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ABSTRACT

This work was carried out to present a comprehensive workflow of haplotype analysis using R for 16s rRNA
sequences. Eleven bacterial samples were isolated from cutting boards at four different bovine meat retail stores.
Phylogenetic analysis revealed presence of 8 different bacterial strains. Macrococcus caseolyticus was found in
samples from the four locations. The length of sequences ranged from 1071 for M.caseolyticus in location VI to
1280 also for M. caseolyticus but in location Il. The GC% content averaged 52.8, ranging from 51 to 55 %
with no outlier. In this data set no common haplotype was noticed, meaning each haplotype was unique. The
smallest distance between the haplotype pairs was 41 nucleotides between H7—H8, and 42 nucleotides between
H1-H2, where the largest distance was 931 nucleotides between H10-H11. The haplotype difference (Hq) was
0.98 (0.05) and the nucleotide difference (x) was 0.27. The average number of nucleotide differences (K) was
264 and the total variance of k (free recombination), V(k) was 106. Four conserved regions were detected.
These 4 regions occupied the distance from nucleotide 701 to 1265. All 4 conserved regions were significant
Based on results presented in this work, this haplotype analysis framework is found to be as efficient and
straightforward.
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INTRODUCTION

Bovine meat (beef) is one of the main protein
resources in human nutrition The nutritive benefits of
bovine meat are countless (Thomson & Kotula, 1959;

Meat could be contaminated through any point of the
supply  chain  including  production, packaging,
transport, and storage (Rather et al., 2017).
Accordingly, ensuring the safety of meat and meat

Bauchart et al., 2007; Udenigwe & Howard, 2013).
Through the last 50 years, meat production has risen
dramatically all over the world, and the whole
production has more than quadrupled since 1961 (Weis,
2013). The world’s largest meat producing continent is
Asia, contributing about 40-45% of global meat
production (Ritchie, 2019). The major producers of
beef and buffalo meat are USA, Brazil, and China,
followed by Argentina, Australia, and India. During
the period form 1961 to 2018, the production of bovine
meat increased to about 40,000 tons in KSA (Ritchie,
2019). Within time, the global demand for bovine meat
is keeping increase. KSA is the largest consumer of
bovine meat. Various meat products, (e.g. sausages,
beef burgers, luncheons, etc.) are became very common
food in KSA (Reyad et al., 2016). Therefore, research
on bovine meat and meat products is significantly
ensuring public health, and global as well as regional
economy.

products has been at the vanguard of public concerns.
Many food-borne diseases are one of the major
sources of anxiety and stress in human lives (Wilcock
et al., 2004). Cutting boards - specially - are usually
made of porous materials which made it less adequate
for thorough cleaning and elevated opportunity of
adherence of bacteria and establishment of resident
microbiota (Faille & Carpentier, 2009; Ksontini et al.,
2013; Stellato et al., 2015, 2016).

Several microorganisms could grow on meat and meat
products given suitable condition for microorganisms
proliferation. ~ Various  microorganisms including
bacteria are responsible for meat deterioration, food
poisoning, and carcass contamination that have
drawback effects on economy of both farmers and
marketing, not to mention meat quality. Multiple
infectious diseases, namely, anthrax, clostridiosis,
leptospirosis, Q-fever listeriosis, erysipelas, glanders,
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brucellosis,  salmonellosis,  streptococcosis,  and
yersiniosis may develop as result of improper handling
of meat and meat products. Microorganisms such as
Brochothrix thermosphacta and Pseudomonas spp. can
spoil meat and meat products if they grow to a certain
extent (Koutsoumanis et al., 2006).

One definition of haplotype is an adjacent subset of
data contained in DNA sequence (Hancock & Di-
Rienzo, 2008). An illustration of a haplotype by this
definition grounded on molecular observation, is actual
inherited sequence (Glusman et al., 2014). With the
advances in sequencing technology, haplotypes, that are
spreading over one gene or more in a particular
genomic region of interest not genes could be
considered as the basic united element of inheritance
(Lloyd et al., 2016), thus the usage DNA data in the
conservation has converted from genetic conservation to
genomic conservation (Allendorf et al., 2010; Funk et
al., 2012). Elucidation of haplotype structure is one of
many good categories of haplotype analysis (Hoehe,
2003). Moreover, comparative analysis of haplotype
sequences could provide a great deal of information
about within and between species genetic diversity
(Toparslan et al., 2020). Genomic data analysis is
usually time consuming and missy job, due to the fact it
involves multiple software programs (i.e. MEGA,
DnaSP, splitsTree, TASSEL and Arlequin, Excoffier et.
al 2006, Librado et. al 2009). Each one of these software
programs requires specified input and output file format.
In this work we are presenting a comprehensive
framework for 16s rRNA sequence, which requires only
single input file. Therefore, the genomic data analysis
job could be carried out in one single software program.

