
LDLR amino acid, according to the site of homogeneity 
(Figure-6).  

The main differences between the LDLR amino acids in 
humans and other living organisms were noted (Figure-7). 

The implicated studied region of the LDLR protein was 
located on chain L of the LDLR structure (Figure-8). 

The selected nucleotide sequencing for the LDLR gene 

J Pak Med Assoc (Suppl. 9)

5th International Conference on Medical Education S-14

Table-2: Descriptions of similar sequences with low-density lipoprotein receptor (LDLR) protein. 
 
Description                                                                                                                                                                            Max score   Total score   Query cover    E value       Ident            Accession 
 
Chain L, The Structure Of The LDLR /pcsk9 Compound Reveals LDLR In An Extended Conformation                72.4                 72.4                  100%          5.00E-14      100%               3P5B_L 
LDLR isoform CRA_c "Homo sapiens"                                                                                                                                      72.4                 72.4                  100%          6.00E-14      100%          EAW84170.1 
Chain L, The Structure Of The LDLR/pcsk9 Compound show The Receptor In An Extended Conformation      70.1                 70.1                  100%          3.00E-13      100%               3P5C_L 
LDLR "Homo sapiens"                                                                                                                                                                    64.3                 64.3                   96%            3.00E-13      100%          ADM85889.1 
LDLR isoform 4 precursor                                                                                                                                                             69.7                 69.7                  100%          4.00E-13      100%     NP_001182729.1

Figure-3: Low-density lipoprotein receptor (LDLR) deoxyribonucleic acid (DNA) sequences.

Figure-5: Summary of similar sequences to low-density lipoprotein receptor (LDLR) 
protein from local patients.

Figure-4: Rectangle tree view for low-density lipoprotein receptor (LDLR). Figure-6: Alignments view of the low-density lipoprotein receptor (LDLR) sequence 
and its most similar hits.



was translated into amino acids sequencing using BLAST 
(Figure-9). 

Discussion 
The results obtained from LDLR gene sequencing were 
aligned by BLAST, which compares the main information 

of the biological sequences13 for finding the sequence 
similarity regions which provide evolutionary and 
functional clues on the function and the structure of 
LDLR. The results of similarity explained that these 
analogous sequences were of the same genetic origin as 
LDLR which may not necessarily have the same 
functions.14 

The hits on the graphic summary (Figure-2) were red 
(S>200) and pink (S=80-200) in colour due to the high 
alignment score (S), and, consequently, the low 
significance of E-value, while the hits yielded from the 
other graphic summary (Figure-5) were green in colour 
(S=50-80) and this showed a lower value of alignment 
score (S) and a higher level of E-value. This outcome may 
have been related to the larger number of LDLR 
nucleotides aligned compared to the LDLR amino acids 
aligned. The piece of the aligned query increased the 
length and decreased the degree of homogeneity caused 
unexpectedly, explaining the lower E-value, the higher S-
value and the colour of hits directed from black to red.  

Besides, the BLAST-P graphic summary showed that the 
amplified region of the LDLR protein sequences may be 
homologous with Von Willebrand factor type A (vWA) 
super-family domain, which was found originally in blood 
coagulation protein von Willebrand's factor (vWF).15 The 
domain of the vWA, since its discovery, has drawn much 
interest due to its widespread occurrences in addition to 
its involvements in many different significant functions of 
the cells. These include the creation of the basal 
membranes, cell differentiation, cell migration, 
haemostasis, adhesion and signalling.16 

On the other hand, the first sequence that aligned with 
LDLR gene with maximum coverage was the 429bp 
Homo-sapiens LDLR gene, exon 8 and partial coding DNA 
sequence (CDs) with c.1186+41T>ASingle nucleotide 
polymorphisms (SNP).17 The 2nd aligned sequence has 
been presented to the Gene Bank by two studies; the first 
one18 defined the genes that involved in the cholesterol 
metabolism in human and made chromosomal loci 
mapping for the LDLR, while the second group19 stated 
that the LDLR is a mosaic protein built up of the exons 
shared with various proteins, and, that is why, it belongs 
to numerous super-gene families. 

Besides, in the alignment view of BLAST for LDLR, the 
section of dissimilarity were indicated by gaps which may 
be the result of addition, deletion or substitution of a 
nucleotide or amino acid, whereas the identical part 
between the subject and query are known as the 
conserved area.20 The absence of the substitutions, or the 
presence of only highly-conservative substitution cases in 
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Figure-7: Comparison between the low-density lipoprotein receptor (LDLR) amino 
acids in humans and other living organisms.

Figure-8: Chain L in the low-density lipoprotein receptor (LDLR) protein structure.

Figure-9: The amino acids sequencing for the studied area of the low-density 
lipoprotein receptor (LDLR) protein.



a specific sequence region suggested that this region is 
structurally or functionally important.21 

Moreover, in the phylogenetic tree, every one of the 
nodes with the descendants is representing the 
descendants' most recent common ancestor and the 
lengths of the edges are corresponding to the estimates 
of the time duration. Every one of the nodes has been a 
taxonomic unit, while taxonomy represents the 
classification of the organisms based on similarity.22 

The first taxonomic group in the LDLR evolutionary tree 
belongs to even-toed ungulates with two subgroups; one 
related to Camelus ferus LDLR predicted by automated 
computational analysis for male bactrian camel from 
Mongolian wild camel protection area, and the other 
member is related to LDLR precursor.23 The LDLR gene 
has to be one of the potential causative genes for the LDL 
cholesterol and total cholesterol (TC) in the pigs, but there 
is heterogeneity in various populations. Other 
evolutionary ancestor for the LDLR in homo-sapiens is 
Equus asinus isolated LDLR from the blood sample of 
male Chinese Guanzhong donkey24 in addition to the 
LDLR isoform X3 Felis catus23 with all the organisms being 
devolved from Asia, which reflected the geographical 
association in the evolution process.  

Similarly, the first items in the results of the BLAST-P 
alignments was mentioned by a study25 which described 
Chain L in the structure of the LDLR-c with the sequence 
100% identical to the studied region of the LDLR protein, 
the second identical sequence with 100% coverage is the 
LDLR protein sequence introduced to the sequences of 
the human genome database24 as part of the sequence of 
the human genome research. 

These results of multiple aligned sequences belonged to 
homo-sapiens LDLR protein with 100% coverage and 
identity to the studied sequence, confirm that this region 
is related to the LDLR gene and can be analysed for 
further researches. 

Conclusion 
The results of similarity between the studied region of the 
LDLR and another sequencing in the GenBank database 
explained that these analogous sequences are of the 
same genetic origin as the LDL and may not necessarily 
have the same function. Moreover, BLAST-P graphic 
summary showed that the amplified region of the LDLR 
protein sequences may be homologous with the vWA 
superfamily domain which has been discovered first in 
blood coagulation protein v-WF. The current study 
showed the LDLR sequence region to be structurally and 
functionally important and indicated by the absence of 

the substitutions, or presence of only quite conservative 
substitution types in a specific region in comparison with 
sequences of other species. 
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