Current work was carried out to fulfill the following
objectives: 1) To isolate various bacterial strains from
different retail stores located in Makkah, Saudi Arabia.
2) To present a comparhesive workflow of haplotype
analysis using R for 16s rRNA sequences.

MATERIALS AND METHODS

Collection of samples and isolation of bacteria
Bacterial strains were isolated from cutting boards of
four different retail stores located in Makkah, Saudi
Arabia. Bacterial isolates were grown on nutrient agar
(NA) plates and incubated at 37 °C for 24 h. Purified
bacterial strains were grown in nutrient broth (NB) and
preserved in 20% glycerol solution at -20 °C for
subsequent use.

Identification of bacteria

Biochemical characterization

In order to determine various biochemical characteristics
of bacteria, gram staining, oxidase and catalase tests
were performed according to Vincent and Humphrey
(1970), Shekhawat et al. (1992), and Hayward (1960).
Molecular characterization

Bacterial genomic DNA was extracted using the
QIAGEN Kit, Germany as described in manufacturer’s

instructions. The 16S rRNA gene was amplified using
the universal primers, 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") and 1492R (5'-
AAGGAGGTGATCCAGCCGCA-3"). Amplified
products were purified, and Sanger sequenced at
Macrogen, South Korea. The sequences were then
manually edited by SnapGene Viewer software version
3.3.3.

Bioinformatics analysis

All sequences from different locations were subjected to
nchi BLAST search tool http://blast.ncbi.nlm.nih.gov to
detect non-chance sequence similarity. BLAST search
was restricted to 16s ribosomal RNA sequences, where
models (XM/XP) as well as uncultured/environmental
samples were also filtered out, such that more reliable
results would be attained. Each individual sequence was
solely blast, where blast hit with the lowest expect-value
(which indicate number of non-chance alignments) was
picked. In order to ensure that blast outputs were
governed by expected-value (aka e-value), Blast
algorithm parameter was decreased such the expected
thresh- old was set to more stringent value of le—6.
Alignment of the sequence was carried out using msa
package (Bodenhofer et al., 2015).

Exploratory data and phylogenetic analyses were carried
out under R Project for Statistical Computing (R Core
Team, 2022). Where Exploratory data analysis was done
using Seqginr (Charif & Lobry, 2007) R package.
Phylogenetic analysis was carried out by ape package
(Paradis et al., 2004). Reconstruction of the phylogenetic
tree was done using Neighbor joint method (Nei, 1987).

Pegas R package (Paradis 2010) was used to analyze the
haplotype diversity (Hd), the average number of
nucleotide differences, the nucleotide diversity (n). The
polymorphic site (S), the singleton variable sites (SP),
and the parsimony informative sites (PIP).

RESULTS AND DISCUSSION

A total of 11 bacterial isolates were attained from cutting
boards out of 4 different retail stores located in Makkah
city. These 11 bacterial isolates were subjected to
BLAST query https://blast.ncbi.nm.nih.gov/Blast.cgi.
BLAST Query sequences were evaluated and compared
with the database sequences.

The output of BLAST query for the 11 bacterial isolates
is presented in Table (1). For this query, E-value was less
than zero for all the 11 isolates, which indicated these
alignments are not attained by chance, therefore, E-
value excluded from table (1). The query coverage
percentage almost reached 100% except for
Macrococcus caseolyticus (M.cas) in the second
location. The identity percentage ranged from 95 to
99%.

Eight different strains were isolates from cutting boards
at the four studied locations (Table 1). M. cas was fond
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in all 4 locations, no other strain was repeated in any of
the four locations.

Sequences length and percentage of GC content are
presented in Figure (1). The length of sequences ranged
from 1071 for M.caseolyticus in location VI to 1280 also
for M. caseolyticus but in location Il. The GC% content
averaged 52.8, ranged from 51 to 55 % with no outlier.

Frequencies of DNA bases of all 11 sequences isolated
from cutting boards are presented in Figure (2). Some
differences in base frequencies of thiamine and Adenine
were noticed for M. caseolyticus in location I. The
average content of T, A, C, and G was 21, 26, 23 and
30%. The total content of A+T was 47 % much lower
than that of C+G 53%. However, percentage of GC
content ranged from 51 for Klebsiella pneumonia and
Macrococcus caseolyticus at location B to 55 for
Klebsiella pneumonia at location I.

The 16s rRNA with length 1329 base pair belonging to
11 isolates was aligned with the ClustalW method using
the msa package (Bodenhofer et al., 2015). Figure (3)
shows the neighbor-joining phylogenetic tree of 11
isolates from cutting boards. The branch lengths of the
tree have been colored to represent the genetic distance.
A different color was set to each type of nucleotide.
Thus, color changes on the plot have shown nucleotide
differences among samples. The distance scale has
shown 1% genetic variation per nucleotide substitution.
Each row of the multiple sequence alignments
corresponding to the names at the end of the tree
represents a complete sequence.

Phylogenetic tree is composed of two huge clades. The
first clade was made of 2 clusters, the first cluster
comprised five different species from the four locations.
The second cluster comprised M.ase from locations I and
1, this cluster had the longest branch length. The second
clade has the shortest branch length and comprised only
3 species form locations 11, 111 and VI.

Haplotypes Extraction

Haplotype sequences were attained from the DNA
matrix through comparing each row with rows and
each column with columns. When nucleotides were
compared, the same nucleotides between haplotypes
were expressed with dots while different nucleotides
were directly written. The number of haplotypes per
species was extracted using the haplotypes package and
short R commands. In this data set no common
haplotype was noticed, meaning each haplotype was
unique (i.e. 11 haplotype resulted from 11 isolates,
Table 2).

Distance matrix of Haplotype and heat map

Haplotype distance matrix was estimated based on the
haplotype sequence matrix (11x1094) using the
dist.hamming() function. The distance matrix shows the
difference in the number of nucleotides between the two
haplotypes. In Table (3) the smallest difference between
the haplotype pairs was 41 nucleotides between H7-H8,
and 42 nucleotides between H1-H2, where the largest
distance was 931 nucleotides between H10-H11.

A heat map was constructed with phylogenetic trees
from the haplo- type sequences matrix using the heat
map () function (R Core Team, 2022). The haplotype
distance matrix was extracted using R code published by
Toparslan et al. (2020) from the haplotype sequence
matrix (11x1094). The matrix obtained was a symmetric
version of Hamming distance matrix which is used to
construct the heat map. The Heat Map is fully
compatible with the haplotype distance matrix shown in
Table (3).

Reconstruction of phylogenetic tree was carried out
using ggtree and ggplot2 packages. Tree calculation was
estimated by the neighbor-joining method supported by
ape package (Paradis et al., 2004).

The phylogenetic relationship between haplotype was
demonstrated using the bootstrap method (Fig 6). The
distance was estimated by the Hamming distance method
of nucleotide differences between the two sequences
(Paradis, 2010). The confidence interval was defined as
strong for 85%.

Haplotype polymorphism & diversity cutting boards
isolates, alignment of the 11 sequences resulted in 1324
sites, of which 337 sites were with gapes (Table 4).
Invariable (monomorphic) sites were 212 sites. Variable
(polymorphic) sites were 775 sites of which 482
singleton variable sites and 293 parsimony informative
sites, and the total number of mutations was 1108.

Results of nucleotides diversity are show in table (6).
The haplotype difference (Hg) was 0.98 (+0.05) and
the nucleotide difference (x) was 0.27. The average
number of nucleotide differences (K) was 264 and the
total variance of k (free recombination), VV(k) was 106.

For the 11 isolates 4 conserved regions were detected
(table 7). These 4 regions occupied the distance from
nucleotide 701 to 1265. For all the 4 conserved regions
the value of heterozygosity was almost 1, with all the 4
regions were significant.
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Figure 1: Box plot of 16s Sequences length (a) and percentages of GC content isolated

(b)

Frequency
o
3

M'Cas—',” - --

B.sfe Il =~
M.cas_ VI~
E.hor VI~

Figure 2: Base Frequencies of bacrtia strains collected from cutting boards, (latin number is an indicative of
the location).
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Figure 3: Neighbor-joining phylogenetic tree of 11 isolates from cutting boards, Colors both on the
phylogenetic tree and on the branch scale represent genetic distance. (Latin numbers is an indicative of the
location). Colors both on the phylogenetic tree and on the branch, scale represent genetic distance.
Sequences have been colored by four different colors shown in the ‘seq’ column for each nucleotide. Color
changes on the aligned sequences represent nucleotide differences.
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Figure 4: Heat map on the bases of number of nucleotide differences between the haplotypes. Every branch
of phylogenetic tree stands for the corresponding haplotype in the matrix. The darker the color the

closest relationships and vice versa.
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Figure 5: Colorized phylogenetic tree representing strains. The distance scale has shown 1% genetic

variation per nucleotide substitution.
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Figure 6: Neighbor-joining (NJ) tree for 16s haplotypes isolated from cutting boards. Colored internal

nodes represent the bootstrap confidence level).

Table 1: BLAST quarry results for isolates of 16s ribosomal RNA sequence isolated from cutting boards in

4 different locations.

Location | Isolate | Strain % Query % ldentity
coverage

| 1 Macrococcus caseolyticus (M.cas) 100 99

2 Klebsiella pneumonia (K.pne) 100 99

1 Staphylococcus saprophyticus (S.sap) 99 99
I 2 Ochrobactrum endophyticum (O.end) 99 97

3 Macrococcus caseolyticus (M.cas) 48 95

4 Staphylococcus sciuri (S.sci) 100 99

1 Bacillus sfensis (B.sfe) 99 99
i 2 Macrococcus caseolyticus (M.cas) 99 99

3 Hafnia paralvei (H. par) 99 99
Vi 1 Macrococcus caseolyticus (M.cas) 100 99

2 Enterobacter hormaechei (E.hor) 99 99

Table 2: Number of haplotypes per species.
Haplotype | B.sfe | E.hor | H.par | K.pne | M.ase | M.cas | O.end | S.sap | S.sCi

1 0 0 0 0 0 1 0 0 0
2 0 0 0 0 0 1 0 0 0
3 0 0 0 0 0 0 0 1 0
4 0 0 0 0 0 0 0 0 1
5 1 0 0 0 0 0 0 0 0
6 0 0 0 1 0 0 0 0 0
7 0 1 0 0 0 0 0 0 0
8 0 0 1 0 0 0 0 0 0
9 0 0 0 0 0 0 1 0 0
10 0 0 0 0 1 0 0 0 0
11 0 0 0 0 0 1 0 0 0
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Table 3: Haplotype distance matrix using Hamming distance method.

Table 4: Number of sites, monomorphic, polymorphic sites, and number of mutations of cutting boards.

HlL | H2 | H3 | H4 | H5 | H6 | H7 | H8 | H9 H10
H2 | 42
H3 | 90 | 116
H4 | 117 | 142 | 72
H5 | 236 | 252 | 224 | 208
H6 | 263 | 235 | 286 | 322 | 350
H7 | 263 | 277 | 275 | 308 | 326 | 61
H8 | 260 | 274 | 269 | 302 | 330 | 80 | 41
H9 | 235 | 262 | 274 | 312 | 323 | 262 | 252 | 258
H10 | 522 | 545 | 537 | 529 | 582 | 648 | 634 | 624 625
H11 | 723 | 728 | 761 | 795 | 800 | 761 | 774 | 775 | 743 931

Source Number | Monomor Polymorphic sites No mutations
of sites phic Sites | Singleton | Parsimony informative
Cutting Boards 1324 212 482 293 1108

Table 5: Number of haplotypes, haplotypes diversity and Standard deviation (SD) of haplotypes diversity
for sequences isolated from cutting boards.

Source No. of Haplotype(gene) | SD Haplotype
Haplotypes(H) | diversity, (Hg) diversity
Cutting boards 11 0.98 0.05

Table 6: Nucleotide diversity, Average number of nucleotide differences (k), total variance of nucleotide
differences (free mutations) sequences isolated from cutting boards.

Source Nucleotide Average no. of nucleotide | Total variance of k (free
diversity (m) differences (K) recombination), V(K)
Cutting boards 0.27 106

Table 7: Conserved Regions, Conservation, Homozygosity and P-values of 16S RNA sequences isolated from

cutting boards.

CONCLUSION

Start-End | Conservation | Homozygosity | P-value
701-841 0.32 0.9 0.002
870-1039 0.31 0.8 0.0001

1032-1094 0.32 1.0 0.02
1116-1265 0.34 1.0 0.0001

To the best of our knowledge, this is the first work to

use comparative haplotype

analysis to

identify

bacterial isolates based on their 16S rRNA gene which
isolated from meat cutting boards in retails stores.

Phylogenetic analysis of the 11 bacterial

isolates

revealed presence of 8 different bacterial strains. The
Macrococcus caseolyticus was found in samples from
the four studies locations.
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